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Abstract

Ji-Ming-Shan (JMS) is a traditional prescription use for patients with rheumatism, tendons swelling, athlete's foot,
diuresis and even gout. This study developed a rapid and sensitive method for the analysis of JMS chemical components
in the Traditional Chinese medicine (TCM) prescription and in the serum samples of rats which were administered with
the herbal extract. Two mass spectrometric approaches were used namely Ultra-performance liquid chromatography-
quadrupole time-of-flight-mass spectrometry (UPLC-Q-TOF-MS) method for the major metabolites of the JMS extract
while Ultra-performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) was employed for the
detection of the JMS metabolites in the sera of rats. It was revealed that the major components in the JMS extract were
identified to be narirutin and hesperidin. It was confirmed that 17 compounds were determined in JMS prescription
extract and 16 metabolites resulting from the biotransformation of narirutin and hesperidin were identified in the serum
samples. In silico analyses also revealed that the metabolite hersperidin-7-glucoside exhibited the best binding ability
with respect to the Cyclooxygenase-2 (COX-2) enzyme target. This study showcased the possible biochemical mechanism
involved in the therapeutic efficiency of JMS components and their biotransformation products.

Keywords: Hesperidin, Ji-Ming-Shan, Narirutin, UPLC-MS/MS, UPLC-Q-TOF-MS

1. Introduction

T raditional Chinese medicine (TCM) has created
a landscape for the healthcare of many Asian
people from different countries for a span of thou-
sands of years [1]. TCM prescriptions have vast ap-
plications for many diseases but remains poorly
understood in the scientific community because of
insufficient evidence [2]. Several herbal components

are typical in a TCM prescription and the need to
elucidate their therapeutic mechanism in solitude or
in combination with other components remain chal-
lenging [3]. Currently, the authenticity of the herbal
medicine including their major components are
documented in a database called Traditional Chinese
Medicine Integrated Database or TCMID [4].

One popular TCM prescription is Ji-Ming-Shan
(JMS) which has been extensively used for patients
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with rheumatism, tendon swelling, foot pain, ath-
lete's foot, diuresis, and gout [5—8]. JMS is composed
of seven herbs which are: Areca cathechu Burm.f,
Citrus reticulata Blanco, Chaenomeles speciosa (Sweet)
Nakai, Euodia ruticarpa (A. Juss.) Benth.,, Perilla fru-
tescens (L.) Britton, Zingiber officinale Roscoe, Platyco-
don grandiflorus (Jacq.) A.DC. Generally, this herbal
prescription has been widely used for the treatment
of inflammatory responses of the body [8].

Acute or chronic inflammation in the human body
is brought about by a complex cascade of molecular
and cellular events following an exposure from a
noxious stimulus. Consequently, local tissue or sys-
temic response can occur because of the many cas-
cades of biochemical inflammatory reactions [9,10].
Inflammation is now identified as the key player for
the development of diseases such as diabetes, cancer,
cardiovascular diseases, autoimmunity, and even
arthritis [11]. In the case of rheumatism, pre-clinical
studies indicate that pro-inflammatory chemical
factors produced by the chondrocytes, synovium,
and other surrounding tissues play an important role
in the inflammation leading to the disease [12].
Prostaglandins formed from arachidonic acid via the
enzyme cyclooxygenase 2 (COX-2) plays a key role in
their synthesis [13,14].

Another important study known as pharma-
cochemistry is an emerging field that uses a variety
of modern instruments and tools for the separation
and identification of potential functional compo-
nents in serum [15,16]. Two important mass spec-
trometric tools are relevant for the rapid detection of
TCM components. Ultra-high performance liquid
chromatography-quadrupole  time-of-flight-mass
spectrometry (UPLC-Q-TOF-MS) mass spectrom-
etry offers high accurate relative molecular mass
detection while the triple quadrupole mass spec-
trometry (UPLC-MS/MS) demonstrate high sensi-
tivity and high accuracy for the acquisition of
molecular masses of the metabolites [16,17]. The
instrumental designs limit their application where
UPLC-Q-TOF-MS finds suitability for the mea-
surement of relative molecular masses and conve-
nience of usage is demonstrated in UPLC-MS/MS
for pharmaceutical analysis [18—20]. With this so-
phisticated instrumentation, our study aims to
analyze serum samples of animal models which are
orally administered with the TCM prescription JMS.

Currently, biochemical mechanisms involved in
the therapeutic efficacies of JMS have not been
established in the scientific literature. This study
aims to develop a rapid and innovative mass spec-
trometry platform for studying JMS in vivo. UPLC-
Q-TOF-MS mass spectrometry was use for the
identification of components in the herbal

prescription while the major metabolites of JMS in
rat plasma was detected using a tandem mass
spectrometric approach (UPLC-MS/MS). These
serum metabolites were further verified by bioin-
formatics approaches such as molecular docking
(MD) and Structure—Activity Relationship (SAR) to
investigate the binding affinity and other in-
teractions with respect to the protein target. This
study can provide scientific insights on how JMS
exert its therapeutic benefit to patients.

2. Materials and methods

2.1. Chemicals and reagents

Standards including hesperidin, narirutin were
purchased from ChemFaces Co. Ltd. (Wuhan,
China), and their purities were not lower than 99%
according to HPLC analysis. Formic acid was pur-
chased from (Merck, Germany). Chromatographic
reagent Methanol (Merck, Germany) and acetoni-
trile (Merck, Germany) were used for LC/MS anal-
ysis. Deionized Water was purified by Milli-Q
purification system (Millipore, MA, USA). All other
chemical regents were of analytical grade.

2.2. Plant materials

The plant prescription is according to the Ministry
of Health and Welfare each contained A. cathechu
(8 g), Citrus reticulata (5 g), C. speciosa (5 g), E. ruti-
carpa (1.5 g), P. frutescens (1.5 g), Z. officinale (2.5 g), P.
grandiflorus (2.5 g) all the herbals were obtained
from Sun Ten Pharmaceutical Co., Ltd. and the
quality were identified by Herbiotek CO., LTD.

2.3. Sample preparation and extraction

The prescription is in accordance with the Min-
istry of Health and Welfare. The Ji-Ming-Shan
prescription contained seven herbs A. cathechu, Cit-
rus reticulata, C. speciosa, E. ruticarpa, P. frutescens, Z.
officinale, Platycodon grandifloras. All the medicinal
herbs were crashed and immersed in 95% ethanol
(obtained from echo chemical Co., Ltd.) through the
ratio of 1:20 under reflux extraction at 80 °C for 2 h
per twice run. The twice liquid extract was com-
bined used rotary evaporator to dry the extract.

2.4. Instrumentation and conditions

2.4.1. UPLC-Q-TOF-MS analysis condition

The chromatographic separation of the samples
was performed on Waters SYNAPT G2-Q-TOF and
ACQUITY UPLC system. The analysis inject volume
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of serum sample was 5 pL for the separation on
ACQUITY UPLC™ HSS T3 (100 mm x 2.1 mm id,
1.8 pm) (Waters Group, USA), the flow rates were
0.3 mL/min and the column temperature was set at
40 °C. The mobile phase was composed of acetoni-
trile (A) and hyper-pure water (B), and gradient
elution was set as follows: 0—1 min, 5 to 5% (A),
1-30 min, 5—100% (A), 30—33 min, 100 to 100% (A),
33—33.1 min, 100 to 5% (A), 33.1—35 min, 5 to 5% (A),
positive mode containing 0.1% v/v formic acid,
negative mode containing 10 mM ammonium ace-
tate in mobile phases. In continuum mode at
arrange from 50 to 1800 Da. Maximum MS/MS
number of the selected for a single MS scan are 5
ions. The collision energy is ramp mode. The lock-
mass of leucine enkephalin in both ion mode [M +
H]" = 556.2771, [M—H]" = 554.2615 was used to
monitor the accurate mass calibration during MS
data acquisition.

2.4.2. UPLC—MS/MS conditions

The UPLC-MS/MS system consisting of ACQ-
UITY UPLC and Waters Xevo Triple Quadrupole
Mass Spectrometry (Waters Group, USA). The
chromatographic separation was achieved on the
ACQUITY UPLC™ HSS T3 (100 mm x 2.1 mm id,
1.8 pm) (Waters Group, USA), the flow rates were
set as 0.3 mL/min and the column temperature was
set at 40 °C. The mobile phase was composed of
acetonitrile (A) and hyper-pure water (B), and
gradient elution was set as follows: 0—0.1 min, 5 to
5% (A), 0.1—-8 min, 5—100% (A), 8—9 min, 100 to
100% (A), 9—9.1 min, 100 to 5% (A), 9.1.10 min, 5 to
5% (A), containing 0.1% v/v formic acid in mobile
phases. And each injection volume was 5.0 pL. The
mass spectrometer was operated in negative mode
for oxacillin (IS), hesperidin, narirutin. Quantifica-
tion was obtained using multiple reaction moni-
toring (MRM) mode in negative MS/MS scan mode.
The optimal MS parameters were as follows: Inter-
face ESI, Desolvation Temperature of 450 °C; Dis-
olvation gas glow: 900 L/Hr; Cone 150 L/h. MS/MS
operating conditions were optimized by infusion of
the standard solution with internal standard
oxacillin (200 ng/mL) of each injection into the ESI
source via a syringe pump. The optimal MRM pa-
rameters for these compounds are shown as Table 1.

2.5. In vitro and in vivo study of JMS-95E
components

2.5.1. Animals and housing

Male Wistar Rats (200—250 g) were housed indi-
vidually in polycarbonate cages in an environmen-
tally controlled room at 25 + 1 °C with a 12-h day

Table 1. MRM detection in negative mode and parameters for the 2
compounds and IS.

Components Precursorion Cone Collision Production
energy (eV)

Narirutin 579.15 48 25 150.88; 270.97

Hesperidin ~ 609.15 18 25 310.01; 324.99

Oxacillin (IS) 399.79 10 24 173.71; 216.55

and night cycle. The animal facilities and protocols
were approved by the local ethics committee of
Taipei Medical University with Approval No (LAC-
2020-0208). All the animal experiments were fol-
lowed with accordance of the Guide for the Care
and Use of laboratory Animals of the National In-
stitutes of Health with the Publication No. 85—23.

2.5.2. Animal biological sample collection and
preparation

After oral administration the JMS-95E they were
transferred to and housed in rat holder (rodent re-
straint) for continuous 8 h studied. The plasma
sample was added in MeOH in a ratio of 1:3 and
vortexed for 5 min. The mixture was centrifuged at
4500 rpm at 4 °C for 10 min, and the supernatant
was transferred to another Eppendorf and evapo-
rated to dryness after redissolved in 200 pL of 100%
MeOH filter for UPLC-Q-TOF-MS analysis.
Throughout the study all individual animals were
handled approximately 5 min every day.

2.6. Constituent and metabolite analysis

The UPLC-MS data for the JMS and continuous
collected serum samples were normalized after
imported to Progenesis QI software (Waters Cor-
poration) to chromatographic peak detection and
auto-alignment, after all the data was applied to
identify functional compound with self-create
database (343 data sheets) from seven herbals,
HMDB, Chemspider and Metlin databases.

2.7. Validation of the method using UPLC-MS/MS

2.7.1. Preparation of calibration curve standards and
quality control samples

The stock solutions of the mixed standards were
prepared in methanol with the concentrations of
hesperidin (500 pg/ml), narirutin (500 pg/ml), and
oxacillin (IS) (500 pg/ml). All solutions were stored
at 4 °C. The concentrations of each analyte in stan-
dard mixture solutions were as follows: 31.25 pg/ml
for hesperidin, 31.25 pg/ml for narirutin, 200 pg/ml
for oxacillin. After, the standard mixture was diluted
to a series of concentration to 31.25, 15.62, 7.81, 3.90,
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1.95, 0.97, 0.48 ng/mL as calibration curves. All the
samples were stored at —80 °C until analysis.

2.7.2. Biological sample preparation

The rat plasma sample 200 pL were added with
MeOH in a ratio of 1:3 and vortexed for 5 min. The
mixture was centrifuged at 4500 rpm at 4 °C for
10 min, and the supernatant was transferred to
another Eppendorf tube and evaporated to dryness,
redissolved in 200 pL of 100% MeOH and filtered for
UPLC-MS/MS analysis.

2.7.3. Method validation

This method was validated according to the cur-
rent FDA Bioanalytical Method Validation Guidance
[21]. The following parameters were determined:
specificity, selectivity, precision, accuracy, linearity
range, LLOQ, LOD, extraction recovery rate, matrix
effect, and stability test.

2.7.4. Specificity and selectivity

Rat blank plasma samples and samples spiked
with the IS were examined for endogenous or IS
interference. Specificity and selectivity were inves-
tigated by comparing the chromatograms of six in-
dividual batches of the rat blank plasma samples,
plasma samples were added with the 2 analytes and
IS, and plasma samples 60 min after oral adminis-
tration of JMS.

2.7.5. Linearity parameters

To measure the linearity ranges, a series mixed of
the standard solutions (seven concentrations) were
prepared in triplicate. Each calibration curve
(y = ax + b) was calculated by plotting the peak area
ratio of analyte (y) to IS against the plasma con-
centration (x) of the analytes with a weighted (1/x)
least square linear regression. The limit of quanti-
fication (LOQ) was conformed on the standard
concentration curve with an acceptable accuracy
(relative error < + 15%) and a precision (relative
standard deviation < + 15%) and ten times of the
background noise for LLOQ (lower limit of quanti-
fication) was required to be within +20%. The limit
of detection (LOD) was confirmed by the peak
height (relative error > + 20%) and a precision
(relative standard deviation > + 20%) and three
times of the background noise, respectively.

2.7.6. Precision and accuracy

The intra- and inter-day precisions were con-
ducted by RE, RSD, and developed by examined
three concentrations levels of standard samples.
Three samples were measured for each

concentration level on the same day and the three
continues other days, respectively. The analytic
precision was conducted as the RSD, and the accu-
racy was considered the RE of the measured average
standard deviation from each value. The acceptable
criterion for the RSD was required to be < + 15%,
and the RE was required to be < + 15%.

2.7.7. Matrix effect and recovery rate

The matrix effects were examined by compared
the peak areas of the plasma matrix added with
working standard solutions with the pure standard
solutions in solvent at the same concentrations. The
extraction recovery of the sample was calculated by
compared the peak areas of pre-extraction plasma
added standard solutions sample with the standard
solutions plasma extraction at three QC levels.

2.8. Pharmacokinetics

After oral administered of herbal prescription
blood samples were collected from the jugular vein
using dried heparinized tubes at 0, 0.083, 0.167, 0.25,
0.5, 0.75, 1, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 5.0, 6.0, 7.0, 8.0
and 24.0 h. The blood samples were then immedi-
ately centrifuged at 4500 rpm for 10 min. After the
plasma was frozen and stored at —80 °C until
analysis. The sample preparation was as 2.5.2
described for UPLC-MS/MS analysis.

2.9. Stability test

The stabilities of the 2 analytes in rat plasma was
evaluated by assaying three replicates of QC sam-
ples at low, middle, and high concentrations in
different experimental conditions: samples post-
preparation stored in auto-sampler condition for
12 h, and storage at —80 °C for 7 days. The freeze-
thaw stability was determined after the experience
of three freeze—thaw cycles (from —80 °C to room
temperature). Samples were identified as stable if
the accuracy bias was within < + 15.0% of the
nominal concentration.

2.10. In silico analysis (for COX-2:5KIR)

2.10.1. Ligand preparation

The three-dimensional structure (in sdf file) of 16
structures: HMDBO0014473 (Indomethacin), HMD
B0030747 (Hesperetin 7-glucoside)) HMDB0003265
(Hesperidin), HMDB0030748 (Hesperetin 7-neohes-
peridoside)) HMDB0029203 (Hesperetin-7-O-Glu-
curonide), HMDB0041743 (Hesperetin 3’-O-Glucu-
ronide), HMDB0240523 (Hesperetin 5-Glucuronide),
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HMDB0033740 (Narirutin), HMDB0029209 (Nar-
ingenin-7-O-Glucuronide), HMDB0041759 (Naring-
enin 4'-O-Glucuronide)) HMDB0037581 (Naring-
enin 5-O-Rhamnoside), HMDB0240547 (Naringenin
7-Sulfate), HMDBO0304071 (2-Hydroxyisoflavanone
Naringenin), HMDB0029631 (Naringenin chalcone),
HMDB0035426 ((S)-Naringenin 8-C-(2”-rhamnosyl-
glucoside)), HMDB0302091 ((2S)-Naringenin 8-C-
alpha-L-rhamnopyranosyl-(1->2)-beta-D-glucopyr-
anoside) were obtained from HMDB (https://hmdb.
cal) for docking analysis.

2.10.2. Protein preparation and validation

Proteins were obtained from Protein Data Bank
(PDB, https://www.rcsb.org/) and processed in Bio-
via Discovery studio 2022 and Pymol tools 2.5. The
binding site and X-Y-Z coordinates of COX-2 (5KIR)
[22] protein were defined in Biovia Discovery Studio
and listed in Table 2.

2.10.3. Molecular docking analysis

A Window 10 computer system with NVIDIA
GeForce RTX 3050, AMD Ryzen 5 4600H, and
16.00 GB RAM were used for performing docking
analysis on Biovia Discovery studio 2022 for anal-
ysis the LibDock score, binding ability of ligand
binding sphere and protein, two-dimensional
interaction.

2.11. Statistical analysis

All data were expressed as the mean + SD. The
plasma concentration of the investigated com-
pounds was calculated by the calibration curve. The
pharmacokinetic parameters, including Cmax (the
peak of highest drug plasma concentration), Tmax
(time to Cmax), AUC 0-t (the plasma concentration
curve area from 0 to latest time point), AUC 0—inf
(the plasma concentration curve area from 0 to in-
finity), MRT 0—inf (average residence time from 0 to
latest infinity), and t1/2 (the concentration elimina-
tion half-life) all the data were calculated by a non-
compartment model using the PKsolver. Statistical
analysis was analysis by (Software: Graph pad
Prism version-9; Excel 2019).

Table 2. Protein target for docking analysis.

Target PDB code Grid parameters of the Reference
Binding Site
coordinates size
COX-2 5KIR x = 2243 x =11 [22]
y = 27.49 y=11
z = 40.53 z=11

3. Result and discussion

3.1. Identification of in vitro JMS-95E and in vivo
serum samples constituents

3.1.1. Identification of the major components in JMS-
95E by UPLC-Q-TOF-MS

The TIC (total ion chromatogram) in both ion
modes were obtained by UPLC-Q-TOF-MS with
Masslynx 4.0 (Fig. 1A—B and Tables 3—4). The ions
of the compound are analyzed by auto pick peaking
in the form of adduct ions [M+H]", 2M + H]",
[M—H]™ and [2M—-H] . After the analysis 17 com-
pounds were determined in JMS through positive
and negative mode. 8 compounds were from Citrus
reticulata, 2 compounds were from C. speciosa, 3
compound was from E. ruticarpa, 2 compounds were
from P. grandifloras, 2 compounds were from P.
frutescens.

3.1.2. Identification of functional compounds in JMS-
95E by UPLC-Q-TOF-MS

Due to the different platforms used in the instru-
mental design, we chose UPLC-Q-TOF-MS for
qualitative and UPLC-MS/MS for quantitative ana-
lyses. In the qualitative part, we have sorted out our
in-house database system curated from several sci-
entific journals [23—33], and compared with online
databases. Serum samples were collected for
metabolite identification analysis from the TIC (total
ion chromatogram). The blank group and the drug-
administered group were determined by UPLC-Q-
TOF-MS, though Progenesis-QI of the mass and
MS/MS fragment analysis. Finally, a total of 16
compounds were determined in positive and nega-
tive mode (Fig. 2A—B and Tables 5—6). Biotransfor-
mation pathways recorded Phasel and Phase 2
products for narirutin including glucuronidation
(orange arrow), sulfation (black arrow), oxidation
(blue arrow) (Fig. 3). The hesperidin metabolism
pathway also including oxidative and glucur-
onidated product (orange arrow) and a sole glucu-
ronide (red arrow) (Fig. 4). UPLC-Q-TOF-MS with
automated data analysis for the P-QI analysis of the
major components in JMS-95E and metabolic profile
of rat plasma after oral administration result show
that a total of 16 metabolites were identified and
their characteristic fragmentations were summa-
rized in Tables 5—6 and Figs. 3 and 4. In the previous
study, 2 major compounds have been identified in
JMS prescription. A rapid and selective LC/MS/MS
method was developed for their analysis in the
plasma sample. One major component being Nar-
irutin (P5) undergoes xenobiotic biotransformation
such as oxidation, glucuronidation to naringenin,
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Fig. 1. ESI chromatogram of identified components in [MS-95E. (A) The components JMS-95E using positive mode; (B) The components JMS-95E

using negative mode.

conjugation to glucuronides (PS1, PS2, PS10, NS2,
NS3), sulfation (PS3) and oxidation to PS4. The
second major metabolite in JMS, Hesperidin (P6)
underwent oxidation and glucuronidated to hes-
peritin and Phase 2 metabolites are mainly from
glucuronidation process (PS7, NS4, NS5, NS6)
[34,35]. Flavonoids are primarily metabolized in vivo
by phase II enzymes primarily found in the liver
which includes glucosyltransferases (SbUGTs),
glucuronosyltransferases (SbUGATs) and sulfo-
transferases (SULTs) which convert parent com-
pounds to glucuronides and sulfated metabolites

[36—38]. The bioavailability of flavonoid glycosides
is quite low because of the high rate of biotrans-
formation in vivo. Therefore, the bioavailability of
flavonoid glycosides should include the xenobiotic
biotransformation metabolites [39—41].

3.2. Validation of UPLC-MS/MS method

3.2.1. Specificity

Typical chromatograms of blank, spiked plasma
and plasma sample are shown in Fig. 5A—C. Results
show that no interference was found between the
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Table 3. Identified Components of JMS-95E from positive ion mode.

Component  Classify Identification tg (Min) Detected Selected Formula Fragment Error
mass Ton Tons (m/z) (ppm)
P1 Flavonoid Narirutin 7.80 581.1867 M+ H CyyH3,014 273.0772, 271.0616, —1.51
263.0552, 147.0460
P2 Flavonoid Hesperidin 8.32 611.1966 M+ H CysH34015 303.0864, 177.0544, —2.45
263.0551, 245.0446
P3 Flavonoid Naringin 8.62 581.1874 M+ H CyyH3,014 273.0788, 457.1400 —0.30
P4 Triterpenes  Platycodin A 10.58 1267.5959 M + H Cs9Ho4O59 455.3117, 129.0525, —0.43
587.3615, 97.0268
P5 Triterpenes  Platycoside B 10.96 11355521 M + H Cs4HgsOo5 485.285, 171.0666, —1.84
85.0298, 455.3149,
P6 Flavonoid 5,6,7,3 4, 15.04 403.1395 M+ H Cy1H,,04 403.1361, 388.1163, —0.84
5'-Hexamethoxyflavone 370.1046
P7 Flavonoid 45,6, 15.05 343.1180 M+ H C19H150¢ 343.1174, 327.0830, —2.07
7-Tetramethoxyflavone 310.0870, 312.1031
P8 Flavonoid 3,3',4'5,6,7, 15.78 433.1500 M+ H CxnH5409 419.1347, 404.1106, —0.93
8-Heptamethoxyflavone 386.0977, 403.1015
P9 Alkaloid Rutaecarpine 16.24 288.1141 M+ H CsH3N3O  288.1123, 273.0886, —0.47
270.1031, 260.1171
P10 Flavonoid 5-Hydroxy-3,6,7,8,3/, 18.02 419.1338 M+ H Cy1H5,09 419.1347, 404.1106, —2.28

4'-Hexamethoxyflavone

386.0977, 403.1015

sample and plasma. Our method demonstrated two
single sharp peaks at the retention time of narirutin,
hesperidin and oxacillin (IS) which were 3.20, 3.35
and 5.01 min, respectively.

3.2.2. Linearity and sensitivity

In Table 7, linear equations are taken as follow:
y = 1060.7x + 583.99, R? = 0.9984 for narirutin and
y = 1046.5x + 315.79, R* = 0.9990 for hesperidin. The
LLOQ of narirutin and hesperidin were 0.48 ng/mL
while the LOD of narirutin and hesperidin were
0.125 ng/mL respectively. The linear regression both
of compounds are summarized in Table 7. Within
the investigated linear range, good linearity of data
was obtained with correlation coefficients >0.9980.
The results showed the UPLC-MS/MS method has a
wide linear range and high sensitivity.

Table 4. Identified components of [MS-95E from negative ion mode.

3.2.3. Precision and accuracy

As shown in Table 8 the precision and accuracy
results for the intra-day precisions varied from 1.90
to 6.64% and the accuracy ranged from —5—97 to
8.75%. Inter-day precisions ranged from 0.55% to
5.45%. While the accuracy between —12.25 and
5.45%. The precision and accuracy were all in the
acceptable range with reference to the Bioanalytical
Method Validation Guidance.

3.2.4. Extraction recovery and matrix effects

The extraction recovery rate and matrix effects are
shown in Table 9. The recoveries were between
55.34 and 66.96%. The matrix effects were between
70.07 and 91.17%, respectively. The recovery rate
indicates the efficiency of the sample extraction
process [21]. These two samples have less polar

Component Classify Identification tg (Min) Detected Selected Formula Fragment Error (ppm)
mass Ton Ions (m/z)
N1 Hydroxycinnamic  Caffeic Acid 5.41 359.0762 2M-H CoHgO4 161.0236, 135.0438, —2.88
acid 133.0282, 259.0805

N2 Flavonoid Didymin 10.22 593.1877 M-H CpsH34014  280.0757, 593.1860, 0.20
309.0768, 367.0862

N3 Alkaloid Evodiamine 15.85 3021292 M-H C1oH17N;O  169.0761, 302.1290, —2.27
142.0651, 116.0512

N4 Triterpenes Tormentic Acid 16.67 487.3412 M-H C30H4s05 487.3415, 469.3347, —3.48
444.3242, 427.3245

N5 Triterpenes Corosolic Acid  20.26 471.3472 M-H C30Hss04 471.3478, 453.3372, —1.66
458.3286, 454.3413

N6 Fatty acid Linolenic Acid  23.31 277.2167 M-H Cy5H3002 277.2167, 259.2104, —2.17
233.2333, 181.1259

N7 Triterpenes Oleanic Acid 25.16 455.3527 M-H, C30Hys03 455.3540, 303.2360  —0.75
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Fig. 2. ESI chromatogram of the identified metabolites after orally administration of JMS-95E. (A) Functional components of [MS-95E identified using
positive mode; (B) Functional components of [MS-95E identified using negative mode.

properties, and the samples have a lower concen-
tration in the blood. We tried various extraction
methods such as liquid—liquid extraction and pro-
tein precipitation. We found that neither diethyl

ether nor ethyl acetate was effective in improving
recovery (data not shown), and acetonitrile at a
reference ratio of 1:3 was the most suitable extrac-
tion method [42]. Spike recoveries ranged from
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Table 5. Identification of the metabolites from plasma positive ion mode after oral administration of JMS-95E.

Metabolite Classify Identification tg (Min) Detected Selected Formula Fragment Error
mass Ton Tons (m/z) (ppm)
PS1 Flavonoid (S)-Naringenin 5.95 581.1867 M + H CyyH3,044  273.0757, 285.0789, —1.51
8-C-(2"-rhamnosylglucoside) 315.0887, 85.0284
PS2 Flavonoid (2S)-Naringenin 5.95 581.1867 M + H CyyH3,044  273.0757, 339.0896, —1.51
8-C-alpha-L-rhamnopyranosyl 71.0471,285.0789
-(1->2)-beta-p-glucopyranoside
PS3 Flavonoid Naringenin 7-sulfate 6.69 353.0331 M+ H CisH1,0gS  273.0773, —1.59
271.0628
PS4 Flavonoid 2-hydroxyisoflavanone 6.99 289.0721 M+ H  C;5HxO06 153.0190, 179.0345, 1.16
naringenin 254.0585, 147.0451
PS5 Flavonoid Narirutin 7.80 581.1867 M + H CyyH3,014  419.1339, 389.0878, —1.51
404.1104, 127.0358
PSé6 Flavonoid Hesperidin 8.32 610.1894 M + H CosH34015  303.0864, 177.0544, —2.45
263.0551, 245.0446
PS7 Flavonoid Hesperetin 7-neohesperidoside 8.32 610.1894 M + H CosH34015  303.0864, 177.0544, —2.45
381.0991, 413.1215
PS8 Flavonoid 5,6,7,3',4',5'-Hexamethoxyflavone 15.04 403.1395 M+ H  CyH,,0O4 403.1361, 388.1163, —0.84
370.1046
PS9 Flavonoid 4,5,6,7-Tetramethoxyflavone 15.05 343.1180 M + H C19H;1505 343.1174, 327.0830, —2.07
310.0870, 312.1031
PS10 Flavonoid Naringenin 5-rhamnoside 16.16 4191342 M+ H Cy1H5,09 389.0872, 419.1349, —1.32

404.1113, 361.0928

53.93% to 74.74%, and although the ranges varied,
all RSD values were below 15.00%. These data
indicate that endogenous substances do not alter the
analysis of rat plasma, and the UPLC-MS/MS
method demonstrates its suitability for this analysis.
In addition, matrix effects performed well in most
samples, ranging from 88.40% to 97.30%, respec-
tively. However, the lowest concentration of hes-
peridin (1 ng/mL) had lower matrix effects. Refer to
other relevant literature Matrix effects may be
caused by co-elution with analyte compounds
[43,44].

3.2.5. Stability test

The stability test in different experimental condi-
tions is summarized in Table 10. Results showed all
RSD% ranged from —0.63 to 7.78% and RE% were

from —7.44 to 12.58%, which suggested that all
analytical compounds were stable in rat plasma for
12 h in normal temperature after preparation, three
freeze—thaw cycles and 1 month storage at —80 °C.

3.3. Pharmacokinetic study

At present, the plasma concentration of narirutin
and hesperidin including its metabolites have not
been documented in the scientific literature. We
take advantage on the use UPLC-MS/MS for
quantitative analysis since these metabolites occur
in minute amounts in the serum sample. Our results
showed that the two main substances are absorbed
very quickly in the blood (Fig. 6 and Table 11).
Narirutin and hesperidin were successfully identi-
fied in the plasma after oral administration JMS-

Table 6. Identification of the metabolites from plasma negative ion mode after oral administration of JMS-95E.

Metabolite  Classify Identification tg Min) Detected Selected Formula Fragment Error (ppm)
mass Ion Ions (m/z)
NS1 Monosaccharides p-Fructose 0.87 341.1083 M-H C1oH2,041  59.0144, 113.0228, —1.86
145.0528, 143.0351

NS2 Flavonoid Naringenin 4-O  5.79 447.0932 M-H CxHy0011  271.0608, 165.0184, —0.19
-glucuronide 113.0261, 252.0389

NS3 Flavonoid Naringenin-7-O  6.19 447.0927 M-H Cy1Hy0O11 447.0940, 307.0427, —1.30
-glucuronide 99.0093, 313.0681

NS4 Flavonoid Hesperetin 5 7.10 477.1057 M-H CpH01,  113.0243, 477.1018,  3.87
-glucuronide 195.0673

NS5 Flavonoid Hesperetin 3'-O  7.10 4771057 M-H CpH,01,  477.1018, 113.0243  3.87
-glucuronide

NS6 Flavonoid Hesperetin 7 7.81 4631260 M-H CooHoyOrqp  388.1157, 315.0990,  3.05

-glucoside

285.0780
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arrow), Oxidation: Blue arrow, Beaker: Functional group added, Scissors: Functional group removed.

95E. These results also confirmed that the two
compounds are the pharmaceutically active com-
ponents of JMS-95E. The effects of JMS-95E on
plasma concentrations were evaluated by
comparing the changes in PK parameters. The
developed assay was sensitive enough for the
pharmacokinetic analysis of the 2 components in rat
plasma by oral administration of JMS-95E at a dose
of 800 mg/kg. The time concentration curve of the 2
analytes in rat plasma had shown in Fig. 6A—B and
the pharmacokinetic parameters were summarized
in Table 11. By comparing the retention of the
standards, we found that narirutin and hesperidin
were absorbed in a rapid time in rats after oral
administration of JMS extract (Fig. 6). Statistical
analysis (non-compartmental model) showed that
the major components of JMS were absorbed
rapidly the Tmax (h) of narirutin and hesperidin is
1.01 +1.22, 1.1 + 2.4 and Cmax (ng/ml) is 3.29 + 1.63,
13.59 + 7.7 (Table 11).

3.4. Molecular docking analysis

The docking analysis was performed to examine the
binding affinity of JMS-95E metabolites with the
target COX-2 proteins 5KIR with the non-steroidal
anti-inflammatory drug indomethacin (see Fig. 7). In
Table 12, Hesperetin 7-glucoside, Hesperidin Hes-
peretin 7-neohesperidoside, Hesperetin 3'-O-glucu-
ronide, Hesperetin 5-glucuronide, Hesperetin,
Narirutin, Naringenin-7-O-glucuronide, Naringenin
4'-O-glucuronide, Naringenin 5-rhamnoside, Nar-
ingenin 7-sulfate, 2-hydroxyisoflavanone naringenin
demonstrated higher binding affinity with the target
protein when compared to the control based from the
LibDock score (Table 12). The compound hesperetin
7-glucoside (Fig. 9A—B) also exhibited higher binding
affinity with the target protein when compared to
hesperidin (Fig. 8A—B). Hydrogen bonding, Van der
Waals interaction, Pi—Pi interactions were also
observed between the interacting amino acids of
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Fig. 4. Proposed biotransformation pathway for Hesperidin after oral administration of JMS-95E. Oxidative and glucuronidated: orange arrow,
Glucuronide: Red arrow, Beaker: Functional group added, Scissors: Functional group removed.

COX-2 and JMS-95E metabolites (Table 13). After
docking analysis, we found that the compound hes-
peretin 7-glucoside is more effective than hesperidin.
Hesperetin 7-glucoside is a flavonoid monoglucoside
which is produced by the enzyme a-rhamnosidase via
the removal of the terminal rutinoside moiety [45,46].
Research has also shown that the bioavailability of
hesperetin 7-glucoside via intestinal absorption is
three-fold higher than hesperidin because of its
higher solubility and two-fold better in suppressing
the inflammation and growth Helicobacter pylori in the
intestine and improve the health condition of DSS-
induced colitis in mice with inflammatory bowel dis-
eases [45—47].

All the metabolites demonstrated better binding
affinity than the control COX-2 inhibitor drug
indomethacin [48,49]. Through the ligand and
COX-2 protein interaction hydrogen bonding the
main active site is ARG44 of indomethacin (Fig. 7)
and narirutin (Fig. 10). PI-Sulfur of CYS36 through
indomethacin and hesperetin 7-glucoside. As the
major compound Hesperidin had Van der Waals
interaction and carbon hydrogen bond of the
active sites involving CYS47, GLY135 of COX-2.

We further analyze the molecular docking ana-
lyses using structure—activity relationship (SAR)
study. The chemical structure of flavonoids en-
counters cleavage of glycosidic residues in vivo,
which leads to the increase in its bioavailability
[50,51]. Similarly, Hesperidin and Narirutin agly-
cone structures Hesperetin and Naringenin
exhibited lower Libdock scores than the glycone
structure which means the cleavage of glycosidic
bonds is primarily responsible for the enhanced
bioavailability of the metabolites. The metabolite 2-
hydroxyisoflavanone Naringenin has an isoflavone
structure and studies has shown that this exert
anti-inflammatory activity by reducing the pro-
duction of chemical mediators (e.g.NF-«B, TNF-a,
IL-1B, IL-6, iNOS, NO, COX-2 and PGE2) which are
involved in the inflammatory process. In compari-
son with their flavone isomer counterparts at (C3),
the latter has lower anti-inflammatory properties
[52—55].

On the other hand, flavanone has a chemical
structure which differ from the bond between C-2
and C-3 form of flavones, which are the typical
structural forms found in many fruits where various
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Fig. 5. Representative multiple reaction monitoring (MRM) chromatograms of narirutin, hesperidin in vivo. (A) blank plasma, (B) blank plasma
spiked with the 2 analytes, (C) 0.5 h after a oral administration of JMS-95E (800 mg/kg) to rats.

Table 7. Linear parameters of the compounds in rat plasma.

Components Calibration curves Correlation coefficients Range (ng/mL) LLOQ (ng/mL) LOD (ng/mL)
Hesperetin y = 1046.5x + 315.79 R? = 0.9990 0.48—31.25 0.48 0.125
Narirutin y = 1060.7x + 583.99 R? = 0.9984 0.48—31.25 0.48 0.125

Table 8. Intra- and inter-day precisions and accuracies of JMS in rat plasma.

Analytes Nominal conc (ng/mL) Intra-day Inter-day
Observed Precision Accuracy Observed Precision Accuracy
(RSD, %) (RE, %) (RSD, %) (RE, %)
Narirutin 0.48 0.47 + 0.02 3.81 -3.49 0.45 + 0.03 6.64 6.91
15.62 16.36 + 0.56 3.39 4.71 16.38 + 0.45 2.73 4.86
31.25 29.55 + 0.40 1.36 —5.44 29.38 + 0.56 1.90 -5.97
Hesperidin 0.48 0.43 + 0.02 5.45 -12.25 0.53 + 0.03 5.45 8.75
15.62 15.39 + 0.23 1.48 —1.50 15.97 + 0.45 2.80 2.23

31.25 29.26 + 0.16 0.55 —6.37 29.40 + 0.41 1.39 —5.91
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Table 9. Recovery and matrix effects of the 2 analytes in rat plasma.

Analytes Nominal conc (ng/mL) Recovery rate Matrix effect
Mean + SD % RSD % Mean + SD % RSD %

Narirutin 1 60.52 + 3.58 5.92 89.54 + 0.78 0.87

5 69.15 + 0.36 0.52 88.40 + 10.35 11.71

25 53.93 + 3.64 6.75 88.88 + 1.10 1.24
Hesperidin 1 74.74 + 2.68 3.58 70.07 + 8.08 11.53

5 7291 + 1.20 1.65 97.3 + 3.16 3.25

25 55.34 + 0.75 1.35 91.17 + 1.43 1.57

Table 10. Stability of the 2 analytes in rat plasma after oral administration of JMS-95E.

Analytes Nominal conc Observed = Normal temperature —80 FT —80
(ng/mL) Precision Accuracy Observed  Precision Accuracy Observed  Precision Accuracy
(RSD, %) (RE, %) (RSD, %) (RE, %) (RSD, %) (RE, %)
Narirutin  0.48 0.5 + 0.01 245 —7.44 0.5 + 0.01 4.47 —3.82 0.5 + 0.01 3.45 —1.48
15.62 17.94 + 0.15 1.23 11.32 17.94 + 0.15 3.44 12.58 17.94 + 015 1.13 9.87
31.25 31.04 + 0.22 0.63 —2.84 31.04 + 0.22 0.69 -3.1 31.04 + 0.22 1.05 —3.53
Hesperidin 0.48 0.46 + 0.04 7.63 -3.14 0.44 + 0.02 5.14 —7.42 0.47 +0.04 7.78 —2.24
15.62 16.95 + 0.23 1.33 8.49 17.11 + 0.38 2.22 9.47 17.10 +£ 0.38 2.22 9.43
31.25 30.00 + 0.31 1.02 -3.99 30.47 + 0.29 0.94 -2.49 30.01 + 0.69 2.29 —3.97
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Fig. 6. Profiles of the mean plasma concentration over time after oral administration of JMS-95E extract (800 mg/kg) to rats (Mean + SD, n = 6) (A)
Narirutin, (B) Hesperidin.

Table 11. Pharmacokinetic parameters of the 2 investigated compounds in rats after oral administration of JMS-95E.

t1/2 (h) Tmax (h) Cmax (ng/mL) AUC ¢ (ng/mL*h) AUC g.inf (ng/mL*h) MRT g.in¢ (h)
Narirutin 4.76 + 1.76 1.01 + 1.22 3.29 +1.63 11.01 £ 5.91 20.22 + 11.93 8.22 + 2.65
Hesperidin 439 + 2.84 1.1 + 240 13.59 + 7.70 41.98 + 25.77 58.61 + 29.16 7.20 + 3.16

(A) (B)
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Fig. 7. Binding interaction of 5KIR and Indomethacin (A) Ligand binding sphere and protein, (B) Two-dimensional display of the interaction.



Table 12. JMS Compounds with LibDock Scores for COX-2 (5KIR).

Selected Compounds

LibDock score

Indomethacin
Hesperetin 7-glucoside
Hesperidin
Hesperetin 7-
neohesperidoside
Hesperetin 3'-O-
glucuronide
Hesperetin 5-glucuronide
Hesperetin
Narirutin
Naringenin-7-O-
glucuronide
Naringenin 4'-O-
glucuronide
Naringenin 5-rhamnoside
Naringenin 7-sulfate
2-hydroxyisoflavanone
naringenin
Naringenin
(S)-Naringenin 8-C-(2"-
rhamnosylglucoside)
(2S)-Naringenin 8-C-
alpha-L-rhamnopyr-
anosyl-(1->2)-beta-p-
glucopyranoside

118.39
172.02
169.42
163.66

153.08

143.23
131.13
188.96
160.68

152.55
150.55
123.39
121.84

114.49

* -: No LibDock score.

(A)
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studies has shown their anti-inflammatory proper-
ties specially in citrus fruits [56—61]. The B-ring (3’
and 4') containing hydroxyl groups in these flava-
nones can significantly suppress COX-2 transcrip-
tion [62]. Another research demonstrated that
flavonoids with the C-ring (C2—C3) with double
bond and C4 with ketone group also fall under the
class of flavanones. The Flavanones B-ring (3’ and 4°)
with hydroxyl group or A-ring with 7-hydroxyl
group has significantly more anti-inflammatory ef-
fect on COX-2 activity [62,63]. Same as the Libdock
scores result of Hesperetin 7-glucoside, Hesperidin,
Hesperetin 7-neohesperidoside, Narirutin and Nar-
ingenin-7-O-glucuronide have higher binding ability
which translates to their anti-inflammatory proper-
ties. The A-ring with 6-hydroxyl group and substi-
tution at C8 can influence inhibition of COX-2, owing
to the torsional angle and coplanarity dilapidated
[51,64]. It was also shown that (S)-Naringenin 8-C-
(2"-rhamnosylglucoside) with 6-hydroxyl group of
A-ring and substitution at C8 and (2S)-Naringenin
8-C-alpha-L-rhamnopyranosyl-(1->2)-beta-D-gluco-
pyranoside had substitution at C8 and consequently
led to poor inhibition with respect to COX-2.
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Table 13. Compounds interaction with COX-2 (5KIR) protein.

Indomethacin

Hesperidin

Hesperetin 7-glucoside

Narirutin

Hydrogen Bonding

Carbon Hydrogen Bond

ARG44, GLY45

HIS39, PRO40,

N.A

CYS47, GLY135

ASN34, TYR130,
GLY135, ASP157
HIS39, CYS47,

CYS36, ARG44, SER49,
ALA151, VAL155, ASP157
HIS39, MET48, GLY135,

ARG469 ALA132, ASP133 PRO156
Van der Waals N.A HIS39, GLY45, N.A N.A
PRO153, PRO154,
VAL155
Pi-Alkyl PRO153, PRO156, N.A PRO154 PRO153, LEU152
LYS468
Pi -Anion GLU465 N.A N.A N.A
PI-Sulfur CYS36, CYS47 N.A CYS36 N.A
Pi-sigma N.A N.A PRO156 CYS47
Unfavorable Donor N.A N.A VAL155 N.A
—Donor
Unfavorable Acceptor N.A N.A VAL155 N.A
—acceptor

*N.A: Not applicable.

(A)

5
w5

Fig. 10. Binding interaction of 5KIR and Narirutin. (A) Ligand binding sphere and protein, (B) Two-dimensional display of the interaction.

This study has led to identify secondary metabo-
lites in the JMS extract and at the same time
showcased biotransformation products of the major
components of JMS in the serum of the rat models.
The research platform employed can provide future
insights on how therapeutic efficacy is achieved in
other TCM prescription. This will hasten the scien-
tific understanding on the biochemical mechanisms
involved in therapeutic efficacies of other herbal
prescriptions used in the practice of TCM. Further-
more, the instruments and methods in mass spec-
trometry including tools in bioinformatics
altogether can hasten the scientific basis of TCM.

4. Conclusion

In this study, UPLC-Q-TOF-MS analysis showed
the components in JMS-95E and metabolic profile of
rat plasma of total of 17 components and 16 me-
tabolites. The two main compounds are quickly
absorbed in the blood. Narirutin oxidative and

glucuronidated to naringenin and glucuronidated,
sulfated, oxidative to other metabolites. Hesperidin
oxidative and glucuronidated to hesperitin and
glucuronidated to other metabolites. Docking result
showed that hesperetin 7-glucoside are more effec-
tive than hesperidin and the compounds above are
effective than celecoxib and indomethacin. JMS has
been proven to exhibit anti-inflammatory proper-
ties. Therefore, we suggest that the narirutin, hes-
peridin, hesperetin 7-glucoside could be a potential
functional compounds of JMS prescription.
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