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Stachydrine ((2S)-1,1-dimethylpyrrolidinium-2-carboxylic acid) may be regarded as an essential active prin-
ciple of the aerial parts of Leonurus japonicus Houtt. (Leonuri herba, yimucao; Chin.Ph., DAB) which
are used in TCM and Kampo for the treatment of various gynaecological and cardiovascular disorders.
Medically and botanically closely related Lamioideae drugs are the fruits of L. japonicus (Leonuri fruc-
tus, chongweizi; Chin.Ph.), the aerial parts of European Leonurus cardiaca L. (Leonuri cardiacae herba;
Ph.Eur.) as well as the aerial parts of their South African relative Leonotis leonurus (L.) R.Br. (Leono-
tis leonuri herba). Regarding L. cardiaca, stachydrine might be an exceptionally interesting constituent
as Dragendorff-positive substances like stachydrine were found to be enriched in an antiarrhythmic L.
cardiaca refined extract, which was most recently developed via bioassay guided fractionation. The few
pharmacological publications on this betaine do indeed describe cardiovascular, hypotensive, and tissue
protective effects. However, its pharmacopeial analytics poses a severe difficulty, as it does not contain any
chromophoric group suitable for customary HPLC-UV detection. For quality control of yimucao according to
Chin.Ph. the entirety of its N-containing compounds is photometrically quantified after Reinecke’s complex-
ation. Unfortunately, this method suffers from a relatively low reproducibility. Since no reliable quantification
method for stachydrine is available up to now, a highly reproducible instrumental HPTLC method was newly
developed, using postchromatographic derivatization by Vágújfalvi reagent, thus changing non absorbing
stachydrine into a detectable derivative at 517 nm, and an automatic HPTLC system with scanner and
analysis software (winCATS). This method was shown to be precise with respect to concentration and
yielded highly reproducible data over numerous inter-day repetitions. Not only did the independent evalu-
ation of the scanned HPTLC sheets for stachydrine peak area and height result in almost identical values
for all samples, but also the results of a parallel-developed direct quantitative 1H-NMR procedure using its
N-CH3 singlet � 3.03 ppm in comparison with the singlet of the two vinylic protons of the internal standard
maleic acid at � 6.18 ppm were always within the standard deviation of the HPTLC data. These measure-
ments of 12 drug samples revealed stachydrine contents (w/w) of 0.2 to 1.0 % for the L. japonicus aerial
parts, 0.6 to 1.5 % for the L. cardiaca aerial parts, 6.7 % for the antiarrhythmic refined extract of L. cardiaca,
and 0.3 % for the aerial parts of Leonotis leonurus, while both L. japonicus and L. cardiaca fruits contained,
on average, 0.2 %. Furthermore, stachydrine was found for the first time as a constituent of L. japonicus and
L. cardiaca fruits as well as Leonotis leonurus. Methodically, instrumental HPTLC may be a powerful tool
for quality assurance for stachydrine containing plants and herbal drugs, especially for industrial routine
protocols.

1. Introduction

Stachydrine ((2S) - 1, 1 - dimethylpyrrolidinium - 2 - carboxylic
acid resp. N-dimethyl-l-proline), a chemotaxonomic marker of

Abbreviations: HPTLC, High Performance Thin Layer Chromatog-
raphy; LCH, Leonuri cardiacae herba; LCS, Leonuri cardiacae fructus;
LCRE, Leonurus cardiaca refined extract from aerial parts; LJH, Leonuri
japonici herba; LJS, Leonuri japonici fructus; LLH, Leonotidis leonuri
herba; PRC, China; Jap, Japan; Ger, Germany; Chin.Ph., Chinese Pharma-
copoeia; DAB, German Pharmacopoeia; Ph.Eur, European Pharmacopoeia.

the Lamioideae subfamily, was firstly described as a constituent
of both European Leonurus cardiaca (van Eijk 1952) and East
Asian Leonurus japonicus (Hung 1959) about 60 years ago. As
the alkaloid fraction of L. japonicus extracts, which appears to
be dominated by stachydrine, has been reported as the most
active (Villamar et al. 1994), this betaine has been discussed as
a possibly important contributor to the overall pharmacological
activity of not only the TCM/Kampo drug (Luo 2003; Villamar
et al. 1994) but also for L. cardiaca (Nahrstedt 1985). Although
molecular pharmacological data for the betaine itself are scarce,
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it was found in one of these few publications that intravenous
injections of 0.01 - 0.1 g/kg bodyweight stachydrine in aqueous
solution exerted profound positive chronotropic and negative
inotropic effects in dogs (Akopov et al. 1958). Most recently, it
was described to effectively ameliorate the decline in cell via-
bility of human umbilical vein endothelial cells after injuries
induced by anoxia-reoxygenation (Yin et al. 2010). These find-
ings are especially interesting, as we have only just proven that a
newly developed refined extract of L. cardiaca exhibits profound
hypotensive and tissue protective effects on isolated rabbit hearts
in Langendorff setup and that Dragendorff-positive substances
such as stachydrine were enriched in this preparation (Rit-
ter et al. 2010). Analytically, the Chin.Ph. (Anonymous 2000)
resorts for quality control of yimucao (Leonuri herba; Chin.Ph.,
DAB) to the photometrical measurement of its overall con-
tent in N-containing compounds, complexated with Reinecke
salt (NH4[Cr(SCN)4(NH3)2]) and calculated as stachydrine. On
the other hand, the DAB (Anonymous 2010) does not mention
stachydrine and prescribes a total flavonoid content of at least
0.3 % of the dry weight, calculated as hyperoside, analogues to
the quality standards for L. cardiaca according to Ph.Eur. Since
the photometric Chin.Ph. method appears relatively unspecific
for stachydrine, an HPLC approach has been proposed (Chao
et al. 2004) which did however display conceptual deficits and
proved not reproducible as discussed later.
The paper at hand presents alternative methods of reproducible
stachydrine quantification in plant drug material using instru-
mental HPTLC technology – especially designed for analytes
not containing a chromophore – in comparison with 1H-qNMR
spectroscopy which is by its very nature a quantitative means of
chemical analysis as the area of each signal is directly propor-
tional to the number of contributing nuclei (Berger et al. 2004).
These methods were applied for measuring the stachydrine
content in twelve aerial part and fruit samples of L. cardiaca
and L. japonicus as well as in a sample of the closely related
Leonotis leonurus (L.) R.Br. which is used in Muthi (Tradi-
tional Southern African Medicine) with very similar indications
(Watt et al. 1962; Hutchings et al. 1996). Its cardioactivity
has recently been demonstrated using a Langendorff isolated
rat heart model (Burger et al. 2008). Up to now, no research
into the presence or content of stachydrine in plants of the
genus Leonotis or in fruits of Leonurus spec. has ever been
reported.

2. Investigations, results and discussions

As there is currently no reproducible method for routine quan-
tification of stachydrine available, the development of such a
procedure was defined as the aim of the present research project,
applied to the five Lamioideae drugs Leonuri cardiacae herba
and fructus, L. japonici herba and fructus, Leonotidis leonuri
herba, as well as to the special preparation L. cardiaca refined
extract from aerial parts (Ritter et al. 2010). As for the detec-
tion and quantification methods published so far in Chin.Ph.,
both turned out to be unworkable in the current course of exper-
iments. The same is true for the HPLC method by Chao et al.
(2004) using a specialised YMC-Park cyano phase column with
a complicated aqueous mobile phase containing 10 % MeOH,
0.00125 mol/l of the ion-pair forming agent SDS, and 0.05 %
of reactive perchloric acid. In the paper at hand, the use of a
CN stationary phase – both with and without ion-pair forming
agents – could not achieve a baseline separation of stachy-
drine in the extracts as described below. This may be correlated
with the fact that only short exerts of HPL-chromatograms are
depicted (Chao et al. 2004). However, the most significant prob-
lem with this HPLC method is the inability to inject raw extracts

directly. Instead, a special measurement solution analogous to
the photometric Chin.Ph. method for measuring the total alka-
loid content of yimucao had to be laboriously prepared with
each step resulting in losses and thus additional systematic
error.
According to Chin.Ph. stachydrine can be identified in Leonuri
herba (L. japonicus) via TLC using a stationary phase of silica
gel G and a mobile phase of n-butanol:concentrated HClaq: H2O
(8:2:1) with Dragendorff spray as after development derivatisa-
tion (Anonymous 2000). It has to be mentioned that for identity
control of Leonuri cardiacae herba (Ph.Eur.) a similar TLC
examination on stachydrine was also described in Wichtl et al.
(2002). However, it likewise proved to be inappropriate (e.g.
charcoal; aluminiumoxide: basicity not declared). In prelim-
inary experiments to the presented project, these approaches
proved unworkable with customary aluminium TLC sheets that
dissolve in this mobile phase, thus making expensive glass
plates mandatory. Even on these, stachydrine zones after detec-
tion were much broader and much less clearly defined as
with the newly developed mobile phase MeOH:CH2Cl2:NH3

25 % (8:2:3), which could also be applied to much cheaper
aluminium TLC sheets without any problems. Besides the afore-
mentioned TLC system, Chin.Ph. prescribes the photometric
determination of the alkaloid content of the yimucao drug.
Therefore, the total alkaloids are complexated with Reinecke salt
NH4[Cr(SCN)4(NH3)2] in hydrochloric acid solution and the
total absorbance measured at 525 nm against 0.1 M hydrochloric
acid. The total alkaloid content is calculated as stachydrine and
must not be lower than 0.40 % in officinal material. This way of
measurement is however not specific for the betaine but reacts
to all N-containing compounds. In contrast to the LJH drug,
no qualitative or quantitative examinations are prescribed for
its fruit drug chongweizi (LJS) (Anonymous 2000). The detec-
tion and quantification methods for stachydrine in the Chin.Ph.
monograph for Leonuri herba have not only been shown to be
highly impractical in our own laboratory. The problem was also
addressed in a recent publication stating that “.. . with as well the
TLC detection as the quantitative determination of stachydrine
according to the Chin.Ph. both impractical and questionable in
their methodological setup, this constituent could not be exam-
ined further (Bomme et al. 2006)”, or simply “.. . the assay
for stachydrine as described in the monograph Herba Leonuri
japonici was not reproducible (Heuberger et al. 2010)”.
Consequently, in order to facilitate routine examination of this
prominent constituent of both the TCM drug and European LCH,
a state of the art HPTLC protocol has been developed. Origi-
nally the term “high performance thin-layer chromatography”
(HPTLC) was used to describe every thin-layer chromatography
performed on plates with small particles having an average size
of 5 �m and narrow size distribution as opposed to TLC mate-
rial of 15 �m average particle size and broader size distribution.
These “high performance TLC sheets” thus offer a significantly
higher peak resolution and shorter developing times. Further-
more, standard TLC is used for mostly manually performed
analyses whereas HPTLC also includes the use of instruments
for all steps of the chromatographic process. These have dra-
matically advanced over the recent decade leading to a strong
improvement of performance and reliability of planar chro-
matography to the level of any other relevant analytical method
(Reich et al. 2009; see also 3.5.1). Only the use of these specially
developed HPTLC plates in combination with automatic sam-
ple application, scanning, and data analysis as described above
makes the presented novel procedure for stachydrine detection
and quantification workable. Early in the course of our prelim-
inary studies, the customary Dragendorff reagent of Chin.Ph.
proved insufficient for detecting the proline derivative stachy-
drine with reproducible colour intensity, an effect that has also
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Table 1: Occurrence and content of stachydrine in all examined drug samples of Leonurus cardiaca, Leonurus japonicus, Leonotis
leonurus

Stachydrine % (w/w) in the drug

Company Batch number Origin Extract % (w/w)
in the drug

HPTLC
peak area

HPTLC
peak height

qNMR Ø

LCH A Galke 10477 Ger 24.17 1.48 1.55 1.55 1.53
LCH B Caesar & Loretz 32054354 Ger 21.96 1.13 1.17 1.13 1.14
LCH C Galke Organic

Farming
0000010957 Ger 26.86 0.54 0.50 0.63 0.56

LCH D Botanical Garden ----- Leipzig 9.53 0.67 0.67 0.65 0.66
LCRE Pharmaceutical

Biology, Leipzig
University (Ritter
et al. 2010)

----- 6.58 6.93 6.69 6.73

LCS Botanical Garden ----- Leipzig 7.53 0.22 0.22 0.24 0.23
LJH A Galke 0000011580 Ger 23.16 1.05 1.07 1.01 1.04
LJH B Kräuterhof Frieß E7558A State of Bavaria (Ger) 24.66 1.04 1.04 0.96 1.01
LJH C Nakajima

Shouyaku
11112A075 Jap 13.59 0.39 0.37 0.43 0.40

LJH D SinoPhytoMed 13964K262-4-100 Province of Jiangsu (PRC) 11.95 0.16 0.15 0.18 0.16
LJS A SinoPhytoMed 13963K263-4-100 Province of Anhui (PRC) 9.28 0.15 0.13 0.18 0.15
LJS B Uchida

Wakanyaku
7B33213 Jap 10.48 0.19 0.17 0.21 0.19

LLH Botanical Garden ----- Leipzig 13.45 0.32 0.30 0.28 0.30

Samples were obtained from China (PRC), Japan (Jap), and Germany (Ger). In the case of the Chinese and German samples the name of the exact region is given in all cases where this information could be
obtained.

been observed by Bomme et al. (2006). After further unsuc-
cessful trials with Pt-reagent (for composition see Wagner et al.
1983) and elemental iodine, Vágújfalvi reagent was shown to
detect stachydrine on TLC and HPTLC sheets with high repro-
ducibility. Thus, applying the above-mentioned techniques, the
predominant Leonurus constituent stachydrine has been repro-
ducibly quantified for the first time (Table 1, Fig. 1).
In order to provide a backup method that can be used as an
external prove of the correctness of the HPTLC data, 1H-qNMR
was comparatively used, as the area of each signal is directly
proportional to the number of contributing nuclei (Berger et al.

Fig. 1: Stachydrine content (w/w) in all examined drug samples, determined by
HPTLC peak area (A), HPTLC peak heights (B), and 1H-qNMR (C). For
identification of the individual samples see Table. The standard deviation of
the raw data is given in the form of error bars

2004; Malz 2008). However, in order to relate this area to the
concentration of an individual compound, an internal standard
of known concentration has to be added to the solution for com-
parison of its NMR peak with the one of the analyte. In the paper
at hand, maleic acid proved most appropriate for this purpose.
Stachydrine 1H-qNMR spectra were recorded upon dissolution
of the freeze-dried samples in D2O. The analysis was carried out
by comparing the integral of the –CH3 singlet signal of stachy-
drine at � 3.03 ppm with the integral of the singlet signal of
the two vinylic protons of the internal maleic acid standard, at
� 6.18 ppm. The contents of stachydrine in the twelve examined
drug specimen and the L. cardiaca refined extract calculated
from as well qNMR as both HPTLC heights and area values
were all in good accordance between the three different measure-
ment approaches as shown in the Table. Usual trading samples
of L. cardiaca (Ph.Eur.) contain significantly more stachydrine
than all national and international trading samples of L. japon-
icus (Chin.Ph., DAB). Only the fresh plant and the organically
cultivated drug did yield lower stachydrine contents than the L.
japonicus samples from unspecified German or Bavarian (Ger-
man) cultivation but their contents were still above those of the
drug harvested in Japan. In contrast to the aerial parts, no signi-
ficant differences in stachydrine content could be observed for
the fruits of the two species. As far as Leonotis leonurus is con-
cerned, the sample did contain only half as much stachydrine
as the L. cardiaca plant grown on the same area. Nevertheless,
it still had a higher content of stachydrine than all fruit sam-
ples. This finding is especially interesting, as plants of the genus
Leonotis have not been examined for the presence of stachy-
drine previously. Concerning the minimal stachydrine content of
0.40 % according to Chin.Ph. it can be stated that with the excep-
tion of the Chinese herb from Jiangsu (Table) all aerial part sam-
ples of both species were in accordance with the requirements,
with the Japanese sample fulfilling the requirements to a point.
The examined Leonotis leonurus plant ranked clearly below this
minimal content. None of the examined fruits did contain more
than 0.40 % of stachydrine but, as stated above, Chin.Ph. does
not require any test on this compound for the fruit drug.
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Among the L. japonicus samples, the highest and very similar
contents were found in the drug from not further specified Ger-
man cultivation obtained from Galke (LJH A) and the material
from Bavarian cultivation obtained from “Kräuterhof Gerhard
Frieß” in the town of Abenberg (LJH B) which contained 1.04
and 1.01 % of stachydrine respectively. The high stachydrine
contents in the two drug samples from German cultivation are
especially interesting as it was observed in patients that the effect
of dynamisation of the ‘xue’ according to Chin.Ph. appears
clearly more intensive than the effects of Chinese reference sam-
ples (Bomme 2008). A possible explanation for this observation
may be that, as the study at hand demonstrates, the stachydrine
content in the Bavarian drug (LJH B) is almost five times as
high as in the sample that was purchased from China by the
professional TCM drug import company SinoPhytoMed (LJH
D). A further observation leading to the question of a poten-
tial contribution of stachydrine to the pharmacological effect
of the examined drugs is that among all investigated samples
the L. cardiaca refined extract (LCRE) that was developed by
bio-guided fractionation (Ritter et al. 2010) had the highest con-
tent of stachydrine with 6.73 % in the average of all measuring
systems. The herb sample LCH B from which LCRE was pre-
pared did contain 1.14 %. The enrichment was achieved to a
large degree by the first aqueous extraction step, as the aque-
ous extract of LCH B did already contain 5.16 % of stachydrine
also, as demonstrated above, a significant further enrichment did
occur during the preparation of the refined extract. The high-
est stachydrine content in all primary raw drug samples was
found in LCH A with 1.53 %. These observations are especially
interesting as they may, together with its strong accumulation
in the before mentioned bioassay (Ritter et al. 2010), hint to
the potential role of this betaine contributing to the antiangi-
nal, hypotensive, and central nervous activities of L. cardiaca
herb and its antiarrhythmic refined extract LCRE. For example,
stachydrine has already been discussed as a component of L. car-
diaca with potentially sedative activity (Nahrstedt 1985). This
statement was however not grounded on experimental data, but
on the observation that stachydrine is found in several medicinal
plants, regarded as sedative in folk medicine, with the members
of the genus Stachys – like all test samples belonging to the
Lamioideae – being the most prominent ones.
As mentioned above, the experimental procedures given in
the Chin.Ph. for Leonuri herba, both the TLC identification
of stachydrine and the photometric determination of the total
alkaloid content of the drug, have been shown to be hardly
reproducible (Bomme et al. 2006) and the development of more
precise methods is necessary. However, the lack of a chro-
mophore in stachydrine hampers its determination via standard
methods such as UV detection. In such a case, either a qNMR
or a quantitative HPTLC, combined with a derivatisation of the
analyte, could be an alternative tool for quantification as demon-
strated previously for HPTLC analysis of artemisinin (Widmer
et al. 2007). Both alternatives were realized in this study, and
both proved to be suitable for the quantitative detection of the
analyte stachydrine. In the paper at hand new qualitative and
quantitative HPTLC and 1H-qNMR analyses for the determi-
nation of stachydrine are described for the first time applied to
different plant drug materials of Leonurus cardiaca, Leonurus
japonicus, and Leonotis leonurus, also for the first time. Both
methods yielded constantly reproducible data in accordance
with those of the parallel measurement on a totally different
physical basis. However, of these two methods HPTLC is cer-
tainly more qualified for routine quantitative analyses on the
industrial scale, not least because of a lower instrumental com-
plexity. Finally, the occurrence of stachydrine is detected for the
first time in Leonuri japonici fructus (chongweizi), L. cardiacae
fructus, and in Leonotis spec. (Leonotis leonurus).

3. Experimental

3.1. Plant material

The officinal aerial parts (Leonuri herba, yimucao; Chin.Ph., DAB) and fruits
(Leonuri fructus; chongweizi; Chin.Ph.) of Leonurus japonicus as well as
Leonuri cardiacae herba (Ph.Eur.) were purchased from the sources listed in
the Table and controlled for their quality according to the requirements of the
Chin.Ph. or Ph.Eur. respectively, regulations which were met by all analysed
samples, which were in complete accordance to co-investigated authentic
voucher specimen deposited in the herbarium of the Institute of Special
Botany, Leipzig University under the registration number LZ 203412 for L.
japonicus and under the EDV registration number 167244 for L. cardiaca.
Leonotis leonurus was cultivated at the gardens of botany of Leipzig Univer-
sity. Fresh flowering aerial parts were collected for examination. A voucher
specimen of these was deposited in the above-mentioned herbarium under
the registration number LZ 203520.

3.2. Extract preparation

Pulverised drug material (6.00 g) was extracted with boiling water (120 ml)
for 60 min under reflux. The resulting infusion was filtered under vacuum
until the residue was dry and the liquid was clear. It was subsequently evap-
orated to dryness and lyophilised. The resulting dry extract was weighted
in order to calculate the drug extract ratio. Finally, all extracts were pow-
dered and stored in sealed glass flasks at −20 ◦C. For details concerning
the preparation of the L. cardiaca refined extract (LCRE) see Ritter et al.
(2010).

3.3. Isolation of stachydrine

For purification of stachydrine, LCRE (0.5 g) was fractioned by prepara-
tive RP18 MPLC (Büchi, Flawil, CH; C-615 gradient pumping station; two
C-605 pumps; Sepacore C-690 glass column No. 19675; RP-C18 packing
by Merck, Darmstadt) with water-acetonitrile gradients as mobile phases
at 4 ml/min. An aliquot of the lyophilised enriched stachydrine fractions,
obtained from the first MPLC eluates, was dissolved in water in a con-
centration of 50 mg/ml for further purification by preparative silica TLC.
Bands with a length of 1 cm, each containing 1.5 mg of the purified extract,
divided by 0.5 cm empty space were applied to 20 x 20 cm TLC silica gel 60
F254 sheets (Merck, Darmstadt) with 1 cm distance to the rim. These TLC
sheets were placed in a development chamber saturated with the mobile
phase MeOH: CH2Cl2: NH3 25 % (8: 2: 3). The TLC run was allowed to
proceed to a total propagation of 18.0 cm. Following careful evaporation of
the mobile phase, one sample band was cut out of each TLC sheet with a
carpet knife and sprayed with Vágújfalvi solution, revealing stachydrine as
a red zone at Rf = 0.53 (Fig. 1). The areas around this position on the rest of
the TLC sheets were cut out, the silica gel scratched of and extracted with
a solution of MeOH: CH2Cl2 (1: 1) for three hours under constant shaking.
The resulting solution was filtered and subsequently evaporated to dryness
to afford about 5 mg of stachydrine.

3.4. Stachydrine reference substance

In addition to 3.3., commercial stachydrine as a reference compound was
purchased from Phytolab, Vestenbergsgreuth (100 % purity) and proved to
be identical to the sample isolated from the drug as described above. Identity,
purity, and content were determined by positive ESI-MS ([M]+ = m/z 144)
as well as by 1H- and 13C-NMR experiments as described above and were
found to be in accordance with the declared purity.

3.5. HPTLC

3.5.1. General and specific chromatographic conditions

Although planar chromatography is primarily regarded as a qualitative tech-
nique, it can also offer precise and accurate quantitative data (Reich et al.
2009), as evaluation of planar chromatograms by high end scanning den-
sitometry can today be regarded as a standard technique, fully equivalent
to modern photo diode array detectors in HPLC (Dammertz et al. 2001;
Apers et al. 2006; Skarkova et al. 2008). As a quantitative tool, HPTLC in
combination with classical TLC detection solutions is of particular advan-
tage if the analyte does not contain a chromophore, which is the case for
stachydrine.
In the HPTLC procedure developed in the presented project, all samples
were applied to 10 x 20 cm HPTLC silica gel 60 F254 plates (Merck) by
an Automatic TLC Sampler III (CAMAG, Muttenz, Switzerland). Devel-
oped and derivatised plates were scanned by a TLC Scanner 3 (CAMAG)
and analysed with the winCATS Planar Chromatography Manager software
(CAMAG), version 1.4.4, which was also used for controlling the entire
automated HPTLC procedure including its calibration and validation.
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Fig. 2: HPTLC of L. cardiaca raw extract (sample LCH B, four rows on the left),
stachydrine reference substance (five rows in the centre), and the
antiarrhythmic L. cardiaca refined extract (sample LCRE, four rows on the
right). For details concerning measurement conditions see text

Fig. 3: HPTLC chromatogram of a representative run of 80 �g of sample LCH B
(Table 1) in the described HPTLC system, scanned at 517 nm after
derivatisation with Vágújfalvi reagent. Baseline correction is marked with a
straight line

3.5.2. Sample preparation

An amount of approximately 22.00 mg of dried extract was exactly weighted
and dissolved in a respective amount of water, resulting in a concentration of
exactly 20.00 mg/ml. All samples were sonicated for 5 min in order to facil-
itate easier dissolution and centrifuged for 15 min with 145 rotations/s for
removing insoluble compounds from the extract. Finally, the solution was
filtered through a Chromafil PET-20/15 MS filter, thus preventing plugging
of the sample application syringe of the automatic TLC sampler. The stachy-
drine standard was dissolved in water with a concentration of 2.00 mg/ml.
Three bands with a length of 8.0 mm containing 60, 80, and 100 �g of the
extract sample were applied by a CAMAG Automatic TLC Sampler III to
10 x 20 cm HPTLC silica gel 60 F254 plates. On the same plate, four identi-
cal standard lines were applied containing amounts of 1.00, 3.00, 5.00, and
7.00 �g stachydrine. With a distance of 15 mm to the left and 10 mm to the
lower edge of the plate as well as 5 mm of free space between the lines, there
was enough space on each HPTLC plate for 13 lines. Thus, three different
extract samples with three lines each could be measured on every single
plate using an identical set of four lines of stachydrine standard. This pro-
cedure was repeated on n = 3 independent plates for each sample resulting
in a total amount of 9 measurements per extract. After evaporation of the
solvent, the HPTLC plate was placed in a Horizontal-Entwicklungskammer
2 (20 × 10 cm) TLC chamber (CAMAG), saturated with the development
reagent MeOH: CH2Cl2: NH3 25 % (8: 2: 3). After 10 min of fumigation
the HPTLC run was started and allowed to proceed to a total propagation of
8.5 cm. Following the complete evaporation of the development solution, the
TLC plate was dipped for three seconds into Vágújfalvi solution (for com-
position see Wagner et al. 1983) for after development derivatisation, using a
DC-Tauch-fix II dipper (Lothar Baron Laborgeräte, Insel Reichenau). Sub-
sequent to the evaporation of the Vágújfalvi reagent and the development of
red spots at the position of stachydrine (Fig. 2), the HPTLC glass plate was
scanned in a CAMAG TLC Scanner 3 at 517 nm, a wavelength identified
in preliminary experiments (data not shown) as the absorption maximum of
the reddish stachydrine derivate after treatment with Vágújfalvi reagent. All
data were processed with the CAMAG winCATS Planar Chromatography
Manager automatic analysis software, version 1.4.4, using an automatically
calculated polynomial formula for the separate computation of stachydrine
content from both peak heights and areas.

3.5.3. Method calibration and validation

In order to prove the suitability of the method for its intended use, different
characteristics can be investigated during validation. In this work, purity of
the stachydrine reference compound was proven as described above. The
developed HPTLC method was highly specific with no other Dragendorff-
positive constituents detected in the zone between Rf 0.45 and 0.60 (Fig. 3).

In a dilution series, the detection limit was determined as well below 0.25 �g.
After the completely developed plates were scanned with the TLC Scanner
3, stachydrine contents on the lanes of extract samples were calculated using
a polynomial formula developed from the absorption values measured for
the four standard concentrations. This mathematic approach was chosen
over a linear correlation taking into account the amount of the alkaloid that
is hidden in the depth of the HPLC layer and can thus not be measured
by the scanning detector. All these calculations as well as the statistical
analyses of their results were automatically performed by the winCATS
Planar Chromatography Manager software according to the instructions of
the manufacturer. In every case, the formula developed by the program dis-
played a correlation coefficient of at least 0.999, clearly sufficient for the
approval of the method. Accuracy and precision of the newly developed
HPTLC protocol was not only manifested by the low standard deviations
derived form nine runs per sample (three plates with three concentrations
each), but also by the fact that the evaluation of the scanned plates both for
height and area of the stachydrine peaks yielded results in high accordance
with the independently performed 1H-qNMR measurements that are based
on a completely different physical mode of operation (Table, Fig. 1). The
fact that after all calculations the final results concerning the stachydrine
contents in the drug material were in such high accordance although highly
divergent amounts of extract were applied to the individuals HPLC lanes,
nicely demonstrates the robustness of the presented approach. Intermedi-
ate precision was examined by repeating the analyses after several weeks
without any noticeable changes of the outcome. After investigating all these
characteristics, it could be concluded that the developed analytical method
is suitable, i.e. precise, accurate, and specific, for its intended use. A con-
trol experiment using a serial dilution of pure stachydrine yielded a limit of
detection of 0.1 % (w/w) stachydrine in extract samples.

3.6. 1H-qNMR

3.6.1. General and specific NMR conditions

The presented 1H-qNMR measurements were carried out using a Mercury
Plus 300 MHz spectrometer (Varian, Palo Alto). D2O solvent and NMR glass
tubes were obtained from Chemotrade, Leipzig. Maleic acid as an internal
standard was purchased from Sigma, Taufkirchen (100 % purity, verified
by 1H-NMR as described below); concerning pure stachydrine for prelim-
inary 1H-qNMR experiments and calibration of the developed method see
above.

3.6.2. Determination of stachydrine by 1H-qNMR

For every measurement, approximately 22.0 mg of thoroughly dried extract
were exactly weighed into a reaction tube and dissolved in 80 �l of a
10 mg/ml solution of maleic acid in D2O and diluted with 620 �l of
D2O under intensive shaking. This measurement solution was filled into
NMR glass tubes and the 1H-spectrum of the entire solution was recorded
with 128 repetitions at 300 MHz, following the standard protocol for 1H-
measurements according to the manufacturer. NMR processing for all
samples included manual phase correction for each replicate and manual
baseline correction over the entire spectral range. Peak integration was
performed automatically using the NMR spectrometer software. For each
sample, three replications were analysed. In every single spectrum, the peak
of the three protons of an N-methyl group of the stachydrine molecule was
clearly separated from all other peaks at about 3.0 ppm (Fig. 4), whereas the
peak of the two vinylic protons of the maleic acid molecule was positioned
outside of the extract resonances at 6.18 ppm (Fig. 5). The abovementioned
concentrations guarantied that both peak areas ranked in the same order of
magnitude.
The concentration of stachydrine was calculated from the following equa-
tion:

CS = CM · IS

IM

· 2

3

CS is the molar concentration of stachydrine in the measurement solu-
tion, CM is the molar concentration of maleic acid in the measurement
solution, IS signal intensity at 3.0 ppm (N-CH3, stachydrine), and IM is
signal intensity at 6.18 ppm (HC = CH, maleic acid). Stachydrine contents
in the drug samples as percent of dry weight were consequently calculated
based on the above-calculated molar concentration, the molecular weight,
and the respective drug extract ratios (Table). The quantification limit of
stachydrine was 0.104 mg/ml. All measurements were performed in three
repetitions with intervals of several days between the individual runs and
new aliquots of the freeze-dried extracts dissolved for each individual mea-
surement. Nevertheless, the presented quantitative 1H-NMR method yielded
highly reproducible data in a series of inter-day-repetitions in high accor-
dance with the above-described HPTLC protocol. A control experiment
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Fig. 4: 300 MHz 1H NMR spectrum of stachydrine in D2O; further measurement conditions see text. Assignment of signals is indicated by encircled numbers in accordance to
the individual protons listed in Fig. 6

Fig. 5: Positions of the stachydrine N-CH3 singlet at �2.98 ppm and of the singlet of the two vinylic protons of maleic acid at � 6.18 ppm, which was used as internal standard, in
a representative 1H-qNMR measurement of sample LJH B
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Fig. 6: Observed chemical shifts (�) for each proton of stachydrine. For a detailed
discussion of the measuring conditions see text and Figs. 4/5

using a serial dilution of pure stachydrine yielded a limit of detection of 0.1
% (w/w) stachydrine in extract samples.

3.7. HPLC

In preliminary experiments, attempts to preproduce the published (Chao
et al. 2004) HPLC method for stachydrine quantification were undertaken.
All solvents used for HPLC were of gradient grade quality. A first attempt
to reproduce the stachydrine HPLC-method described by (Chao et al. 2004)
using a EC 250/4,6 Nucleodur 100-5 CN RP column, revealed it to be
not reproducible, with unstable retention time and insufficient peak separa-
tion. In further preliminary experiments, several other HPLC columns such
as a Shiseido ODS C18 column, a 250/4,6 Nucleodur 100-5 C18 ec col-
umn, or a 250/4 Nucleodur C18 Pyramid column (Macherey-Nagel, Düren)
with the respective precolumns were tested, but none of these did yield any
reproducible results.
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