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Eclipta prostrata L. is one of the Chinese medicinal tonics which are usually used for treating loose teeth, dizziness, tinnitus,
hemoptysis, hematuria, and uterine bleeding. However, quality control of this herbal medicine has been not satisfactory. This
study reported its qualitative and quantitative analyses based on LC/MS method. UHPLC-DAD-Q-TOF-MS fingerprinting and MS
fragmentation cleavage pathway were investigated for qualitative analysis. Furthermore, a method for simultaneous quantitative
determination of nine compounds, luteolin 7-O-3-D-glucopyranoside, ecliptasaponin C, luteolin, eclalbasaponin IV, apigenin,
ecliptasaponin A, echinocystic acid 28-O- 3-D-glucopyranoside, echinocystic acid, and 3-oxo-16a-hydroxy-olean-12-en-28-oic acid
in E. prostrata, was established. The method was validated for samples of E. prostrata from different habitats. The results showed
good linear correlation, precision, accuracy, and repeatability that could be used for contents determination of the nine compounds

in E. prostrata from different habitats.

1. Introduction

Eclipta prostrata L. (Compositae) is one of the Chinese medic-
inal tonics, widely distributed in the tropical and subtropical
regions of the world. It has been used for the treatment of
loose teeth, dizziness, tinnitus, hemoptysis, hematuria, and
uterine bleeding [1]. Modern pharmacological research has
confirmed its biological effects such as in antiosteoporosis
[2], anti-inflammatory [3], antihyperlipemia [4, 5], and anti-
tumor [6] activities.

Literature on its phytochemical constituents and our pre-
vious study showed that it contained triterpenoid saponins,
flavonoids, thiophenes, and steroids [6-10]. Several analytical
methods including HPLC, UPLC, LC/MS, and GC-MS have
been used for quality control analyses of E. prostrata [11-
15]; however, the standards which those methods used were
finite (one or two flavonoids which could be obtained on
the market). Furthermore, analytical time of the reported

methods was relatively long in order to obtain ideal reso-
lution. Therefore, we intended to establish a method which
is based on our previous phytochemical study to determine
main constituents of E. prostrata. Although there was a report
on qualitative analysis of E. prostrata through UHPLC-Q-
TOF/MS [12], the results lacked to deduce fragmentation
pathway since they did not contain MS/MS data.

In this paper, we demonstrated how modern analytical
methods could be used for quality control on natural product
medicine. We initially analyzed a UHPLC-DAD-Q-TOF-
MS fingerprint for rapid profiling of chemical constituents,
and eighteen compounds in the extract of E. prostrata were
identified or tentatively characterized. A rapid LC-QQQ-MS
method was later validated for simultaneous determination
of nine major compounds in E. prostrata. The results showed
good linear correlation, precision, accuracy, and repeatability
that could be used for quality control analysis of E. prostrata
from different habitats.
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FIGURE 1: The structures of compounds 1-18 identified from Eclipta prostrata L.
TABLE 1: MRM parameters for quantitative analysis.
Compounds Ion pairs (m/z) Fragmentor (V) CE (V) Dwell time (ms)
1 447.1 — 285.0 240 26 100
11 841.5 — 633.4 210 30 100
5 285.0 — 133.1 170 30 100
13 795.5 — 633.4 310 40 100
8 269.0 — 117.1 150 34 100
14 6334 — 5874 270 38 100
16 679.4 — 471.3 150 22 100
17 471.3 — 407.3 230 38 100
18 469.3 — 407.3 220 34 100
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2. Experimental

2.1. Reference Substances, Reagents, and Plant Materials. The
references (1, 2, 5-9, 11, 13, 14, and 16-18) (Figure 1) were
isolated from the aerial part of E. prostrata, and the struc-
tures elucidated based on 'H-NMR and *C-NMR spectral
analyses as previously reported by [10]. The purities of these
reference compounds were determined to be above 98% by
normalization of the peak areas detected by HPLC-ELSD
(Alltech Grace Evaporative Light Scattering Detector 3300
with the following acquisition parameters: temp: 40°C; gas
flow: 1.8 L/min; gain: 10).

HPLC grade acetonitrile and methanol were acquired
from Fisher Chemicals (Pittsburg, USA). Formic acid (HPLC
grade) was obtained from Tedia, USA. The other chemi-
cals and reagents used were of analytical grade and pur-
chased from Tianjin Concord Technology Company (Tianjin,
China). Purified water was obtained using a Milli-Q system
(Millipore, USA).

Thirteen dried samples (SI1-S13) from the aerial part
of E. prostrata were collected from different habitats and
identified by Professor Lijuan Zhang (College of Traditional
Chinese Medicine, Tianjin University of Traditional Chinese
Medicine, China). Voucher specimens (20120903) deposited
in our laboratory.

2.2. Preparation of the Reference and Sample Solutions. A
concentration of 1mg/mL of the reference compounds 1, 2,
5-9, 11, 13, 14, and 16-18 was prepared using 50% methanol
(v/v) for UHPLC-Q-TOF-MS analysis.

For LC-QQQ-MS analysis, nine of the reference com-
pounds were accurately weighed, put into 10mL volu-
metric flasks separately, and dissolved in 50% methanol
(v/v) to make reference stock solution 1. Their respective
concentrations were as follows: luteolin 7-O-f-D-glucoside
(18.15mg/mL), ecliptasaponin C (47.05mg/mL), luteolin
(4.64 mg/mL), eclalbasaponin IV (11.85mg/mL), apigenin
(1.56 mg/mL), ecliptasaponin A (21.50 mg/mL), echinocystic
acid 28-O-B-D-glucoside (2.60 mg/mL), echinocystic acid
(8.45mg/mL), and 3-oxo-16a-hydroxy-olean-12-en-28-oic
acid (6.42 mg/mL). 1mL of the stock solution 1 was then fur-
ther diluted with 50% methanol (v/v) to 10 mL to obtain refer-
ence stock solution 2. All the solutions were stored at 4°C and
brought to room temperature before use. Calibrated reference
working solutions were freshly prepared by appropriate dilu-
tion of the mixed stock solution 2, giving final concentration
in the range of 0.028-20.17 ug/mL for 1, 0.070-52.28 ug/mL
for 11, 0.012-8.59 ug/mL for 5, 0.060-43.89 ug/mL for 13,
0.008-5.78 ug/mL for 8, 0.033-23.89 ug/mL for 14, 0.013—
9.63 ug/mL for 16, 0.013-9.39 yug/mL for 17, and 0.010-
713 pg/mL for 18.

The aerial part of E. prostrata was crushed into powder
and 1.00g weighed into a 50mL flask with 25mL 50%
methanol (v/v). It was extracted in an ultrasonic bath at room
temperature for 30 min. The extract was filtered. 1 mL of the
filtrate was obtained and diluted to the mark in a 10 mL
volumetric flask. It was then centrifuged at 13171 xg for 10 min
for LC/MS analysis.

2.3. UHPLC-DAD-Q-TOF-MS Fingerprint. UHPLC-DAD-
Q-TOF-MS fingerprint analysis was performed on an Agilent
1290 UHPLC consisting of a binary pump, a diode-array
detector, an autosampler, and a column thermostat connected
to an Agilent 6520 Q-TOF spectrometry system via an ESI
interface (Agilent Corp., Santa Clara, CA, USA).

The peaks were separated on an ACQUITY UPLC HSS
T; column (100 mm x 2.1mm, 1.8 ym, Waters, USA) using
a mobile phase consisting of acetonitrile (A) and water
(containing 0.1% HCOOH; B). The following gradient elution
system was used: 0-15min, 10-30% A; 15-28 min, 30% A;
28-30 min, 30-40% A; 30-38 min, 40% A; 38-45min, 40-
100% A; 45-50 min, 100-100% A; 50-50.5 min, 10% A; 50.5-
60 min, 10% A. An injection volume of 5 uL and a flow rate
of 0.3 mL/min were used, with the column temperature set at
30°C.

Full-scan analyses in negative ionization modes were
conducted and the spectra were recorded in the range of
m/z 100-1700. Liquid nitrogen was used as the nebulizer and
drying gas. High purity nitrogen was used as the collision
gas. The major parameters used were as follows: drying
gas with a flow rate of 8.0 L/min, drying gas temperature
350°C, nebulizer 30 psig, capillary voltage 3500 V, fragmentor
voltage 175V, and collision energy 35, 70 V.

2.4. Simultaneous Quantification System. The mass spec-
trometer was an Agilent 6430 triple Quad MS (QQQ)
coupled with Agilent 1200 HPLC, consisting of a binary
pump, an online vacuum degasser, an autosampler, and
a column oven, through an electrospray ionization (ESI)
source (Agilent Corp., Santa Clara, CA, USA). All separations
were carried out on an Agilent eclipse XDB-Cl18 column
(150 mm x 4.6 mm, 5.0 ym, Agilent, USA) and the column
temperature was set at 35°C. The mobile phase was composed
of acetonitrile (A)-water (containing 0.1% HCOOH; B) at a
gradient elution of 0-5min, 30-100% A; 5-10 min, 100% A;
10-11 min, 100-30% A; 11-20 min, 30% A, with a flow rate of
0.5 mL/min, and 1 4L injection volume.

The ESI source parameter of drying gas was set at the flow
rate of 8.0 L/min, temperature of 350°C, 45 psig nebulizer, and
4000V capillary voltage. The MS/MS analysis was conducted
on multiple reactions monitoring (MRM) mode; the MRM
parameters were shown in Table 1.

2.5. Method Validation for Simultaneous Quantification.
Seven serial working solutions were prepared as described
above and injected into the LC/MS system. Calibration
curves were plotted based on linear regression analysis of the
integrated peak areas (Y) versus concentrations (X, yg/mL).
Each solution was tested in triplicate, with limits of detection
(LOD) and quantification (LOQ) for each analyte defined
at signal-to-noise ratios (S/N) of 3 and 10, respectively.
Intraday and interday precision for each analyte at a specific
concentration were performed by six replicates on the same
day (intraday) and on three consecutive days (interday).
Recovery tests were performed by spiking reference standards
into appropriately weighed sample 9. Six different samples
were spiked with the reference standards, extracted, and
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FIGURE 2: UHPLC-Q-TOF fingerprint of extract of Eclipta prostrata
L.

prepared as described above. Three replicates were performed
for each analysis. To confirm the repeatability, six replicates
of the same sample were extracted and analyzed. Variations
were expressed in terms of relative standard deviation (RSD)
in all the tests.

3. Results and Discussion

3.1. Optimization of Extraction Procedure. In order to obtain
satisfactory extraction efficiency, several extraction solvents
including water, 50% methanol (v/v), and methanol were
examined. The 50% methanol (v/v) solvent was chosen and
used as the extraction solvent due to its high yield of target
compounds. Reflux and ultrasonic extraction methods were
similarly effective in the extraction of the target analytes. The
ultrasonic extraction method was ultimately chosen because
of its flexibility. Different extraction times (30, 45, and
60 min) were compared, which showed similar percent yields
and as such 30 minutes was chosen as the ideal extraction
time.

3.2. Optimization of LC-QQQ-MS Chromatographic Condi-
tions. Chromatographic conditions of the mobile phase and
gradient elution system were optimized in this study. In order
to achieve good resolution and symmetric peak shapes of the
nine reference compounds, we chose methanol-water (with
and without acid) and acetonitrile-water (with and without
acid) to optimize the mobile phase. We also optimized
the column temperature from 25 to 45°C with 5°C in one
step. Finally, acetonitrile-water (with 0.1% formic acid) and
column temperature of 35°C were chosen which showed good
resolution of adjacent peaks within a short time.

3.3. UHPLC-Q-TOF-MS Fingerprint Analysis. Figure 2 shows
the total ion current (TIC) chromatogram of the extract from
E. prostrata (S9). A total of 18 compounds were identified and
13 of them confirmed by comparing their MS features and
retention times with those of reference compounds. Accord-
ing to the structural characteristics, the 18 compounds can be
grouped into three types, namely, flavonoids, triterpenoids,
and other types.

3.3.1. Identification of Flavonoids. Seven flavonoids including
two isoflavonoids were unambiguously or tentatively identi-
fied according to the UV spectra and MS fragmentation path-
way. Compounds 1 and 7 showed [M-H]™ at m/z 447.0949
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and 461.1094, respectively (Table 2). Similar diagnostic frag-
ment Y, ions were observed in their MS/MS spectra
(Figure 3), suggesting these compounds are O-glycosyl
flavonoids. Based on the UV, MS fragmentation pathway,
and retention times, compounds 1 and 7 were identified as
luteolin-7-O-B-D-glucoside and 7-O-methylorobol-4'-O- -
D-glucoside, respectively.

Compounds 3 and 4 produced [M-H]™ at m/z 364.9990
and 349.0034 which correspond to C,sH;,0,S and
C;5H,(O4S, respectively. In MS/MS spectra, Y, ions at
m/z 285.0385 and 269.0434 were obtained. According to UV,
MS, and literature [15], 3 and 4 were tentatively identified as
luteolin sulfate and apigenin sulfate.

Three flavone aglycones were identified corresponding to
the diagnostic fragment ions B, “*A, and “*B-2H. Finally,
Compounds 5, 8, and 9 were unambiguously identified as
luteolin, apigenin, and 3'-hydroxybiochanin A by comparing
their retention times, MS/MS fragment data, and UV spectra
with reference compounds.

3.3.2. Identification of Triterpenoids. The triterpenoids were
the major components isolated from E. prostrata and com-
pounds 10-16 were identified as triterpenoid saponins.
In order to assist in structural elucidation, compound 10
was chosen as an example to elucidate the nomenclature
(Figure 4). The ions retaining the charges on the main core
structures were termed Y representing glycosidic cleavages
and X for cross-ring cleavages [16]. Cross ring cleavage ions
were designated by superscript numbers indicating cleavage
of the two bonds. The oligosaccharide chain at C-3 was
defined as the a-chain whereas the one at C-28 was the f3-
chain.

Since the molecular masses of saponins were usually
large, we used two collision energies (CE) to elucidate the
structures. Compound 13 showed m/z 795.4550 [M-H] ™ and
841.4605 [M+HCOO]~ which correspond to C,,HO,, in
MS spectrum (Figure 5(b)). As shown in Figures 5 (c, d,
d, d’), the MS/MS spectra of [M-H]~ and [M+HCOO]~
of 13 were significantly different due to different CE. A
collision energy of 35 V produced a base peak of [M-H]~ (1m/z
795.4491) whereas that of 70 V produced M-**X, .-H,0 (m/z
101.0237). As shown in Figure 5(c’), diagnostic fragment ions
such as Y, Y, Y,,-H,0, Y,,-HCOOH, Y,,-HCOOH-
H,0, B,,, B,,-CH,0-H,0, and M-"?X, -H,0 were clearly
observed. Figure 6 shows the elucidation of the detailed frag-
ment cleavage pathway and similar fragmentation pathways
were observed in the MS/MS spectrum of [M+HCOO]~
(Figure 5(d')). Through UV, MS fragmentation pathway, and
retention times, compound 13 was unambiguously identified
as eclalbasaponin IV.

Compound 11 was the isomer of 13. However only
[M+HCOO] ™ ion (m/z 841.4590) was observed in its MS
spectrum (Figure 5(a)). In the MS/MS spectra (CE 70V),
similar diagnostic fragment ions (Yoﬁ’ Yoﬁ—HCOOH, Yoo -
HCOOH-H,0, B,,, B,,-CH,0-H,0, and M-**X,,-H,0)
were observed. Compound 11 was subsequently identified as
ecliptasaponin C.
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FIGURE 3: MS/MS spectra of flavonoids. ((a) compound 1; (b) compound 3; (c) compound 4; (d) compound 5; (e) compound 8; and (f)

compound 7).
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FIGURE 4: The fragmentation nomenclature of compound 10.
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FIGURE 5: MS and MS/MS spectra of compounds 10, 11, and 13. ((a) MS spectrum of 11; (b) MS spectrum of 13; (¢) MS/MS spectrum of
[M-H]" of 13, CE 35 V; (c') MS/MS spectrum of [M-H]~ of 13, CE 70 V; (d) MS/MS spectrum of [M+HCOO]~ of 13, CE 35 V; (d') MS/MS
spectrum of [M+HCOO]" of 13, CE 70 V; (e) MS/MS spectrum of [M—-H] " of 10, CE 35 V; (¢') MS/MS spectrum of [M—-H]" of 10, CE 70 V;
(f) MS/MS spectrum of [M+HCOO]" of 11, CE 35 V; (f') MS/MS spectrum of [M+HCOO]" of 11, CE 70 V; (g) MS/MS spectrum of [M-H]~

of 12, CE 35 V; (g') MS/MS spectrum of [M-H]~ of 12, CE 70 V).

TaBLE 3: Calibration curves, LOD, and LOQ of nine compounds.

Compounds Calibration curves R? Linear range (ug/mL) LOD (ng/mL) LOQ (ng/mL)

1 Y =8272X + 203 0.9996 0.028-20.17 3.37 11.22

11 Y =6347.7X +4182.9 0.9992 0.070-52.28 1.10 3.68

5 Y =3350X +4.63 0.9998 0.012-8.59 1.77 5.90

13 Y =1190X + 462.4 0.9993 0.060-43.89 4.41 14.71

8 Y =5271X + 245.1 0.9996 0.008-5.78 1.94 6.47

14 Y =822.7X +261.7 0.9990 0.033-23.89 2.24 7.47

16 Y =27335.1X - 318.5 0.9996 0.013-9.63 1.36 4.54

17 Y =6640.4X + 865.8 0.9994 0.013-9.39 2.00 6.69

18 Y =2577.4X + 393.6 0.9991 0.010-713 2.47 8.23

TABLE 4: Precision, recovery, and repeatability of nine compounds.

Compounds Precision (RSD, %, n = 6) Recovery (%, n = 6) Repeatability (%)
Intraday Interday Mean RSD (RSD, n = 6)

1 1.00 1.16 97.21 2.39 1.75

11 0.66 1.98 95.41 2.63 1.12

5 1.56 1.60 97.82 3.99 2.99

13 0.97 2.49 101.28 3.84 2.35

8 1.83 2.50 96.00 3.88 2.45

14 2.37 2.46 103.25 2.85 1.99

16 1.64 213 104.76 3.49 2.44

17 0.57 2.45 96.44 2.37 2.95

18 1.64 2.42 103.56 4.20 2.64

Compound 10 produced [M-H]™ and [M+HCOO]" ions
at m/z 9575055 and 1003.5110 (corresponding to C,sH,4O,0),
which were 162 Da higher than that of compound 13. From
the MS/MS fragment ions, UV spectrum, and literatures
[9, 15], compound 10 was tentatively identified as eclalbas-
aponin III. Based on the UV, MS fragmentation pathway,
and retention times, compounds 14 and 16 were unambigu-
ously identified as isomers, namely, eclalbasaponin A and
echinocystic acid 28-O-f-D-glucopyranoside, respectively.

Compound 15 showed [M-H]™ ion at m/z 713.3582
(corresponding to C;4Hs50,,S) which is 80 Da higher than
that of 14 (m/z 633.4023). From the MS spectrum, we could
deduce that compound 15 was the sulphate of compound
14. An m/z of 241.0007 was a significant diagnostic ion
which indicated the location of SO; on the glucose «a-
chain. In the MS/MS spectra of [M-H]™ (CE 70V), diag-
nostic fragment ions, such as M-H-CO-2H, M-H-H,O-
CO,, Yy, Y,,-HCOOH-H,O, By,, B,-CH,0-H,0, and



The Scientific World Journal

12

‘myuy €IS M_uﬁom IS FE(»OCVMGS TIS :.;»Oﬁvﬂﬁﬂ 01S m_wﬂoz ‘6S mﬂgoﬁv—ﬁﬂ ‘8S msmwcwﬂ LS MENSOEVMES ‘98 #oﬁom ¢S fUeUdH ¥S ‘ueudy €S M_QLOI S ‘ueungy IS m—uouumum—u jou N

ITT +€0C81 06 +99°1¢e S8'T F 69611 PI'¥1 +997CC8¢ T F6I€e 0€'9 + 0C°69¢C1 99T ¥ 0€°69C 8¢C'61 FCI'LESL Y FCI1ES €IS
60T+ €L €T+ 00°L0C o FveELY 0T'6 + €9'6€CC aN 86'% + ££'506 €CT +80LLT 98°0C + 81°09¢8 61°L +T€E869 4N
YET+8I°LET 1T¢ +20¢c61 OT'T +8T°LCI 6’8 ¥ 97°96¥C aN L8V F9¥°L101 LLTF €6'9CC STl +50°0868 99¥ F 11°99¢ 1IS
PST+95°9¢1 VLe+1091¢C 1C0+¥ICs STS+88Y0IL dN 9TT+ LLTTE SV T +9V1GI 6801 +69°091¢ €CTH V999 01S
90°0 F LV'L 69°0 + 69°69 600 + ¢¥'LT YO F VL LSOT 010+ LEVI 68°C+6L°08¢ 88°C + L0°8CY CI'ol + ¥50°660% 8I'8T + €I'8¥LE 6S
e FYI90T Pre F06°L1¢ €6'T ¥ 80°6¢€1 61°LF¢066LC aN €6'LF SSV0CI 0T FTLE6T 6S°0¥ F LT°99901 98'0 F 1¥'C6¢€ 8S
YT+ 88°CCC €€°¢ ¥80°2L0¢ 68T+ 1T9¢T G8'G F €L6¢ETT aN 879 +89'8C6 0T°0 + 8571 0T°ST +08°28LS STO+ I¥TLT LS
9¢'T +69'68 8T'T+ 66971 L0°0 F 16'FC PI's ¥ 0I°Cvhsl aN 60F + L8'S9F 9G' T ¥ 6L°10C ST°¢T +89°C60C 89+ LLTT6 9S
SLEFITICY €TeFETTLE 010+ 4871 98V + STY6I1 aN 10T+ 0¢'TT¥ 0FEETL €8 +91'9¢y 1TT +€90701 N
€8°CF L8811 OT'T F6€€Ll IT°T +6€%9 €CTFGTELO aN 0T+ 1970¢ €CT+0501C PI'TI +69¥.L9C STOT + 19'8611 ¥S
dN 600 +¥0°LIT 600+ LT°CI ST'C+ V08811 90°0 +¢8'8 €CEFTT9CE 86°0 + L5°05¢ 61°GI +6¢°8CI¢ EIVI +TeLETT €S
967 + ¥¢'69¢ 9S'V + G675V Y€ +8198C 088 + L6'C€0¢E aN PSS ¥ €L°69¢1 16'T + 607ST 0€°0T + S¥'950¢€1 o1 +007CL S
¥8'¢c ¥ GLVS¢E €CE+ 09°The S¥'e F09°Che 99°9 ¥ €7'8EVI aN 8LV + 18°¢Ly 60°0 ¥ 6C°L 8¢°6C + 6£°LT88 90°0 + ST'CI IS
81 L1 91 4! 8 ¢l S 1T !

(¢ = u 381 ‘qs F ueawr) vyv.4ys0.4d "7 ur spunoduwrod SUIU JO SJUJU0D IFBISAY G ATAV],



The Scientific World Journal

B«
Bltx
HO
O
) _
OH CypHe; 014
OH Exact mass: 795.4536
o,le
YOa
Yia
HO
O
OH _
o Cs6Hs709
OH Exact mass: 633.4008
-H,0
HO
(0]
H C36Hs505
OH OH Exact mass: 615.3902

13

—IG)

(¢}
Qu)

OH
CsHs505™
Exact mass: 113.0244
HO °
O
QH HO— )@
OH o
OH M0z
X, -
&-H,0 \
C¢HoOs™
Exact mass: 161.0455 OH

C4H50;5~
Exact mass: 101.0244

Exact mass: 471.348

J/—HCOOH —

K

C29 H45 02 -

Exact mass: 425.3425

CyHy30™
Exact mass: 407.3319

FIGURE 6: Fragmentation pattern of compound 13.

M-%*X,,-H,O, were observed. According to the UV, MS
fragmentation pathway, and literature [7], compound 15
wasidentified as eclalbasaponin V tentatively and compound
12 was 162Da higher than 15. From the MS/MS frag-
mentation pathway (Table 2 and Figure 5(g')), the 162 Da
could be deduced as a f-chain linked glucose. Finally,

compound 12 was tentatively identified as eclalbasaponin VI
(15].

Two aglycones were also identified according to their UV,
MS fragmentation pathway, and retention times. Compounds
17 and 18 were identified as echinocystic acid and 3-oxo-16a-
hydroxy-olean-12-en-28-oic acid, respectively.
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FIGURE 7: Typical MRM chromatograms of mix standard (a) and sample (b).

3.3.3. Identification of Other Compounds. Two compounds
(2 and 6) were unambiguously identified as 3,4-dihydroxy-
benzoic acid ethyl ester and wedelolactone, respectively, by
comparing their UV, exact molecular masses, MS/MS spectra
(Table 2), and retention times.

3.4. Validation of Quantitative Method

3.4.1. Linearity. A series of standard solutions with seven
different concentrations were analyzed by an established
method in triplicate. Every calibration curve was plotted
based on linear regression analysis of the integrated peak
areas (Y) versus concentrations (X, pg/mL) as listed in
Table 3. Calibration curves were linear with correlation coef-
ficients (R?) above 0.9990 for all analytes.

3.4.2. LOD and LOQ. The stock solutions containing nine
reference compounds were diluted to a series of appropriate
concentrations, using 50% methanol (v/v), and injected
into LC/MS for analysis. The LOD and LOQ under the

chromatographic conditions were determined at approximate
signal-noise (S/N) ratios of 3 and 10, respectively. The results
were given in Table 3.

3.4.3. Precision and Repeatability. Intra- and interday preci-
sions were performed by repetitive injections on the same day
(intraday) for a total of six injections and on three consecutive
days (interday). RSD values for both intra- and interday
precision were below 2.5% (Table 4).

The analytic repeatability was examined by the injection
of six different samples (S9), which were prepared with the
same sample preparation procedure. The repeatability of the
solution was less than 2.99% (Table 4).

3.4.4. Accuracy. The accuracy of the method was determined
by spiking an appropriate amount of each crude E. prostrata
extract sample (S9) with accurate amounts of the nine ref-
erence standards and each sample was analyzed in triplicate.
The results showed good accuracy with average recovery from
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95.41% to 104.76% for the compounds concerned with RSD
< 4.20% (Table 4).

These results show that the LC/MS method was precise,
accurate, and sensitive enough for simultaneously quantita-
tive evaluation of the nine compounds from the aerial part of
E. prostrata.

3.5. Application of Quantitative Method. The method can be
used for simultaneous analysis of thirteen E. prostrata sam-
ples from different habitats of China (S1: Hunan; S2: Hebei;
S3: Henan; S4: Henan; S5: Hebei; S6: unknown; S7: Jiangsu;
S$8: unknown; §9: Hebei; $10: unknown; S11: unknown; $12:
Hebei; and S13: Anhui) (Figure 7). The saponins (11, 13, 14,
and 16) were the major constituents among the nine com-
pounds analysed and they showed relatively high variations
(Table 5). Compound 11 was the most abundant among the
nine compounds and was also recording high variations
(426.16-13056.45 pg/g). This high degree of contents variabil-
ity among the thirteen samples from different geographical
locations could be due to various factors such as geographical
source, climate, harvest time, and storage condition.

4. Conclusion

The two different LC/MS methods of analyses could be
used for the rapid profiling and determination of major
constituents from E. prostrata. The qualitative and quantita-
tive methods could also be reliable tools for quality control
analyses.
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