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Abstract A new UHPLC-UV method has been developed
for the simultaneous analysis of seven alkaloids [ajmaline
(1), yohimbine (2), corynanthine (3), ajmalicine (4), serpen-
tine (5), serpentinine (6), and reserpine (7)] from the root
samples of Rauwolfia serpentina (L.) Benth. ex Kurz. The
chromatographic separation was achieved using a reversed
phase C;g column with a mobile phase of water and acetoni-
trile, both containing 0.05 % formic acid. The seven com-
pounds were completely separated within 8 min at a flow rate
of 0.2 mL/min with a 2-pL injection volume. The method is
validated for linearity, accuracy, repeatability, limits of detec-
tion (LOD), and limits of quantification (LOQ). Seven plant
samples and 21 dietary supplements claiming to contain
Rauwolfia roots were analyzed and content of total alkaloids
(1-7) varied, namely, 1.57-12.1 mg/g dry plant material and
0.0-4.5 mg/day, respectively. The results indicated that com-
mercial products are of variable quality. The developed ana-
lytical method is simple, economic, fast, and suitable for qual-
ity control analysis of Rauwolfia samples and commercial
products. The UHPLC-QToF-mass spectrometry with
electrospray ionization (ESI) interface method is described
for the confirmation and characterization of alkaloids from
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plant samples. This method involved the detection of
[M+H]" or M" ions in the positive mode.
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Introduction

Rauwolfia is a genus of plants in the dogbane family
(Apocynaceae), with 110 species of shrubs and trees native
to tropical areas of the world (http://www.britannica.com/
EBchecked/topic/492199/Rauvolfia). It is a rich source of
secondary metabolites such as indole alkaloids [1]. The roots
of Rauwolfia serpentina (L.) Benth. ex Kurz have been used
in native Indian medicine for treatment of various illnesses [2]
and have been mainly used to treat hypertension [3—5]. The
major alkaloids from the R. serpentina are reserpine, ajmaline,
serpentine, serpentinine, ajmalicine, and yohimbine [6-8].
The chemical constituents of Rauwolfia varied based on
their species [9] and plant parts [10]. Roots of R. serpentina
and Rauwolfia vomitoria Afzel are the two important plants
produces therapeutically useful alkaloids. R. vomitoria
contains similar chemical constituents as that of R.
serpentina. According to reported literature, R. vomitoria
contains twice as much reserpine than the R. serpentina
plant of India [6, 9, 11, 12]. Reserpine is a potent substance
which shared both central nervous system depressant and
hypotensive actions [2]. It is the most common alkaloid in
many species of Rauwolfia [3] and found to cause toxicity
even at doses as small as 0.25 mg/day [13]. There is a need
to develop a suitable method to find the levels of reserpine and
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also use to identify the chemical fingerprint profiles of
R. serpentina from dietary supplements.

Numerous methods have been reported in literature for
both qualitative and quantitative analyses of Rauwolfia alka-
loids which includes TLC [14, 15], HPTLC [16-19], HPLC
[12, 20, 21], CE-MS [22], DART-MS [23], GC-MS [24], and
LC-QTof-MS [25]. Court et al. [14] worked on different TLC
systems for the separation of 12 Rauwolfia alkaloids on silica
gel. Separations and retention behavior of Rauwolfa,
corynanthe, and pseudocinchona alkaloids on unmodified sil-
ica gel was studied by Xuan et al. [15]. The separation of six
indole alkaloids by HPLC and HPTLC was studied by
Klyushnichenko et al. [16]. Analysis of 12 alkaloids in three
Rauwolfia species: R. serpentina, R. vomitoria, and Rauwolfia
canescens by HPLC with fluorescence detection was de-
scribed by Robinson [12]. Some of the researchers used one
or more techniques like TLC, HPTLC, and HPLC to develop
a fingerprint alkaloidal profile for R. serpentina and determi-
nation of reserpine content [17—19]. Cieri [20] described a LC
method for determination of reserpine and rescinnamine in
R. serpentina commercial powders and tablets. The combined
content of reserpine and rescinnamine in powders and tablets
is 0.13-0.16 and 0.12-0.16 %, respectively. Gerasimenko
et al. [21] developed an efficient system for the separation of
22 indole alkaloids by HPLC and its application for the anal-
ysis of alkaloids in inter-generic somatic hybrid cell cultures
of R. serpentinax Rhazya stricta. Analysis of alkaloids from
roots of R. serpentina by using CE-MS [22] and analysis of
vomilenine and reserpine by using DART-MS [23] were re-
ported in the literature. Preparative layer chromatographic
[26], UV-visible spectrophotometric [27], HPTLC [28],
HPLC [29], HPLC, and GC-MS [24] methods have been re-
ported for analysis of alkaloids from other Rauwolfia species.
Hong et al. demonstrated the screening and identification of
many of the compounds present in R. verficillata by using
HPLC-QToF-MS [25]. The limitations of this method are
60 min run time and sample extraction was carried under
reflux at 70 °C for 2 h, no quantification, and no applicability
of method for real samples. Recently, Kumar et al. [30] report-
ed a DART-MS combined with principal component analysis
for rapid fingerprinting of Rauwolfia species and their dis-
crimination. DART-MS methods are rapid for screening of
known compounds, and the major limitation was identification
of compounds having same molecular weight or isomeric com-
pounds. Karioti et al. [31] demonstrated a combined HPLC-
DAD-MS, HPLC-MS", and NMR spectroscopy for quality
control of several plant extracts that include Rauwolfia. Com-
plexity of this method is use of HPLC-MS and NMR and run
time of 35 min and able to identify only four alkaloids. Limits
of detection of alkaloids in the above mentioned methods was
found to be in the range 0.78-6.0 ug/mL (ajmaline), 0.05—
4.0 pug/mL (ajmalicine), 0.2—1.3 pg/mL (yohimbine), and
0.39-8.0 pg/mL (reserpine) for 10 uL injection volumes.
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All these methods have either long run times, or no quan-
titative analysis, or lack of sensitivity, or poor validation data.
In this work, (i) quantitative analysis using UHPLC-PDA for
seven indole alkaloids was developed for six samples of
R. serpentina, one sample of R. vomitoria and 21 dietary sup-
plements. (ii) Structural characteristics of indole alkaloids
from the methanolic extracts of dried roots of R. serpentina
have been also investigated using UHPLC-QToF-MS/MS in
positive ion mode. This method involved the use of MS/MS
characterization of alkaloids and fragmentation of seven ref-
erence compounds. The fragmentation patterns of seven ref-
erence compounds and other alkaloids from the extracts were
identified or tentatively characterized on the basis of retention
times, accurate mass, and fragmentation patterns.

Experimental
Chemicals and standards

The reference standards ajmaline (1), and ajmalicine (4) were
purchased from Indofine Chemical Company, Hillsborough,
NJ, USA. Coryanthanine (3) was purchased from Chromadex,
Irvine, CA, USA. Yohimbine (3) and reserpine (7) were pur-
chased from Sigma-Aldrich, St. Louis, MO, USA. Serpentine
(5) and serpentinine (6) were purchased from Quality Phyto-
chemicals LLC, East Brunswick, NJ, USA. Purity of reference
standards is greater than 96 %. Chemical structures of all the
reference standards are shown in Fig. 1. The identity and pu-
rity of these compounds was confirmed by chromatographic
and spectral data (UV and MS). All the solvents, acetonitrile,
methanol, and formic acid used are of HPLC certified grade
obtained from Fisher Scientific, USA. Water for the mobile
phase was purified using a Milli-Q system (Millipore).

Plant materials

Botanical Reference Material roots of R. serpentina L Benth.
ex Kurz (#BRM 15898) was purchased Chromadex, Irvine,
CA, USA, and dried roots of R. serpentina (#AU 7535) was
obtained from Center for Research in Indian Systems of Med-
icine (CRISM), India. Roots of R. serpentina (#CS 1623, #CS
1750, #CS 15949, and #CS 16968) were purchased commer-
cially. Fourteen dietary supplements of powder (# DS 15929),
capsules ( DS 15933, DS 15937-38, DS 15940-42, DS
15945, DS 1594748, DS 15950), tablets (# DS 15931-32,
DS 15943), liquid (#DS 15935), and seven pre-work out
supplements powders of (# DS 15928, DS 17008, DS
17016, DS 17019, and DS 17027) and capsule (# DS
17028) claiming to contain R. serpentina or R. vomitoria were
purchased online. Specimens of all samples are deposited at
the National Center for Natural Products Research’s
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Fig. 1 Chemical structure of
seven indole alkaloids

Ajmalicine (4)

Serpentinine (6)

(NCNPR) botanical repository, The University of Mississippi,
University, Mississippi, USA.

Preparation of plant samples and products

Dry plant samples (0.5 g) were taken in centrifuge tube, add
2.0 mL of 2 % formic acid in methanol, then sonicated for
30 min followed by centrifugation for 10 min at 4000 rpm.
The clear supernatant was collected in a 10-mL volumetric
flask. This procedure was repeated four more times; the vol-
ume of the pooled supernatant liquid in the volumetric flask
was adjusted to 10 mL with 2 % formic acid in methanol. This
solution was filtered through 0.45 pum syringe filter into a
2-mL vial. For liquid products, 1.0 mL was taken and directly
filtered through 0.45 pum syringe filter and solution used for
analysis.

The commercial products analyzed in this work were in
two forms including: solids (powders/capsules/tablets and lig-
uids). Five tablets were weighed and then pulverized with a
mortar and pestle. For capsules, five samples were weighed,
opened, and the contents were emptied, then mixed and tritu-
rated in a mortar and pestle. An adequate amount of capsule
contents or tablets were weighed (average weight of dosage

H3C/,

Reserpine (7)

form), and the same extraction procedure was followed as for
plant samples.

Preparation of stock and working standard solutions

Accurately weighed amounts of the individual reference com-
pounds were dissolved in methanol to obtain 1.0 mg/mL. A
solution of mixture of seven reference compounds was pre-
pared by mixing the appropriate amounts of each individual
standard stock solution in methanol. The concentrations of the
reference standards used for construction of calibration curve
UHPLC-PDA method were in range of 1-100 pg/mL.

Ultra-high performance liquid
chromatography-PDA(UHPLC-PDA)

All analyses were performed with a Waters Acquity UPLC™
system (Waters Corp.) that included a binary solvent manager,
sampler manager, column compartment, and PDA (Waters
Acquity model code UPD) controlled by a Waters Empower
2 data station. An Acquity UPLC BEH Shield RP18 (1.7 pm,
50x2.1 mm) also from Waters was used. The column and
sample temperatures were maintained at 40 and 15 °C,
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respectively. The column was equipped with a guard column
(Vanguard 2.1x5 mm; Waters Corp.). The mobile phase
consisted of water (0.05 % formic acid) (A) and acetonitrile
(0.05 % formic acid) (B) at a flow rate of 0.2 mL/min, which
were used with the following gradient: 0 min, 15 %B; 3 min,
15 %B; 4 min, 20 %B; 6 min, 30 %B; 8 min, 50 %B; 10 min,
100 %B. The analysis was followed by a 3-min washing pro-
cedure with 100 % B and a re-equilibration period of 3.5 min.
A strong needle wash solution (95:5, acetonitrile/water) and
weak needle wash solution (10:90, acetonitrile/water) were
used. The run time for analysis was 10 min. Aliquot of 2 uLL
was used for injection volume. The detection of analytes was
done at different wavelengths.

Ultra-high performance liquid chromatography-mass
spectrometry (UHPLC/QToF-MS)

The liquid chromatographic system was an Agilent Series
1290 comprised of the following modular components: binary
pump, a vacuum solvent degasser, an autosampler with 108-
vial well-plate trays, and a thermostatically controlled column
compartment (Agilent Technologies, Santa Clara, CA, USA).
Separation was achieved on an Agilent Poroshell 120 EC-C;g
(2.1x150 mm, 2.7 um) column. The mobile phase consisted
of water with 0.1 % formic acid (A) and acetonitrile with
0.1 % formic acid (B) at a flow rate of 0.23 mL/min, with
gradient elution of 0.0 min, 15 %B; 20.0 min, 30 %B,;
25.0 min, 100 %B. Each run was followed by a 4-min wash
with 100 % B and an equilibration period of 5 min with 15 %
B. Two microliters of sample was injected. The column tem-
perature was set at 40 °C. The mass spectrometric analysis
was performed with a QToF-MS/MS (Model #G6530A,
Agilent Technologies, Santa Clara, CA, USA) equipped with
an ESI source with Jet Stream technology using the following
parameters: drying gas (N,) flow rate, 9.0 L/min; drying gas
temperature, 250 °C; nebulizer, 35 psig; sheath gas tempera-
ture, 325 °C; sheath gas flow, 10 L/min; capillary, 3000 V;
skimmer, 65 V; Oct RF V, 750 V; fragmentor voltage, 125 V.
The acquisition was controlled by Agilent MassHunter Acqui-
sition Software Ver. A.05.01, and the data were processed
with MassHunter Qualitative software Ver. B.06.00. Stan-
dards were analyzed using targeted MS/MS where the quad-
rupole was set to an isolation width of 1.3 m/z for the precursor
of'each standard. MS/MS spectra were collected with collision
offset voltages of 0, 10, 20, 30, and 40 V for reference stan-
dards. Accurate mass measurements were obtained by means
of reference ion correction using reference masses at m/z
121.0509 (protonated purine) and 922.0098 [protonated
hexakis (1H, 1H, 3H-tetrafluoropropoxy) phosphazine or
HP-921] in positive ion mode. The compounds were con-
firmed in each spectrum. For this purpose, the reference solu-
tion was introduced into the ESI source via a T-junction using
an Agilent Series 1200 isocratic pump (Agilent Technologies,
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Santa Clara, CA, USA) with 100:1 splitter set at a flow rate of
20 pL/min.

Validation

The newly developed UHPLC-PDA was validated in terms
of linearity, LOD, LOQ, precision, accuracy, stability,
system suitability, and robustness according to ICH guide-
lines [32].

Linearity of the method was determined by plotting cali-
bration curves of the all seven reference compounds at seven
different concentration levels. Calibration curves were plotted
using concentration of reference standards vs peak area. The
regression equation and correlation coefficients were obtained
by least square regression analysis. LOD and LOQ were de-
termined by measuring signal-to-noise of the analytes at lower
concentration and were defined as the signal-to-noise ratio
equal to 3:1 and 10:1, respectively.

Intra- and inter-day precision of the method was evaluated
by analyzing samples #BRM 15898. Nine replicates (about
500 mg) of #BRM 15898 were weighed and extracted three
times a day for three consecutive days using the previously
mentioned extraction procedure. The extracted samples
were analyzed using the developed UHPLC-PDA method.
The accuracy of the method was determined by analyzing
the same samples. After five exhaustive extractions of these
samples, the material was dried. Known amounts of refe-
rence standards at two concentration levels were added to
these samples, extracted, and analyzed using developed
method. The stability of the analytes was evaluated by an-
alyzing the reference standards and samples stored under
refrigeration conditions at 4 °C for 24, 48, and 72 h. Room
temperature stability of reference standards and samples
were tested for 24 h. System suitability test was carried
out by injecting 2 L of mixture of standard solution at least
six times. Robustness was carried out by making small
changes to the method conditions, and their results were
evaluated.

Results and discussion
Method development
UHPLC-PDA

Alkaloids present in Rauwolfia species are having different
acid-base behavior. According to Lucas [7], they are classi-
fied into three types: strong, moderately, and weakly basic.
The selected reference standards in this study fall in all three
categories. Examples: serpentine is strongly basic, ajmaline is
moderately basic whereas yohimbine, ajmalicine, and reser-
pine are weakly basic. Due to the difference in acid—base
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behavior separation system that is satisfactory for the strongly
basic alkaloids may be unsatisfactory for the weakly basic
alkaloids. Various combinations of solvents with varying po-
larities were tested for achieving good separation and peak
shape. Optimum chromatographic separation of the reference
standards was achieved on Acquity UPLC™ BEH Shield
RP18 (1.7 pm, 50%2.1 mm) using water (A) and acetonitrile
(B) both containing 0.05 % formic acid. The seven reference
compounds showed different UV absorption spectra and based
on the UV absorption maxima detection wavelengths were
selected as 245 nm for compound 1, 272 nm for compounds
2-3; 249 nm for compounds 4-5, and 256 and 268 nm for
compounds 6 and 7, respectively.

UHPLC-QToF-MS

Agilent Poroshell 120 EC-C,g (2.1x150 mm, 2.7 wm) column
was used to achieve an optimum separation of the standard
reference compounds. The mobile phase consisted of water
with 0.1 % formic acid (A) and acetonitrile with 0.1 % formic
acid (B) at a flow rate of 0.23 mL/min with gradient elution
was used. Samples were analyzed by UHPLC-QToF-MS in
all-ion MS-MS mode where experiment 1, Q1 scans n/z 100—
1300 and transmitting the ions through collision cell with low
collision offset voltage (0 V). These ions are then pushed into
QTOoF to acquire exact mass and experiment 2 with collision
offset voltage (30 V) and to fragment all the ions transmitted
by QI and exact mass measurements of all the fragment ions
are acquired by the QToF analyzer. Figure 2 shows an exam-
ple of mass spectra at low and high collision offset voltages
respectively for reserpine. The accurate mass data, MS frag-
mentation, and retention time of each reference standards were
used to identify these compounds in the R. serpentina,
R. vomitoria extracts, and commercial products.

Extraction optimization

Two different extraction methods via sonication and alkaloidal
extraction were tired, and results (not presented) are more
favorable to sonication extraction. Extraction optimization
was carried out in terms of solvent via methanol, acidified
methanol with formic acid (FA), and aqueous methanol
with formic acid. Approximately weighed amount
500 mg of #BRM 15898 samples were extracted by
sonication method using different solvent composition
[1, MeOH; 2, 1 % FA in MeOH; 3, 2 % FA in MeOH;
4, 80 % MeOH (1 % FA); 5: 80 % MeOH (2 % FA)].
The peak areas of all the reference compounds are com-
pared among the five different extraction methods. Both
acidified methanol (2 % FA) and 80 % MeOH (2 %
FA) showed similar extraction efficiency.

Method validation

In present study, seven reference standards namely ajmaline
(1), yohimbine (2), corynanthine (3), ajmalicine (4), serpen-
tine (5), serpentinine (6), and reserpine (7) were quantified by
using developed UHPLC-PDA method. The method was val-
idated, and the results are given in Tables 1 and 2. The linear-
ity was evaluated by analyzing the standard solutions of seven
alkaloids at seven different concentration levels (1, 2, 5, 10,
20, 50, 100 ug/mL). According to the results, the linearity of
the analytical response across the studied range is found to be
good, with correlation coefficients (1) greater than 0.999. For
all the seven reference standards, the LOD and LOQ were
found to be in the ranges 0.1-0.5 and 0.5-1.0 png/mL, respec-
tively. System suitability test (RSD<3.73 %) suggested the
method was reproducible (Table 1). The intra- and inter-day
RSD and % recovery of seven reference standards were found
to be within the acceptable limits. Precision and accuracy re-
sults of the method were given in Table 2. For all seven ref-
erence standards proved to be stable at room temperature for
24 h and refrigeration temperature (4 °C) for 72 h. Robustness
test was carried out by changing small changes in mobile
phase composition, gradient program, flow rate, and column
temperature. Robustness test has no significant change on
efficiency of the method.

Analysis of plant samples and commercial products

The application of this method was determined by analyzing
commercial products. One botanical reference material
(#BRM 15898), one authenticated sample (#AU 7535), four
commercial samples of R. serpentina (#CS 1623, #CS 1750,
#CS 15949, #CS 16968), and one commercial sample of
R. vomitoria (#CS 1631) were analyzed using this method.
Botanical reference material (#BRM 15898) was used to de-
velop fingerprint profile of R. serpentina, and this method
validated by analyzing authenticated sample. One sample of
R. vomitoria Afzel. (#CS 1631) purchased commercially was
analyzed and found to have similar chemical constituents with
that of authenticated R. vomitoria in context with the reported
literature [10, 33]. The UV chromatograms at 272 nm of plant
samples of R. serpentina (#BRM 15898, #AU 7535) and
R. vomitoria (#CS 1631) showed a distinct peaks which can
be used to differentiate these two species (Fig. 3). Further, this
study was extended to UHPLC-QToF-MS in order to confirm
the identity of the unknown peaks in methanolic extracts of
plant samples which can also be used to differentiate these two
species.

The compounds (1-7) in samples were identified by com-
paring retention time and UV spectrum of individual com-
pounds in standard mixture. The UHPLC-UV chromatograms
at 272 nm for plant samples and commercial products were
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Fig. 2 Mass spectra of reserpine

shown in Fig. 3. The quantitative results for compounds (1-7)
from the various plant samples are given in Table 3.
Concentrations are expressed as mg/g (w/w) for dry plant
material. According to WHO monograph, R. serpentina con-
tains not less than 1 % total alkaloids and a minimum of 0.1 %
alkaloids of the reserpine-rescinnamine group [1]. Total alka-
loidal content (1-7) was found to be in the range 4.9-12.2 mg/
g of dry plant material. Botanical Reference Material (#BRM
15898) and authenticated sample (#AU 7535) showed all the
seven reference compounds, and interestingly, the content of
reserpine (7) one of most pharmacological active compound
for treatment of hypertension was found lowest (0.39 mg/g)
among the tested samples, and the content of serpentine (5)
was found maximum 9.8 mg/g of dry plant material. In one
commercial sample (#CS 1623), reserpine (7) was found max-
imum 1.3 mg/g of dry plant material. One commercial sample
(#CS 1631) showed only three alkaloids (ajmaline, yohim-
bine, and reserpine). One commercial sample of R. serpentina
(#CS 16968) showed only four alkaloids (ajmaline, yohim-
bine, ajmalicine, and reserpine). One authenticated sample

(#AU 7535) and one commercial sample (#CS 1631) showed
highest and lowest alkaloidal content (1-7) 12.2 and 4.9 mg/g
of dry plant material, respectively. All seven plant samples
analyzed showed reserpine and content was varied from 0.4
to 1.3 mg/g of dry plant material.

Fourteen dietary supplements were also analyzed by this
method. Out of 14 products six claims to contain R. serpentina
(#DS 15931-32, DS 15935, DS 15941-43), three claims to
contain R. serpentina roots (#DS 15933, DS 15937 and DS
15945), one claim to contain R. serpentina root extract (#DS
15948), one claim to contain R. serpentina extract (#DS
15950), and three products claims to contain R. vomitoria root
bark extract (#DS 15938, DS 15940, and DS 15947). In addi-
tion to these dietary supplements, seven pre-workout products
claiming to contain Rauwolfia or R. vomitoria were also ana-
lyzed. All the seven pre-workout products also contain many
other plant materials. The amount of alkaloids consumed daily
was calculated based on the recommended daily usage pro-
vided on the label. The estimated maximum daily intake (mg/
day) was calculated by multiplying the weight alkaloids

Table 1  Linearity, LOD, LOQ, and system suitability of 1-7 alkaloids
No.  Analyte Retention time (min) ~ Linearity range ~ Regression equation 72 LOD (ug/mL) LOQ System suitability
(1g/mL) (ng/mL) (% RSD)

1 Ajmaline 2.39 1-100 y=4389.7x-362.9 09993 0.5 1.0 0.29

2 Yohimbine 2.74 1-100 y=3446.1x-1144.5 0.9993 0.5 1.0 1.68

3 Corynanthine ~ 3.04 1-100 y=4539x-3722.8 0.9994 0.5 1.0 225

4 Ajmalicine 5.36 1-100 y=7812.4x-6983.5 0.9994 0.5 1.0 1.45

5 Serpentine 5.74 1-100 y=18252x-20373 0.9993 0.1 0.5 0.57

6 Serpentinine ~ 6.45 1-100 y=15263x-25342 0.9992 0.5 1.0 3.73

7 Reserpine 7.58 1-100 y=6375x-1399.8 0.9991 0.1 0.5 0.92
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Table 2 Precision and accuracy
for sample #BRM 15898 No.  Analyte Intra-day (n=3) Inter-day (n=9)  Recovery
Day 1 Day 2 Day 3 10 pg/mL 5 pg/mL

1 Ajmaline 0.33(3.75)  0.32(0.46) 0.34(1.91) 0.33(2.83) 93.71 91.82

2 Yohimbine 0.02(2.90)  0.02(0.77)  0.02(1.42)  0.02(2.87) 96.94 97.95

3 Corynanthine ~ 0.02(3.39)  0.02(3.80)  0.02(2.40)  0.02(3.08) 95.83 97.89

4 Ajmalicine 0.05 (0.68)  0.05(1.68)  0.05(1.88)  0.05(3.42) 99.05 97.38

5 Serpentine 0.44(1.89)  0.44(0.84) 0.46(1.88)  0.45(3.04) 95.57 92.77

6 Serpentinine  0.17(2.75)  0.17(1.08)  0.18(2.18)  0.17(3.32) 85.90 94.79

7 Reserpine 0.05(3.45)  0.05(0.63)  0.05(1.75)  0.05(2.89) 95.25 93.84

Values are mean of triplicate (:RSD)

ND not detected

content (mg) by dilution factor by suggested maximum daily
intake in capsules or tablets/ weight (mg) of content in cap-
sules or tablets. For solid dosage forms, the suggested daily
use varied from 2—10 capsules or 14 tablets; due to the dif-
ference in the composition of these samples, the daily intake
also varied. The quantitative results for compounds (1-7)
from the commercial product are given in Table 3. Total alka-
loidal (1-7) content of 21 products varied from 0.0 to 4.5 mg/
recommended daily intake. Five products #DS 15928-29, #
DS 15938, #DS 17019, and #DS 17028 does not contain any
of the seven alkaloids. The content of reserpine varied from
0.002 to 0.08 mg/day in samples (#DS 15931-33, #DS 15935,
#DS 15937, #DS 1594043, #DS 15945). According to re-
ported literature-recommended dose of reserpine is 0.1—
0.25 mg/day [10]. Reserpine is present in all the plant samples
analyzed irrespective of the species, but in 11 products, (#DS
15928-29, #DS 15938, #DS 15947-48, #DS 15950, #DS
17008, #DS 17016, #DS 17019, #DS 17027, and #DS
17028), reserpine was not detected (UV and MS). Ajmaline
is major compound found in all plant samples analyzed, but
only seven dietary supplements (#DS 15931, DS 15935, DS
15937, DS 1594243, DS 15945, and DS 15948) showed
ajmaline. Out of 21 products, yohimbine was not detected
(UV and MS) in eight products (#DS 15928-29, DS 15937—
38, DS 15947, DS 15950, DS 17019, and DS 17028) in which
one product #DS 17028 claiming to contain 98 % yohimbine
standardized extract. Ajmalicine, serpentine, and serpentinine
are detected in few products but in very low amounts. One
product (#DS 15947) contained only serpentine (0.9 mg/serv-
ing size). Seven products (# DS 15929, DS 15938, DS 17008,
DS 17016, DS 17019, DS 17027-28) claim to contain 90 %
rauwolscine, in which four products (#DS 15928, DS 15938,
DS 17019, and DS 17028) where rauwolscine was not detect-
ed (MS). The only alkaloid detected in three (# DS 17008, DS
17016, and DS 17027) out of seven pre-work products was
yohimbine (Table 3). The alkaloidal content is varied among
the 21 commercial products.

Characterization of compounds by UHPLC-QToF-MS

The use of LC-mass spectrometry with electrospray ionization
(ESI) method is described for the identification of seven com-
pounds from roots samples of Rauwolfia species. This method
involved the use of [M+H]" or [M]" ions of compounds 1-7
which were observed for reference compounds in positive ion
mode. Further, the fragmentation patterns observed in the
mass spectrum were useful in characterization of these com-
pounds. Compounds from root samples and commercial prod-
ucts were identified by comparing their retention times and
characteristic MS spectral data with those of reference com-
pounds (Table 4). The base peak chromatograms of roots of
R. serpentina and R. vomitoria extracts are shown in Fig. 4.
Utilizing the high chromatographic resolution and separation
capabilities of UHPLC with QToF-MS provides the structural
characterization from accurate mass measurement for both
MS and MS-MS experiments. These techniques offer a sig-
nificant advantage for screening of target compounds from
complex matrices.

In general, plants contain series of analogues having same
skeleton with different functional groups; these compounds
show similar MS fragmentation patterns. Therefore, investi-
gating the fragmentation pattern of reference standards is prac-
tical accession to solve the identities of similar compounds in
the same plant. The combination of both low (MS) and high
(MS?) collision offset voltage mode operations gave extra
certainty to molecular mass determination. In addition, since
the molecules are able to form adducts species in electrospray
ionization source, their presence in low collision offset voltage
spectra was very useful to carry out the unequivocal iden-
tification of [M+H]" ions and hence determining the mo-
lecular weight of unknown compounds. The study of high
collision offset voltage spectra provided the fragmentation
pathways of the different types of alkaloidal present in plant
and plant products. R. serpentina is a rich source of alka-
loids; hence, the abovementioned seven reference standards
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Fig. 3 UV chromatograms (272 nm) of Std Mix-7. Plant samples and
dietary supplements: / ajmaline, 2 yohimbine, 3 corynanthine, 4
ajmalicine, 5 serpentine, 6 serpentinine, 7 reserpine
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are taken for investigating the identity of similar compounds
in the plant.

Reserpine is trimethoxybenzoic acid substituted alkaloid.
CID spectra shows protonated ion [M+H]" at m/z 609.2807
and high collision offset voltage (40 V) spectra shows ions at
m/z 174.0905, 195.0647, (100 %), 236.1277, 365.1839,
397.2115, and 448.1950. Neutral loss trimethoxybenzoic acid
of from [M+H]" resulted in the formation of m/ 397.2115
[C23H,9N,0,47]. Loss of hydroxyl group from
trimethoxybenzoic acid resulted in generation of most abun-
dant peak at m/z 195.0647 [C,oH;,0,]. Loss of CH;0OH from
m/z 397.2115 yields an ion at m/z 365.1839 [C5,H,sN,O5 7.
Ring cleaving at C-2, 3, C-4, 5, and C-5,6 resulted in the
formation of m/z 174.0905 [C;;H;,NO'] and m/z 448.1950
[C,3H,oNOg . Neutral loss of trimethoxybenzoic acid from
m/z 448.1950 leads to generate m/z 236.1277 [C;3H sNO5 .
The proposed fragmentation pattern of reserpine is shown in
Fig. 5a.

Ajmaline is another type of indole alkaloid; low collision
offset voltage mass spectra of ajmaline showed protonated ion
at m/z 327.2067 [M+H]" and high collision offset voltage
with 50 V showed ions at m/z 56.0500, 80.0496, 108.0805,
131.0726, 144.0802 (100 %), 158.0956, 182.0838, 194.1539,
210.1246, 220.1103, and 239.1521. N-Methyl indole deriva-
tive (m/z 158.0956) is formed by ring cleavage at C-2,3 and
C-4,5, and further loss of methyl group from nitrogen atom
yields the base peak at m/z 144.0802 [C1oH;oN']. Loss of
CgH7NO from protonated ion gives m/z 194.1539
[C1,H,0NO'] and cleavage at C-2,3 and C-4,5 from m/z
194.1539 yields m/z 108.0808[C;H,(N ] which further disso-
ciates to form m/z 80.0496[CsH¢{N"] and m/z
56.0500[C3HgN"]. The proposed fragmentation pattern of
ajmaline is shown in Fig. 5b.

Yohimbine, MS spectra of yohimbine showed protonated
ion at m/z 355.2016 [M+H]" and MS/MS showed ions at m/z
117.0691, 144.0805, 162.0901, 180.1005, 194.1168,
212.1277, 224.1276, and the most abundant ion was found
at m/z 144.0805 (100 %) and ions at m/z 212.1277 and m/z
224.1276 are the other ions showed up with considerable
abundance. Ring cleavage at C-2,3 and C-4,5 resulted in the
formation of indole derivative with m/z 144.0805 [CoH;oN"]
and m/z 212.1277 [C;,H,sNO5"]. Similarly, ring cleavage at
C-2,3 and C-5,6 resulted in formation of m/z 224.1276
[C1,H;sNO5]. Other few peaks were observed in MS? spec-
tra of yohimbine were clearly represented in Fig. 6a. These
three peaks are characteristic peaks for the identifying the
similar yohimbine type of compound like corynanthine.

Collision-induced dissociation (CID) spectra of ajmalicine
at low collision offset voltage showed protonated ion at m/z
353.1826 and high collision offset voltage (30 V) showed ions
at m/z 117.0684, 144.0799 (100 %), 178.0845, 210.1108,
220.1140, and 252.0094. The fragmentation behavior of
ajmalicine is similar to that of yohimbine, except the presence



Quantification and characterization of Rauwolfia alkaloids

185

Table 3  Content mg/g, w/w of compounds (1-7) from plant samples and mg/recommended daily intake from dietary supplements claiming to
R. serpentina, R. vomitoria and Rauwolfia extract; 1-ajmaline; 2-yohimbine; 3-corynanthine; 4-ajmalicine; S-serpentine; 6-serpentinine; 7-reserpine

S. No No. 1 2 3 4 5 6 7 Total®
Plant samples Plant name Alkaloidal content mg/g of dry plant material
1 BRM 15898 R. serpentina roots 3.41 0.24 0.19 0.48 4.46 1.76 0.52 11.1
2 AU 7535 R. serpentina roots 0.59 0.36 0.14 0.11 9.83 0.23 0.39 11.7
3 CS 1623 R. serpentina roots 2.96 0.41 0.24 0.61 3.60 1.46 1.31 10.6
4 CS 1750 R. serpentina roots 2.00 0.68 0.12 0.17 6.79 1.36 0.96 12.1
5 CS 15949 R. serpentina roots 2.67 1.07 DUL 0.34 0.12 ND 0.45 4.65
6 CS 16968 R. serpentina roots 1.21 0.24 ND ND 0.11 ND DUL 1.57
7 CS 1631 R. vomitoria roots 3.87 0.36 ND ND ND ND 0.48 4.71
Dietary supplements Plants used in products Alkaloidal content mg/recommended daily intake
1 DS 15931 R. serpentina 0.04 0.02 0.002 ND 0.10 0.008 0.008 0.18
2 DS 15932 R. serpentina ND 0.09 0.09 0.02 ND 0.05 0.08 0.33
3 DS 15935 R. serpentina 0.05 0.06 ND 0.006 0.005 0.005 0.03 0.16
4 DS 15941 R. serpentina ND 0.03 0.009 ND ND ND 0.03 0.07
5 DS 15942 R. serpentina 0.12 0.04 ND ND 0.13 0.009 0.04 0.34
6 DS 15943 R. serpentina 0.14 0.07 ND 0.01 0.06 0.02 0.04 0.34
7 DS 15933 R. serpentina roots ND 0.04 0.03 ND ND ND 0.03 0.10
8 DS 15937 R. Serpentina roots 0.03 ND ND ND ND ND 0.01 0.04
9 DS 15945 R. serpentina roots 0.10 0.04 ND ND ND ND 0.03 0.17
10 DS 15948 R. serpentina root extract 0.03 0.005 0.01 ND 0.02 0.006 ND 0.07
11 DS 15950 R. serpentina extract ND ND ND ND 0.005 0.004 ND 0.01
12 DS 15938 R. vomitoria root bark extract ND ND ND ND ND ND ND 0
13 DS 15940 R. vomitoria root bark extract ND 0.04 ND ND 0.58 0.01 0.002 0.63
14 DS 15947 R. vomitoria root bark extract ND ND ND ND 0.93 ND ND 0.93
Pre-workout products Plants used in products Alkaloidal content mg/recommended daily intake
15 DS 17019 R. vomitoria root bark extract ND ND ND ND ND ND ND 0
16 DS 17027 R. vomitoria root bark extract ND 447 ND ND ND ND ND 4.47
17 DS 17028 R. vomitoria root bark extract ND ND ND ND ND ND ND 0
18 DS 15929 R. vomitoria root extract ND ND ND ND ND ND ND 0
19 DS 17016 R. vomitoria root extract ND 1.24 ND ND ND ND ND 1.24
20 DS 17008 R. vomitoria ND 1.41 ND ND ND ND ND 1.41
21 DS 15928 Rauwolfia extract ND ND ND ND ND ND ND 0

# Total: sum of seven alkaloids

ND not detected, DUL detection under the limits of quantification

of double bond (C-16, 17), oxygen atom in ring D, and methyl
group at C-19 position. The proposed fragmentation pattern of
ajmalicine is depicted in Fig. 6b.

Serpentine is a quaternary alkaloid, and CID spectra shows
molecular ion at m/z 349.1514 [M'] and at high collision
offset voltage spectra shows ions at m/z 317.1256, 289.1311,
277.0944, 263.0796, 235.0849 (100 %), 207.0900, and
182.0818. Loss of CH3;0OH from molecular ion resulted in
generation of m/z 317.1256 [C5oH7N,0, "] which further loss
of CO yields ion at m/z 289.1311 [CoH;,N,O]. Cleavage of
ring D at C-4, 21, C-15 leads to formation of m/z 182.0818
[C1,H,oN, "] with radical nitrogen. Simultaneous cleavage of
ring D-E at C-4, 21, C-15, 20; C-18, 19 and loss CH30H from

molecular ion resulted in lactone formation with m/z 263.0796
[Cy6H;1N,0,"]. Consecutive loss of two CO molecules from
m/z 263.0815 resulted in the formation of most abundant ion
m/z 235.0849 [C15H11N20+] and m/z 207.0900 [C]4H1]N2+].
Loss of CH, and cleavage of ring E at C-19, 20, and C-16, 17
resulted in formation of m/z 277.0944 [C,,H;5N,0,"]. Pro-
posed mass fragmentation pattern is shown Fig. 7a.
Serpentinine is a quaternary alkaloid with dimeric struc-
ture; CID spectra shows molecular ion [M ] at m/z 685.3384
and collision offset voltage (60 V) spectra shows ions at m/z
144.0799, 251.1530, 343.1428, 375.1691(100 %), 435.1914,
621.2822, and 653.3079. Consecutive loss of two CH;0H
molecules from protonated ion leads to generation of ions at

@ Springer



S. Sagi et al.

186

uor [,
Pa10033p 10U N
UOT QUBPUNQE %, ()| I8 POUI[IOPUN PUE P[Oq M SAN[eA ‘spunodiwiod 90ua1ofal a1k pjoq ur papewr spunoduwod ‘oprsoueiAdoon|S-a-g¢-0-/ [-ouIzIyosossios 0IPAYOPENAL-9°G y* c-OAIRALIOD SUIZIYOSOSSION)

+ + + + + + + POSOTITT O11TL6S ‘OLITLO9  €0h— €96TSE9  686TSEY SOINTPHSSD  68'CC SUIUBUUSY 9T
+ AN an an an AN AN S60'8ST LF90°S6I ‘L¥8I' 16T  0v'S— OFSTE0S 8SSTE0S SOINPTHYSD  08'CT suprwoAney 67
+ + + + + + + S060FLI ‘OL90S6T ‘SIITLGE 98T  LOSTG09 S6LT609 SOINOTHEED  65°TT owdisdy 7
+ QN aN aN aN AN AN L680'VLI “EF90°S6I ‘¥S61'€8E  9¥'S  0S9TS6S  6T9T'S6S SOINSEHTD  €0°L1 oupsouney €7
aN  aN + + + + +  LOSO'PYT ‘T69T'SLE ‘v681°SEr  SL'T  PSEES89  TLEC'SSY SONSPHYD €861 Lumupwdps 77
+  aN an an an AN AN 66LOPYI ‘SOPI'SLE ‘SLLI'SEy  L8'0  ¥8EC'SSY  8LEC'S89 SOINPPHTD €761 umowyun [
an + + + + + + €6LOPYI OI60°€6T ‘OLEI'LYE 690  TSOI'GLE  0S9I'6LE FOINETHTD)  L0'¥1 ouonuadwg 07
+  aN aN aN an AN AN 0080°FFI ‘TS60°SST ‘Sv60'T8T  8L°0  LIOTISE  +90TISE FOINESHED €l QUIUSIMWOA 6]
+  aN an aN an AN AaN  080°80T ‘0SL0'9ET 0960°8ST  TS'T— L9OT6EE  TLOT6EE TOINPTH'TD 1801 [oz1yosossiaBiAoy gl
an + + + + + + 0060°L0T “9980°SET ‘96L0°€IT LI T~ LVSI'6VE  LYST6FE FON'TH'D  9v01 Lupuadnpg /]
+ + + + + + + 8080PYL ‘0111°01T ‘STII'TTT STH— 0981'ESE  SLYIESE SOINTH'D 186 suprewly 9|
an + + + + + +  8080'PPL OI11°01T ‘¥I11°CCC  SS'T  0981'ESE  ¥SSI'ESE COINPTH'D  gp'g  sowostouonewly G|
+  aN + + + + + 0080FFI ‘TLTITIT ILTIHCT  191— LECTIES 9PETIES SOIN"FHYD  T6'L QUIPISOPIS ]
QATBALISD
+ + + + + + + T080'PF1 PLTITIT ‘SFSTGFE  OL'T— SLOTIIS +80TIIS SOINOFHYED  00°L QUIZIYISOSSIOD €]
+ + + + + + + PBLOPPI ‘89TITITI9TIHCT  LOT  910TSSE  TO0T'SSE COINPTH'YD) 899 sunpueukio)y |
+ + + + + + + 6080FFI ‘1LZ1'TIT LOOTSSE  801— S9GI'ILE 69617 1LE POINLTH'D) 779 oulquyoAAxoIpAH ]
+ + + + + + + POSOFFI ‘89T1'TIT 99TIHCT  1TT— 910TSSE  HT0TSSE SOINH'SD 619 sulquiyox ([
+  aN + + + + + S080'7FI ‘B080°EIT ‘OLTILIE 1€ 1— O06EI'SEE  S6EISEE COINPTHYD €09 oumows 6
+ + + + + + + POSOFFI ‘LS60°8ST ‘9S60F61  1€°€— L9OTLIE SLOTLIE OINTHOD  TI'S suewly g
+ + + + + + + POSOPFI ‘LLTITITILTIHTT 10T 910TSSE  $T0TSSE COINTH'YD)  T8Y owosomney L
+ + + + + + + 9080FFI ‘LS60°8ST ‘€801°TIT  ¥S'€— L9OTLIE 6LOTLTE OINTHD  €9% ourewfeos] 9
an + + + + + +  $080°0T1 OI60°8ET ‘1080FF1 17T~ SOSI'S6T 1ISI°S6T ONTHD  0€¥ suizoqwol
+ + + + + + +6S60°TTI “Y080PYT 9060°0ST 18T~ PSLI'TIE O09LI'TIE TOINTHOD  6L€ owidedres ¢
+ + + + + + + T060'SE1 “S6LOPYT ‘STE0'SST 69 1— T161°EIE  9I6I€EIE TOINFTHOD 66T ourewfeloN €
+  aN an an an AN AN 9¥90°0ST “TOSOFFI ‘0691°LLT  SS'0— SOSI'S6T  LOSI'S6T OINTHOD 687  ouppdydenopoN ¢
+ + + + + + +  $080°071 “9060°8EL ‘¥SLO09T  €L°0  HSLI'TIE TSLI'TIE OINEHOYD)  +6'T ouisyerd |
A+l L H+]
1€91 89691 868S1 IOLID  Z/ui SSBWL  Z/ul SSeu (upw)
SO#  SO# 6V6ST SO# OSLI SO# €791 SO# SESLNV# Ndg# suor juowiSery  Ndd WEXT  9JRINOOY  BINULIOJ TR[NOS[OI b punodwo) “oN

SIN-401.0-DT Suisn vuiuad.ias 3 3o s)001 woxy spunodiod PaYNup! APANRIUAL,  § IqeL

pringer

A's



Quantification and characterization of Rauwolfia alkaloids

187

Fig.4 Base peak chromatograms
of roots of R. serpentina and
R. vomitoria
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m/z 653.3079 [C4 H4N4O4"] and m/z 621.2822
[C40H37N405 "] respectively. Serpentinine is a combination
of quaternary and tertiary alkaloids; with high collision ener-
gy, the molecule is dissociated into two ions m/z 435.1914
[C,sH,7N,0s ] and m/z 251.1543 [C7H,oN, ]. Simultaneous
loss of CH;0H and CO from m/z 435.1914 leads to formation
of most abundant ions at m/z 375.1691 [C3H,3N,05 ], further
loss of CH;0H leads to the generation of m/z 343.1441
[C2oHoN,O, . Ton at m/z 144.0799 [CoH;oN ] can be formed
from one of the indole rings present in molecule. The proposed
fragmentation pattern of serpentinine is shown in Fig. 7b.

With the detailed mass fragmentation behavior of the ref-
erence standards and reported literature, the identification of
similar compounds in the plant samples was investigated. Ten-
tatively identified compounds from R. serpentina with reten-
tion time, molecular formula, accurate mass, extact mass, ppm
error, major fragment ions are listed in Table 4.

The application of the LC-ESI-MS/MS technique in the
current study provided useful information to characterize sev-
en references, 16 known, and one unknown compound from
R. serpentina and R. vomitoria through the use of

Fig. 5 Proposed mass a
fragmentation pattern of a)
reserpine and b) ajmaline

CiHiNO* T CuHu0
mz 1740913

CioHn0s*
miz 195.0657

8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Counts vs. Acquisition Time (min)

authenticated plant materials. Identification of specific
markers for R. serpentina and R. vomitoria was done by ana-
lyzing samples #BRM 15898, #AU 7535, and #CS 163 1. Two
reference compounds, serpentine and serpentinine, are known
to be markers for R. serpentina, and compounds tombizine
(tr=4.30), ajmalicine isomer (tg=8.43), unknown (tg=
16.27) were found to be additional markers to identify
R. serpentina. Compounds nortetraphylline (tg=2.89),
acetylgeissoschizol (tg=10.81), vomilenine (tg=13.24),
raunescine (tg=17.03), rauvomitine (tg=22.80), and un-
known (tg=15.23) were found to be markers to identify
R. vomitoria. Five compounds, ajmaline, yohimbine,
corynanthine, ajmalicine, reserpine, and 12 other compounds
were found in both species with content of individual alka-
loids may vary. For example, isoajmaline and reserpine were
found to be high amount in R. vomitoria than R. serpentina
whereas vinorine and norajmaline were found to be high
amount in R. serpentina than R. vomitoria. Two peaks at tg,
15.23 and 15.83 min with same m/z 685.3372 and mass frag-
mentation pattern were used as one of the distinct markers for
two species. The latter compound was confirmed as
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Fig. 6 Proposed mass a
fragmentation pattern of a)
yohimbine and b) ajmalicine
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serpentinine, and the former was not able to identify but the
high content of this compound is present in sample #CS 1631.
Some compounds showed same m/z, but different fragment
ion (base peak), e.g., peraksine and sarpagine, showed m/z
311.1752 whereas the base peak was showed at m/z
138.0906 and 144.0804, respectively. Similarly, serpentine
and alstonine were identified with fragment ion at m/z

Fig. 7 Proposed mass a
fragmentation pattern of a)
serpentine and b) serpentinine
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-CHO
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235.0866 and 263.0810, respectively, and they are chromato-
graphically separable. Most of the compounds showed m/z
144.0804 as base peak which confirms the identity of
substituted indole ring. The compounds 23-26 listed in
Table 4 were identified with major fragment ion at m/z
195.0647 which corresponds to trimethoxybenzoic acid moi-
ety in reserpine.
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Conclusions

A simple and efficient UHPLC-PDA method was developed
for the quantification of seven alkaloids from roots of
Rauwolfia species (R. serpentina and R. vomitoria) and com-
mercial products. The method was validated in terms of line-
arity, LOD, LOQ), intra- and inter-day precision, recovery, sys-
tem suitability, stability, and robustness. Seven Rauwolfia root
samples, 14 dietary supplements, and seven pre-workout pro-
ducts were analyzed. In the root samples, the amount of reser-
pine and total alkaloidal (1-7) content was found to be in the
range 0.4—1.3 and 1.6-12.1 mg/g of dry plant material, respec-
tively. Whereas in commercial products, reserpine and total
alkaloidal (1-7) content of dietary supplements were found
to be in the range of 0.0-0.1 and 0.0-4.5 mg/day, respectively.
The quantitative data shows the Rauwolfia commercial pro-
ducts showed wide variations in the content of alkaloids.
UHPLC-QToF-MS/MS technique was applied for the charac-
terization of alkaloids from Rauwolfia species. The characte-
ristic fragmentation patterns observed in QToF-MS/MS spec-
tra allow the identification and characterization of the com-
pounds. The fragmentation behavior of all seven reference
compounds was discussed in detail. Reserpine showed major
fragment ion at m/z 195.1 with 100 % abundance. Ajmaline,
yohimbine, corynanthine, and ajmalicine showed m/z 144.0 as
major fragment ion. The developed analytical methods inclu-
ding MS-MS characterization would be valuable not only for
herbal identification but also for quality control of commercial
products containing R. serpentina or R. vomitoria.
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