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An ultraperformance liquid chromatography tandem mass spectrometry (UPLC-MS/MS) method was established to simulta-
neously determine 14 compounds of Angelicae pubescentis Radix (APR) in normal and arthritis rat plasma in which chlor-
amphenicol and daidzein were used as the internal standards. After protein precipitation with acetonitrile, separation was carried
out on a Thermo Hypersil GOLD C;5 column using gradient elution with 0.1% formic acid aqueous and acetonitrile consisting as
the mobile phase at a flowing rate of 0.3 mL/min. A Thermo TSQ QUANTIS triple quadrupole mass spectrometer was used to
detect 14 compounds in positive/negative ion exchange mode and this study was the first to investigate the pharmacokinetic
changes of the active compounds in rats under the pathological state of arthritis. The method was verified and the results showed
that the intra- and interday precision, accuracy, matrix effect, and extraction recovery were all acceptable, and the analytes were
stable under different storage conditions. In addition, the pharmacokinetic behaviors of the 14 compounds were significantly
different in model rats compared with normal rats. This indicated that the pharmacokinetic behavior of drugs will vary with the
pathological state of the body, which suggested that individualized and reasonable drug administration plans should be for-
mulated for different pathological states in clinical practice. This study provided a scientific basis and data support for better

understanding the pharmacodynamic substance basis and clinical application of APR against arthritis.

1. Introduction

Arthritis generally refers to the inflammatory diseases
caused by inflammation, infection, degeneration, trauma, or
other factors that occur in the joints and surrounding tissues
of the human body [1]. The clinical manifestations include
joint redness, swelling, pain, dysfunction, and joint defor-
mity, which will lead to joint disability and affect the quality
of life of patients in severe cases [2]. According to statistics,
there are more than 100 million people who suffer from
arthritis in China; the prevalence rate is 0.34%-0.36%, and
the number is increasing, the life expectancy of severe cases
is shortened by about 10-15 years [3]. Modern medicine
mostly uses corticosteroids, nonsteroidal anti-inflammatory

drugs, immune inhibitors, and disease targeting inhibitors to
reduce the degree of joint pain and swelling and delay the
development of the disease [4-7]. However, although these
drugs have achieved some therapeutic benefits, they can
cause serious side effects, weaken the function of the im-
mune system, and increase the risk of infection and are too
expensive for patients to bear [8, 9]. Therefore, it is an urgent
problem for scientists to find more safe and effective new
antiarthritic drugs.

As is known to all, traditional Chinese medicine (TMC)
plays an important role in clinical treatment because of its
abundant resources, suitable price, stable pharmacological
action, low toxicity, and few complications, and some TCMs
with antiarthritic effects have been gradually approved for
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clinical use and have convincing efficacy [10-12]. Angelicae
pubescentis Radix (APR), a member of the Apiaceae family,
is the dry root of Angelica pubescens Maxim. f. biserrata Shan
et Yuan. It has the functions of removing wind and dehu-
midification and relieving paralytic pain [13]. Clinically, it
has a good clinical effect on arthritis [14]. In addition,
modern pharmacological studies have shown that APR also
has anti-inflammatory, antirheumatic, sedative, hypnotic,
and neuroprotective effects [15] and contains a variety of
chemical components, such as coumarins, phenolic acids,
terpenoids, volatile oils, and polysaccharides [13]. Among
them, coumarin compounds are one of the main active
ingredients of APR to play an antiarthritic role [16-18]. In
addition, some studies have shown that phenolic acid
compounds also have a certain anti-inflammatory effect [19].
However, the current research study on the antiarthritic
effect of APR is limited to the level of pharmacodynamics
and pharmacodynamic material basis, and there are few
pharmacokinetic studies of its active components, and most
of the pharmacokinetic studies of APR have been conducted
in normal experimental animals [13, 15, 20, 21]. For ex-
ample, Qian et al. used HPLC-DAD to determine colum-
bianetin in normal rat plasma [22]. Chang et al. used the LC-
MS/MS method to simultaneously determine scopoletin,
psoralen, bergapten, xanthotoxin, columbianetin acetate,
imperatorin, osthol, isoimperatorin of the AP extract in
normal rat plasma [21]. Li et al. used the LC-MS/MS method
to simultaneously determine columbianadin and its me-
tabolite columbianetin in rat plasm [23]. However, it is
worth noting that there are no pharmacokinetic studies on
phenolic acid compounds in AP. The possible reason is that
the content of phenolic acid compounds is low in AP, and
the lower limit of detection of general detector is not up to
the requirement so that phenolic acid compounds cannot be
detected. For high-resolution mass spectrometry with lower
limit of detection, the researchers may use a single positive
ion mode to scan coumarin compounds, which excludes
phenolic acids that respond better in negative ion mode.
Therefore, we established an UPLC-MS/MS method with
positive and negative ion exchange scanning mode for the
simultaneous determination of phenolic acids and coumarin
compounds [13, 14].

Pharmacokinetics of TCMs is an indispensable link in
the modernization of Chinese medicinal materials and an
important means of integrating TCMs with the world [24].
Only when the drug reaches a sufficient concentration at the
action site in vivo can it exert its efficacy, and the plasma
drug concentration is not only related to the dosage but is
also affected by the process in vivo. Moreover, the phar-
macokinetic studies of TCMs are mostly carried out based
on healthy experimental animals, ignoring the physiological
and pathological changes, which may cause significant
changes in relevant pharmacokinetic parameters [25, 26].
Studies have shown that the pharmacokinetic characteristics
of many drugs in normal and pathological states are dif-
ferent. Under pathological conditions, drug metabolism
enzymes, cell membrane permeability, and intestinal flora
may change, which further lead to changes in pharmaco-
kinetic parameters [27-31]. The final audience of drugs is
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disease patients. The body in the pathological state has
varying degrees of influence on the absorption, distribution,
metabolism, and excretion of drugs, which is closely related
to the safety and effectiveness of clinical drug use. Therefore,
it is more objective, accurate, and of practical significance for
evaluating the pharmacokinetic behavior of the active in-
gredients of TCMs in model animals than in healthy ani-
mals. Furthermore, to our knowledge, no studies have been
conducted to compare pharmacokinetic parameters of the
active ingredients in normal and arthritic rats after oral
administration of APR.

Therefore, a UPLC-MS/MS method was established for
simultaneous determination of phenolic acids and coumarin
compounds in plasma. This is the first study to investigate
the pharmacokinetic change rule of active ingredients of
APR in rats with arthritis, so as to provide reference for
rational use of drugs in clinical treatment of arthritis.

2. Materials and Methods

2.1. Chemical Materials. HPLC grade methanol and aceto-
nitrile were obtained from Fisher Scientific (USA). HPLC
grade formic acid was purchased from Dikma Co. (USA),
and Wahaha purified water was obtained from Hangzhou
Wahaha Group (China). Neochlorogenic acid, chlorogenic
acid, cryptochlorogenic acid, isochlorogenic acid B (3,4-
diCQA), isochlorogenic acid A (3,5-diCQA), isochlorogenic
acid C (4,5-diCQA), bergapten, columbianetin acetate,
isoimperatorin, osthol, and columbianadin were obtained
from Chengdu Must Biotechnology Co., LTD (China), and
columbianetin, xanthotoxin, psoralen, and chloramphenicol
were obtained from Shanghai Nature Standard Biotech-
nology Co., LTD (China), and daidzein was obtained from
Chengdu Purechem-Standard Biotechnology Co., LTD
(China). The purity of the involved standards and reagents
were over 98%, with their chemical structures exhibited in
Figure 1.

The APR samples was obtained from Hubei Province
(30°24N, 115°30E) picked in April 2019, and identified by
Professor Lianjie Su from Heilongjiang University of Chi-
nese Medicine, as the dry root of Angelica pubescens Maxim.
f. biserrata Shan et Yuan and a voucher specimen were
deposited at department of Chinese herbal medicine pro-
cessing of Heilongjiang University of Chinese Medicine,
Harbin, China (voucher numbers: APQH201904-7).

2.2. Preparation of APR Samples for Rat Administration.
One hundred grams of the APR sample was extracted by
reflux with 800 mL 50% ethanol/water (v/v) for 3 times (2
hours each time), then combined with the filtrate and
concentrated under vacuum with heat, and the concentra-
tion of APR extract was 0.37 g/mL. All the sample solutions
were stored at 4°C before analysis. The contents of 14
compounds were 61.85ug/g for neochlorogenic acid,
3006.87 ug/g for chlorogenic acid, 75.08 ug/g for crypto-
chlorogenic acid, 72.07 ug/g for 3,4-diCQA, 341.27 ug/g for
3,5-diCQA, 11230ug/g for 4,5-diCQA, 369.02 uglg
for columbianetin, 3375.11 ug/g for psoralen, 345.41 ug/g for
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FiGure 1: The chemical structures of 14 compounds and ISs.

xanthotoxin, 241.69 ug/g for bergapten, 10280.43 ug/g for
columbianetin acetate, 25.03ug/g for isoimperatorin,
7943.10 ug/g for osthol, and 1442.12 ug/g for columbianadin,
respectively.

2.3. Animal Experiments. Male Sprague-Dawley rats
weighing 240-260 g were obtained from the Experimental
Animal Center of Heilongjiang University of Chinese
Medicine (Harbin, China, Certificate No. SCXK(Hei)2020-
0924), and were housed under a room at temperature of
25+2°C and humidity of 50+ 15%, as well as light/dark
circulation, ad libitum access to food and water for more
than a week. Moreover, the rats fasted overnight before the
experiment. Moreover, the study was authorized by the
Ethics Regulations of Heilongjiang University of Chinese
Medicine (Harbin, China).

Twelve SD rats were randomly divided into two groups
(n=6) and named as the model group and the normal group,
respectively. The arthritic model was established by injecting

0.1 mL of complete Freund’s adjuvant in rats. As a control,
0.1 mL of saline was injected. After 7 days, the plasma levels
of MDA and TNF-« in normal and model rats were mea-
sured by an enzyme-linked immunosorbent assay kit to
determine whether the modeling was successful. The results
are shown in Figure 2. The levels of MDA and TNF-« in
model rats were significantly higher than those in normal
rats, indicating that the arthritis model was successfully
established. Normal and model rat blood samples were
collected from the angular vein at 0.083, 0.167, 0.25, 0.5, 1, 2,
4,6,8,10, 12, 24, 36, and 48 h into 1.5 mL heparinized tubes
after administration the APR extract at a dose of 4.1 mL/kg.
All samples were immediately centrifuged at 12,000 x g for
15min at 4°C, and the supernatant was transferred to an-
other EP tube and stored at —80°C until analysis.

2.4. Instrumentation and Analytical Conditions. The ultra-
high performance liquid chromatography (Thermo Scien-
tific™, Vanquish™, (Waltham, MA, USA)) was used for the
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Figure 2: MDA and TNF-a levels in normal and model rats.
(**P<0.01).

chromatographic analysis. UPLC separation was achieved on a
Thermo Hypersii GOLD C;3 column (100 mm x 2.1 mm,
1.9 um), which was maintained at 35°C. The mobile phase
consisted of 0.1% formic acid aqueous (solvent A) and ace-
tonitrile (solvent B) and the following gradient was run: 7-8%
B at 0-4min, 8-19% B at 4-5min, 19-19% B at 5-12min,
19-60% B at 12-15min, and 60-100% B at 15-18 min, in
which the flow rate was maintained at 0.3 mL/min.

The UPLC was interfaced to a Thermo TSQ QUANTIS
triple quadrupole mass spectrometer and equipped with an
electrospray ionization (ESI) probe working in positive and
negative ion exchange scanning mode. The mass spectrum
parameters of 14 compounds and their internal standard (IS)
compounds were neochlorogenic acid m/z 353.0—190.9,
chlorogenic acid m/z 353.0—126.9, cryptochlorogenic acid
m/z 353.0—178.9, 3,4-diCQA m/z 515.0—353.0, 3,5-
diCQA m/z 515.0—191.0, 4,5-diCQA m/z 515.0—172.9,
columbianetin  m/z  247.0—215.0, psoralen m/z
187.0—143.0, xanthotoxin m/z 217.0—161.0, bergapten
m/z  217.0——174.0,  columbianetin  acetate  m/z
289.0—229.0, isoimperatorin m/z 271.0—239.0, osthol
m/z 245.0—188.9, columbianadin m/z 329.0—229.0,
chloramphenicol m/z 321.0——257.0, and daidzein m/z
254.8—198.9. The following parameters were used: sheath
gas: 30 Arb; aux gas: 10 Arb; ion transfer tube temp: 325°C;
and vaporizer temperature: 350°C.

2.5. Standard Solutions, Calibration Standards, and Quality
Control (QC) Samples. The standard stock solution of 14
compounds was prepared by dissolving 1 mg of the standard
material in 1 ml of methanol, respectively. Then, calibration
curve samples were prepared by diluting with different
volumes of 50% methanol aqueous to obtain the mixed
standard solution. For analysis, aliquots of 100 4L plasma
sample and 100 L mixed standard solution and 20 uL ISs
solution were blended with 780 uL acetonitrile, vortexed for
1 min, and the sample solution was immediately centrifuged
and separated at 12,000 x g for 15min at 4°C. At last, the
supernatant was removed and placed in another EP tube,
where it was dried by nitrogen at 45°C, the residue was
dissolved with 100 4L 50% aqueous methanol for UPLC-MS/
MS analysis.

Similarly, the three different concentrations of QC
samples were obtained at the final concentrations of 10, 252,
504 ng/mL for neochlorogenic acid, 10.6, 1060, 3180 ng/mL
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for chlorogenic acid, 11.7, 117, 234ng/mL for crypto-
chlorogenic acid, 11.2, 56, 112 ng/mL for 3,4-diCQA, 12.5,
312.5, 625 ng/mL for 3,5-diCQA, 20.4, 102, 204 ng/mL for
4,5-diCQA, 39, 2260, 4520 ng/mL for columbianetin, 5.05,
252.5, 505 ng/mL for psoralen, 11.2, 560, 1120 ng/mL for
xanthotoxin, 13, 340, 680 ng/mL for bergapten, 54, 2160,
4320 ng/mL for columbianetin acetate, 8.9, 445, 890 ng/mL
for isoimperatorin, 5.5, 2200, 5500 ng/mL for osthol, and
12.2, 1220, 2440 ng/mL for columbianadin. In addition, ISs
solution with a concentration of 100 ng/mL was used for
further analysis, and all the standard solutions, calibration
standards, and QC samples were stored at —80°C until
turther analysis.

2.6. Sample Preparation. Acetonitrile was used as a pre-
cipitation solvent, and protein precipitation was used to
handle with the plasma samples. First, 100 4L aqueous
methanol solution and 20 4L ISs solution were added to
aliquots of 100 yL of plasma sample following mixing with
780uL of acetonitrile, and they were centrifuged at
12,000 x g for 15 min at 4°C after being vortexed for 1 min to
obtain the supernatant. Then, the supernatant was dried in a
nitrogen environment at 45°C, and the remaining residue
was recombined with 100 uL 50% methanol aqueous and
vortex for 1 min. Finally, 2 L supernatant was injected into
the UPLC-MS/MS system for analysis.

2.7. Method Validation. The established UPLC-MS/MS
method for the determination of 14 compounds in rat
plasma has been validated according to FDA Bioanalytical
Method Validation guidelines and the following parameters
were evaluated, including selectivity, linearity, sensitivity
(LLOQ), precision, accuracy, matrix effect, recoveries, and
stability.

2.7.1. Selectivity. Six different individual blank plasma
samples not treated with APR, six blank plasma samples with
spiked of standards and ISs and six rat plasma samples after
oral administration of APR extract 5 min were analyzed by
comparison of their corresponding chromatograms to
evaluate the selectivity of the method.

2.7.2. Linearity of the Calibration Curve and LLOQ.
Calibration curves were established by plotting the ratio of
peak area of the individual compound to IS versus different
levels of compound with a weighted (1/y°) least square linear
regression. The lower limit of quantification (LLOQ) was
used to represent the sensitivity of the analytical method.
Relative error (RE%) and relative standard deviation (RSD
%) were used to describe the accuracy and precision, re-
spectively, and both were permitted to be less than +20%.

2.7.3. Precision and Accuracy. The intra- and interday
precision and accuracy were tested by LLOQ, LQC, MQC,
and HQC samples in six replicates on the same day and three
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successive days. According to FDA guidelines, accuracy and
precision for QC samples should not exceed +15%.

2.7.4. Recovery and Matrix Effect. The extraction recoveries
of 14 compounds were evaluated by comparing the peak
areas of analyte from blank plasma samples spiked with
standards before extraction with post-extraction blank
plasma samples spiked with standards at three QC levels.
The matrix effect was investigated by comparing peak areas
of post-extraction blank plasma samples spiked with stan-
dards with the neat solution containing the 14 compounds at
the equivalent concentrations.

2.7.5. Stability. The stability of 14 compounds was assessed
by LQC, MQC, and HQC in six replicates under different
storage conditions: short term stability (room temperature
for 4h), freeze-thaw cycle’s stability (three cycles of freeze-
thaw), long term stability (storage at —80°C for 30 days), and
the posttreatment stability (auto-sampler at 4°C for 24 h).

2.8. Pharmacokinetic Study. The pharmacokinetic parame-
ters of 14 compounds including the maximum plasma
concentration (Cp,.y), area under concentration-time curve
(AUCy_; and AUCy.o), half-time (t,,,), time to reach the
maximum concentration (f,,c), mean retention time
(MRT), and clearance rate (CL) were calculated by DAS 2.0
software (Mathematical Pharmacology Professional Com-
mittee of China, Shanghai, China) in a noncompartment
model.

2.9. Statistical Analyses. All data in this study were expressed
as mean + standard deviation (SD). Statistical software
GraphPad Prism 5.0 was used for plotting and statistical
analysis, and T test was used for intergroup comparison.
*P <0.05 was considered statistically significant, **P <0.01
was considered statistically significant.

3. Result and Discussion

3.1. Optimization of the Method Conditions. The chro-
matographic column, mobile phase composition, and elu-
tion gradient were optimized in this study in order to achieve
the ideal results of the chromatographic behaviors, like good
peak symmetry, efficient separation, and short chromato-
graphic retention time. Thermo Hypersil GOLD column
(100 mm x 2.1 mm, 1.9um) and Waters Acquity UHPLC
HSS T; column (50 mm x 2.1 mm, 1.8 ym) were used for
analysis. The results showed that Thermo Hypersil GOLD
column (100 mm x 2.1 mm, 1.9 ym) could detect all com-
pounds in APR with a good peak shape and good separation.
Because the coumarin compounds were small polar com-
pounds, and the elution ability of acetonitrile solution was
stronger than methanol solution, when methanol solution
was used as the mobile phase, the elution time would be
prolonged, while acetonitrile solution was used as the mobile
phase, greatly shorten the elution time and save solvent.
Therefore, acetonitrile was selected as the mobile phase for

gradient elution. As neochlorogenic acid, chlorogenic acid,
and cryptochlorogenic acid were isomers and difficult to
separate, 7% acetonitrile was selected as the initial mobile
phase to achieve the best separation effect.

In addition, the mass spectrometry conditions of 14
compounds and ISs compounds were optimized, and the
results showed that ¢, 3,4-diCQA, 3,5-diCQA, 4,5-diCQA,
and chloramphenicol (IS;) had a better response in negative
mode, and bergapten, columbianetin acetate, iso-
imperatorin, osthol, columbianadin, columbianetin, xan-
thotoxin, psoralen, and daidzein (IS,) had a better response
under positive mode.

Sample preparation was one of the most important links
in pharmacokinetic research. Compared with expensive
solid-phase extraction and complicated liquid-liquid ex-
traction, protein precipitation was a time-saving, econom-
ical, and simple method for sample preparation. Therefore,
we optimized the precipitation solvents such as methanol,
acetonitrile, and ethyl acetate, among which acetonitrile as
the precipitation solvent had the best extraction effect on 14
compounds and ISs; so, acetonitrile was finally selected as
the precipitation solvents for sample preparation in this
study.

3.2. Method Validation

3.2.1. Selectivity. The representative chromatograms in
three different conditions were as follows: the blank
plasma samples, blank plasma samples with spiked of
standard and ISs, and the rat plasma after oral APR extract
are shown in Figure 3. The result showed that there was no
endogenous interference in the retention time of 14
compounds and ISs.

3.2.2. Linearity and LLOQ. The linear regression curve of 14
compounds was verified and it showed excellent linearity
within the corresponding concentration range. In this study,
the LLOQ for 14 compounds ranged from 0.6 ng/mL to
10.7 ng/mL, with acceptable accuracy and precision, RE
<13.84% and RSD value within 14.22%. The linear regression
curve, linearity ranges, correlation coefficients, LLOQ are
listed in Table 1, and the accuracy and precision of LLOQ of
14 compounds are shown in Table 2.

3.2.3. Precision and Accuracy. The results of the intra- and
interday precision and accuracy at three different QC
concentration levels are displayed in Table 2. The intra- and
interday precision of 14 compounds were in the range of
0.39 to 9.14% and 0.17 to 13.81%, respectively. The accuracy
for intra- and interday r were in the range of —14.76 to
12.28% and —14.83 to 13.67%, respectively. It illustrated that
the method was accurate and precise.

3.2.4. Recovery and Matrix Effect. The extraction recovery
and matrix effect were investigated at three different QC
concentration levels. The extraction recovery of 14 com-
pounds was in the range of 90.38 £ 7.27% to 103.73 +2.78%.
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FiGgure 3: Continued.
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F1GURE 3: Chromatogram of blank plasma samples, blank plasma + LLOQ samples, and plasma samples of rats obtained from 5 min after
administration ((A) neochlorogenic acid, (B) chlorogenic acid, (C) cryptochlorogenic acid, (D) 3,4-diCQA, (E) 3,5-diCQA, (F) 4,5-diCQA,
(G) columbianetin, (H) psoralen, (I) xanthotoxin, (J) bergapten, (K) columbianetin acetate, (L) isoimperatorin, (M) osthol, (N)

columbianadin, (O) chloramphenicol, and (P) daidzein).

TaBLE 1: The linear regression curve, correlation coeflicient, and linear range of 14 compounds in rat plasma.

Analytes Regression equation R Linear range (ng/mL) LLOQ (ng/mL)
Neochlorogenic acid y=1.980x+0.013 0.996 0.6-504 0.6
Chlorogenic acid y=1.842x+0.054 0.992 10-3180 10
Cryptochlorogenic acid y=1.747x-0.002 0.993 2.5-234 2.5
3,4-diCQA y=1.578x+0.012 0.996 10.7-112 10.7
3,5-diCQA y=1.010x+0.008 0.997 2.5-625 2.5
4,5-diCQA y=1.487x+0.008 0.995 10.0-204 10.0
Columbianetin y=29.151x+0.021 0.998 3.9-4520 3.9
Psoralen y=15.281x+0.005 0.998 3.7-505 3.7
Xanthotoxin y=67.454x+0.047 0.998 2.2-1120 2.2
Bergapten y=71.002x + 0.020 0.997 4.8-680 4.8
Columbianetin acetate y=2.499x-0.008 0.998 7.4-4320 7.4
Isoimperatorin y=06.338x-0.017 0.997 8.4-890 8.4
Osthol y=77.336x+0.271 0.991 1.0-5500 1.0
Columbianadin y=0.536x+0.014 0.996 6.4-2440 6.4

The matrix effects of 14 compounds ranged from
88.11+5.31% to 102.29 +8.50%, showing that there was
basically no interference from endogenous substances. Be-
sides, the extraction recoveries of IS; and IS, were
96.68 £2.07% and 99.74 +6.36%, respectively. The matrix
effect of IS, and IS, were 97.72 +3.17% and 99.75 + 1.89%,
respectively. All results are mentioned in Table 3.

3.2.5. Stability. The stability of 14 compounds was measured
by QC samples in six replicates under the room temperature
for 4 h, three cycles of freeze-thaw, storage at —80°C for 30
days, autosampler at 4°C for 24 h are as shown in Table 4. The

RSD and RE ranges of the 14 compounds were 0.25-14.63%
and —14.56-12.74%, respectively. The abovementioned data
demonstrated that 14 compounds were all stable under
different storage conditions.

3.3. Pharmacokinetic Study. Pharmacokinetic parameters
reflected the changing rules of drug treatment process and
could be used as a reference for clinicians to formulate an
individual drug regimen for patients. Pharmacokinetic pa-
rameters in normal rats and model rats were calculated by
DAS 2.0 software. The concentration-time curves of 14
compounds in normal rats and model rats are shown in
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TaBLE 2: Precision and accuracy of 14 compounds in rat plasma (n=6).

) Precision (RSD, %) Accuracy (RE, %)
Analytes Concentration (ng/mL)
Intraday Interday Intraday Interday
0.6 3.76 1.10 451 3.64
Neochlorosenic acid 10 4.00 9.21 421 10.86
& 252 2.62 0.89 9.18 10.30
504 8.31 13.52 2.38 10.70
10 6.72 4.99 0.75 0.05
Chl - acid 10.6 2.37 361 ~6.49 ~5.29
orogenic act 1060 2.42 2.16 -2.73 ~2.28
3180 9.06 13.81 ~14.76 ~12.53
2.5 4.33 0.99 3.58 2.49
. 11.7 2.90 7.63 0.08 13.67
Cryptochlorogenic acid 117 2.97 2.92 5.04 3.55
234 4.77 1.45 101 2.67
10.7 9.33 1.40 4.55 6.19
. 11.2 8.82 12.70 8.33 -0.36
3:4-diCQA 56 5.32 3.40 1.23 0.01
112 0.82 0.17 5.30 4.83
2.5 9.40 171 ~1.56 ~0.09
. 12.5 6.15 5.84 5.17 9.80
3,5-diCQA 3125 2.51 4.39 -3.79 ~6.89
625 1.06 2.62 0.61 2.14
10.0 13.00 1.92 1.24 2.03
. 20.4 3.17 1.42 -0.96 -0.26
4,5-diCQA 102 5.00 0.96 101 0.42
204 1.20 2.44 1.36 0.03
3.9 3.87 0.74 7.29 7.98
Columbianctin 39 8.72 437 9.64 6.70
2260 1.24 3.77 3.63 5.96
4520 0.72 0.94 -0.83 -0.34
3.7 2.18 243 0.27 2.72
Peoralen 5.05 2.18 7.61 -9.26 13.01
252.5 5.09 1.36 8.52 6.86
505 2.73 2.61 7.39 9.30
2.2 5.09 1.06 11.21 10.00
. 112 6.02 5.90 0.14 3.41
Xanthotoxin 560 1.55 2.10 ~1.18 ~0.17
1120 3.91 3.86 1.65 3.68
4.8 2.78 0.57 ~0.95 —0.49
Bersanten 13 8.09 4.08 9.96 5.18
&P 340 2.62 9.98 -8.05 -14.83
680 6.81 3.61 12.28 9.14
7.4 8.11 1.56 -1.1 0.40
o 54 7.45 1.88 431 3.04
Columbianetin acetate 2160 186 452 587 573
4320 347 1.98 4.25 6.62
8.4 3.16 0.48 -3.08 -2.59
Loimperatorin 8.9 0.39 1.74 1.87 2.19
P 445 6.26 4.47 -13.39 ~11.21
890 5.63 4.77 2.76 4.52
1.0 427 0.74 -3.96 -3.33
55 7.70 421 ~1.64 0.94
Osthal 2200 8.17 1.09 2.50 1.41
5500 3.67 1.41 5.72 7.17
6.4 14.22 2.09 11.09 13.84
L 122 419 6.69 -10.37 1.22
Columbianadin 1220 9.14 1.66 343 1.91

2440 8.07 2.82 4.83 7.40
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TaBLE 3: Recovery and matrix effect of 14 compounds and ISs in rat plasma (n=6).
. Recovery (%) Matrix effect (%)
Analytes Concentration (ng/mL) Mean + SD Mean + SD
10 98.37 £0.84 96.03 £0.24
Neochlorogenic acid 252 98.53+1.18 97.36+0.83
504 99.35+0.56 96.67 +£0.71
10.6 93.79 £4.36 96.75 £ 0.60
Chlorogenic acid 1060 98.67 +£1.81 99.66 +0.40
3180 99.55+2.08 100.19 £2.90
11.7 96.62 +0.81 95.87 +1.31
Cryptochlorogenic acid 117 93.56+2.76 92.87 +2.47
234 97.11+1.50 93.64+5.02
11.2 96.45+2.84 94.87 £4.77
3,4-diCQA 56 100.55+1.03 94.29 +3.61
112 94.39£2.53 98.10+0.79
12.5 100.24 +1.44 99.19+0.76
3,5-diCQA 312.5 99.44 +0.34 98.73 +£1.47
625 96.17 +£2.42 93.75+1.53
20.4 95.94 +£5.51 94.74£5.71
4,5-diCQA 102 90.38 £7.27 88.11 +5.31
204 98.24 +£2.58 96.54 +1.30
39 100.61 +1.72 91.94+£9.71
Columbianetin 2260 94.77 £4.24 94.89 £ 4.41
4520 99.57 £0.56 99.45+0.71
5.05 93.25+4.57 96.85+0.22
Psoralen 252.5 96.67 £6.07 98.33 £1.58
505 99.16 £0.67 98.98 £0.53
11.2 97.27 £1.08 98.69 £1.27
Xanthotoxin 560 97.90 +1.24 98.17 £0.99
1120 95.60 £0.47 99.72£0.11
13 94.7 £9.98 95.13+9.57
Bergapten 340 103.73 +2.78 92.19+8.08
680 100.62 +10.70 96.77 = 8.80
54 95.58 +0.88 93.72 £ 6.68
Columbianetin acetate 2160 98.04+1.90 100.09 +7.76
4320 100.06 +3.49 97.66 + 3.34
8.9 99.29+2.11 99.81 £1.91
Isoimperatorin 445 95.01+3.06 95.95+2.76
890 95.66 £ 5.42 90.78 £9.05
55 94.26 £3.63 96.24+0.79
Osthol 2200 99.93+1.34 98.92 +2.45
5500 100.16 £ 1.59 98.70 £0.70
12.2 91.42+3.26 94.17 +5.35
Columbianadin 1220 99.66 +£1.20 99.85+1.67
2440 96.46 £ 9.48 102.29 +8.50
Chloramphenicol 100 96.68 +2.07 97.72+3.17
Daidzein 100 99.74 +6.36 99.75 +1.89

Figure 4, and the corresponding pharmacokinetic param-
eters are presented in Table 5.

Caffeoylquinic acid compounds were absorbed quickly
and reached to C,,,, within 1 h. Previous studies have shown
that caffeoylquinic acid compounds were easily absorbed
and metabolized in the intestine. When PH was neutral or
alkaline, neochlorogenic acid and chlorogenic acid were easy
to be transformed into cryptochlorogenic acid [32], and
under the action of gut bacteria, chlorogenic acid is easy to

be transformed into neochlorogenic acid and crypto-
chlorogenic acid [33]. Therefore, this may be the reason for
the double peaks of neochlorogenic acid and crypto-
chlorogenic acid during four hours after administration
APR. In addition, gut bacteria were disturbed and the in-
testinal PH changed under pathological conditions, which
affected the isomerization of monosubstituted caffeoylquinic
acid. Therefore, compared with normal rats, AUC,_; and
Cumax 0f chlorogenic acid and cryptochlorogenic acid were
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TaBLE 4: The stability test of 14 compounds in rat plasma (n=6).
. Short term stability ~ Long term stability Freeze—thcfv}/ cycles Posttrec.zt.ment
Analytes Concentration (ng/mL) stability stability
RSD (%) RE (%) RSD (%) RE (%) RSD (%) RE (%) RSD (%) RE (%)
10 2.83 3.18 3.80 3.30 4.30 2.40 7.71 0.96
Neochlorogenic acid 252 4.02 11.46 4.33 11.71 2.86 10.25 2.10 9.31
504 12.07 3.48 13.42 1.97 11.60 2.89 10.32 3.01
10.6 13.41 -10.70 11.16 -10.10 9.30 -9.38 7.04 -8.90
Chlorogenic acid 1060 0.57 -4.07 2.31 -3.00 0.96 =7.72 242 —2.64
3180 2.98 -12.94 5.95 —14.43 11.29 —14.56 8.15 -12.93
11.7 4.62 0.09 7.81 0.11 4.91 0.10 2.47 0.05
Cryptochlorogenic acid 117 5.89 2.98 5.10 2.57 4.78 212 3.40 2.21
234 7.76 3.55 8.13 1.12 6.02 0.54 5.95 0.37
11.2 9.42 7.83 8.78 8.03 11.50 4.70 10.99 3.59
3,4-diCQA 56 3.26 1.26 5.41 0.47 2.76 0.11 2.41 2.38
112 11.76 10.17 11.25 9.46 6.54 12.74 8.70 10.42
12.5 291 10.66 7.37 5.53 247 11.59 6.67 2.20
3,5-diCQA 312.5 7.18 —2.48 6.17 -3.61 5.56 -3.62 4.84 -3.41
625 2.51 1.54 2.33 1.49 2.15 1.58 1.80 1.31
20.4 556 -0.05 522  -139 465  -110 46l  -117
4,5-diCQA 102 3.52 1.81 446 1.98 457 1.74 2.78 0.33
204 2.03 0.82 1.41 0.18 1.67 0.80 1.81 0.03
39 5.8 0.47 479 8.79 188  -549 258 7.89
Columbianetin 2260 3.07 4.19 2.27 3.56 1.39 3.82 1.55 3.59
4520 1.27 -0.87 1.18 -0.94 0.98 —-0.84 0.86 —-0.88
5.05 569  -585 317  -884 1007  -8.37 157  -13.10
Psoralen 252.5 3.86 7.43 5.16 9.22 0.45 11.50 1.70 5.27
505 5.47 7.62 4.56 591 0.93 10.13 2.53 8.21
11.2 9.77 018 936  -074  7.04 0.06 703 -0.52
Xanthotoxin 560 268  —0.81 257 -0.76 216  —0.74 197  -116
1120 2.36 7.30 2.76 7.34 4.24 6.75 4.79 1.28
13 6.95 0.63 7.66 1.53 7.64 2.72 8.44 1.62
Bergapten 340 9.35 -13.21 6.41 -12.79 6.19 -7.04 3.46 -10.30
680 7.50 5.28 4.17 1.84 7.17 4.19 6.40 7.29
54 8.01 0.55 7.18 2.56 7.42 1.77 2.03 1.96
Columbianetin acetate 2160 7.73 7.96 5.53 3.76 6.37 9.80 0.25 6.87
4320 3.35 2.64 1.90 3.38 4.58 4.44 4.29 4.02
8.9 2.74 1.35 4.79 0.03 3.83 1.05 1.78 0.78
Isoimperatorin 445 2.83 -12.34 3.49 —12.65 4.33 -13.11 5.87 -13.01
890 2.60 0.18 6.96 0.87 4.10 0.53 3.37 1.16
5.5 0.73 3.44 6.79 -0.08 439 -384 364  -3.39
Osthol 2200 4.19 0.28 8.56 0.09 2.82 0.81 4.34 1.27
5500 2.27 0.82 4.58 0.53 5.89 1.74 2.70 518
122 1415  -201 1298  -151 1463  -853 1380  —6.29
Columbianadin 1220 7.48 2.07 7.02 1.08 837  -074 679 0.72
2440 913  -505 613  -267 824 012 969  -246

increased, and longer t;,, and MRT were observed in model
rats. Meanwhile, there was no significant change in the
pharmacokinetic parameters of neochlorogenic acid in
normal and model rats, which may be due to the low
participation and conversion of neochlorogenic acid in the
isomerization of monosubstituted caffeoylquinic acid, and
gut bacteria may have little effect on its absorption and
metabolism.

For disubstituted caffeoylquinic acid, the gut bacteria
changed under pathological conditions, which hindered the
absorption of disubstituted caffeoylquinic acid by receptors

on blood vessels, resulting in the AUC,_, of 3,4-diCQA, 3,5-
diCQA, and 4,5-diCQA being decreased. We speculated that
the change of gut bacteria could also transform 3,4-diCQA
and 4,5-diCQA into 3,5-diCQA, increasing the AUC o,
Cmax and prolonging t;, of 3,5-diCQA. In addition, di-
substituted caffeoylquinic acid could be hydrolyzed to
monosubstituted caffeoylquinic acid by esterase produced
by intestinal microorganisms such as colon bacillus, Bifi-
dobacterium and Lactobacillus gasseri, or interconversion by
esterase isomerization. This is also one of the main reasons
for the inconsistent changes of pharmacokinetic parameters
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FIGURE 4: Mean plasma concentration-time curves for (a) neochlorogenic acid, (b) chlorogenic acid, (c) cryptochlorogenic acid, (d) 3,4-
diCQA, (e) 3,5-diCQA, (f) 4,5-diCQA, (g) columbianetin, (h) psoralen, (i) xanthotoxin, (j) bergapten, (k) columbianetin acetate, (1)
isoimperatorin, (m) osthol, and (n) columbianadin in normal (black) and model (red) rats after oral administration of APR. (n=6 of each
group).

of disubstituted caffeoylquinic acid in arthritis rats, and its For coumarin compounds, the 14 components could be
transformation mechanism remains to be further studied detected in both normal and model rats 5min after ad-
[34, 35]. ministration APR. The AUCy.,, AUCq. o, and C,,,, of all



Evidence-Based Complementary and Alternative Medicine

12

*dnoi8 reurtou o) yum paredwod 100> d ., PUB 100>d .

1507 8L LBOFIST €87 FIS91 €00F €20 1287 ¥ T0°L6V ++00'S9TF LO'6¥8E < ILTETFT6L8YE [PPOIN urpeurIquIngn
0L0FFT0T LSOF 0TI 96'¢ F €791 €00FETO 0S' 12T FHL'€891 99°007 F 91'8967 S6'TTIFSSTI9T  [PUION
WITOFEET TWOFV69 690 F TV'9 0Z0FI60  .LEILTFLLIY  L.EL69ICFLOFYSIT  ,.96'L9TTF0E'BISTL [PPOIN 1oUsO
IT0F8ST 6T0F €S9 IS0FTHET 0F0FOTT 05'98C F 17°TH9€ VL L9S T 88'8YITT 0STSSFSTSHPIT  [eWION
88°0 F8T'ST SO0FILST 'S FILIL 0Z0F850 9607 F 117€T PT9BF P0'€S9I L69EF OV LT [PPON uroyesaduosy
CLTFTH6I LSOFOTST PE8F 1697 0T0F 850 0897 F LEHTT TT6VT F8F'SSST GS'89F 098811 [BWLION
OTOFEBT  ,.I60F£8'ST 90TFL6'ST €00FST0 1TH0€ ¥ 10°€7C TT'68€ ¥ 90'L6S0T 60'9LE 7 150616 [PPON 5121998 UHPURIQUIN[OD)
90 TFI9C $9°0 F 9581 19°€ F0€L1 €00 FST0 YTT9T F €€°020T 8T'8THT FH0'T600T S0'0S6F 019906  [PULION
HTVOTEV6 H600FITL 70T OTL 0'TF LY 98 TH F V8IS 68 0V F Z0'SBIE «+PE€001 F8T6T1E [PPOIN —
SOTFECTI YE0TO0V6 TFIVG 7807 L9°€ SL'S6 T 10°€8E €8°¢8T F LETTEET 96'SLTF69'€97C  [eULION
ToFITY 150  0€°01 OLEF ST E0TFECE 86'7€ ¥ 00°8CS (BY'6LL T 18'L88Y SV'8V1 7 86'LEOY [PPON .
1€0F 059 €S0 FTL0T CLTFIITI T80FEC €0'9L F €6'€SS 8THITF 69°619% 8G' /8T FSS'CHPY  [PWION
610F96L  LTTOFE6T V0786 180799 w6V TV FT9'9TE +8STT6 F OT'0LLE 6806 F LV SVLE [PPOIN J—
650FLLS I€0FFETI 8TEF 086 9T TF 008 19°2T F S9'60C TTOVTF 6 1EHE €C6STFTOTETE  [PULON
WE00FPIT  LL0T0FOITI 8TTF L0'9 60'TF006  ..06'L91 F0L0TC ++9ET69 F TY'ETIO ++8E'SLO T S9'BL6ST [PPOIN uneuRIqUINn
SO0 F86°0 9¢'0 F0E€T ZI0F Y09 7807 L96 S6'TYT FE09TTE €SHTST FHE8190€ LOOPST F9€'G8T0€  [PULION
09'6F9LTT BLOFLLIT  L.TLSTFTLO €00F €20 «+T68F 0TS L0861 T 6L'L8TT <+80'0F ¥ £209L PPON VOOIP-c
T99FFETI TLOFOLIC 0€'61 F28°TS €O0FFCT0 66’11 F05'STT IT'6LE F 78°€8TT LEOEFOOTION  [eUmiON
SETFTIOL  L.6VOF6LBL  FTLIFSY'6S €00F 810 «-9T6F ¥ ££°507 WZTOTT F IL'€TTE +S610% ¥ L0'196 [PPOIN VOOIp-c'€
18F T LE81 89°0 F L0'1C 0SFI F06°€E €00 FST0 VL LY F8LT6T €6'€19 F 057921 YSLETTLO6GTIT  [PWION
0LLF996L  .LOVOFIS6L  LOSTTFLVY8 0T0F 620 IILFpL6L 66'8VLF 69VVLI «+6S 61 F V05 [PPOIN VOOIP-FE
8€F F90'1T €LOFITTL 96°T1 F L6'LS 0T'0F 6270 PI8F LS8 05087 F SE°TLYT 6TPSFISTI9  [PWION
WCOTF68L LSS0 ISEI €SOIFOE8Y  ,.0[0FSV0 «0L8F 79’881 TCTLY FVE6V8E ++T9TLITF €0'S69T A T
68°€F0LST 970 981 S9'LT FSSHE IOFTH0 €OF FI9°THT 6L TLS F9E°€T0C VIETV6E6CT  [PWION
LYTF L9 TS0FBYB  LLTETFLETS OTOFSHO  ..9TFITFST6SLL T6TSLT 7968595 ++IV'€CT FTTBISY [PPOIN pIoe S1a8010[40
950 FF9°S 8T0FS6'S S8V F68'LT 9¢0FFS0 08'ST T 19°6991 08'16S F 8£'19€S G6'8STFSS0SLE  [PWION
90T F9S'LI 9T0F09ST LTOTF08T€ €00 F €20 SOPTFCTIES OL'VETF EB0ELI VUSYFLIT6IT [PPOIN PIoE SU0I0YPOON]
80°€ T 6491 89°0 F 65°ST YS9T FH6'6€ ¥0'0 020 ¥9'8S F9L'61F 6T'SLE T 68 THST 169LF L60FIT  [BWION
GYwD 1O (COREAR I (W) @Y () ™ (Tw/u) **%) (4, 1/8u) 000y (4, 1/3u) D0V dnorn saidreuy

(9=u ‘@S F ueawr) YJV Jo uonensurwpe [ero 19)je sdnoid jer pppow snuIyiIe pue [ewrou ur spunodwod G jo sivjowrered onounjooewreyd ureur ayf, i 474V],



Evidence-Based Complementary and Alternative Medicine

compounds except columbianetin in model rats were higher
than those in normal rats when given the same dose of the
APR, which may be due to the effect of histamine being
oversecreted by mast cells on receptors on blood vessels in
model rats to increase vascular permeability, making cou-
marins easier to cross cell membranes and enter the blood
[36]. Compared with normal rats, the CL of psoralen,
bergapten, osthol, and columbianadin in model rats was
decreased (P <0.01), while the MRT,., of psoralen, ber-
gapten, and columbianetin acetate was shortened (P <0.01),
which reflected the increased bioavailability of these com-
pounds. The reasons may be (1) under pathological con-
ditions, the activities of metabolic enzymes and transporters
related to drug metabolism and transport in the body were
changed, which significantly affected the CL of drug me-
tabolized by the liver. (2) The active ingredients could
prevent the diffusion of inflammation by affecting the
binding of active ingredients to plasma proteins, inflam-
matory factors, and related receptors in the lesion of model
rats, thus affecting the pharmacokinetics process of drugs in
vivo. (3) The active ingredients were distributed to other
tissues. (4) The active ingredients were transformed into
other components under the action of gut bacteria and drug
metabolism enzymes. In addition, for bergapten, the first
peak appeared at 5 min after administration of APR and the
second peak appeared at 4 hours, we speculated that the
possible reason was as follows: xanthotoxin, an isomer of
bergapten, which could transform to bergapten in a certain
way in vivo so as to make the bergapten peak appeared again
after dosing 4 h. For columbianetin acetate, the double peak
phenomenon occurred in 4 h after administration of APR,
which may be caused by the conversion of columbianetin
into columbianetin acetate in vivo through liver metabolic
enzymes or gut bacteria, or the hepatointestinal circulation.
Furthermore, compared with normal rats, the AUC,,
AUC).co» Crax Of columbianetin decreased while CL in-
creased and MRT shortened in model rats, which was
consistent with our speculation.

In conclusion, compared with normal rats, the phar-
macokinetic parameters of 14 compounds in normal and
model rats were significantly different. This indicated that
the pharmacokinetic behavior of drugs will vary with the
pathological state of the body. This study found that the
pharmacokinetic behavior of 14 components in APR was
correlated with the pathological state of arthritis. This study
provided important scientific information for better un-
derstanding the mechanism and clinical application of
APR. At the same time, the abovementioned results also
provide a scientific basis and data support for 14 com-
pounds as a pharmacodynamic substance basis of APR
against arthritis.

4. Conclusion

In this study, a UPLC-MS/MS method was established for
simultaneous determination of 14 components in plasma
and used to investigate the influence of arthritis induced
by the complete Freund adjuvant on the pharmacokinetics
of thel4 components after oral administration of APR.

13

The results showed that the established method had good
accuracy, precision, recovery, and stability and was
suitable for studying the pharmacokinetics of 14 com-
ponents in rat plasma. In addition, there were significant
differences in the pharmacokinetics of 14 compounds
between normal and model rats. This suggested that it was
necessary to formulate individualized and reasonable
drug administration schemes according to different
pathological states, which could not only effectively im-
prove the safety and effectiveness of drugs but also reduce
the probability of adverse reactions.

Data Availability

The data used to support the findings of this study are in-
cluded within the article.

Ethical Approval

The animal experiment followed the Ethics Regulations of
Heilongjiang University of Chinese Medicine.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

Hai Jiang, Haixue Kuang, and Liu Yang conceived and
designed the review. Ajiao Hou, Huan Yu, Song Wang,
Jiaxu Zhang, Xuejiao Wang, and Senwang Zheng
searched the literature and downloaded the documents
and made the classification. Ajiao Hou wrote the paper.
Liu Yang and Ajiao Hou checked the manuscript, and
Hai Jiang contributed comments for revision of the
manuscript. All authors read and approved the final
manuscript.

Acknowledgments

This work was supported by the National Natural Science
Foundation of China (No. 81803690), the Natural Science
Foundation of Heilongjiang Province (No. LH2021H097),
Heilongjiang Touyan Innovation Team Program, the
National Famous Old Traditional Chinese Medicine Ex-
perts Inheritance Studio Construction Program of Na-
tional Administration of TCM (NO. (2022) No. 75), The
Seventh Batch of National OId Traditional Chinese
Medicine Experts Academic Experience Inheritance
Program (NO. (2022) No. 76), the Innovative Talents
Funding of Heilongjiang University of Chinese Medicine
(NO. 2018RCD25), the National Natural Science Foun-
dation Matching Project (No. 2018PT02), Special Funds
from the Central Finance to Support the Development of
Local Universities, the Heilongjiang Postdoctoral Scien-
tific Research Developmental Fund (No. LBH-Q16210),
and the Postdoctoral Initial Fund of Heilongjiang Prov-
ince (UNPYSCT 2017219).



14

References

(1]

(2]

(3]
(4]

(5]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

S. N. Wijesinghe, M. A. Lindsay, and S. W. Jones, “Oligo-
nucleotide therapies in the treatment of arthritis: a narrative
review,” Biomedicines, vol. 9, no. 8, p. 902, 2021.

J. Y. Ng and A. M. Azizudin, “Rheumatoid arthritis and
osteoarthritis clinical practice guidelines provide few com-
plementary and alternative medicine therapy recommenda-
tions: a systematic review,” Clinical Rheumatology, vol. 39,
no. 10, pp. 2861-2873, 2020.

J. Li, “How are your joints?” Healthy Living, vol. 10, pp. 26-27,
2014.

C. Hua, F. Buttgereit, and B. Combe, “Glucocorticoids in
rheumatoid arthritis: current status and future studies,” RMD
Open, vol. 6, no. 1, Article ID 000536, 2020.

B. Kim, Y. J. Cho, and W. Lim, “Osteoporosis therapies and
their mechanisms of action (Review),” Experimental and
Therapeutic Medicine, vol. 22, no. 6, pp. 1379-1414, 2021.
C. Wu, S. Wang, P. Xian, L. Yang, Y. Chen, and X. Mo, “Effect
of anti-TNF antibodies on clinical response in rheumatoid
arthritis patients: a meta-analysis,” BioMed Research Inter-
national, vol. 2016, pp. 1-9, 2016.

X. Ma and S. Xu, “INF inhibitor therapy for rheumatoid
arthritis,” Biomedical reports, vol. 1, no. 2, pp. 177-184, 2013.
W. Wang, H. Zhou, and L. Liu, “Side effects of methotrexate
therapy for rheumatoid arthritis: a systematic review,” Eu-
ropean Journal of Medicinal Chemistry, vol. 158, pp. 502-516,
2018.

R.J. Moots, R. M. Xavier, C. C. Mok et al., “The impact of anti-
drug antibodies on drug concentrations and clinical outcomes
in rheumatoid arthritis patients treated with adalimumab,
etanercept, or infliximab: results from a multinational, real-
world clinical practice, non-interventional study,” PLoS One,
vol. 12, no. 4, Article ID e0175207, 2017.

H. Lv, Z. Li, Z. Xie et al.,, “Innovated formulation of TCM
pangolin scales to develop a nova therapy of rheumatoid
arthritis,” Biomedicine & Pharmacotherapy, vol. 126, Article
ID 109872, 2020.

K. x. Wang, Y. Gao, C. Lu et al., “Uncovering the complexity
mechanism of different formulas treatment for rheumatoid
arthritis based on a novel network Pharmacology model,”
Frontiers in Pharmacology, vol. 11, pp. 1035-1058, 2020.

Y. Shi, H. Shu, X. Wang et al, “Potential advantages of
bioactive compounds extracted from traditional Chinese
medicine to inhibit bone destructions in rheumatoid ar-
thritis,” Frontiers in Pharmacology, vol. 11, Article ID 561977,
2020.

L. Yang, A. Hou, S. Wang et al.,, “A review of the botany,
traditional use, phytochemistry, analytical methods, phar-
macological effects, and toxicity of Angelicae pubescentis
radix,” Evidence-based Complementary and Alternative
Medicine, vol. 2020, Article ID 7460781, 28 pages, 2020.

L. Yang, A. Hou, S. Wang et al., “Screening and quantification
of TNF-« ligand from Angelicae pubescentis radix by bio-
sensor and UPLC-MS/MS,” Analytical Biochemistry, vol. 596,
Article ID 113643, 2020.

Y. Lu, H. Wu, X. Yu et al,, “Traditional Chinese medicine of
Angelicae pubescentis radix: a review of phytochemistry,
pharmacology and pharmacokinetics,” Frontiers in Pharma-
cology, vol. 11, p. 335, 2020.

X. Li, J. Wang, and L. Gao, “Anti-inflammatory and analgesic
activity of RAP (Radix Angelicae Pubescentis) ethanol ex-
tracts,” African Journal of Traditional, Complementary and
Alternative Medicines, vol. 10, no. 3, pp. 422-426, 2013.

Evidence-Based Complementary and Alternative Medicine

(17]

[18

[19

[20

[21

[22

(23]

(24]

(25]

(26]

(27]

(28]

(29]

A.Hou, L. Yang, J. Zhang et al., “A strategy for qualitative and
quantitative profiling of Angelicae Pubescentis Radix and
detection of its analgesic and anti-inflammatory components
by spectrum-effect relationship and multivariate statistical
analysis,” Biomedical Chromatography: Biomedical Chroma-
tography, vol. 34, no. 10, Article ID 4910, 2020.

W. Sun, L. Yang, Y. Qiu, J. Ren, R. Huang, and J. Fu, “Identify
nature N-acylethanolamide-hydrolyzing acid amide (NAAA)
inhibitor: effect of Angelicae Pubescentis Radix on anti-in-
flammation,” Zhongguo Zhong yao za zhi= Zhongguo zhon-
gyao zazhi= China journal of Chinese materia medica, vol. 36,
no. 22, pp. 3161-3166, 2011.

L. Yang, H. Jiang, A. Hou et al., “Simultaneous determination
of thirteen Q-markers in raw and processed tussilago farfara
L. By UPLC-QQQ-MS/MS coupled with chemometrics,”
Molecules, vol. 24, no. 3, pp. 598-613, 2019.

X.-c. Jiao, J. Li, Xa. Yu et al., “The pharmacokinetics, bio-
availability and excretion of columbianetin acetate and its
metabolite columbianetin were analysed in rat plasma by LC-
MS/MS after administration of columbianetin acetate and
Angelicae pubescentis radix extract,” RSC Advances, vol. 5,
no. 116, Article ID 95893, 2015.

Y.-x. Chang, Q. H. Zhang, J. Li et al,, “Simultaneous deter-
mination of scopoletin, psoralen, bergapten, xanthotoxin,
columbianetin acetate, imperatorin, osthole and iso-
imperatorin in rat plasma by LC-MS/MS for pharmacokinetic
studies following oral administration of Radix Angelicae
Pubescentis extract,” Journal of Pharmaceutical and Bio-
medical Analysis, vol. 77, pp. 71-75, 2013.

Q. Luo, C. Wang, J. Li et al., “The pharmacokinetics and oral
bioavailability studies of columbianetin in rats after oral and
intravenous administration,” Journal of Ethnopharmacology,
vol. 150, no. 1, pp. 175-180, 2013.

J. Li, Z. Li, Q. Luo et al,, “Simultaneous determination of
columbianadin and its metabolite columbianetin in rat
plasma by LC-MS/MS: application to pharmacokinetics of
columbianadin after oral administration,” Evidence-based
Complementary and Alternative Medicine, pp. 1-8, 2018.

Y. Wang, Y. Chai, and Z. Zhu, “Advances on pharmacoki-
netics of traditional Chinese medicine based on animal model
under diseased states,” Journal of Pharmaceutical Practice,
vol. 35, no. 2, pp. 108-111+140, 2017.

Y. Tian, Z. F. Yang, Y. Li et al., “Pharmacokinetic comparisons
of hydroxysafflower yellow A in normal and blood stasis
syndrome rats,” Journal of Ethnopharmacology, vol. 129, no. 1,
pp. 1-4, 2010.

X. Shi, Y. Tang, H. Zhu et al,, “Comparative tissue distribution
profiles of five major bio-active components in normal and
blood deficiency rats after oral administration of Danggui
Buxue Decoction by UPLC-TQ/MS,” Journal of Pharma-
ceutical and Biomedical Analysis, vol. 88, pp. 207-215, 2014.
L. j. Zhu, L. Chen, Cf. Bai et al., “A rapid and sensitive
UHPLC-MS/MS method for the determination of ziyugly-
coside I and its application in a preliminary pharmacokinetic
study in healthy and leukopenic rats,” Biomedicine ¢ Phar-
macotherapy, vol. 123, Article ID 109763, 2020.

Y. Qi, X. Cheng, H. Jing et al., “Comparative pharmacokinetic
study of the components in Alpinia oxyphylla Miq.-Schi-
sandra chinensis (Turcz.) Baill. herb pair and its single herb
between normal and Alzheimer’s disease rats by UPLC-MS/
MS,” Journal of Pharmaceutical and Biomedical Analysis,
vol. 177, Article ID 112885, 2020.

H. Zhang, X. Hu, M. Qiao et al., “Simultaneous determination
of five isoflavones in rat plasma by LC-MS/MS: comparative



Evidence-Based Complementary and Alternative Medicine

(30

(31]

(32

(33]

(34]

(35]

(36]

pharmacokinetic characteristics of Puerariae lobatae radix in
normal and type 2 diabetic rats,” Journal of Separation Science,
vol. 42, no. 16, pp. 2592-2601, 2019.

N. Helsby, M. Yong, M. Kan, J. Zoysa, and K. Burns, “The
importance of both CYP2C19 and CYP2B6 germline varia-
tions in cyclophosphamide pharmacokinetics and clinical
outcomes,” British Journal of Clinical Pharmacology, vol. 85,
no. 9, pp. 1925-1934, 2019.

C. L. Cazer, V. V. Volkova, and Y. T. Grohn, “Use of
pharmacokinetic modeling to assess antimicrobial pressure
on enteric bacteria of beef cattle fed chlortetracycline for
growth promotion, disease control, or treatment,” Foodborne
pathogens and disease, vol. 11, no. 5, pp. 403-411, 2014.

P. Zhu, X. l. Miao, and Y. Chen, “Degradation kinetics of
chlorogenic acid, cryptochlorogenic acid, and neochlorogenic
acid at neutral and alkaline pH values,” Acta Pharmaceutica
Sinica, vol. 51, no. 1, pp. 122-126, 2016.

Y. Li, J. Wang, Y. Zhou, D. Li, and Z. Q. Xiong, “Rcanl
deficiency impairs neuronal migration and causes periven-
tricular heterotopia,” Journal of Neuroscience: The Official
Journal of the Society for Neuroscience, vol. 35, no. 2,
pp. 610-620, 2015.

D. Del Rio, A. Stalmach, L. Calani, and A. Crozier, “Bio-
availability of coffee chlorogenic acids and green tea flavan-3-
ols,” Nutrients, vol. 2, no. 8, pp. 820-833, 2010.

D. Couteau, A. McCartney, G. Gibson, G. Williamson, and
C. Faulds, “Isolation and characterization of human colonic
bacteria able to hydrolyse chlorogenic acid,” Journal of Ap-
plied Microbiology, vol. 90, no. 6, pp. 873-881, 2001.

A. M. Cressman, V. Petrovic, and M. Piquette-Miller, “In-
flammation-mediated changes in drug transporter expres-
sion/activity: implications for therapeutic drug response,”
Expert Review of Clinical Pharmacology, vol. 5, no. 1,
pp. 69-89, 2012.

15



