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Abstract

This paper describes the first analytical method for the determination of four flavonoids
(sutherlandins A-D) and four cycloartanol glycosides (sutherlandiosides A-D) from the aerial
parts of Sutherlandia frutescens (L.) R. Br. A separation by HPLC was achieved by using a
reversed phase (RP-18) column, PDA with ELS detection, and a water/acetonitrile gradient as the
mobile phase. The wavelength used for quantification of four flavonoids with the diode array
detector was 260 nm. Owing to their low UV absorption, the cycloartanol glycosides were
detected by evaporative light scattering. The method was validated for linearity, repeatability,
limits of detection (LOD) and limits of quantification (LOQ). The limits of detection and limits of
quantification of eight compounds were found to be in the range from 0.1 to 7.5 pg/mL and 0.5 to
25 pg/mL, respectively. The analysis of products showed considerable variation of 1.099-5.224
mg/average weight for the major compound, sutherlandioside B. The eight compounds in plant
sample and products of S. frutescens were further confirmed by LC-ESI-TOF. This method
involved the use of the [M+H]* and [M+Na]* ions in the positive ion mode with extractive ion
monitoring (EIM).
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1. Introduction

Sutherlandia frutescens (L.) R. BR., Family Fabaceae, is a well-known and widely used
medicinal plant from the Western Cape, South Africa [1,2]. Traditionally it has been used as
a remedy for stomach problems, internal cancers, diabetes and various inflammatory
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conditions, and recently, widely used by individuals with HIV/AIDS [1,3]. Extracts have
been shown to have analgesic, anti-inflammatory, hypoglycemic and anticonvulsant activity
[4,5] and to alter antiretroviral metabolism through effects on cytochrome P450 and P-
glycoprotein [6,7].

In an attempt to provide chemical markers for this herbal medicine a phytochemical
investigation of this plant was studied, leading to the identification of four flavonoids,
sutherlandins A-D (1-4), and four cycloartanol glycosides, sutherlandiosides A-D (5-8).
However, no method has been developed for the analysis of flavonoids and cycloartanol
glycosides in aerial parts of S. frutescens (L.) R. BR. A simple, precise LC-UV/ELSD
analytical method was developed for the simultaneous detection and quantification of
sutherlandin A (1), sutherlandin B (2), sutherlandin C (3), sutherlandin D (4),
sutherlandioside B (5), sutherlandioside C (6), sutherlandioside A (7) and sutherlandioside D
(8) (Fig. 1) in the leaves and stems of S. frutescens. The four flavonoids (1-4) were analyzed
by LC-UV method at 260 nm and four cycloartanol glycosides (triterpenenoids) (5-8) by
LC-ELSD method. Owing to their low UV absorption, the cycloartanol glycosides were
detected by evaporative light scattering. The compounds were numbered by the order of
elution.

The analytical method was applied to commercial products claiming to contain S.
frutescens. The LC-ESI-TOF analysis was performed for the confirmation of eight
compounds in plant sample and products that claim to contain S. frutescens.

2. Materials and methods

2.1. Instrumentation and chromatographic conditions

2.1.1. LC-UV analysis—The HPLC system consisted of Waters Alliance 2695 HPLC
system, equipped with a 996 photodiode array detector (Waters Corp., Milford, MA, USA).
A computerized data station equipped with Waters Empower 2 software. A Discovery C18
column (150 mm x 4.6 mm; 5 pm particle size) from Supelco (Bellefonte, PA, USA) was
used as the stationary phase and temperature maintained at 40 °C. The column was equipped
with a 2 cm LC-18 guard column (Phenomenex, Torrance, CA, USA). The mobile phase
consisted of water (0.1% acetic acid) (A), and acetonitrile (0.1% acetic acid) (B) at a flow
rate of 1.0 mL/min. Analysis was performed using the following gradient elution: 85% A/
15% B to 35% A/65% B over 35 min using a slightly concave gradient profile (Waters curve
type 7). Each run was followed by a 5 min wash with 100% B and an equilibration period of
15 min. The ELS detector was set up to a probe temperature of 43 °C, at gain 10.0 and the
nebulizer gas (Nitrogen) adjusted to 4.1 bar. The detection wavelength was 260 nm for
flavonoids. Ten microliters of sample was injected and peaks were assigned by spiking the
samples with standard compounds and comparison of the UV spectra with those of
standards.

2.1.2. Liguid chromatography/mass spectrometry (LC-ESI-TOF)—The liquid
chromatograph used was an Agilent Series 1100 comprised of the following modular
components: quaternary pump, a vacuum solvent microdegasser and an autosampler with
100-well tray. The mass spectrometric analysis was performed by using the LC-ESI-TOF
(Model #G1969A, Agilent Technologies, Palo Alto, CA, USA) equipped with an ESI
source. All acquisitions were performed under positive ionization mode with a capillary
voltage of 3000 V. Nitrogen was used as the nebulizer gas (35 psig) as well as the drying gas
at 13 L/min at a temperature of 350 °C. The voltage of PMT, fragmentor and skimmer was
set at 850, 100 and 60 V, respectively. Full scan mass spectra were acquired from m/z 100 to
1300. Data acquisition and processing was done using the Analyst™ QS software (Agilent
Technologies, Palo Alto, CA, USA).
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Separation was achieved on a discovery C18 column; 150 mm x 4.6 mm 1.D.; 5 um particle
size (Phenomenex, Torrance, CA, USA). The column was equipped with a guard column
(Supelco, Bellefonte, PA, USA). 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 0.5 mL/min, with the
following gradient elution: 0 min, 80% A/20% B to 60% A/40% B over 20 min. Each run
was followed by a 5 min wash with 100% B and an equilibration period of 11 min with 80%
AJ20% B. The total run time for analysis was 20 min. Ten microliters of the sample was
injected and peaks were assigned with respect to the mass of the compounds and comparison
of the retention times.

2.2. Chemicals

The standard compounds (1-8) were isolated at NCNPR, the identity and purity were
confirmed by chromatographic (TLC and HPLC) methods, by the analysis of the
spectroscopic data (IR, 1D- and 2D-NMR and HR-ESI-MS) and comparison with published
spectroscopic data [8,9]. The % purity of these compounds was calculated (93.33%, 94.81%,
96.65%, 93.46%, 98.73%, 99.10%, 98.34% and 98.53% for compounds 1-8, respectively)

Acetonitrile and formic acid were of HPLC grade, purchased from Fisher Scientific (Fair
Lawn, NJ, USA). Water for the HPLC mobile phase was purified using a Milli-Q system
(Millipore).

Leaves—stems of S. frutescens (L.) R. Br. were collected from Riversdale, South Africa in
November 2006. The plants were identified by Kersten Paulse, a consulting botanist for
Afriplex. A voucher specimen (voucher # PSM 602) is deposited in Parceval Laboratories,
Paarl, South Africa.

2.3. Standard solutions

Individual stock solutions of standard compounds were prepared at a concentration of 1.0
mg/mL in methanol. The calibration curves were prepared at five different concentration
levels. The range of the calibration curves was 25-250 ug/mL for sutherlandiosides A, C
and D and 10-100 pg/mL for sutherlandioside B by LC-ELSD method, 0.5-60 pug/mL for
sutherlandins A and B and 1.0-60.0 ug/mL for sutherlandins C and D by LC-UV method at
260 nm. Table 1, shows the LC-UV calibration data and the calculated limits of detection for
each method.

2.4. Sample preparation

Dry plant sample (300 mg) and dietary supplements (equivalent of 0.3-0.5 g capsule content
or tablet weight) were sonicated in 2.5 mL of methanol for 30 min followed by
centrifugation for 15 min at 3500 rpm. The supernatant was transferred to a 10 mL
volumetric flask. The procedure was repeated thrice and respective supernatants combined.
The final volume was adjusted to 10.0 mL with methanol and mixed thoroughly. Prior to
injection, an adequate volume (ca. 2 mL) was passed through a 0.45 um nylon membrane
filter. The first 1.0 mL was discarded and the remaining volume was collected in an LC
sample vial. Each sample solution was injected in triplicate.

3. Results and discussion

3.1. Chromatographic conditions

Stationary phases of different columns have been assessed Luna 5u C18(2), Luna 5u C8(2),
Synergi 4y Max-RP 80 A, Lichrospher 5 RP18, Discovery C18 and Gemini 5y C18 and the
best results were obtained with a Discovery C18 stationary phase from Supelco. However,
most of the column materials (Luna 5p C18(2), Luna 51 C8(2), Synergi 44 Max-RP 80 A,
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Lichrospher 5 RP18, and Gemini 5y C18) tested could not resolve the compounds 7 and 8,
and the compounds were merging with each other. A higher degree of separation
temperature of 43 °C in ELSD detector and use of discovery C18 column resulted in a well
separation of compounds and reduced the separation time. Composition of the mobile phase
contained an acidic system to improve the peak symmetry of all compounds. Optimal
chromatographic conditions were obtained after running different mobile phases with a
reversed phase C18 column; an acidic system improved the sensitivity and protons
enhancement. The column was used at 40 °C at a flow rate of 1.0 mL/min and an injection
volume of 10 pL. A chromatogram of the flavonoids and cycloartanol glycosides by LC-
UV-ELSD methods of S. frutescens is shown in Figs. 2 and 3.

3.2. Accuracy, precision and linearity

The five point calibration curves for eight compounds showed a linear correlation between
concentration and peak area. Calibration data (Table 1) indicated the linearity (/2 > 0.999) of
the detector response for all standard compounds. The limits of detection and limits of
quantification for flavonoids and cycloartanol glycosides (1-8) were found to be in the range
from 0.1 to 7.5 ug/mL and 0.5 to 25 pg/mL, respectively. The limits of detection (LOD) and
limits of quantification (LOQ) were defined, respectively, as signal-to-noise ratio equal to 2
or 3 and 10. All standards and samples were injected in triplicate. Multiple injections
showed that the results are highly reproducible and showed low standard error. Accuracy of
the method was confirmed by performing a recovery experiment. Intra- and inter-day
variation of the assay was determined and showed to be lower than 3.0%, with a maximum
RSD of 2.29%. It was performed three times on three different days and each concentration
point was injected in triplicate.

The intra- and inter-day precision and accuracy values were determined by analyzing
samples spiked with standard compounds 1-8 at two different concentrations 5 and 10 pg/
mL for flavonoids (1-4) and 25 and 50 ug/mL for cycloartanol glycosides (5-8) (Table 2).
Plant sample after exhaustive extraction of four times and drying was spiked with known
amounts of the standard compounds at two different concentrations for flavonoids and
cycloartanol glycosides, extracted and analyzed under optimized conditions.

The within day CVs for the replicates at two different concentrations for flavonoids and
cycloartanol glycosides (17 =5) were between 0.97 and 2.77% for 1-8 compounds,
respectively. The CVs for the day to day replicates (7= 3) at different concentrations were
between 1.49% and 3.41% for 1-8 compounds, respectively. The accuracy of the HPLC
method was found to be >97% at all the concentration levels for all analytes (Table 2).

3.3. Analysis of plant samples

Utilizing the PDA makes it possible to obtain the UV spectra (Fig. 4). One plant sample and
six products (SF-1 to SF-6) were analyzed for the determination of flavonoids and
cycloartanol glycosides. The identification of these compounds in S. frutescens sample was
based on the retention times and the comparison of UV spectra with those of authentic
standards. Spiking sample with reference compounds performed a further confirmation
assay. The developed method was used for analysis of eight compounds in leaves of S.
frutescens and commercial samples of S. frutescens. Table 3 shows the variations in
concentrations of flavonoids and cycloartanol glycosides in one plant sample of S.
frutescens, and commercial products. The content (/W) of compounds 1-8 in plant sample
were 0.53%, 0.49%, 0.94%, 0.54%, 2.75%, 0.22%, 0.61% and 0.64%, respectively.
Sutherlandioside B, a major cycloartanol glycoside was present in the range from 5.224 to
1.099 mg/average weight of capsule content or tablet. The amounts of other cycloartanol
glycosides (sutherlandiosides A, C and D) were in the range from 0.064 to 1.149, 0.083 to
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0.568, 0.079 to 3.894 mg/average weight of capsule content or tablet. The contents of 1-4
were present in the levels from 0.041 to 0.498, 0.023 to 1.128, 0.021 to 1.537 and 0.115 to
0.645 mg/average weight of capsule content or tablet, respectively, in six dietary
supplements claiming to contain S. frutescens.

This method involved the use of the [M+H]* and [M+Na]™ ions in the positive ion mode
with extractive ion monitoring (EIM). In the positive ion mode, the protonated species [M
+H]" atm/z741.1887, 741.1941, 725.1918, 725.1961, 653.4257, 651.4134, 653.4267 and
635.4189 and sodiated species [M+Na]* at/n/z763.1739, 763.1749, 747.1773, 747.1791,
675.4117, 673.3968, 675.4112 and 657.3998 for compounds 1-8 were observed (Table 4).
In the negative ion mode, the deprotonated species [M-H]* at/m/z739.1705, 739.1725,
723.1745, 723.1784, 651.4108, 649.3952, 651.4108 and 633.4003 for compounds 1-8 were
observed (Table 4).

Further, the fragmentation patterns observed in the mass spectrum were useful in
characterization of the compounds. Compounds 1 and 2 showed characteristic fragments at
m/z609.1426, and 303.0508 [quercetin], compounds 3 and 4 showed characteristic
fragments at /m/z593.1484 and 287.0545 [kaempferol], compounds 5 and 7 showed
characteristic fragments at /7/z491.3718 [aglycone+H]*, 473.3671 [aglycone+H-H,0]*,
455.3541 [aglycone+H-2H,0]*, 437.3397 [aglycone+H-3H,0]*, 419.3287 [aglycone+H
-4H,0]*, compound 6 showed characteristic fragments at /7/z 489.4118 [aglycone+H]* and
471.3456 [aglycone+H—-H,0]" while compound 8 showed fragment ions at /m/z473.3613
[aglycone+H]*, 455.3537 [aglycone+H-H,0]*, 437.3479 [aglycone+H-2H,0]* and
419.3295 [aglycone+H-3H,0]". These ions were ascribed to the loss of sugar and water
from the cycloartanol skeleton (Table 5).

Fig. 5 shows extracted ion chromatograms (XIC) in positive ion mode for plant sample. The
retention times and mass spectra of plant sample and products exactly matched with the
corresponding standard compounds.

4. Conclusion

The newly developed HPLC-UV-ELSD method was found to be capable for chemical
analysis of eight compounds in S. frutescens and commercial products. The developed
method was validated for the determination of four flavonoids and four cycloartanol
glycosides and successfully applied to the dietary supplements claiming to contain S.
frutescens. Sutherlandioside B (compound 5), was found to be the major terpenoid
compound. The eight compounds were further confirmed by LC-ESI-TOF in plant sample
and products.
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Fig. 1.
Structure of chemical constituents from leaves and stems of Sutherlandia frutescens.
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Fig. 2.

HPLC chromatograms of standard mix (A and B) at 260 nm by LC-UV and ELSD method.
(1) Sutherlandin A, (2) sutherlandin B, (3) sutherlandin C, (4) sutherlandin D, (5)
sutherlandioside B, (6) sutherlandioside C, (7) sutherlandioside A and (8) sutherlandioside
D.
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Fig. 3.

HPLC chromatograms of plant sample (A and B) and dietary supplement (C and D) by LC-
UV at 260 nm and ELSD method. (1) Sutherlandin A, (2) sutherlandin B, (3) sutherlandin C,
(4) sutherlandin D, (5) sutherlandioside B, (6) sutherlandioside C, (7) sutherlandioside A
and (8) sutherlandioside D.
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UV spectra of four flavonoids and sutherlandioside D.
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Fig. 5.

Extracted ion chromatograms and mass spectra of flavonoids and cycloartanol glycosides
from leaves and stems of S. frutescens (L.).
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Regression equation, correlation coefficient (/2), limits of detection (LOD) and limits of quantitation (LOQ)

for flavonoids and cycloartanol glycosides from S. frutescens L. by LC-UV/ELSD method.

Analyte  Regression equation r2 LOD (ug/mL) LOQ (ng/mL)
1 Y'=7.75e+003x-1.02e+004 0.9996 0.35 1.0

2 Y'=7.35e+003x-5.48e+003 0.9998 0.35 1.0

3 Y'=9.87e+003x-3.10e+003 0.9997 0.1 0.5

4 Y'=9.68e+003x + 1.56e+002 0.9997 0.1 0.5

5 Y'=1.78e+000x+ 7.41e-001 0.9996 5 10

6 Y'=1.71e+000x + 5.60e-001 0.9998 7.5 25

7 Y'=1.62e+000x+ 1.05e+000 0.9986 5 15

8 Y'=1.67e+000x+ 9.01e-001 0.9990 7.5 25
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Mass spectra of compounds (1-8) identified using LC-ESI-MS with positive and negative scan mode.

Table 4

Analyte  Mass spectra Mass spectra positive ion (m/z)
negative ion (m/2)

1 739.1705 [M—-H]~  741.1887 [M+H]*, 763.1739 [M+Na]*
2 739.1725 [M—-H]~  741.1941 [M+H]*, 763.1749 [M+Na]*
3 7231745 [M-H]"  725.1918 [M+H]*, 747.1773 [M+Na]*
4 7231784 [M-H]~  725.1961 [M+H]*, 747.1791 [M+Na]*
5 651.4108 [M—-H]~  653.4257 [M+H]*, 675.4117 [M+Na]*
6 649.3952 [M-H]~  651.4134 [M+H]*, 673.3968 [M+Na]*
7 651.4108 [M~H]~  653.4267 [M+H]*, 675.4112 [M+Na]*
8 633.4003 [M-H]~  635.4189 [M+H]*, 657.3998 [M+Na]*
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