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Leonurine is a prominent pharmacologically active guanidine alkaloid (4-{[amino(imino)methyllamino}
butyl-4-hydroxy-3,5-dimethoxybenzoate), mainly exerting cardiovascular, hypotensive, uterotonic, and neu-
roprotective effects. It is commonly regarded as the predominant active principle of Leonurus and Leonotis
drugs (subfamily Lamioideae), though its presence has only been unambiguously proven for the aerial
parts of Leonurus japonicus Houtt. (yimucao/Chin.Ph.,DAB), used in TCM/Kampo for the treatment of var-
ious gynaecological and cardiovascular disorders. Although a series of claims concerning the occurrence
of leonurine in European Leonurus cardiaca L. (Ph.Eur.) can be found describing it as an important active
principle, this has never been conclusively demonstrated. The same holds true for the officinal Leonurus
Japonicus fruits (chongweizi/Chin.Ph.) and the closely related South African herb Leonotis leonurus (L.)
R.Br. Since no reliable HPLC determination and quantification method for leonurine has been published up
to now, in the present study, a highly reproducible RP-HPLC method was newly developed using a special
octadecyl-bonded stationary phase and an acetonitrile/water gradient (adjusted to pH 2.5 by phosphoric
acid) as mobile phase (DAD/277 nm). In particular, this use of reversed phase packing with hydrophilic
endcapping clearly contributes to an improved peak shape for leonurine, to our knowledge the first appli-
cation of this technique on a natural zwitterionic analyte, and clearly enhances the selectivity of separation
compared to classical RP-phases. The method was shown to be precise with respect to concentration,
exhibiting a linear response in the range of 2.5—-12.5 wg/ml leonurine, detection limit well below 0.5 pwg/ml,
and correlation coefficients constantly higher than 0.99 (5 levels, n = 3) over numerous inter day repetitions,
demonstrating the robustness of the newly developed HPLC protocol. Thus, nine samples of L. japonicus
aerial parts, two of L. japonicus fruits, four of L. cardiaca aerial parts, as well as one sample each of L.
cardiaca fruits, and Leonotis leonurus aerial parts were examined. No leonurine could be detected in any
sample of L. cardiaca in contrast to newly published official drug assessments, which consequently have
to be revised. Leonotis leonurus and surprisingly, seeds of L. japonicus did not contain leonurine, either.
However, in aerial parts of L. japonicus drug samples, obtained from China and Japan, leonurine contents
between 0.001 and 0.049% were determined, while L. japonicus from domestic cultivation displayed sig-
nificantly higher amounts of at least 0.1%. Thus, the HPLC method described above could be used for
quality control of leonurine contained in TCM/Kampo medicines and in pharmacopeial analytics for the
differentiation of L. japonicus and L. cardiaca samples.

1. Introduction

Leonurine (4-{[amino(imino)methyl]amino }butyl-4-hydroxy-
3,5-dimethoxybenzoate) was first isolated in 1930 (Kubota
and Nakashima) from the aerial parts of L. japonicus (yimu-
cao/Chin.Ph.,DAB), which has remained the only plant in which
the presence of leonurine has ever been proven beyond doubt.
For a detailed review see Kuchta (2012). Essential pharmaco-
logical investigations of leonurine demonstrated its stimulating
effect on the excised working frog heart (Kubota and Nakashima
1930), uterotonic activity (bioassay guided fractionation) (Kong
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and Yeung 1974), and most recently protective effects on both
central nervous and cardiovascular tissues (Qi et al. 2010;
Liu et al. 2009a, 2009b, 2010), especially hinting to a pos-
sible Ca?*-channel blocking activity (Chen and Kwan 2001).
Thus, leonurine could be considered as a possible cardioac-
tive principle in European L. cardiaca herb (Ph.Eur.), since an
antiarrhythmic refined extract exhibited a profound effect on
the L-type Ca?*-channel and Dragendorff-positive substances
such as leonurine (Ritter et al. 2010). In fact, a comprehen-
sive literature screening yielded a series of claims on the
occurrence of leonurine in L. cardiaca in current textbooks,
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monographs, research papers (Gulabov and Tchervenkova-
Veleva 1970; Wichtl 2009; Kartnig et al. 1993; Bradley 1993;
Hiller and Melzig 2007; Teuscher et al. 2004; van Wyk et al.
2004; Schantz 2009; Barnes et al. 2007; Shikov et al. 2011),
and even most up to date official drug assessments — in the
latter with a claimed content of 0.0068 % (Keller 2010). Sur-
prisingly, only one single claim in primary literature (Gulabov
and Tchervenkova-Veleva 1970) could be found concerning
an isolation of leonurine from L. cardiaca: Its identification
was performed only by means of classical elementar (CHNO)
and IR analyses, and by TLC comparison (mobile phase not
mentioned) with an uncharacterised reference sample isolated
from L. japonicus. These results have, however, never been
replicated. Furthermore, claims on the occurrence of leonurine
exist for officinal fruits (chongweizi/Chin.Ph.) (e.g. Hiller and
Melzig 2007) and the closely related, cardioactive (Burger and
Kabatembe 2008) South African Leonotis leonurus (L.) R.Br.
herb, even in an official governmental drug security assessment
(Pichini et al. 2010).

Thus, the present paper aims at the detection and quantifica-
tion of leonurine, the best-examined pharmacologically active
single constituent of L. japonicus (Kubota and Nakashima
1930; Kong and Yeung 1974) in seventeen samples of the
above-mentioned Leonurus and Leonotis drugs (additionally
L. cardiaca fruits) using state of the art HPLC technology.
As the only two previously published HPLC methods (Hong
et al. 2001; Chao et al. 2004) displayed conceptual deficits and
proved not reproducible as discussed later, a novel Pyramid
RP-phase with hydrophilic endcapping, especially designed for
polar compounds and aqueous eluents (Przybyciel 2003; Lesel-
lier et al. 2006) was applied to a zwitterionic analyte for the first
time. In this context, the Chin.Ph. resorts for quality control of
yimucao to the photometrical measurement of its overall con-
tent in N-containing compounds complexated with Reinecke
salt (NH4[Cr(SCN)4(NHj3),]). In contrast, the German Phar-
macopoeia (DAB), in which the aerial parts of L. japonicus
were monographed in 2010 for the first time, prescribes a total
flavonoid content of at least 0.3 % of the dry weight, calculated
as hyperoside, analogues to the Ph.Eur.-method for L. cardiaca.

2. Investigations, results and discussions

As there is currently no reproducible HPLC method for rou-
tine quantification of leonurine available, the development of
such a procedure was defined as the aim of the present research
project. Identity and purity (> 99%) of the isolated leonurine
standard were determined by 'H-/'3C-NMR- and ESI-MS-data,
not yet completely published before (Hong et al. 2001). As for
the two HPLC methods for L. japonicus published so far, quan-
titative determination of leonurine by customary RP-HPLC has
been described (Hong et al. 2001), however, not a single HPL-
chromatogram of a sample injection is depicted and attempts
to reproduce these results in our laboratory resulted in irrepro-
ducible retention times varying by several minutes depending
on the injected leonurine standard concentration. In the sec-
ond published method (Chao et al. 2004), instead of a classical
RP-column a specialised YMC-Park cyano phase column and
a complicated aqueous mobile phase containing 10 % MeOH,
0.00125 mol/1 of the ion-pair forming agent SDS, and 0.05 %
of reactive and oxidative perchloric acid were applied. In the
paper at hand, the use of a CN-phase column — both with and
without ion-pair forming agents — could not achieve a baseline
separation of leonurine 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). Howeyver, the
most significant problem with the HPLC method described by
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Chao et al. (2004) is the inability to inject raw extracts directly.
Instead, a special measurement solution analogous to the photo-
metric Chin.Ph. method for measuring the total alkaloid content
of yimucao had to be laboriously prepared with each step result-
ing in losses and thus additional systematic error. For developing
a new HPLC method for the reproducible routine determina-
tion of leonurine in drug samples, a variety of different HPLC
columns such as the customary RP phase 250/4,6 Nucleodur
100-5 C18ec or the CN phase EC 250/4,6 Nucleodur 100-5
CN RP were used and evaluated. Additionally, ion-pair forming
reagents such as sodium 1-octanesulfonate monohydrate were
added to the preliminary gradients in combination with all tested
columns but did not contribute to any improvement of peak
shape or separation. Only the use of a reversed phase pack-
ing with a polar endcapping, namely a 250/4 Nucleodur C18
Pyramid column with an 8/4 Nucleodur C18 Pyramid precol-
umn, clearly yields an improved peak shape for leonurine and
enhances the selectivity of separation compared to classical RP-
phases. This Pyramid RP-phase has been especially designed
for the analysis of polar constituents in eluent systems contain-
ing up to 100 % water (Przybyciel 2003; Lesellier et al. 2006),
and appears particularly suitable for zwitterionic analytes like
leonurine, the first natural compound of this class to be ana-
lysed in this way. Consequently, solvents and gradients were
adjusted in order to obtain a good separation of the peaks and
to elute the compounds in a reasonable duration. It could be
shown that the retention times achieved with the special pyra-
mid phase remained nearly unchanged between initial injections
and restart after the flow had been stopped for ca. 12 h, whilst the
performance of the conventional RP-column collapsed already
after several injections of pure leonurine standard. In contrast to
classical octadecyl-bonded silicas, no unwanted interaction, or
so called ‘lack in base-deactivation’ could be observed, which is
regarded as most difficult to achieve (Lesellier et al. 2006). As no
further improvement was achieved by the addition of ion-pair
forming reagents, these compounds were not included in the
final gradient. The completely developed method was shown
to be precise with respect to concentration, exhibiting a linear
response in the range of 2.5-12.5 pg/ml leonurine, detection
limit well below 0.5 pg/ml, and correlation coefficients con-
stantly higher than 0.99 (5 levels, n=3) over numerous inter
day repetitions. Leonurine can now be determined in L. japon-
icus extracts in any basic routine laboratory using this simple,
reliable, low cost method.

Subsequently, this new HPLC procedure was used for examining
of nine samples of L. japonici herba (Chin.Ph.,.DAB) demon-
strating that all products bought in Beijing as well as all material
from cultivation overseas in Germany and Japan contained rela-
tively high amounts of leonurine between 0.020 and 0.104 % of
the dried drug weight with the latter, maximal content detected
in the drug from German cultivation obtained from Galke. The
highest content in native Chinese material was measured in the
drug sample from the Xinainian Shiji Dayaofang apothecary
in Beijing, which contained 0.049 %. The leonurine content of
0.024 % in the sample harvested and sold in Japan by Nakajima
Shouyaku was in the same order of magnitude as the Chinese
samples bought in Beijing. On the other hand, two samples of
the L. japonicus aerial parts bought in apothecaries in south-
ern China as well as the material which was exported officially
to Germany via the Sinophyto company contained significantly
lower amounts of leonurine with the highest content of 0.007 %
in the Sinophyto export drug sample harvested in the province
of Jiangsu. As an exception among all examined L. japonicus
samples, the drug harvested in the province of Guangxi and pur-
chased in Haikou from the Yongjingtang TCM drug shop did
only contain not quantifiable traces of leonurine even when the
highest possible amount of sample was applied to the HPLC col-
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umn. This is however in accordance with the fact that both this
sample and the sample bought at the Xinhuairen Yaoju apothe-
cary in Xiamen, which only contained 0.001 % of the alkaloid,
did not meet the requirements of Chin.Ph. and consisted almost
entirely of lignified trunks hardly containing any leaves of inflo-
rescences. As far as chongweizi is concerned, which share most
medical indications with the aerial parts (Anonymous 2000),
surprisingly no leonurine could be detected in any of the sam-
ples from both Chinese and Japanese origin, in contrast to earlier
statements (Chang and But 1987). The fruits of L. cardiaca did
not contain any leonurine, either.

Astonishingly, no leonurine could be detected in any sample of
L. cardiacae herba or Leonotis leonurus aerial parts, indicating
that instead of both their similar use and numerous claims of its
presence in these plants (for literature sources see Introduction),
leonurine has to be regarded as an unique taxonomic marker of
L. japonicus and essential active principle of L. japonici herba
(Chin.Ph.), and can definitively be excluded as an active con-
stituent of L. cardiacae herba (Ph.Eur.) and its cardioactive
refined extract (Ritter et al. 2010), in which the abovemen-
tioned Dragendorff-positive substances could be assigned to
N-containing betaine type compounds. Consequently, an actual
official EMA drug assessment of L. cardiaca mentioning a
leonurine content of approximately 0.0068 % (Keller 2010) has
to be revised. In this context, the only experimental data were
published for a sample of Bulgarian origin without citing any
voucher specimen (Gulabov and Tchervenkova-Veleva 1970; cp.
Introduction). It could therefore well be that these authors acci-
dentally examined the Balkan species Leonurus quinquelobatus
Gilib, sometimes regarded as a subspecies of L. cardiaca under
the name Leonurus cardiaca L. var. villosus DESF (Keller 2010),
known for its use in Bulgaria, Turkey, Romania (Krestovskaja
1992), containing an “unknown alkaloid” (Kozlova 1967) that
has not been examined up to now. It further has to be men-
tioned that the source plant of the two TCM drugs is Leonurus
Jjaponicus Houtt., including its taxonomic synonyms Leonurus
sibiricus L., Leonurus artemisia (Lour.) S.Y. Hu, and Leonu-
rus heterophyllus Sweet (Harley and Paton 2001; Krestovskaja
1992). In the present study, leonurine could not be detected in
the South African Leonotis leonurus, either. Conflicting reports
on the Internet, e.g. in Wikipedia articles, and even in an Italian
governmental drug safety report (Pichini et al. 2010) seem to be
based on a simple confusion of the species Leonotis leonurus
with the genus Leonurus.

The ever-increasing role of TCM in European health care
and the rising demand for L. japonicus by German TCM
practitioners has already promoted the adoption of yimucao to
the current DAB (Anonymous 2010) as one of the very first in
a series of further additions of East Asian drugs. In preparation
of this step, an international attempt to develop monographs for
the pharmaceutical analysis of prominent TCM drugs already
yielded an HPLC method for yimucao, which did however not
concentrate on the active constituent leonurine but on the phy-
tochemically easier accessible and chromatographically easier
separable but more unspecific hyperoside, rutin, and ajugoside,
the latter iridoid without reference substance, measured in the
more unselective very short wave UV at 205 nm (Bauer et al.
2009). This HPLC method was also applied to L. cardiaca using
the same analytical markers (Bauer et al. 2009). Accordingly,
the new DAB monograph for L. japonici herba (Anonymous
2010) does not concentrate on leonurine as the major phar-
maceutically active constituent, but includes a conventional
spectrophotometrical determination of the total “flavonoid”
content, calculated for the flavonol hyperoside. Neither of
these phenolic constituents, also typical for numerous other
flavonoid drugs, is discussed in the literature as a contributor to
the specific pharmacological activity of L. japonicus, whereas
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the present report presents the first reproducible HPLC mea-
surement of leonurine content, facilitating the standardisation
of L. japonicus preparations directly on its most prominent
constituent, whereas the above mentioned HPLC fingerprint
analysis (Bauer et al. 2009) seems hardly suitable for a clear
analytical differentiation between the two Leonurus species.
The high leonurine contents in the two drug samples from Ger-
man cultivation may be 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 samples (Bomme 2008). Accordingly, the
study at hand demonstrates that the content of the active princi-
ple leonurine in the Bavarian drug is twice as high as the highest
measured content in officinal Chinese samples and almost
fifteen times as high as in the sample, which was purchased
from China via a professional TCM drug import company.

In this context, our findings should have implications concern-
ing practical pharmacy: Since the recent addition of yimucao
to DAB, the two morphologically very similar and hardly
differentiable herbs of the same botanical genus are present
side by side in German pharmacies without a reliable HPL-
chromatographic method for their differentiation. For example
a commercially purchased drug declared as “herba leonuri” and
sold as L. cardiaca, was found to be L. japonicus, constitut-
ing a serious mistake in identity or adulteration, respectively. In
consequence, any questionable drug sample containing this alka-
loid can clearly be identified as originating from the East Asian
species. Taking into consideration the high probability of a mix
up of the drugs in everyday pharmaceutical practice, the addi-
tion of such a phytochemical approach for their differentiation
to the current DAB monograph can be regarded as highly desir-
able. The observed tremendous variation of leonurine content
in the examined yimucao trading samples makes a qualita-
tive and quantitative method of pharmacopeial analytics for
this constituent even more pressing. On the basis of typical
leonurine contents in samples obtained from well-respected and
renowned East Asian drug trading companies (Tongrentang Bei-
jing; Seikoen Hosono Clinic Kyouto) arequirement of a minimal
content of 0.020 % of leonurine in L. japonicus herbal drug could
be proposed for the DAB monograph. The newly developed RP-
HPLC-method with hydrophilic endcapping is suitable for its
purpose, namely for the quality assurance of leonurine contain-
ing herbal medicines, or for the differentiation of L. japonicus
and L. cardiaca samples.

3. Experimental
3.1. Plant material

The aerial parts (yimucao) and fruits (chongweizi) of Leonurus japonicus
(Chin.Ph., DAB) (Anonymous 2000; 2010) as well as Leonuri cardiacae
herba (Ph.Eur.) were purchased from the sources listed in the Table 1 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
with the exception of samples D and E which almost entirely consisted
of lignified trunks and hardly contained any leaves of inflorescences. All
examined samples were in complete accordance to coinvestigated authentic
voucher specimen, which are deposited in the herbarium of the Institute
of Special Botany, Leipzig University under the registration number LZ
203412 for the TCM drug and under the EDV registration number 167244
for the European herb. Leonotis leonurus was cultivated at the gardens of
botany of Leipzig University. 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 weighed in
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Table: Identity and leonurine content of the examined drug samples

Drug Name Bought in Apothecary Company Batch number Origin Extract % Leonurine %
(w/w) in the (w/w) in the
drug drug (n=3)
A L. japonici herba Beijing  Beijing Tongrentang 0128028 Province of 14.60 0.045
Tongrentang Hebei (PRC)
B L. japonici herba Beijing  Beitaipingzhuang Beijing 0807183 Province of 16.62 0.020
Dayaofang Shengshi- Hebei (PRC)
long
C L. japonici herba Beijing  Xinainian Shiji Xingainian LY10322007 PRC 14.80 0.049
Dayaofang
D L. japonici herba Xiamen Xinhuairen Yaoju Longrentang 0810692 PRC 14.07 0.001
E L. japonici herba Haikou  Yongjingtang Xiangbao 20070402 Province of 10.57 0.000
Zhongyaoy- Guangxi
inpian (PRC)
F L. japonici herba — — SinoPhytoMed 13964K262-4-100 Province of 11.95 0.007
Jiangsu
(PRC)
G L. japonici herba Kyouto  Seikoen Hosono Nakajima 11112A075 Jap 13.59 0.024
Clinic Shouyaku
H L. japonici herba — — Krauterhof E7558A State of 24.66 0.102
Frief3 Bavaria
(Ger)
I L. japonici herba — — Galke 0000011580 Ger 23.16 0.104
J L. japonici fruits — — SinoPhytoMed 13963K263-4-100 Province of 9.28 —
Anhui (PRC)
K L. japonici fruits Kyouto  Seikoen Hosono Uchida 7B33213 Jap 10.48 —
Clinic Wakanyaku
L L cardiacae herba — — Galke 10477 Ger 24.17 —
M L cardiacae herba — — Caesar & 32054354 Ger 21.96 —
Loretz
N L cardiacae herba — — Galke 0000010957 Ger 26.86 —
Organic
Farming
O L. cardiacae herba — — Botanical — Leipzig 9.53 —
Garden
P L. cardiacae fruits — — Botanical — Leipzig 7.53 —
Garden
Q L. leonuri herba — — Botanical — Leipzig 13.45 —
Garden

In the case of sample E, the detected amount of leonurine was to low for quantification
China=PRC; Japan =Jap; Germany = Ger

order to calculate the drug extract ratio. Finally, all extracts were powdered
and stored in sealed glass flasks at —20°C.

3.3. Purification of leonurine from L. japonici herba

For purification of leonurine, the aqueous extract (1.0 g) of sample H (Table)
from L. japonicus aerial parts was fractioned by preparative RP18 MPLC
(Biichi, Flawil, CH; C-615 gradient pumping station; two C-605 pumps;
Sepacore C-690 glass column No. 19675; RP-C18 packing by Merck, Darm-
stadt) with water-acetonitrile gradients as mobile phases at 4 ml/min. An
aliquot of the lyophilised enriched leonurine fractions, obtained from the
first MPLC eluates, was dissolved in water in a concentration 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 Fps4 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:CH,Cl>: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, the TLC
plates were inspected under 254 nm UV light, revealing leonurine as an UV
quenching zone at Ry =0.31. Spraying of one sample plate with Dragen-
dorff solution led to the development of a striking red spot at this position
thus confirming our identification. These quenching zones were cut out of
several the TLC sheets, the silica gel scratched of and extracted with a solu-
tion of MeOH : CH;,Cl, (1: 1) for 3 h under constant shaking. The resulting
solution was filtered and subsequently evaporated to dryness to afford about
3 mg of leonurine. This was dissolved in 700 .l of DMSO-d¢ and placed in
NMR glass tubes for recording 'H and '3C spectra on a BRUKER DRX 400
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(Bruker; Billerica, USA) spectrometer, revealing the identity of the isolated
molecule with the leonurine reference substance.

3.4. Leonurine reference substance

For the HPLC experiments, synthetic leonurine as a reference compound was
purchased from Anhui New Star Pharmaceutical Development Co., Hefei,
PRC. The purchased pure substance proofed to be identical to the sample
isolated from the drug as described above. Their identities were proven
by positive ESI-MS determination ([M + H]* =m/z 312) (sample dissolved
in methanol with Ny spray; Esquire 3000 Plus ion-trap, Bruker, Bremen,
Germany) and purity was determined to be at least 99 % according to the
subsequently described NMR experiments.

3.5. NMR measurements

In NMR glass tubes obtained from Chemotrade (Leipzig, Germany), approx-
imately 15mg of leonurine were dissolved in 700 pul of DMSO-dg resp.
CD30D due to different splitting of NH-signals. The 'H spectra of the
entire solution were recorded with 16 scans at 400 MHz and the 13C spectra
with 1000 scans at 100 MHz. For HSQC (Heteronuclear Single Quantum
Coherence), 4 scans with 256 increments were carried out. A BRUKER
DRX 400 (Bruker; Billerica, USA) spectrometer was used for all of these
measurements. The same sample was inserted in a VARIAN Mercury 400
plus (Varian; Palo Alto, USA) apparatus for recording 'H spectra with 32
scans at 400 MHz, 13C was measured with 2000 scans at 100 MHz (just
as all other '3C data containing experiments), and APT (Attached Proton
Test) with 5000 scans. Furthermore, COSY (Correlation spectroscopy) was
recorded using 4 scans with 256 increments, and for HMBC (Heteronuclear
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Fig. 1: Chemical structure of leonurine

Multiple Bond Correlation) (8 Hz) 32 scans with 256 increments were used.
With the combination of these multiple 2D NMR techniques, every signal
in both the 'H and '*C NMR spectra of leonurine could be assigned to the
respective atom in its structural formula (Fig. 1).

'H NMR (DMSO-dg, & [ppm]): 9.31 (1H, s br, 4-OH); 7.89 (1H, t, J=5.6,
4’-NH); 7.20 (3H, m br, 6’-NH»/NH); 7.19 (2H, s, H-2, H-6); 4.24 (2H, t,
J=6.4, H-1); 3.80 (6H, s, 3-/5-OCHj3); 3.16 (2H, m, H-4"); 1.73 (2H, m,
H-2’); 1.58 (2H, m, H-3"). 13C-NMR (DMSO-dg, & [ppm]): 165.61 (C7);
157.05 (C6’); 147.56 (C3, C5); 140.72 (C4); 119.35 (C1); 106.78 (C2, C6);
63.90 (C17); 56.10 (C3-/C5-OCH3); 40.29 (C4’); 25.55 (C2’); 25.25 (C3’).
'H-NMR (CD;0D, 8 [ppm]): 7.23 (2H, s, H-2, H-6); 4.31 (2H, t, J=6.2,
H-1°); 3.86 (6H, s, 3-/5-OCH3); 3.24 (2H, t, J=6.8, H-4’); 1.81 (2H, m, H-
2°); 1.73 (2H, m, H-3"). '¥*C-NMR (CD;0D, 5 [ppm]): 169.12 (C7); 157.76
(C6°); 148.24 (C3, C5); 140.71 (C4); 121.21 (Cl1); 107.99 (C2, C6); 66.10
(C17); 57.09 (C3-/C5-OCH3); 41.73 (C4’); 26.23 (C2’); 25.78 (C3’).

3.6. HPLC
3.6.1. General and specific chromatographic conditions

The optimal HPLC conditions were determined after investigating several
characteristics. All solvents used for HPLC were of gradient grade qual-
ity. A first attempt to reproduce the leonurine HPLC-method described by
Hong et al. (2001), using a conventional Shiseido ODS column, revealed it
to be not reproducible at all, with the retention time of the alkaloid shift-
ing depending on the injected concentration in the scale of several minutes.
In further preliminary experiments, several other HPLC columns such as a
EC 250/4,6 Nucleodur 100-5 CN RP or a 250/4,6 Nucleodur 100-5 C18
ec column (Macherey-Nagel, Diiren) with the respective precolumns were
tested, but none of these did yield any reproducible results. However, a 250/4
Nucleodur C18 Pyramid column (5 wm) with an 8/4 Nucleodur C18 Pyramid
precolumn (5 pwm), (Macherey-Nagel, Diiren) was successful. This Pyramid
RP-phase has been especially designed for the analysis of polar constituents
in eluent systems containing up to 100 % water (Przybyciel 2003; Lesellier
et al. 2006). All injections were applied using a Dionex Gina 50 autosam-
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Fig. 2: Leonurine content (w/w) in nine samples of Leonurus japonicus herb
(Chin.Ph., DAB), determined by HPLC. For identification of the individual
samples see Table. All measurements were performed in triplicates. The
standard deviation of the raw data is given in the form of error bars
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Fig. 3: Typical HPLC-DAD chromatograms of representative injections of
0.0125 mg/ml chemosynthetic leonurine standard (1) as well as crude extract
samples of Leonuri japonici herba H (2), Leonuri cardiacae herba L (3),
Leonuri japonici semen K (4), Leonuri cardiacae semen P (5), and Leonotis
leonurus aerial parts Q (6). In the case of sample H with the alkaloid actually
present, it is observed as the biggest peak in the range of retention times
between 5.0 and 20.0 min. The detection wavelength was set at 277 nm. The
UV spectra corresponding to the leonurine peaks or other peaks in the area
that might be wrongly identified as leonurine without DAD detection are
shown at the beginning, at the apex and at the end of the respective peaks. For
exact chromatographic conditions see text
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Fig. 4: UV spectra of leonurine measured by the DAD detector in the standard
(above) and in the Leonuri japonici herba sample H (below) demonstrating
the high peak purity achieved with the presented HPLC method

pler. Gradient elution was performed with a Dionex P680 HPLC pump
applying a constant flow of 1.00 ml/min. This approach had been followed
with some variations also with the other tested column types in the prelim-
inary experiments. These did also include some experiments with ion-pair
forming reagents such as sodium 1-octanesulfonate monohydrate (Sigma-
Aldrich, St. Louis, USA) in combination with all tested columns, an attempt
that proved unnecessary in the case of the 250/4 Nucleodur C18 Pyramid
column and futile in all other cases. In order to prevent peak broadening,
phosphoric acid was added to the aqueous phase of the gradient. HPLC was
carried out with a HyO/CH3CN gradient. Eluent A consisted of acetoni-
trile, eluent B consisted of water (pH 2.5, reached with phosphoric acid).
The flow rate was set at 1.00 ml/min and the temperature at 25 °C. After
equilibration with 90 % eluent A, the sample was injected. After 10 min,
eluent B was increased and reached 20 % after 20 min, only to decrease
again after 30 min, thus returning to 10 % at 35 min. The run was terminated
after 40 min. Thus in the final 5 min the column was flushed and equilibrated
with 90 % eluent A. The column temperature was kept constant at 25°C
using a Dionex STH 585 column oven. A Dionex UVD340U photodiode
array detector (DAD) was used for peak identification via 3D-spectra and
quantification at 277 nm. This wavelength was chosen as it represents an
absorption maximum in the UV spectrum of leonurine in the optimal work-
ing range of the detector. All data were analysed using the Chromeleon 6.70
Software (Dionex Corporation, Sunnyvale).

3.6.2. Sample preparation

For all examined plant extracts, several preliminary injections were per-
formed to make an educated guess for their approximate leonurine content
so that the final injections for determining its exact concentration could be
aimed into the concentration range of the external standards on which the lin-
ear calibration equation was based (y = 0.4649 x 4+0.02475, 12 = 0.9994).
The samples were dissolved in H,O accordingly and filtered using a Chro-
mafil GF/PET-45/25 filter with 1.0/0.45 pwm pore size and 25 mm diameter.
20 w1 of these mixtures were injected onto the HPLC column for each mea-
surement. The exact extract concentrations were noted for every injection
and saved for the later calculation. Both standards and samples were injected
in triplicates.

3.6.3. Method calibration and validation

In order to prove the suitability of the method for its intended use, differ-
ent characteristics can be investigated during validation. In this work, the
calibration model of leonurine was checked for its linearity by analysing
five concentration levels covering a range of 2.5-12.5 wg/ml. Therefore,
leonurine was dissolved in water at the respective concentrations and
subsequently treated and injected just as the extract samples. Graphical
examination of the regression line and the residual plot proved that the
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method to be linear for leonurine. The correlation coefficient was approved
since it was at least 0.99. The intermediate precision was examined by per-
forming analyses on several days and at different concentration levels. In
a dilution series, the detection limit for the guanidino derivative was deter-
mined as well below 0.5 pg/ml under the applied HPLC conditions. The
peak purity of leonurine in the crude extract was examined using the DAD
detector. The UV spectra at the beginning, at the apex and at the end of the
peak were inspected and no deviations were observed (Fig. 3.1, 3.2, 5). It
was concluded that the method is specific. After investigating these char-
acteristics, it could be concluded that the developed analytical method is
suitable, i.e. precise, accurate, and specific, for its intended use.

Acknowledgements: First of all we would like to thank Prof. Dr. Kanji
Hosono, CEO of the private Seikoen Hosono Clinic Kyoto, for sending us
the Japanese L. japonicus drug samples G and K and Mrs. Yi’an Chen for
personally transporting the Chinese drug samples A-E to our laboratory in
Germany. We also would like to thank SinoPhytoMed GmbH for providing
us with samples F and J of their L. japonicus drugs for free. Furthermore, we
are especially grateful to Prof. Dr. D. Briel, Department of Pharmaceutical
Chemistry at Leipzig University, for the possibility to use the HPLC equip-
ment in his labs, and to Dr. L. Hennig, Institute of Analytical Chemistry at
Leipzig University, for recording the NMR spectra. Last but not least, Kenny
Kuchta wishes to express his deepest gratitude towards the “Studienstiftung
des deutschen Volkes” for providing a doctoral scholarship.

References

Anonymous (2000) Pharmacopoeia of the People’s Republic of China.
English Edition Vol. 1. Monographs for the drugs yimucao and chong-
weizi. Chemical industry press, Beijing.

Anonymous (2010) Monograph “Leonuri herba — Yimucao”. In: Dt Apoth
Ztg 150: 1155-1156./BAnz 34; 03.03.2010.

Barnes J, Anderson LA, Phillipson JD (2007) Monograph Motherwort. In:
Herbal Medicines. Pharmaceutical Press, London, p. 354-356.

Bauer R, Wagner H, Peigen X, Schiihly WM, Majeron SF (2009) Herba
Leonuri — Yimucao. In: Chinese Drug Monographs and Analysis Vol. 9,
No. 59. Wiihr Verlag, Bad Kotzting.

Bomme U (2008) A chance for better drug quality in CHM - workshop on
documented and controlled cultivation of selected species for CHM. Z
Phytother 29: 194-196.

Bradley PR (1993) British Herbal Compendium, Volume 1. A handbook of
scientific information on widely used plant drugs. British Herbal Medicine
Association, Exeter, p. 161-162.

Burger A, Kabatembe J (2008) Cardioactivity of 2 mg/ml Leonotis leonurus
in the Langendorff rat heart not due to [K*] and [Mg?*]. Planta Med 74:
991.

Chang HM, But PP (1987) Pharmacology and application of Chinese materia
medica (vol. 2). World Scientific, Singapore, p. 989-993.

Chao Z,MaLL, Zhou XJ (2004) Determination of stachydrine and leonurine
in Herba Leonuri by ion-pair reversed-phase high-performance liquid
chromatography. Di Yi Jun Yi Da Xue Xue Bao 24: 1223-1226.

Chen CX, Kwan CY (2001) Endothelium-independent vasorelaxation by
leonurine, a plant alkaloid purified from Chinese motherwort. Life Sci
68: 953-960.

Gulabov AZ, Tchervenkova-Veleva VB (1970) On the structure of alkaloids
from Leonurus cardiaca L. Travaux scientifiques — Chimie 8: 129-132.

Harley R, Paton A (2001) Leonurus japonicus Houtt. (Labiatae): the correct
name for a common tropical weed. Kew Bulletin 56: 243-244.

Hiller K, Melzig MF (2007) Die grofie Enzyklopadie der Arzneipflanzen
und Drogen, Band 2. Area Verlag, Erftstadt, p. 16-17.

Hong SS, Hwang JS, Lee SA, Hwang BY, Ha KW, Ze KR, Seung RS, Ro
JS, Lee KS (2001) Isolation and quantitative analysis of leonurine from
Leonuri Herba. Korean J Pharmacogn 32: 322-326.

Kartnig T, Hoffmann-Bohm K, Seitz R (1993) Leonurus. In: Hénsel R
(ed.): Hagers Handbuch der pharmazeutischen Praxis. Springer, Berlin,
p. 645-654.

Keller K (2010) Assessment report on Leonurus cardiaca L., herba.
EMA/HMPC/127430/2010.

Kong YC, Yeung HW (1974) Effect of the Chinese motherwort (Leonurus
artemisia) on mammalian reproductive function. The Chung Chi Journal
13:25-31.

Kozlova LM (1967) A contribution to the phytochemistry of Leonurus
quinquelobatus Gilib. Farmacija 6: 23-26.

Krestovskaja T (1992) Systematics and Phytogeography of Leonurus L.
In: Harley RM, Reynolds T (ed.): Advances in Labiate Science. Royal
Botanic Gardens, Kew, p. 139-148.

Pharmazie 67 (2012)


http://www.ingentaconnect.com/content/external-references?article=0024-3205()68L.953[aid=9346083]
http://www.ingentaconnect.com/content/external-references?article=0024-3205()68L.953[aid=9346083]

ORIGINAL ARTICLES

Kubota S, Nakashima S (1930) The study of Leonurus sibiricus L.: Chemical
study of the alkaloid (leonurin) isolated from Leonurus sibiricus L. and
pharmacological study of the alkaloid “leonurin” isolated from Leonurus
sibiricus L. Folia Pharmacologica Japonica 11: 153-167.

Kuchta K (2012) Phytochemical analysis of European Leonurus cardiaca
and East Asian Leonurus japonicus: RP-HPLC, instrumental HPTLC,
and "H-gNMR determinations of phenolic and N-containing constituents
including a review on ethnopharmaceutical and clinical data. The-
sis.(submitted at Leipzig University).

Lesellier E, West C, Tchapla A (2006) Classification of special octadecyl-
bonded phases by the carotenoid test. J Chromatogr A 1111: 62-70.

Liu XH, Chen PF, Pan LL, Silva RD, Zhu YZ (2009a) 4-Guanidino-n-butyl
syringate (Leonurine, SCM 198) protects H9c2 rat ventricular cells from
hypoxia-induced apoptosis. J Cardiovasc Pharmacol 54:437—444.

Liu XH, Pan LL, Chen PF, Zhu YZ (2010) Leonurine improves ischemia-
induced myocardial injury through antioxidative activity. Phytomedicine
17: 753-759.

Liu XH, Xin H, Hou AJ, Zhu YZ (2009b) Protective effects of leonurine in
neonatal rat hypoxic cardiomyocytes and rat infarcted heart. Clin Exper
Pharmacol Physiol 36: 696-703.

Pichini S, Marchei E, Palmi I, Pellegrini M, Pacifici R, Zuccaro P, Calapai
G, Oteri A, Cafeo V, Caputi AP (2010) Smart Drugs (seconda edizione).
Dipartimento del Farmaco, Istituto Superiore di Sanita — Roma; Governo
italiano, Ministro della Gioventu; Centro Stampa De Vittoria srl — Roma,
p. 185-187.

Pharmazie 67 (2012)

Przybyciel M (2003) Novel Phases for HPLC Separations. Recent develop-
ments in LC column technology 6: 2-5.

Qi J, Hong ZY, Xin H, Zhu YZ (2010) Neuroprotective effects of leonurine
on ischemia/reperfusion-induced mitochondrial dysfunctions in rat cere-
bral cortex. Biol Pharm Bull 33: 1958-1964.

Ritter M, Melichar K, Strahler S, Kuchta K, Schulte J, Sartiani L, Cerbai E,
Mugelli A, Mohr FW, Rauwald HW, Dhein S (2010) Cardiac and elec-
trophysiological effects of primary and refined extracts from Leonurus
cardiaca L. (Ph.Eur.). Planta Med 76: 572-582.

Schantz P (2009) Weilidorn und Herzgespann: Medizinhistorische Unter-
suchungen zur europdischen Tradition der Arzneipflanzen, Dissertation.
Kassel University Press.

Shikov AN, Pozharitskaya ON, Makarov VG, Demchenko DV, Shikh EV
(2011) Effect of Leonurus cardiaca oil extract in patients with arterial
hypertension accompanied by anxiety and sleep disorders. Phytother Res
25: 540-3.

Teuscher E, Melzig MF, Lindequist U (2004) Biogene Arzneimittel — Ein
Lehrbuch der Pharmazeutischen Biologie. Wissenschaftliche Verlagsge-
sellschaft, Stuttgart, p. 379.

van Wyk BE, Wink C, Wink M (2004) Handbuch der Arzneipflanzen — Ein
illustrierter Leitfaden. Wissenschaftliche Verlagsgesellschaft, Stuttgart,
p. 191.

Wichtl M (2009) Leonuri cardiacae herba. Teedrogen und Phytopharmaka,
ein Handbuch fiir die Praxis auf wissenschaftlicher Grundlage. Wis-
senschaftliche Verlagsgesellschaft, Stuttgart, p. 384-385.

979


http://www.ingentaconnect.com/content/external-references?article=0305-1870()36L.696[aid=10099633]
http://www.ingentaconnect.com/content/external-references?article=0305-1870()36L.696[aid=10099633]

