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Abstract

A new high-performance liquid chromatographic method is described for tropane alkaloid analysis in genetically transformed root cultures
of Datura innoxiaMill. and Atropa belladonnaL. Sample preparation, tropane alkaloid extraction with chloroform–methanol–concentrated
ammonia 15:5:1 (v/v/v), was followed by solid-phase extraction on Supelclean LC-18 cartridges. Optimized conditions and careful pH
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ontrol resulted in high recovery and reproducibility. Simultaneous determination of apoatropine, 6�-hydroxyhyoscyamine, hyoscyamine a
copolamine was performed by HPLC on C18 (2) reversed-phase column. The application of Luna new-generation silica-based
hase resulted in excellent peak shapes using an ion-pair reagent and triethanolamine free mobile phase and allowed to exploit the
H-dependent selectivity. Simplicity and improved selectivity make this method a preferred alternative of published ion-pair chroma
ethods. Validation studies proved that the global method has good repeatability and satisfactory recovery. Absolute limits of dete
.6, 0.6, and 0.8 ng for hyoscyamine, 6�-hydroxyhyoscyamine, and scopolamine respectively.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Hyoscyamine and scopolamine are medicinally important
ropane alkaloids. Because of possessing anticholinergic and
entral nervous system activities, they have well-established
se in therapy (in ophthalmology, cardiology, gastroenterol-
gy, etc.). They are synthesized in several Solanaceous plants
f the generaAtropa, Datura, Duboisia, Hyoscyamusand
copolia. Industrially, these natural substances are exclu-
ively produced by plants and the demand for them is con-
inuous [1]. This prompted intensive studies on alkaloid
iosynthesis, accumulation and production in plant breed-

ng programmes in order to obtain alternative production
ystems of hyoscyamine and scopolamine. Transgenic root
ultures, so-called hairy roots, have a great value in the lat-
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ter aspect. Obtained by transformation viaAgrobacterium
rhizogenes, these cultures provide plant material with h
growth rate on hormone-free media and alkaloid yields
ilar to or higher than that of untransformed plants[2,3].
Therefore, genetically transformed cultures ofAtropa bel-
ladonnaL. andDatura innoxiaL. were established as sourc
of hyoscyamine and scopolamine respectively. Phytoch
cal characterization of these Solanaceous hairy roots req
sophisticated analytical methods for isolation, identifica
and determination.

An excellent review on the current methods for trop
alkaloid analysis has been published recently[4]. Severa
works that deal with HPLC separation and the determ
tion of hyoscyamine, scopolamine and related alkaloid
plant materials including hairy roots have also been
lished. In these studies RP18 was the preferred statio
phase, while others (RP8, RP6, RP-cyano) were rarely
[5–7]. Hyoscyamine and scopolamine from roots and le
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of Datura stramoniumwere determined at 204 nm, using
a RP18 HPLC column eluted by buffered methanol–water
mobile phase (40:60, v/v; pH 7.25, triethyl ammonium phos-
phate 0.2%)[8]. This method was optimized later for the sepa-
ration of tropic acid, tropinone, 6�-hydroxyhyoscyamine, lit-
torine, scopolamine, hyoscyamine and 3�-tigloyloxytropane
[9]; and was applied recently to field-grownDuboisiaplants
regenerated from hairy roots[10]. An isocratic mixture of
acetonitrile–water–acetic acid–tetrahydrofuran (50:50:5:2,
v/v/v/v) was used as an eluent on a RP18 column when mea-
suring hyoscyamine production in transformed roots ofD.
stramonium[11]. HPLC analysis of hyoscyamine, scopo-
lamine and tropic acid in plant samples was achieved on
a RP18 column with a 12.5% aqueous acetonitrile mobile
phase buffered at pH 2.2 with 0.3% (v/v) phosphoric acid and
triethylamine[12]. The method was applied to micropropa-
gated plants[13] and immobilised cells ofD. innoxia [14].
Hyoscyamine and scopolamine in adventitious root cultures
of Scopolia parviflorawere determined after separation on a
RP18 column eluted with an isocratic mixture of acetonitrile-
50 mM potassium phosphate (22:78, v/v) adjusted to pH
3.0 with phosphoric acid[15]. Though triethylamine was
frequently used, peak tailing remained unsolved, especially
working at neutral pH to increase the retention and selec-
tivity [8,9]. Tropane ester alkaloids are moderately strong
bases and they remain partially/fully protonated in neutral
b anol
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around the basic silica. Therefore, this column can provide
good peak shape and chemical stability over a broad pH
range and these properties were utilized for our samples
working at optimized pH (6.20). Investigations also revealed
that Luna C18(2) column provides additional selectivity for
D. innoxia hairy root samples which are rich in compo-
nents. Further optimization resulted in a new HPLC method
for improved separation and determination of apoatropine,
6�-hydroxyhyoscyamine, scopolamine and hyoscyamine
in both A. belladonnaand D. innoxia hairy roots. This
method is presented here including solid phase extraction
(SPE) on C18 column, method development, validation and
application.

2. Materials and methods

2.1. Chemicals

l-Hyoscyamine, scopolamine HBr·3H2O and apoatropine
were purchased from Merck (Darmstadt, Germany), 6�-
hydroxyhyoscyamine (anisodamine) was obtained from
Hangzhou Drug Inc. (Hangzhou, China). Acetonitrile and
methanol were of HPLC grade and were obtained from Carlo
Erba (Milan, Italy). All other chemicals were also of analyti-
cal quality and were supplied by Reanal (Budapest, Hungary).
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uffers. Therefore, they can interact with dissociated sil
roups on the RP columns leading to excessive tailing

ow pH (2–3) where only the most acidic silanol groups
onized peak tailing can be significantly reduced. In gen
he silanol interactions with the basic analytes are consid
o be the causes of the broad and tailing peaks that are
bserved[16,17].

Ion-pair chromatography (IPC) on RP columns was
essfully applied to improve peak shape and selec
18–20], allowing baseline separation of 7�-hydroxyhyoscy
mine, 6�-hydroxyhyoscyamine, scopolamine, hyoscyam
nd littorine from hairy roots[21,22]. However, IPC separ

ions are more complicated to develop and use than reve
hase ones[23], and can be incompatible with LC–M
nalysis due to the ion-pair reagent[24]. Further, most o

he reviewed RP HPLC methods used conventional
olumns based on an old, less pure silica material. M
mpurities will increase the acidity of the free silanols, le
ng them in a charged state even at low pH[25–27]. Most

odern columns are made from high-purity silica with
bsence of or low content of metals. Additionally, these n
eneration columns can be endcapped to decrease the n
f surface silanols and ensure low silanol activity[28]. There-

ore, a new HPLC method was developed using Phenom
una C8 column and reversed-phase conditions for the d
ination of apoatropine, scopolamine and hyoscyamin
. belladonnahairy roots[29]. This new generation co
mn is manufactured with high-purity silica, dense bon
hase coverage and exhaustive endcapping. The used

ng process produces a uniform, dense “hydrophobic sh
r

-

ater was purified with a Millipore Milli-QTM 5 equipmen
Millipore, Billerica, MASS. USA).

.2. Alkaloid extraction

Lyophilized and powdered plant material (200–500
as extracted once with 25 ml and three times with 2
f chloroform–methanol–concentrated ammonium hyd

de (15:5:1, v/v/v) with sonication at 27± 2◦C (Braun Lab
onic U, Melsungen, Germany) for 4× 10 min. Fraction
ere filtered under vacuum over a 3-cm Buchner funnel
filter paper (Whatman No. 5). Combined filtrates were d
ver anhydrous Na2SO4 (1.0 g) and were evaporated to d
ess under reduced pressure (Büchi Rotavapor R-200, Flaw
witzerland) at 50◦C.

.3. SPE method

For the SPE procedure, Supelclean LC-18 colu
500 mg, 3 ml), supplied by Supelco Inc. (Bellefonte,
SA), were used. Extraction was performed on a 12-port
um manifold processor (Lichrolut extraction unit, Merc

Samples were dissolved in 1.25 ml of metha
iluted with 3.75 ml of phosphate buffer solution of
.0 (0.053× 30 mM/0.947× 30 mM KH2PO4/K2HPO4) and
ere homogenized by sonication. After centrifugation
000 rpm for 10 min (2500×g), the supernatant was load
nto octadecyl SPE microcolumn activated previously
ethanol (5 ml), followed by bidistilled water (5 ml) and
0 mM phosphate buffer, pH 8.0 (5 ml). The support was
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washed with 2.5 ml methanol–3 mM phosphate buffer, pH
8.0 (25:75, v/v) and 2.5 ml water to remove matrix. When
the solution had passed through, the column was dried by
maintaining the vacuum in the SPE manifold for 1 min. The
tropane alkaloids were eluted with 1 ml of 0.2% TFA, fol-
lowed by 7.5 ml of methanol 0.2% in TFA-water (98:2, v/v)
at a flow rate of 0.5 ml/min. Samples were brought to a final
volume of 10.00 ml with methanol.

2.4. Recovery test

2.4.1. Standard solution
A stock solution containing hyoscyamine, scopolamine,

6�-hydroxyhyoscyamine and apoatropine (each 400�g/ml)
in methanol was prepared. This solution was diluted four
times with phosphate buffer (30 mM; pH 8.0) and 5.00 ml
aliquots were submitted to previously described SPE pro-
cedure. For standard solution, recovery was calculated as
percentage of initial standard amount applied on SPE col-
umn.

2.4.2. Fortified samples
Six identical samples of hairy root dry extract were

prepared, each corresponding to 250 mg plant material.
The samples (3–3) were dissolved either in 1.25 ml
methanol or 1.25 ml stock solution of standards, diluted
w ter
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on a Phenomenex Luna 5�m C18 (2) reversed-phase col-
umn (250 mm× 4.6 mm I.D., Torrance, CA, USA) cou-
pled with a Phenomenex SecurityGard C18 guard column
(8 mm× 3 mm I.D., Torrance, CA, USA). The column tem-
perature was 30◦C. The injection volume was 5�l. The
mobile phase consisted of acetonitrile–methanol–30 mM
KH2PO4–K2HPO4 (815:185, g/g) buffer solution, pH 6.00
(12:7.9:80.1, v/v/v). The flow rate was 1.0 ml/min. Peaks
were identified by standard addition and diode-array detec-
tion.

2.7. Standard solutions

A stock solution containing 20.00 mg amounts of
hyoscyamine, scopolamine, and 6�-hydroxyhyoscyamine
and 10.00 mg amount of apoatropine in methanol was
prepared in a 25 ml volumetric flask. The standard solu-
tions containing apoatropine 4, 8, 20, 40, 60, 100�g/ml,
scopolamine, hyoscyamine, and 6�-hydroxyhyoscyamine 8,
16, 40, 80, 120, 200�g/ml were obtained by serial dilu-
tion of the stock solution with methanol, 0.1% trifluo-
roacetic acid. Stock solution and working solutions were
stored at 4◦C and brought to room temperature before
use.

2.8. Plant material
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ith 3.75 ml of phosphate buffer (30 mM; pH 8.0). Af
omogenization they were submitted to SPE proce
escribed previously. The recovery (R) was calculated a
= 100(Cfound−Cinitial )/Cadded; (Cfound, concentration i

ortified samples;Cinitial , initial concentration in sampl
added, added concentration).

.5. Extraction efficiency

The completeness of the extraction was determined
ix successive extractions ofD. innoxiahairy roots (500 mg
he first four extracts were obtained following the p

ocol described in Section2.2. Further, successive extra
ions were performed using 20–20 ml solvent for 10–10
nly small quantities of the alkaloids were detected in
fth extract: 2.4% (±0.5%,n= 3) 6�-hydroxyhyoscyamine
.5% (±0.2%,n= 3) scopolamine and 1.2% (±0.2%,n= 3)
yoscyamine. Apoatropine was not detected. (Result
xpressed as percentages of the alkaloid contents meas
he combined first four extracts). No analytes were dete
n the sixth extract.

.6. Apparatus and HPLC conditions

HPLC analyses were performed on a Surveyor (The
innigan, San Jose, CA, USA) HPLC system consis
f a quaternary gradient pump with an integrated vac
egasser, a PDA detector and an autosampler. Thermo
an ChromQuest 4.0 software was used for data acquis
rocessing, and reporting. The separation was perfo
n

In vitro cultures ofD. innoxia Mill. were establishe
s earlier described[30]. Among hairy roots cultivated o
ntibiotic-free MS solid medium[31], clones #410, #411 an
415 were selected for further investigations accordin

heir growth and tropane alkaloid production. These clo
ere transferred to 40 ml Ms liquid medium and cultiva

100 ml Erlenmeyer flask) at 24± 1◦C, in the dark and in
limatised shaker apparatus (Certomat BS 4, B. Braun,
ungen, Germany) at 100 rpm.
A. belladonnaL. hairy roots were established as alre

escribed[32]. These cultures were grown in petri dishes
olid B5 medium[33] supplemented with 2% sucrose. T
est alkaloid producing hairy root clones (#K4, #K5, #
ere selected and cultivated in B5 liquid medium and u

or further investigations.

. Results and discussion

.1. SPE method

As strong interferences from sample matrix are expe
t low UV wavelengths (205–210 nm), where sensitive de

ion of tropane alkaloids is possible, the enhanced purific
f hairy root extracts is important. Solid phase extrac

s frequently applied for tropane alkaloid analyses in p
aterial. While Extrelut sorbent is highly popular[34–42],
18 sorbent is less frequently used[8,43–46]. Though Extre

ut produces fairly clean extracts, C18 sorbent can protect th
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Table 1
Mean recoveries of apoatropine, 6�-hydroxyhyoscyamine, scopolamine
and hyoscyamine obtained on SPE octadecyl columns for pure standards
(500�g)

Compound Founda ± SD (�g) Recovery (%)

Apoatropine 501± 6.6 100.2
6�-Hydroxyhyoscyamine 486± 6.1 97.2
Scopolamine 488± 5.7 97.6
Hyoscyamine 484± 4.7 96.8

SPE conditions, see in Section2.3.
a Mean of six replicate analyses.

analytical column from strongly retained interferences (col-
umn killers), because it utilizes the same separation mecha-
nism. Using Extrelut SPE, the HPLC sequence runs happened
to stop, because of increased noise level or pressure, and
we had to change precolumn more frequently. These diffi-
culties disappeared when SPE was performed on Supelco
LC-18 micro column with samples dissolved in methanol:
30 mM phosphate buffer (25:75, v/v; pH 8.0). Under the
selected alkaline conditions, buffer concentration and pH,
alkaloids were retained on the column during the sample
application and washing steps. To ensure the full elution of
tropane alkaloids, different solvent combinations were eval-
uated for pH control. In this way optimal conditions were
obtained resulting in high recoveries of hyoscyamine, scopo-
lamine, 6�-hydroxyhyoscyamine and apoatropine with good
reproducibility both for pure standards and fortified samples
(Tables 1 and 2).

3.2. Optimization of separation

Tropane alkaloid separations were performed on Phe-
nomenex Luna new-generation silica-based columns (C8,
then C18) to find simple operating conditions at optimized pH
allowing the use of a mobile phase free of ion-pair reagents
and triethanolamine.

3
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aration of four tropane alkaloids was relatively long
(23 min); on the other hand methanol produced partly
resolved peaks for scopolamine and apoatropine. The crit-
ical peak pairs were different for methanol and for ace-
tonitrile (scopolamine/6�-hydroxyhyoscyamine), therefore,
these solvents can be combined to obtain the required
resolution. Full separation of apoatropine, scopolamine,
6�-hydroxyhyoscyamine and hyoscyamine, was achieved
using a 10.5:7:82.5 (v/v/v) mixture of acetonitrile, methanol
and 0.1% TFA as eluent (Fig. 1A and D). Methanol
added to the mobile phase helped to fine tune the posi-
tion of scopolamine and decreased the separation time
(18.22 min).

3.2.1.2. pH.The separation was further improved by using
ammonium acetate buffered (50 mM) mobile phase at opti-
mized pH (6.00). (Fig. 1B and E). The retention time changed
dramatically for scopolamine, but not for the other tropanes,
due to their different pKa values (7.6 for scopolamine,∼8.9
for 6�-hydroxyhyoscyamine, 9.7 for hyoscyamine and∼10.0
for apoatropine[4]).

3.2.2. Column-type selectivity
Changing the column type revealed that apoatropine

and 6�-hydroxyhyoscyamine were better separated on the
C er
c ned
m of
a .00
( on-
e or
p mine
( ol-
u apes
a
h in)
a can
b min,
a ion-
p d
c alka-
l
r s are

T
M and h les of
i

C )

A
6
S
H

S

.2.1. Mobile phase

.2.1.1. Solvent type selectivity.It was investigated o
C8 column with eluents as mixtures of an orga

olvent and 0.1% TFA in water. Acetonitrile provid
ell resolved peaks, but the time required for the
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ean recoveries of apoatropine, 6�-hydroxyhyoscyamine, scopolamine

nnoxiahairy roots

ompound Initial amounta ± SD (�g)

poatropine 36± 0.6
�-Hydroxyhyoscyamine 784± 20.5
copolamine 549± 8.2
yoscyamine 1494± 13.9

PE conditions see in Section2.3.
a Means of three replicate analyses.
b Means of three replicate analyses.
18 column, than on the C8 one. Therefore, the form
olumn was selected for further studies. The fine tu
obile phase was a 12 + 7.9 + 80.1 (v/v/v) mixture
cetonitrile, methanol, 30 mM phosphate buffer, pH 6
Fig. 1C). The same mobile phase on conventional n
ndcapped C8 column, Hypersil MOS produced very po
eak shape for apoatropine (As 5% = 4.1) and hyoscya
As 5% = 2.2). In combination with modern Luna C18 c
mn the selected eluent provided excellent peak sh
nd improved separation of apoatropine (Rt = 9.15 min), 6�-
ydroxyhyoscyamine (10.60 min), scopolamine (15.07 m
nd hyoscyamine (18.56 min). The last three alkaloids
e separated only with retention times, 14.3 min, 15.0
nd 19.0 min respectively using an improved version of
air chromatographic methods[21]. Therefore, our metho
an be considered as more selective for these tropane
oids. Fig. 1F shows the chromatogram ofD. innoxiahairy
oot extract. Peeks corresponding to tropane alkaloid

yoscyamine obtained on SPE octadecyl columns for fortified sampD.

Added�g Foundb ± SD (�g) Recovery (%

500 504± 7.0 93.6
500 1272± 17.3 97.6
500 1024± 14.2 95.0
500 1982± 18.9 97.6
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Fig. 1. HPLC-DAD chromatogram of standards (A)–(C) andD. innoxiahairy root extracts (D)–(F); detection at 210 nm. Peaks: 1: apoatropine, 2: scopolamine,
3: 6�-hydroxyhyoscyamine, 4: hyoscyamine, 5: tropic acid. (A), (D) Luna C8 column. Mobile phase: acetonitrile–methanol–0.1% TFA in water (10.5:7:82.5,
v/v/v). (B), (E) Luna C8 column. Mobile phase: acetonitrile–methanol–50 mM ammonium acetate, pH 6.00 (12.7:8.5:78.8, v/v/v). (C), (F) Luna C18 column.
Mobile phase: acetonitrile–methanol–30 mM K2HPO4–KH2PO4 buffer solution, pH 6.00 (12:7.9:80.1, v/v/v); flow rate: 1 ml/min.

well resolved from other co-extracted materials. The appli-
cation of an ion-pair reagent and triethanolamine free mobile
phase ensured greater convenience in method development
and resulted in excellent column performance for a long
period of time (Tables 3 and 4). The pH was controlled
within narrow limits (±0.02 units) by accurate measure-
ment of buffer ingredients. As a result, retention times
did not change by more than 3% over time. The applica-
tion of potassium phosphate buffer instead of ammonium
acetate resulted in a fourfold increase in detection sensiti-
vity.

3.3. Method validation and application

Quantitative determination of apoatropine, 6�-hydroxy-
hyoscyamine, scopolamine, and hyoscyamine was performed
by an external standard method at 210 nm. A good relation-
ship was obtained between the injected concentration (x) and
the uncorrected peak area (y) for each component of calibra-
tion solutions within the investigated range. The calculated
linear regression parameters for calibration curves are given
in Table 5. Absolute limit of detection (LOD) was 0.3 ng
for apoatropine, 0.6 ng for 6�-hydroxyhyoscyamine and



L. Kursinszki et al. / J. Chromatogr. A 1091 (2005) 32–39 37

Table 3
HPLC repeatability (RSD,n= 6) of peak areas for alkaloid standard solutions
without SPE clean up

Concentration of
standards (�g/ml)

Peak area

Mean± SD× 103 RSD (%)

Apoatropine
20.00 597± 4.95 0.8
40.00 1190± 7.42 0.6
60.00 1806± 3.83 0.2

100.00 2985± 4.16 0.1

6�-Hydroxyhyoscyamine
40.00 592± 1.72 0.3
80.00 1150± 2.19 0.2

120.00 1727± 2.77 0.2
200.00 2835± 7.08 0.3

Scopolamine
40.00 719± 3.31 0.5
80.00 1434± 2.30 0.2

120.00 2170± 2.82 0.1
200.00 3550± 8.52 0.2

Hyoscyamine
40.00 701± 1.55 0.2
80.00 1399± 2.33 0.2

120.00 2118± 4.04 0.2
200.00 3495± 8.09 0.2

Chromatographic conditions, see in Section2.6.

Table 4
HPLC repeatability (RSD,n= 6) of peak areas for two SPE purified extracts
of D. innoxiahairy roots

Concentration of
alkaloids (�g/ml)

Peak area

Mean± SD× 103 RSD (%)

Apoatropine
4.98 149± 2.40 1.6
9.70 287± 9.79 3.4

6�-Hydroxyhyoscyamine
39.30 578± 2.37 0.4
121.93 1752± 12.60 0.7

Scopolamine
34.56 624± 11.62 1.9
122.16 2206± 32.52 1.5

Hyoscyamine
39.82 699± 15.45 2.2
145.59 2554± 16.61 0.7

Chromatographic conditions see in Section2.6.

Table 6
Precision (RSD,n= 6) of the HPLC method usingD. innoxiahairy roots

Compound Alkaloid content (�g/g)

Mean± SD RSD (%)

Apoatropine 190± 16 8.4
6�-Hydroxyhyoscyamine 2390± 78 3.3
Scopolamine 2330± 114 4.9
Hyoscyamine 2820± 98 3.5

hyoscyamine, and 0.8 ng for scopolamine on the chromato-
graphic system with a signal-to-noise ratio,S/N> 3. Reported
ion-pair chromatographic methods provided approximately
10 ng as LOD for the last three alkaloids[18,20]. Intra assay
precision was determined by analysing six identical samples
of D. innoxiahairy roots. The results are given inTable 6
and are corresponding to the intended use of the method.
The whole procedure was validated forD. innoxia hairy
root samples at 1000�g/g level. Therefore, homogenized
hairy root samples were spiked with adequate methanol
solution volume before following the described alkaloid
extraction procedure. Three replicate analyses were run for
both the fortified samples and the matrix tested. Overall
average recoveries were 94.2% for hyoscyamine, 95.0% for
scopolamine, 85.2 for 6�-hydroxyhyoscyamine and 85.4%
for apoatropine (Table 7). Results obtained for hyoscyamine
and scopolamine are corresponding to their SPE recovery.
On the other hand, the small initial amount of apoatropine
and higher water solubility of 6�-hydroxyhyoscyamine
can explain their lower recovery in the total
procedure.

This method was applied for the chemical analysis of
A. belladonnaand D. innoxia hairy root cultures culti-
vated for 5 weeks in the dark. Results (Table 8) reflect
that there are some differences in the biosynthetic capac-
ity of clones of the two species. Still hyoscyamine lev-
e mine
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a

Table 5
Regression parameters of calibration lines (area =A+BX)

Compound X range (�g/ml) A

Apoatropine 4–100 −2322 6
6�-Hydroxyhyoscyamine 8–200 195 6
Scopolamine 8–200 −52 6
Hyoscyamine 8–200 −2053 6

a n: number of calibration points (each calibration solution measured in du
ls are comparable, about ten times higher scopola
nd three times higher 6�-hydroxyhyoscyamine conten
ere measured inD. innoxia clones. The low scopo

amine level inA. belladonnahairy roots is a characteri
ic of this species, intact plants are considered as so
f hyoscyamine. The best alkaloid producer, aD. innoxia
lone (#410-D), selected for further alkaloid production s
es, contained 5050�g/g hyoscyamine, 1890�g/g scopo
amine, 2170�g/g 6�-hydroxyhyoscyamine, and 306�g/g
poatropine.

B r na

.29 29962.10 0.99997
59.60 14208.40 0.99977
.16 18058.80 0.99996
.73 17633.40 0.99995

plicate in three separate runs).
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Table 7
Mean recoveries of apoatropine, 6�-hydroxyhyoscyamine, scopolamine and hyoscyamine obtained for the global method

Compound Initial amounta ± SD (�g) Added (�g) Foundb ± SD (�g) Recovery (%)

Apoatropine 163± 3.6 500 590± 4.0 85.4
6�-Hydroxyhyoscyamine 566± 8.2 500 992± 5.2 85.2
Scopolamine 745± 18.6 500 1220± 25.4 95.0
Hyoscyamine 1085± 20.8 500 1556± 56.5 94.2

a Means of three replicate analyses.
b Means of three replicate analyses.

Table 8
Alkaloid contents (mean± SD;n= 3) inD. innoxia(D) andA. belladonna(B) hairy root clones as determined by HPLC

Clone Hyoscyamine (�g/g) Scopolamine (�g/g) 6�-Hydroxyhyoscyamine (�g/g) Apoatropine (�g/g)

410-D 5050± 710 1890± 175 2170± 440 306± 20
411-D 2400± 190 1440± 145 1870± 130 186± 40
415-D 4670± 770 1860± 430 2450± 50 60± 15
4-B 3880± 215 230± 30 675± 110 n.d.
5-B 3270± 570 152± 20 590± 10 n.d.
8-B 2970± 590 225± 23 645± 10 n.d.

n.d.: not detected.

4. Conclusion

A new HPLC method using a mobile phase free
of ion-pair reagents and triethanolamine is described
for the simultaneous determination of apoatropine, 6�-
hydroxyhyoscyamine, scopolamine and hyoscyamine inD.
innoxiaandA. belladonnahairy root cultures. This method
is simple, reproducible and sensitive. Simplified operating
conditions and improved selectivity, in particular for 6�-
hydroxyhyoscyamine and scopolamine, make this method
more efficient for tropane alkaloid analysis than ion-pair
chromatographic methods applied earlier. As a reliable
method, it is practicable for the chemical selection of hairy
root clones overproducing tropane alkaloids and alkaloid pro-
duction/medium optimization studies.
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Mazur, J. Durlach (Eds.), Advances in Magnesium Research: N
tion and Health, John Libbey and Co. Ltd., London, 2001, p. 4



L. Kursinszki et al. / J. Chromatogr. A 1091 (2005) 32–39 39

[33] O.K. Gamborg, R.A. Miller, K. Ojima, Exp. Cell Res. 50 (1968)
151.

[34] T. Hartmann, L. Witte, F. Oprach, G. Toppel, Planta Med. 52 (1986)
390.

[35] L. Witte, K. Müller, H.A. Arfmann, Planta Med. 53 (1987)
192.
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