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Title: Chemical profiling of the tuber of Stephania cambodica Gagnep.
(Menispermaceae) and analytical control by UHPLC-DAD

ABSTRACT

A new aporphine glycoside (1), named “angkorwatine”, and eight known alkaloids: oblongine
(2), stepharine (3), asimilobine-f-D-glucopyranoside (4), isocorydine (5), tetrahydropalmatine
(THP) (6), jatrorrhizine (7), palmatine (PAL) (8) and roemerine (ROE) (9) were
simultaneously isolated from the tuber of Stephania cambodica. The development and
validation of UHPLC-DAD method was carried out for the quantification of marker
compounds (PAL, ROE, THP) of S. cambodica. In addition to good selectivity and linearity
(r>>0.997), trueness, precision, and accuracy of the method did not exceed the acceptance
limit of +£10% for ROE, THP and +20% for PAL. Consequently, this method is able to provide
accurate results between 1.39-4.18 pg/mL, 2.01-30.72 pg/mL and 4.29-64.42 pg/mL for
PAL, ROE, and THP, respectively. This study shows that the validated UHPLC method is a
rapid, innovative and effective analytical approach to control quality of tubers of S. cambodica

and to regulate the usage of this plant in traditional medicine.

Keywords: Accuracy profile; alkaloid; method validation; palmatine; quantification;

roemerine; tetrahydropalmatine.

1. Introduction

Stephania cambodica Gagnep. (Menispermaceae) is a woody climber found in mountainous
regions in Cambodia and Vietnam. The main characteristic of this species is the absence of
leaves during the blooming period. Mature individuals of S. cambodica often have multiple
tubers lying on rocks and are interconnected with a woody stem (Figure S1). Known by its
Cambodian vernacular name “Komar Pich”, the plant tuber has been traditionally used by
local people in forms of decoction or hydroethanolic macerate to treat various diseases and
symptoms such as anxiety, malaria, fever, wounds, joint pains, fatigue and male sexual
dysfunction (Center of Traditional Medicine 2013). In Vietnam, the tuber of S. cambodica is
used in combination with other plants for treatment of various diseases such as depression,
asthma, hypertension... (Do et al. 1999). Despite its well-established use, few phytochemical
studies have been undertaken on S.cambodica (Thanh and Hung 2011; Dinh et al. 2015).

Rotundine (I-tetrahydropalmatine) the main alkaloid isolated from S. cambodica tuber has



been shown to be responsible for the inhibition of neurokinine-1 receptor gene expression
(Dinh et al. 2015). The presence of rotundine in S. cambodica tuber could justify its
traditional use as an anxiolytic remedy in Cambodia since in Vietnam and China, rotundine is
used as an anxiolytic and hypnotic drug (Wang and Mantsch 2014). This neuro-sedative
activity was also shown in rats and mice (Semwal and Semwal 2015).

Liquid chromatography is widely used for quality control of alkaloids from Stephania
species (Bory et al. 2010; Xie et al. 2014; Liu et al. 2016). Ultra-high performance liquid
chromatography (UHPLC) method has recently been employed to characterise the alkaloids
of Stephania tetrandra S.Moore (Sim et al., 2013). However, the analytical control of the
tuber of S. cambodica using these techniques has not yet been documented.

The aims of this study are firstly to characterise chemical constituents of the tuber of
S. cambodica, which is the main plant part used in traditional medicine. Secondly, a thorough
development and validation of the UHPLC method for the determination of the main

metabolites of this plant was performed.

2. Results and discussion
A new aporphine glycoside (1, 0.5 mg) named “angkorwatine” (Figure 1), and eight known
alkaloids namely oblongine (2, 0.2 mg) (Kato et al. 1995), stepharine (3, 0.6 mg) (Thuy et al.
2004), asimilobine-B-D-glucopyranoside (4, 3.8 mg) (Likhitwitayawuid et al. 1993),
isocorydine (5, 0.5 mg) (Ferreira et al. 2010), tetrahydropalmatine (THP) (6, 1.0 mg)
(Mastranzo et al. 2012), jatrorrhizine (7, 0.1 mg) (Shi et al. 2015), palmatine (PAL) (8, 0.4
mg) (Shi et al. 2015) and roemerine (ROE) (9, 1.0 mg) (Thuy et al. 2004) were
simultaneously isolated from the hydroethanolic extract of S. cambodica by preparative
HPLC (Figure S2). The isolation of alkaloids from this species tuber in previous reports
involved conventional chromatography (Thanh and Hung 2011).

The alkaloid-type structure of the nine compounds isolated was revealed by the NMR
spectra. The NMR data of compounds (2-9) were all in accordance with the literature values.

Angkorwatine (1) was isolated as amorphous powder, and the molecular formula was
assigned as Cy3H,7NOg by high-resolution mass spectrum (HR-ESI-MS) (m/z 446.1811
[M+H]", calcd for C,3H,7NQOs, 446.1809) (Figure S3) and NMR data implying 11 degrees of

unsaturation. The *C NMR data gave a total of 23 separate resonances, including six signals



assignable to sugar. The *H NMR spectrum exhibited one methoxy group (& 3.79), five
aromatic protons (oy 7.12; 7.36; 7.43; 7.47; 8.48), four ethylene protons (oy 3.03; 3.27; 3.49;
3.69), one signal of oxymethine proton (o4 4.74), one signal of methine proton (éy 4.47), and
signals assigned to the sugar moiety with an anomeric proton (& 4.98, d, J=7.8Hz). The *H
and °C resonances of 1 were typical of 7-oxygenated aporphine glycoside alkaloid. The
HMBC crosspeak between H-1" (o4 4.98) and C-2 (& 153.1) and NOESY crosspeak between
H-1" (6g 4.98) and H-3 (Jy 7.12) placed the sugar moiety at C-2 of the 7-oxygenated
aporphine. The sugar moiety was identified as B-D-glucopyranose from the proton signals at
S 4.98 (d, J=7.8Hz, H-1°), 3.56 (dd, J=9.1, 7.8 Hz, H-2"), 3.48 (brt, J=9.0 Hz, H-3"), 3.40
(dd, J=9.4,9.0 Hz, H-4"), 3.50 (ddd, J=9.4,6.2, 2.0 Hz, H-5"), 3.94 (dd, J=12.1, 2.0 Hz, Ha-
6’), 3.71 (dd, J=12.1, 6.2 Hz, H-6) and from the carbon resonances at &c 102.5 (C-1°), 74.9
(C-2°), 78.4 (C-3’ and C-5°), 71.5 (C-4"), and 62.3 (C-6") in the *C NMR spectrum. The
HMBC crosspeak between methoxy group H-12 (g 3.79) and C-1 (&c 147.5) and NOESY
crosspeak between H-12 (dy 3.79) and H-11 (& 8.48) placed the methoxy group at C-1 of the
7-oxygenated aporphine. The other proton signals were at ¢y 3.27 (m), 3.03 (brd, 15.8) and
3.69 (m), 3.49 (m) for the four aliphatic protons, which were assigned to H-4 and H-5. The
two last signals at oy 4.77 (brs) and 4.74 (brs) were assigned to H-6a and H-7. In this
particular case, the '"H NMR analysis between 300 and 340K did not allow for a coupling
constant to be observed between these signals: the two protons H-6a and H-7 appeared as a
broad singlet (W% ~ 8 Hz) which seemed to correspond to a coalescence of a cis H-7 and H-
6a (J = 0 -> 3 Hz) (Hocquemiller et al. 1981).

Ca3H2;NOg. [0]®p= —72.5° (CH3OH, ¢ 0.0008). UV (CH30H) Amax 210, 272 nm. The NMR
spectra and data of angkorwatine are provided in Figure S4—9 and Table S1.

Compounds 1-5 and 9 were identified for the first time in the tuber of this species while
compounds 4, 6, 8 and 9 were the major alkaloids. The nine compounds isolated belong to
five classes of alkaloids, namely aporphine (1, 3, 4, and 9), quinoline (5), benzyltetrahydro-
isoquinoline (2), protoberberine (7), and tetrahydroprotoberberine (6, 8). As asimilobine-p-D-
glucopyranoside (4) is commercially unavailable, palmatine (8), roemerine (9) and

tetrahydropalmatine (6) were selected as analytical markers of S. cambodica (Figure 1).



During the development process, the system suitability test (Table S2) and selectivity of
UHPLC method were verified. Concerning the UHPLC conditions, acetonitrile and methanol
are frequently preferred to ethanol as the mobile phase in analysis of alkaloids. However, our
study shows that ethanol gives a better resolution of the three analytes than methanol and
acetonitrile. According to our knowledge, the developed UHPLC method is the first
simultaneous determination of palmatine, roemerine and tetrahydropalmatine in the tuber of S.
cambodica (Figure S2).

This UHPLC method was then validated in terms of analysis of response functions,
trueness, precision, accuracy, limits of quantification (LOQ) and detection (LOD) and
linearity. The validation parameters are summarised in Table S3. The calibration curves were
based on the through-origin linear regression model which was fitted with concentration
levels ranging from 1.67—33.20 pg/mL, 1.54-30.80 pg/mL and 4.24—84.70 pg/mL for PAL,
ROE and THP, respectively. Each calibration point was analysed over the course of three
consecutive days. Independent validation standards were also prepared by following the same
process: five concentration levels ranging from 0.31-4.18 pg/mL, 2.01-30.72 pg/mL and
4.29-64.42 pg/mL for PAL, ROE and THP, respectively. Each point was analysed in
triplicate over three consecutive days. The coefficients of determination of each-day equation
of the regression line were all greater than R* >0.999 for reference solutions and test samples.
The data have been presented in Table S3. From the results obtained, the concentration of the
validation standards were back-calculated to determine the mean relative bias, the relative
standard deviation (repeatability and intermediate precision) and the upper and lower B-
expectation tolerance limits at 95% level. The accuracy profile was built using trueness and
intermediate fidelity variance. The acceptance thresholds were set at +10% for ROE, THP and
at £20% for PAL. As indicated in Table S3, trueness expressed in terms of relative bias (%)
was assessed by means of validation standards. RSD values smaller than 5% illustrated the
good trueness of the method. The precision of the method was determined by computing the
Relative Standard Deviation (RSDs) for repeatability and time-differentiated intermediate
precision at each concentration level of the validation standards. The precision at each
concentration level of the validation standards did not exceed 10% for PAL and 5% for ROE
and THP, as shown in Table S3. The comparable RSDs between repeatability and

intermediate fidelity were mainly due to non-significant intergroup variances, validating the



precision of the developed method. The accuracy of the method was also evaluated taking into
account the total error (sum of the systematic and random errors) of the test results. -
expectation tolerance intervals were determined to investigate the accuracy profile of the
method. If f=0.95, this means that on average, 95% of the future results are included in the
interval. As illustrated in Figure S10 and Table S3, the relative upper and lower B-expectation
tolerance limits (%) did not exceed the adopted acceptance limits (£10% for ROE, THP and
+20% for PAL). Consequently, the method is able to provide accurate results over the
investigated concentration range: 1.39—4.18 pg/mL, 2.01-30.72 pg/mL and 4.29-64.42
pg/mL for PAL, ROE and THP, respectively. As the smallest and highest quantity of the
target substance in the sample could be assayed under experimental conditions with well-
defined accuracy, the lower and upper LOQ were evaluated by calculating the smallest and
highest concentrations. Beyond these points the accuracy limits or [-expectation tolerance
limits would fall outside the acceptance limits. As the accuracy profile was included within
the acceptance limits (Figure S10), the first concentration level was considered as the lower
LOQ for all molecules studied (1.39 pug/mL for PAL, 2.01 pg/mL for ROE, and 4.29 pg/mL
for THP) and the highest concentration level as the upper LOQ for three alkaloids (4.18
pg/mL for PAL, 30.72 pug/mL for ROE, and 64.42 ug/mL for THP). As for the limit of
detection (LOD), it was estimated using mean intercept of calibration model and the residual
variance of the regression. The LODs were evaluated at 0.19 pg/mL for PAL, 0.38 pug/mL for
ROE and 2.36 pg/mL for THP. To demonstrate the linearity of the method, a linear regression
line through origin was fitted to the estimated or back-calculated concentrations of all the
series of validation standards (N = 45) as a function of the introduced concentrations. This
was done by applying a linear regression model based on the least squares method. The
following regression equations were determined: y=0.9721x (r?=0.9975), y=0.9939x
(r’=0.9993) and y=0.9623x (r°=0.9996) for PAL, ROE and THP, respectively (Table S3).

The developed and validated method was applied to quantify alkaloid content in different
samples of S. cambodica (Table S4). Subsequently, no difference in alkaloid content in tubers
collected in the two successive years was observed. The results suggested that the collection
time may not have influenced the alkaloid content in this species. The content of PAL, ROE

and THP in stem was comparative to those of tubers. As the stem is a renewable part, it could



potentially be a good alternative to tubers in traditional use. Also, the use of the stem assists in

reducing over-exploitation of S. cambodica and hence preserving this species.

3. Experimental

3.1. Plant material

The plant collection for research was approved by the Ministry of Health in Cambodia.
Vegetal material was collected in two successive years from the same individual plant in
Preah Vihear in Cambodia (14.223143 N—104.980178 E) (Figure S1). It was authenticated
by Dr. Sovanmoly Hul. Vouchers were then deposited at Paris Herbarium (France).

3.2. Reagents and materials

Ethanol, methanol and formic acid of HPLC Ultra-Gradient grade were purchased from Carlo
Erba (Val de Reuil, France). Ultrapure water (18.2 MQ) for HPLC analysis was obtained
from a Milli-Q Reference A+ system (Millipore, CO., Bedford, MA, USA). Palmatine,
roemerine and tetrahydropalmatine were purchased from Sigma-Aldrich (Saint Quentin
Fallavier, France), Ambinter (Orléans, France) and Phytolab (Vestenbergsgreuth, Germany),
respectively.

3.3. Phytochemical study

3.3.1. Preparative HPLC isolation

Dried powder of S. cambodica tuber (0.5 g) was extracted with 10 mL of ethanol 50% (v/v)
for 15 min in a microwave (CEM Corporation Matthews, NC, USA). This extractive protocol
was developed in a previous study (Desgrouas et al. 2014). The dried extract (50 mg) was
dissolved in a 2.5 mL mixture of formic acid 0.1% (v/v) methanol (70:30, v/v). The isolation
of the compounds was carried out using a Gilson PLC 2020® preparative chromatograph with
a DAD detector (LT350026, Gilson inc., USA). The separation and purification of the
constituents were performed on the Luna C18 column (10 pm, 150 x 4.6 mm — Phenomenex).
A solvent system consisting of formic acid 0.1% (v/v) (A) and methanol (B) was used as the
mobile phase in gradient mode. The eluting program was optimised as follows: linear gradient
from 10% to 80% B (0—60 min). The flow rate was 12 mL/min with monitoring at 272 nm.
3.3.2. Identification of the isolated compounds

Structural elucidation of isolated compounds was based on spectroscopic experiments: 1D and
2D NMR, ESIMS/HRESIMS and by comparison of the spectral and chemical data with



literature.'H and **C NMR spectra were measured with a 600 MHz Avance 11 spectrometer
(Bruker) (*H, 600 MHz; *C, 150 MHz), equipped with a 5 mm BBFO" probe. Spectra were
recorded with a 2-mm NMR capillary tube in 80 pL of 99.96% CD5OD solvent (& *H 3.31
ppm— & 3C 49:00 ppm) at 300K. The *H (600 MHz) and *C NMR (150 MHz) data were
reported in ppm downfield from tetramethylsilane. Coupling constants were expressed in Hz
where s stands for singlet, d for doublet, t for triplet, q for quartet, m for multiplet and br for
broad. Hydrogen connectivity (C, CH, CH,, CH3) information was obtained from edited
HSQC and/or DEPTQ-135 experiments. Proton and carbon peak assignments were based on
2D NMR analyses. ESIMS / HRESIMS analyses were measured with a SYNAPT G2 HDMS
mass spectrometer (Waters). Accurate mass measurements were performed in triplicate with
two internal calibrations. The direct sample introduction was performed at a 5 pL/min flow
rate. Optical rotations were recorded on a Anton Paar MCP200 589 nm Polarimeter equipped
with a sodium lamp (CH3OH, c in g/mL).

3.4. UHPLC analysis

The UHPLC apparatus used for the analysis of PAL, ROE, and THP were an Agilent Infinity
1290 liquid chromatography system equipped with a binary pump solvent delivery system and
photodiode array detector (Agilent technologies Inc., Germany). Chromatographic separation
was achieved on a Zorbax Eclipse Plus RRHD-C18 column (50 x 2.1 mm, 1.8 um, Agilent,
Germany), operated at 30 C. The mobile phase consisted of a gradient elution of formic acid
0.1% (v/v) (solvent A) and ethanol (solvent B). The gradient program was: 0—1 min at 5% of
B, 1-7 min from 5 to 42% of B with 3 min of post-time at a flow rate of 0.35 mL/min. The
injected volume was 2 pL. UV detection wavelengths were 280 nm for THP and 272 nm for
PAL and ROE. The system suitability test and selectivity of the method were carried out
following FDA (1994) and ICH guidelines (2005).

3.5. Method validation

The validation strategy was based on the recommendations of the “Sociét¢ Francaise des
Sciences et Techniques Pharmaceutiques” (SFSTP) (Bellenot et al. 2015). In order to validate
the analytical method, two kinds of samples were prepared independently. The concentrations
of calibration standards (THP, PAL and ROE) are presented in Table S3. The desired

concentrations of the validation standard was obtained by ultrasonication of different weight



of powdered tuber for 10 min in 10 mL of ethanol 50% (v/v). One mL of the filtrate was
diluted in 20 mL of ethanol 50% prior to analysis (Table S3).

4. Conclusions

Nine alkaloids were simultaneously isolated from the hydroethanolic extract of the tuber of
Stephania cambodica. A new isolated glycoalkaloid was named angkorwatine. This particular
study suggests that the validated method for the quantification of palmatine, roemerine and
tetrahydropalmatine is a rapid, innovative and effective analytical approach to control the

quality of the tuber of S. cambodica and regulate its use in traditional medicine.

Supplementary material
The underlying research materials for this article is available online, alongside Figure
S1-S10.
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Figure caption

Figure 1. Structures of angkorwatine (1), tetrahydropalmatine (6), palmatine (8), roemerine

(9)




