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ABSTRACT: Kaixin Powder (KXP) is a classic formula for treating
morbid forgetfulness in ancient China. To guarantee the efficacy and
safety of KXP, a simple and accurate HPLC−DAD method has been
established and validated for the quantitative analysis of seven
bioactive compounds in KXP. Dehydrotumulosic acid (DTU) and
dehydrotrametenolic acid (DTR) were quantified in KXP for the first
time. Good chromatographic separation was conducted on a Kromasil
100-5 C18 column (250 mm × 4.6 mm, 5 μm) by gradient elution
using mobile phases containing acetonitrile and 0.1% formic acid
aqueous solution at different detection wavelengths. The calibration
curves of each compound showed good linearity (r ≥ 0.9990), and the
LOD and LOQ were in the ranges of 0.01−0.10 and 0.03−0.40 μg/
mL, respectively. The relative standard deviations (RSDs) of intra-day
and inter-day precisions were in the ranges of 0.45−1.74% and 0.56−
2.32%, respectively. All recoveries were in the range of 93.6−105.5% with an RSD no more than 2.77%. These quantification results
of seven compounds determined in the samples were further confirmed by HPLC−QTOF-MS/MS. This study provides a useful and
simple method for analyzing the major bioactive compounds and improves the quality assessment research of KXP.

1. INTRODUCTION
Kaixin Powder (KXP) is a well-known formula for treating
morbid forgetfulness in ancient China. Modern pharmaco-
logical research shows that KXP could significantly ameliorate
the cognitive deficit symptoms and decrease the Aβ level in the
hippocampus.1−3 To guarantee the efficacy of KXP, the quality
evaluation of bioactive compounds contained in KXP is
indispensable and significant.
KXP is comprised of Ginseng Radix et Rhizoma (the roots

and rhizomes of Panax ginseng C. A. Mey.), Polygalae Radix
(the roots of Polygala tenuifolia Willd.), Poria (the sclerotium
of Poria cocos (Schw.) Wolf), and Acori Tatarinowii Rhizoma
(the rhizomes of Acorus tatarinowii Schott) at a weight ratio of
1.3%:1.3%:64.9%:32.5%.4 Triterpene acids, volatile oils,
xanthones, oligosaccharide esters, and saponins5,6 are repre-
sentative bioactive compounds and the material basis in KXP
and all the above compounds are also the key ones in our
experiment.
Literature research showed that several quantitative

analytical methods about KXP have already been estab-
lished.7−9 Nevertheless, these methods mainly focused on
quantifying the compounds from Ginseng Radix et Rhizoma
and Polygalae Radix in KXP and neglected the bioactive ones
in the other two herbs Poria and Acori Tatarinowii Rhizoma.
Even though one method has detected the compounds from
Poria, only one triterpene acid (pachymic acid) was selected as
a quality marker of KXP.4 In our opinion, due to the high ratio

of Poria and Acori Tatarinowii Rhizoma in KXP, their
compounds are highly essential and representative in reflecting
the quality of KXP. More triterpene acids and volatile oils
should be detected to realize the comprehensive quality of
KXP. Herein, a new and straightforward high-performance
liquid chromatography with a diode array detector (HPLC−
DAD) method has been established and validated for
simultaneous quantitative analysis of seven bioactive com-
pounds in KXP including three triterpene acids (dehydrotu-
mulosic acid (DTU), pachymic acid (PAC), and dehydro-
trametenolic acid (DTR)), two volatile oils (α-asarone (AAS)
and β-asarone (BAS)), one xanthone (polygalaxanthone III
(POL)), and one oligosaccharide ester (3,6′-disinapoyl sucrose
(DISS)). Among them, DTU and DTR were quantified in
KXP for the first time. In addition, due to the complicated
matrix of KXP, it is insufficient to identify the peaks of target
analytes in the sample chromatogram only by comparing to the
retention time of reference standards. Therefore, for obtaining
more reliable quantitative results, the samples were also
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analyzed using a high-performance liquid chromatography
coupled with quadrupole time-of-flight tandem mass spec-
trometry (HPLC−QTOF-MS/MS) method for further con-
firmation. This study provides a useful method for analyzing
the major pharmacodynamic compounds and improves the
quality assessment method of KXP.

2. RESULTS AND DISCUSSION

2.1. Selection of Quality Markers of KXP. For the
comprehensive quality evaluation of KXP, seven compounds,
including DTU, PAC, DTR, AAS, BAS, POL, and DISS, were
selected as quality markers. The chemical structures of these
reference standards are shown in Figure 1. DTU, PAC, and
DTR are three major bioactive triterpene acids in Poria, and
they were usually selected as quality markers in the quality
evaluation of Poria10,11 and formulation containing Poria.12

Especially, PAC has been reported to induce autophagy
concerning the IGF-1 signaling pathway in the aged cells13 and
autophagy is closely related to the pathogenesis of AD.14

Similarly, the major bioactive compounds in Acori Tatarinowii
Rhizoma are volatile oils, among which AAS and BAS are two
representative and indispensable compounds in the quality

evaluation of Acori Tatarinowii Rhizoma.15 Both AAS and BAS
could ameliorate learning and memory abilities in AD rats.16

POL and DISS, the main xanthone and the main
oligosaccharide ester in Polygalae Radix, respectively, are
specified as the content determination compounds of Polygalae
Radix in the Pharmacopoeia of the People’s Republic of China
(2020 edition17). The previous reports indicated that POL and
DISS exerted antidepressant-like effects18,19 and neuroprotec-
tive effects.20 In addition, saponins, main bioactive compounds
of Polygalae Radix, were also chosen as target compounds of
KXP at the beginning of our experiment; however, they could
not be detected by HPLC−DAD due to their quite low ratio in
the formulation and weak ultraviolet absorption. Thus,
saponins were not selected as quality markers of KXP, and
they could be further analyzed by the UPLC−MS/MS method
with higher resolution and lower detection limit.21

2.2. Optimization of HPLC Conditions. The HPLC
conditions, involving the chromatographic column, mobile
phase system, elution procedure, and detection wavelength,
were improved to realize the good separation and high
sensitivity of the seven target compounds in KXP. By
comparing different columns, a Kromasil 100-5 C18 column
was selected because peak shapes and the separation efficiency

Figure 1. Chemical structures of seven bioactive compounds in KXP.
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of the seven compounds were more satisfactory. Methanol,
acetonitrile, and a variety of modifiers (including formic acid
and phosphoric acid) were investigated for realizing better
elution, and acetonitrile and formic acid aqueous solution were
selected as mobile phases. Then, different concentrations of
formic acid were compared, and 0.1% was more appropriate
with a better peak shape. In addition, given that the fourth
analytical peak (i.e., AAS) was hard to separate from the peak
on the left, the flow rate was reduced from 1.00 mL/min to
0.80 mL/min, and the elution time of the low proportion of
acetonitrile was prolonged to promote the separation of AAS.
Then, to reduce the running time and improve the detection
efficiency, the proportion of acetonitrile in the mobile phase
was increased rapidly to shorten the elution time of low-
polarity compounds. Moreover, according to the absorption
characteristics of these seven compounds in the UV spectra,
four UV wavelengths were chosen for detection, including 203
nm (PAC), 242 nm (DTU and DTR), 257 nm (AAS and
BAS), and 320 nm (POL and DISS).
2.3. Optimization of Extraction Conditions. Ethanol is

commonly used as an extraction solvent of TCM, and the
ethanol extract of KXP was proved to exert neuroprotective
and antidepressant effects on animal models.22,23 Therefore,
ethanol was selected to extract the samples of KXP. To extract
the compounds more efficiently, several concentrations of
ethanol solutions (from 50 to 100%) were compared, and the
optimal proportion of ethanol was found to be 70%, which
produced more peaks with higher responses. In addition, for
the HPLC analysis, the concentrations of methanol were also
optimized, and the optimized preparation condition was to
extract the dry extract with 80% methanol by ultrasonication at
room temperature for 30 min.
2.4. Method Validation. The typical chromatograms of

reference standards and KXP samples are presented in Figure
2, and the magnified HPLC spectra of Figure 2b for other six
compounds are shown in Figure S1 of the Supporting
Information. Each peak of target compounds in the KXP
sample chromatogram did not interfere with other peaks. The
resolutions and tailing factors of chromatographic peaks are
shown in Table S1 of the Supporting Information, and the
values met the requirements of FDA guidelines for validation
of chromatographic methods, indicating that the developed
HPLC−DAD method had good selectivity.
The calibration curves with the regression equation, linear

range, correlation coefficients (r), LOD, and LOQ of seven
target compounds are listed in Table 1, and calibration curves
are shown in Figure S2 of the Supporting Information. The
calibration curves of seven reference standards showed good
linearity with r no less than 0.9990 within their respective
concentration ranges. The results of LOD and LOQ were in
the ranges of 0.01−0.10 and 0.03−0.40 μg/mL, respectively.
As shown in Table 2, the RSDs of the intra-day and inter-

day precisions were no more than 1.74 and 2.32%, respectively.
The RSD of repeatability was no more than 1.84%. In the
stability evaluation, RSD was no more than 1.73%, indicating
the good stability of the established method. As shown in
Table 3, the recovery of sample preparation was acceptable in
the range of 93.6−105.5%, and RSD was no more than 2.77%.
2.5. HPLC−QTOF-MS/MS Confirmation. For further

confirming the peaks of seven target compounds in the sample
chromatograms, the KXP samples were also analyzed with the
HPLC−QTOF-MS/MS method. The accurate masses of
quasi-molecular ions and major fragment ions are shown in

Table 4, and the MS/MS spectra are shown in Figure 3a−g.
The results showed that the calculated error values between
measured and theoretical values of accurate masses were all in
the range of ±5 ppm. In addition, the fragmentation
characteristics of seven identified compounds were the same
as described in the previous reports.24−2728

POL (peak 1, 18.2 min) showed a major molecular ion at
m/z 567.1124 [M − H]−, indicating the molecular formula of
C25H28O15. In Figure 3a, fragment ions at m/z 345.0496 and
315.0382 were generated by the cleavage of the cross ring,
which were consistent with the data in the previous
literature.24,25

DISS (peak 2, 27.8 min) showed an [M − H]− ion at m/z
753.1972, indicating the molecular formula of C34H41O19. In
the MS/MS spectrum (Figure 3b), fragment ions at m/z
547.1507 and 205.0508 were assigned as [M − H − sinapic
acid]− and [sinapic acid − H − H2O]−, respectively.
Therefore, peak 2 was identified as DISS.24,25

The isomers BAS (peak 3, 54.4 min) and AAS (peak 4, 56.6
min) had the same molecular formula of C12H16O3, and BAS
was eluted earlier than AAS due to higher polarity. AAS and
BAS produced [M + H]+ ions at m/z 209.1146 and 209.1173
in the positive mode, respectively. As shown in Figure 3c,d, the
m/z 194 [M + H − CH3]

+ ion and the m/z 179 [M + H −
2CH3]

+ ion were due to the loss of the methyl group. The
fragmentation characteristics were the same as previously
reported.26

DTU (peak 5, 68.1 min) presented a precursor ion at m/z
483.3258 [M − H]−. In Figure 3e, the m/z 437.3209 [M − H
− HCOOH]− ion and the m/z 421.2962 [M − H − COOH −
OH]− ion resulted from the loss of COOH or OH. In addition,
a fragment ion at m/z 295.1683 [M − H − 2CH3 −
C9H15O2]

− was derived from the loss of side chain (C9H15O2)

Figure 2. HPLC−DAD chromatograms of KXP. (a) HPLC−UV
chromatograms of seven major mixed standards; (b) HPLC−UV
chromatogram of KXP samples: POL (1), DISS (2), BAS (3), AAS
(4), DTU (5), PAC (6), and DTR (7).
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on the D ring and two methyl substituents. The fragmentation
characteristics were the same as previously reported.27

For PAC (peak 6, 81.5 min), a precursor ion was observed at
m/z 527.3577 [M − H]−. In Figure 3f, the fragment ion with
an m/z value of 465.3185 was derived from the loss of the
hydroxyl group (−OH) and the carboxyl group (−COOH),
and the fragment ion at m/z 405.2962 was generated from the
consequent loss of CH3COOH, COOH, and a single
equivalent of H2O. The fragmentation characteristics were
the same as previously reported.27

DTR (peak 7, 90.2 min) showed a precursor ion at m/z
455.3325 [M + H]+, indicating a molecular formula of
C30H46O3. In Figure 3g, product ions with m/z values of
437.3260 [M + H − OH]+ and 295.2185 [M + H − H2O −

C8H13O2]
+ were respectively designated to the loss of the

hydroxyl group and the side chain (C8H13O2) in the D ring,
which were similar to a previous report.28

In summary, the seven target compounds in KXP were
further identified according to the extract mass information
and fragmentation characteristics obtained by HPLC−QTOF-
MS analysis.

2.6. Sample Determination. The established and
validated HPLC−DAD method was applied to determine
seven bioactive compounds in three batches of KXP, including
POL, DISS, AAS, BAS, DTU, PAC, and DTR. Each sample
was triple-analyzed, and mean contents of each compound are
presented in Table 5. The results of sample determination
indicated that the contents of DISS, AAS, BAS, DTU, and
PAC in KXP samples were higher, while the contents of POL
and DTR were quite low. The contents of these compounds
were affected not only by the content of each compound
contained in the original medicinal material but also by the
compatibility ratio of each medicinal material in KXP.
Although POL and DTR were low in content, they may also
contribute to the material basis for the efficacy of KXP.
Additionally, the contents of seven bioactive compounds in
three batches of KXP samples were compared with GraphPad
Prism v6.0 software by one-way analysis of variance (ANOVA)
followed by Tukey’s multiple comparison test, and the results
showed that there were no significant differences (p <0.05)
among different batches and the quality of KXP was stable.

3. CONCLUSIONS

In this study, a reliable and accurate HPLC−DAD method has
been established and validated to simultaneously quantify
seven bioactive compounds in KXP for the first time, including
POL, DISS, AAS, BAS, DTU, PAC, and DTR. Moreover, the
samples were further analyzed using the HPLC−QTOF-MS/
MS method to further confirm the identification results of each
target compound. However, saponins had not been detected in
samples by HPLC−DAD because of low content and poor
ultraviolet absorption. Therefore, in upcoming research, we
intend to utilize a sensitive and fast LC−MS/MS method to
analyze more compounds in KXP for the establishment of a

Table 1. Linearity, LOD, and LOQ of Seven Bioactive Compounds in KXP

compound regression equation r linear range (μg/mL) LOD (μg/mL) LOQ (μg/mL)

POL y = 28.35x − 0.477 0.9998 0.20−10.0 0.05 0.10
DISS y = 33.44x + 16.31 0.9990 0.60−60.0 0.01 0.03
AAS y = 129.6x + 19.71 0.9999 1.00−50.0 0.10 0.20
BAS y = 89.86x − 92.17 0.9999 4.00−200 0.08 0.20
DTU y = 26.97x + 31.52 0.9999 1.00−100 0.10 0.40
PAC y = 16.53x + 13.46 0.9999 1.00−200 0.10 0.40
DTR y = 50.32x − 6.340 0.9997 0.20−10.0 0.05 0.10

Table 2. Precision, Repeatability, Stability, and Accuracy of
Seven Bioactive Compounds in KXP (n = 6)

precision

compound
intra-day
RSD (%)

inter-day
RSD (%)

repeatability
RSD (%)

stability
RSD (%)

POL 1.74 1.00 1.25 1.18
DISS 1.20 2.32 1.84 1.62
AAS 0.98 1.36 1.00 1.23
BAS 0.45 1.98 0.80 0.36
DTU 1.61 0.56 0.65 1.73
PAC 1.00 1.30 0.78 1.16
DTR 0.92 1.32 0.84 1.55

Table 3. Recovery of Seven Bioactive Compounds in KXP
(n = 6)

compound

initial
amount
(μg)

spiked
amount
(μg)

detected amount
(μg, mean ± SD)

recovery
(%)

RSD
(%)

POL 0.75 0.75 1.47 ± 0.01 96.8 2.03
DISS 8.54 8.50 17.5 ± 0.19 105.5 1.94
AAS 7.97 8.00 16.1 ± 0.20 100.8 2.34
BAS 83.9 80.0 166 ± 1.61 102.5 2.77
DTU 24.4 24.0 49.5 ± 0.17 104.5 1.62
PAC 34.1 34.0 65.9 ± 0.50 93.6 1.57
DTR 0.96 0.96 1.91 ± 0.01 99.2 0.86

Table 4. Mass Data and Major Fragments of the Seven Bioactive Compounds in KXP Acquired by HPLC−QTOF-MS

compound RT (min, mean ± SD) formula theoretical mass (m/z) measured mass (m/z) error (ppm) major fragments (m/z)

POL 18.2 ± 0.10 C25H28O15 567.1350 567.1124 −2.47 345.0496, 315.0382
DISS 27.8 ± 0.05 C34H42O19 753.2242 753.1972 −3.72 547.1504, 205.0407
AAS 56.6 ± 0.05 C12H16O3 209.1178 209.1146 1.91 194.0922, 179.0697
BAS 54.4 ± 0.05 C12H16O3 209.1178 209.1173 0.48 194.0949, 179.0722
DTU 68.1 ± 0.05 C31H48O4 483.3474 483.3258 −1.45 421.2962, 295.1683
PAC 81.5 ± 0.10 C33H52O5 527.3737 527.3577 2.28 465.3185, 405.2962
DTR 90.2 ± 0.20 C30H46O3 455.3525 455.3325 1.10 437.3260, 295.2185
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more effective quality evaluation method. In a word, this study
improved the comprehensive quality evaluation standard of
KXP to some extent, which will be helpful to guarantee the
effectiveness and facilitate a further study of the pharmacoki-
netics and pharmacological mechanism of KXP.

4. MATERIALS AND METHODS

4.1. Chemicals and Reagents. Chinese herbs Ginseng
Radix et Rhizoma (lot number: 20120523), Poria (lot number:
17111504), and Acorus Tatarinowii Rhizome (lot number:
17110103) were obtained from Beijing Nengji Chinese
Medicine Pieces Co. Ltd. (Beijing, China); Polygalae Radix
(lot number: 16080803) was purchased from Beijing Minghui
Hengtong Pharmaceutical Co. Ltd. (Beijing, China). The
above four herbs were authenticated by Associate Professor Jia
Li (School of Traditional Chinese Medicine, Capital Medical
University).
Reference standards of DISS (purity, 98%), DTU (purity,

98%), PAC (purity, 97%), and DTR (purity, 98%) were
obtained from Shanghai Yuanye Biotechnology Co. Ltd.
(Shanghai, China), POL (purity, 97.8%) and BAS (purity,
98%) were acquired from China National Institutes for Food
and Drug Control (Beijing, China), and AAS (purity, 98%)

Figure 3. MS/MS spectra of seven bioactive compounds in KXP: POL (a), DISS (b), AAS (c), BAS (d), DTU (e), PAC (f), and DTR (g).

Table 5. Contents of Seven Bioactive Compounds in KXP
Determined by HPLC−DAD (Mean ± SD, μg/g, n = 3)

content (μg/g)

compound batch 1 batch 2 batch 3

POL 9.28 ± 0.17 8.87 ± 0.10 9.02 ± 0.06
DISS 102 ± 1.80 107 ± 0.68 108 ± 1.07
AAS 97.1 ± 0.58 99.2 ± 1.43 98.8 ± 0.52
BAS 1033 ± 13.94 1044 ± 11.25 1037 ± 1.99
DTU 298 ± 1.71 292 ± 2.80 291 ± 0.62
PAC 410 ± 5.43 422 ± 1.14 419 ± 4.22
DTR 11.7 ± 0.17 11.8 ± 0.19 11.6 ± 0.17
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was obtained from Chengdu Push Bio-technology Co. Ltd.
(Chengdu, Sichuan, China).
HPLC-grade acetonitrile was provided by Thermo Fisher

Scientific Co. Ltd. (Waltham, Massachusetts, USA). Pure water
was obtained from Hangzhou Wahaha Group Co. Ltd.
(Hangzhou, Zhejiang, China). Ethanol, methanol, and formic
acid were all of analytical grade and were acquired from Beijing
Chemical Works (Beijing, China).
4.2. HPLC−DAD Analysis Conditions. Chromatographic

analysis was developed on an Agilent 1260 Infinity LC system
(Agilent Technologies, USA) with a diode array detector, an
autosampler, a quaternary pump, and a thermostatic column
oven. All separations were achieved on a Kromasil 100-5 C18
column (250 mm × 4.6 mm, 5 μm). Acetonitrile (A) and 0.1%
formic acid aqueous solution (B) were used as mobile phases,
and the linear gradient elution was applied as follows: 0−15
min, 15% A; 15−30 min, 15−35% A; 30−60 min, 35−60% A;
60−67 min, 60−80% A; 67−85 min, 80% A; 85−90 min, 80−
95% A; 90−100 min, 95%A; 100−100.1 min, 95−15% A;
100.1−110 min, 15% A. The other parameters were as follows:
flow rate, 0.8 mL/min; column temperature, 35 °C; injection
volume, 20 μL. Also, the detection wavelengths were 203 nm
(PAC), 242 nm (DTU and DTR), 257 nm (AAS and BAS),
and 320 nm (POL and DISS) where the analyzed compounds
had their maximum response of ultraviolet spectrum,
respectively.
4.3. HPLC−QTOF-MS/MS Analysis Conditions. For

further confirming the peaks of seven target compounds in
the sample chromatograms, the KXP samples were also
analyzed using the HPLC−QTOF-MS/MS method. The
HPLC apparatus was equipped with a micrOTOF-Q MS
(Bruker, Germany) using an electrospray ionization (ESI)
source. The HPLC conditions were implemented as above,
and mass spectrometry ran in both positive and negative ESI
modes. The parameters of mass spectrometry were set as
follows: mass range, 50−2000 Da; drying gas flow rate, 8.0 L/
min; drying gas temperature, 180 °C; nebulizer, 0.8 bar;
capillary, 4500 V; fragmentation voltage, 130 V; collision
energy, 15−50 V. Also, the data acquisition and analysis were
performed on Bruker Compass DataAnalysis 4.0 (Bruker,
Germany).
4.4. Preparation of Standard Solutions. Accurately

weighed amounts of seven standards were prepared to stock
standard solutions by dissolving in a certain volume of
methanol separately. Then, the stock standard solutions were
combined into one standard solution and the concentration of
each standard was as follows: 0.4 mg/mL for BAS, 0.2 mg/mL
for DTU and PAC, 0.05 mg/mL for DISS and AAS, and 0.01
mg/mL for POL and DTR.
4.5. Preparation of Sample Solutions. The four herbs of

KXP were crushed and sifted through a 24-mesh sieve. Then,
the powder was mixed together with 1 g of Ginseng Radix et
Rhizoma, 1 g of Polygalae Radix, 50 g of Poria, and 25 g of
Acori Tatarinowii Rhizoma and refluxed two times in 10-fold
70% ethanol (1:10, w/v) at 150 °C for 2 h. Next, the extracts
were filtered and evaporated to dryness under vacuum. The dry
extracts were stored at 4 °C. For the HPLC analysis, 0.5 g of
KXP extract (equal to 3.28 g of crude drugs) was weighed and
extracted in 20 mL of 80% methanol by ultrasonication
(power: 500 W; ultrasonic frequency: 40 kHz) for 30 min.
Then, the extraction solution was filtered with 0.22 μm
membranes.

4.6. Method Validation. 4.6.1. Calibration Curves, LOD,
and LOQ. The calibration curves were carried out by analyzing
a series of standard solutions, which were obtained by diluting
the stock standard solutions into an appropriate concentration
with methanol. The linear calibration curves for seven
compounds were calculated with at least six different
concentrations of standard solutions by plotting peak areas
(y) versus the corresponding concentrations (x), and the linear
regression equation and correlation coefficient (r) of each
compound were obtained. The limit of detection (LOD) and
limit of quantification (LOQ) of seven compounds were
separately determined by the concentrations of diluted
standard solutions at the signal-to-noise (S/N) ratios of 3:1
and 10:1.

4.6.2. Precision, Repeatability, and Stability. Intra-day and
inter-day precisions were determined by analyzing one
standard solution mixture for six times in 1 day and in 3
consecutive days, respectively. The peak area of each
compound in six samples was recorded, and the results of
RSD were calculated as the intra-day and inter-day precisions.
The repeatability was determined by the analysis of six

samples of KXP prepared according to the preparation
procedure of sample solutions. The peak area of each
compound in six samples was recorded and the results of
RSD were calculated.
The stability was evaluated by determining one sample

solution at 0, 2, 4, 8, 12 and 24 h after initial storage at room
temperature. The peak area of each compound in the sample at
six time points was recorded and the results of RSD were
calculated.

4.6.3. Accuracy. To ensure the accuracy of the quantitative
analysis method, the recovery test was carried out by adding
accurate amounts of seven reference standards (100% of the
initial amount of each compound in the KXP sample) to KXP
samples of known concentration with six replicates. Then, the
mixture was prepared and analyzed using the established
method. The spike recoveries were calculated by the formula as
follows: spiked recovery (%) = (detected amount − initial
amount)/spiked amount × 100%. Then, the average of
recoveries and the RSD of six replicates were calculated.

4.7. HPLC−QTOF-MS/MS Confirmation. Due to the
complexity system of KXP, all samples were also analyzed by
HPLC−QTOF-MS/MS to further confirm that the identified
peaks in the sample chromatogram indeed represented the
determined compounds. Specifically, the reliability of the
results was verified by comparing the exact molecular weight of
precursor ions and the characteristics of fragment ions of the
reference standards and the samples.
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