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Objective To reveal the integral in vivo polypharmacokinetics (PPK) similarity or difference
between Jinyinhua (Lonicerae Japonicae Flos, LJF) and Shanyinhua (Lonicerae Flos, LF), and
provide reference for their clinical application.

Methods The PPK model and its total quantum statistical moment similarity (TQSMS) meth-
od were used to compare the integral PPK profiles of nine components with anti-inflammat-
ory efficacy (rutin, caffeic acid, chlorogenic acid, cryptochlorogenic acid, dispsacoside B,
macranthoidin B, isochlorogenic acid A, isochlorogenic acid B, and isochlorogenic acid C) of
LJF and LF. A total of 54 Specific Pathogen Free (SPF) grade Kunming (KM) mice were ran-
domized into LJF group and LF group (n = 27), and each group was divided into nine sub-
groups (n = 3) according to different time points. Subsequently, mice model of p-xylene-in-
duced ear edema was constructed by oral administration of LJF and LF. The concentrations of
the nine anti-inflammatory components in plasma samples of the mice were determined by
ultra-performance liquid chromatography/quadrupole time-of-flight mass spectrometry (UP-
LC-QTOF-MS/MS). And the pharmacokinetics (PK) parameters of single component and the
integral PPK parameters [total quantum statistical moment (TQSM) and TQSMS] of multiple
components were calculated by Drug And Statistics (DAS) software and home-brew pro-
grams with Excel, respectively.

Results There were significant differences in single-component PK parameters between LJF
and LF (P < 0.05). Whereas, no significant differences were found in multi-component TQSM
parameters, including total quantum zero moment (AUCyy_,, AUCqy_,,) and total quantum first
moment (MRTy,., MRTr,..,) for the total quanta (P > 0.05). Accordingly, single-component
TQSMS varied from 0.220 4 to 0.968 9, and that for the total quanta was 0.828 4, suggesting no
significant differences in the speed and extent of bioavailability between LJF and LF. Further-
more, in light of high TQSMS (0.828 4), the integral PPK profiles of the nine anti-inflammat-
ory components of LJF and LF were similar under 90% confidence intervals.

Conclusion The PPK model and its TQSMS method are appropriate and efficient to compare
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the similarity or difference of integral PPK profiles of multi-component herbal medicines. It is
suggested in this research that LJF can be replaced with LF or vice versa for anti-inflammat-

ory treatment.

1 Introduction

Jinyinhua (Lonicerae Japonicae Flos, LJF) is dry flower
buds or new blossom of Lonicera japonica Thunb.,
mainly grown in China, Japan, and Korea. Shanyinhua
(Lonicerae Flos, LF), primarily found in China, is also dry
buds or new blossom of Lonicera macranthoides Hand.-
Mazz., Lonicera hypoglauca Miq., Lonicera confusa DC.,
or Lonicera fulvotomeniosa Hsu et S. C. Cheng !". Both
LJF and LF are capable of clearing heat and toxins, and
evacuating wind heat with anti-inflammatory, antiviral,
antidiabetic, antiallergic, and antioxidant effects . Ac-
cording to the Chinese Pharmacopoeia (editions 1977,
1985, 1990, 1995, and 2000), LJF can also be originated
from Lonicera hypoglauca Miq., Lonicera confuse DC.,
and Lonicera dasystyla Rehd., i.e. the three plant sources
of LF we introduced above. Both LJF and LF had been in-
discriminately used as the same Chinese material medica
(CMM) until the Chinese Pharmacopoeia (edition 2005)
came out, which lists LF and LJF as two separate CMMs
due to their different component concentrations . For
instance, LF contains more organic acids and saponins
than LJF does, while LJF contains more flavonoids than
LF F’l. Although LJF differs from LF in the component con-
centration, they have same clinical efficacy in accord-
ance with the Chinese Pharmacopoeia (editions 2005,
2010, 2015, and 2020). On account of the controversy over
their separate listing, and inconsistency between com-
ponents in vitro and their therapeutic efficacy, disagree-
ments on the clinical applications of LJF and LF have ris-
en and continued until now. Essentially, the controversy
lies in the enormous differences in the component con-
centration in vitro but the great similarities in therapeut-
ic efficacy ["*l. Therefore, it is necessary to investigate the
two CMMSs’ in vivo bioavailability to help explain the in-
consistency between components in vitro and their
therapeutic efficacy.

To date, there is numerous literature regarding the
chemical composition and pharmacological efficacy of
LJF and LF. And the pharmacokinetics (PK) profiles of
several important parameters of components in LJF and
its compound prescriptions had been investigated [ %,
However, there are few comparative studies on polyphar-
macokinetics (PPK) between LJF and LF. PK plays an es-
sential role in evaluating CMM’s bioavailability, provid-
ing references to the therapeutic efficacy and safety of a
single component in CMM [ I, However, it would be
time-consuming and labor-intensive when the PK model
is applied for assessing numerous components in the

CMM. In particular, single-component PK parameters
vary dramatically due to the wide concentration range of
the components and their complex interactions in vivo,
thus challenging in technologies !'" '?. Furthermore,
CMM has synergetic effects derived from the integration
of multiple components. Therefore, it is imperative to as-
sess the similarity or difference of integral PPK profiles of
multiple components using PPK model.

PPK model plays an important role in comparing the
bioavailability and clinical efficacy of multi-component
CMMs, thereby providing evidence for the CMMs’ clinic-
al application and for analyzing their clinical efficacy with
their different sources. The components and their con-
centrations of CMMs are often complex and changeable,
but their pharmacological efficacy may be similar, which
is difficult to explain with previous methods. Therefore,
HE et al. ¥ constructed a PPK model and its total
quantum statistical moment similarity (TQSMS) method
based on statistical moment theory (SMT) to integrate
single-component statistical moment (SM) parameters to
constitute total quantum statistical moment (TQSM)
parameters and TQSMS for better analyzing the differ-
ence and similarity of multiple components of CMMs by
recording the time course of plasma concentrations (loc-
ation, mean residence time, and variance of the resid-
ence time). The PPK model has been managed to screen
quality-marker from numerous components in Buyang
Huanwu Injection (#h 8% &.7% 4% 7] ) based on TQSMS %],
Moreover, the PPK model was also employed to evaluate
the interactions between midazolam and flucloxacil-
lin ", In addition, TQSMS method could be applied to
evaluate the similarity of two chromatographic finger-
prints ', In this study, the PPK profiles of LJF and LF
were compared with the use of PPK model built before-
hand.

It is reported that the anti-inflammatory effects and
mechanisms of LJF and LF are similar .. Consequently,
components with anti-inflammatory efficacy, nine in
total, were selected for research '’ Mice with P-xylene-
induced ear edema are typical research models with in-
flammations. They are easy to breed, economical, and
highly reproductive. In this research, the similarity or dif-
ference of the integral PPK profiles of the nine anti-in-
flammatory components of LJF and LF in mice with p-xy-
lene-induced ear edema were investigated by comparis-
on of their PPK profiles and its TQSMS, laying a founda-
tion for explaining the inconsistency between in vitro
components and the clinical effects of LJF and LF, and
providing references for their clinical application.
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2 Materials and methods
2.1 PPK model and its TQSMS method

2.1.1 PPK model For single component PK profiles, the
typical SM parameters as zero moment, first moment,
and second moment could be obtained by methods from
literature " 22, A holistic PPK profile (HPP) was consti-
tuted of n kinds of PK profiles, which should be defined to
the integral PPK profile as total quantum zero moment
(AUCy), total quantum first moment (MRT;), and total
quantum second moment (VRT;) as the following.

AUC; for a HPP, which is defined as the area under
concentration-time curve, can be expressed by Equation
(1). AUC,.; and AUC,_, represent the area under concen-
tration-time curve from time 0 to ¢ and time 0 to infinite,
respectively.

AUC; =) AUC, )

i=1

MRT; for a HPP, representing the residence time on
average, is composed of n kinds of individual PK profiles,
and can be given as Equation (2). MRT, ; and MRT,_,rep-
resent the residence time on average from time 0 to t and
time 0 to infinite, respectively.

MRT, = ZMRTT -AUC, / ZAUC,- @
i=1

i=1

VRTfor a HPP is defined as the variance of MRTand
can be used to describe the dispersion degree of these
single-component PK profiles, expressed in Equation (3).
VRT,.,represents the variance of MRT from time 0 to in-
finite.

VRT; =Y [(MRTVRT,)-AUC / > AUC,- MRT}

i=1

i=1

3

2.1.2 TQSMS method The two TQSM parameters,
MRT; and VRTy, on behalf of center or dispersion of res-
idence time respectively, can be converted into normal
distribution probability density function (NDPDF),
shown as the following Equation (4).

FO=[" |1V o|-exp [ (1-1)"20%|

(—o0 <1 < +00) 4

t, 7, and o stand for PK time, MRTy, and VRTy re-
spectively. Assuming that the first moments of two PK
profiles were 7,, 7,, and the second moments were ¢?, o
respectively, and the cross points of two normal distribu-
tion curves could be represented with #, and z,.

The TQSMS of the two PPK curves can be defined as
the overlapped area for two NDPDFs surrounding with
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t-axis depicted as Equation (5). Figure 1 shows the PPK
model and the TQSMS method.

[ [ 5] - 2
er [1/ \/ﬂ.o-b} -exp [_(t_ﬁ)z/zo_z} dt‘ .

Sr=1-

AUC,, -
AUC,, AUCy,

C [\ MRT,  MRT,, MRT,, !
\
AUC,

: / c AUC, " uc,
N
c
3 1 R 1
- MRT, MRT, MRTy, 1

TQSM parameters

A i/
MRT,,

Figure 1 PPK model and the TQSMS method for mul-
tiple components

¢ represents concentration. ¢ represents time. A, B, and N rep-
resent different components, respectively. 1 and 2 represent
CMM1 and CMM2, respectively. AUC,, and MRT,, represent
the AUC and MRT of component A in CMM], respectively.
AUCg, and MRTp, represent the AUC and MRT of component B
in CMM]1, respectively. AUCy, and MRTy, represent the AUC
and MRT of component N in CMM]1, respectively. Accordingly,
AUC,, and MRT,,, AUCg, and MRTg,, AUCy, and MRTy, for
CMM2 are the same as CMM1. AUCy,, MRT,, and VRTy, rep-
resent the total quanta of all the N components in CMM1.
Likely, AUC,, MRT,, and VRTy, represent the total quanta of
all the N components in CMM2.

PPK profiles

2.2 Chemicals and reagents

LJF and LF were purchased from Hunan Zhenxing Tradi-
tional Chinese Medicine Co., Ltd. (China) and authentic-
ated as dry flower buds of Lonicera japonica Thunb. and
that of Lonicera macranthoides Hand.-Mazz., respect-
ively by Professor ZHOU Xiaojiang (Hunan Provincial Re-
search Center for Standardization and Functional Engin-
eering Technology of Decoction Pieces of Traditional
Chinese Medicine, China). Chlorogenic acid (purity =
96.8%) was purchased from the National Institute for the
Control of Pharmaceutical and Biological Products
(China). Rutin (purity = 98%), caffeic acid (purity =
98%), cryptochlorogenic acid (purity = 98%), isochloro-
genic acid A (purity = 98%), isochlorogenic acid B (pur-
ity = 98%), isochlorogenic acid C (purity = 98%), dipsa-
coside B (purity = 98%), and macranthoidin B (purity =
98%) were purchased from Shanghai Yuanye
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Bio-Technology Co., Ltd. (China). Figure 2 shows the
chemical structures of all the above nine anti-inflammat-
ory components in LJF and LF. Acetonitrile and methan-
ol of high-performance liquid chromatograph (HPLC)
grade were obtained from Merck Co., Ltd. (Germany). P-
xylene of analytical grade was purchased from Shanghai
Wokai Biotechnology Co., Ltd. (China). All other chemic-
al reagents employed in the experiments were of analytic-
al grade.
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Figure 2 Chemical structures of the nine anti-inflam-
matory components in LJF and LF

A, rutin. B, caffeic acid. C, chlorogenic acid. D, cryptochlorogen-
ic acid. E, dispsacoside B. F, macranthoidin B. G, isochlorogen-
ic acid A. H, isochlorogenic acid B. I, isochlorogenic acid C.

2.3 Experimental apparatus and conditions

For ultra-performance liquid chromatography/quadru-
pole time-of-flight mass spectrometry (UPLC-QTOF-
MS/MS) analysis, an Agilent 1290 UPLC system was
coupled to the 6530 Quadrupole Time-of-Flight Mass
Spectrometer (Agilent Company, USA) equipped with
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electronic spray ionization (ESI) source. The chromato-
graphic separation was performed on a Waters AC-
QMITY MPLC BEH Snield RP18 Column (1.7 pm,
2.1 mm x 50 mm) at 30 °C. A mixture of solvent A (acet-
onitrile) and solvent B (0.1% formic acid solution) was
used as the mobile phase at a flow rate of 0.3 mL/min.
The gradient elution procedures were: 0 - 10 min, 5% -
20% A; 10 - 15 min, 20% - 35% A; 15 - 25 min, 35% - 83%
A. Then, 3 pL of assayed samples was injected into the ap-
paratus. Mass spectrometry were set as follows: ESI tem-
perature, 400 °C; ion transfer tube temperature, 250 °C;
interface temperature, 300 °C; atomizing gas flow rate,
2.7 L/min; heating gas flow rate, 10 L/min; mass spectro-
metry voltage, 5 500 V. ESI in negative mode was applied
for processing the nine components, using multiple reac-
tion monitoring (MRM) with the precursor/production
pairs. The component concentration of assayed samples
were analyzed with Mass Hunter quantitative analysis
software (V.5.0, Agilent). Table 1 lists the summary of
component information and the corresponding MRM
parameters of the nine anti-inflammatory components in
LJF and LF.

2.4 Preparation of LJF and LF extraction solutions

Water extraction method was adopted to prepare the LJF
and LF extraction solutions according to the chemical
structures and properties of the above nine components.
LJF of 100 g was extracted by refluxing with water (1 : 12,
w/v) for 45 min, and followed by filtration. Subsequently,
the filter residue was extracted again with 10-fold the
amount of water used previously. Then, the above two fil-
trates were merged and evaporated by rotary evapora-
tion and concentrated to 90 mL (crude drug concentration
was 1.11 g/mL). LF extraction solution was obtained us-
ing the same method. The two solutions were kept at 4 °C
for further research.

Table1 Component information and corresponding MRM parameters of the nine anti-inflammatory components in LJF

and LF
No. Component R'ententi.on Molecular Mole-cular Precur-sor/ Production Collision
time (min) formula weight ion (m/z) energy (eV)
1 Rutin 11.79 Cy7;H30046 610.107 3 609.1/300.0 -30
2 Caffeic acid 6.98 CyHgO, 180.1500 179.0/135.0 -20
3 Chlorogenic acid 6.33 Ci6H1509 354.169 2 353.1/191.0 -20
4 Cryptochlorogenic acid 5.90 Cy6H,509 354.088 1 353.1/173.0 -20
5 Dipsacoside B 15.62 Cs3HgsOn0 1090.104 0 1073.6/749.4 -45
6 Macranthoidin B 15.03 CesH106032 1398.894 5 1397.7/1073.3 —-45
7 Isochlorogenic acid A 13.28 Cy5H,4015 516.147 7 515.1/353.0 -22
8 Isochlorogenic acid B 12.84 Cy5H,4045 516.146 2 515.1/353.0 -26
9 Isochlorogenic acid C 13.90 Cy5H54045 516.150 8 515.1/353.0 -24




LI Haiying, et al. / Digital Chinese Medicine 6 (2023) 73-85
2.5 Pharmacokinetic study

Specific Pathogen Free (SPF) male grade Kunming (KM)
mice (22 - 25 g) were purchased from Hunan Slack Jing-
da Experimental Animal Co., Ltd. [SCXK (Xiang) 2019-
0004]. All mice were kept in a SPF grade experimental an-
imal center [SYXK (Xiang) 2019-0009]. The mice were
housed in a controlled environment (temperature at
22 °C, relative humidity of 50%, and 12/12 h dark-light
cycle) with free access to food and water for one week. All
animal experiments were conducted in accordance with
the guidelines of the Animal Experimental Ethics Com-
mittee of the Hunan University of Chinese Medicine
(LL2019092509).

A total of 54 KM mice were randomly assigned to two
groups (n = 27) [each group was divided into nine sub-
groups (n = 3) according to different time points], and
labeled as LJF group and LF group. All mice had free ac-
cess to water for 12 h before experiment. The ear edema
of mice were induced by applying 25 puL of p-xylene to the
front and back sides of the left ear 0.5 h after administra-
tion of LJF or LF in accordance with procedures reported
previously '”. Significant signs of ear edema proved the
successful establishment of the models. Mice were orally
administered LJF extraction solution or LF extraction
solution at a dose of 30 g/kg body weight, respectively.
And blood samples were collected at 0.08, 0.25, 0.50, 0.75,
1.00, 2.00, 4.00, 6.00, and 8.00 h after single-dose adminis-
tration. Samples were stored in heparin sodium anti-co-
agulation tubes, and then processed by centrifugation at
4 000 r/min for 15 min within 1 h to get the plasma.

2.6 Sample preparation

First, 4% phosphoric acid solution was obtained by diluting
4.7 mL of 85% phosphoric acid with water to 100 mL.
And 2 mL of mice plasma supernatant was thoroughly
mixed with 2 mL of 4% phosphoric acid solution for cent-
rifugation at 12 000 r/min. Then, the supernatant was
placed on the OASIS HLB solid phase extraction cart-
ridge, which was washed with 2 mL of 5% methanol, then
with 2-fold the amount of methanol to elude the test sub-
stance. The methanol solution was collected and blown
dry with nitrogen stream. The residue was dissolved in
200 pL methanol and centrifuged as described above. Af-
terwards, the supernatant was taken into a sample vial for
test.

2.7 Preparation of calibration standards and quality con-
trol (QC) samples

Individual stock solutions of rutin, caffeic acid, chloro-
genic acid, cryptochlorogenic acid, dispsacoside B,
macranthoidin B, isochlorogenic acid A, isochlorogenic
acid B, and isochlorogenic acid C were separately pre-
pared by accurately weighing appropriate amounts of
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reference compounds into separate flasks. In the flasks,
blank plasma was added, and the solutions were diluted
with methanol to remove protein and miscible. An appro-
priate volume of the above nine individual stock solu-
tions was mixed and diluted with methanol to generate
the first working solution, which contained 0.97 ng/mL
rutin, 10.04 ng/mL caffeic acid, 30.00 ng/mL chlorogenic
acid, 16.40ng/mL cryptochlorogenicacid, 20.00ng/mLdis-
psacoside B, 18.28 ng/mL macranthoidin B, 21.20 ng/mL
isochlorogenic acid A, 20.02 ng/mL isochlorogenic acid
B, and 23.44 ng/mL isochlorogenic acid C. Subsequently,
a dilution series of different concentrations of the mixed
solutions were prepared to generate the corresponding
regression data of the nine anti-inflammatory compon-
ents. The QC samples were prepared at concentrations of
19.40 ng/mL for rutin, 1 004.00 ng/mL for caffeic acid,
15 000.00 ng/mL for chlorogenic acid, 1 640.00 ng/mL for
cryptochlorogenic acid, 2 000.00 ng/mL for dispsacoside
B, 1 828.00 ng/mL for macranthoidin B, 1 060.00 ng/mL
for isochlorogenic acid A , 500.50 ng/mL for isochloro-
genic acid B, and 2 344.00 ng/mL for isochlorogenic acid
C. All solutions were stored at 4 °C before use.

2.8 Method validation

2.8.1 Specificity Specificity was evaluated by compar-
ing different chromatograms of blank plasma samples
spiked with the nine chemical standards, and plasma
samples obtained from mice after oral administration of
LJF or LF solutions.

2.8.2 Linearity and slower limit of quantification (LLOQ)
The calibration curves were determined by plotting the
peak area (Y) and the plasma concentrations (X) of the
nine anti-inflammatory components. LLOQ of the assay
on the calibration curve was evaluated on the basis of a
Signal/Noise (S/N) ratio of 10 : 1.

2.8.3 Precision The precision of the UPLC-QTOEF-
MS/MS method was confirmed by determining the nine
anti-inflammatory components in the mixed standard
solutions of the same brand. To evaluate the intra-day
precision, the mixed standard solutions of the same
brand were tested repeatedly for six times on the same
day. This process continued for three consecutive days to
determine the inter-day precision. Then calibration
curves above were employed to determine the nine anti-
inflammatory components in these tested samples. Ac-
ceptable criteria of the precision should be less than 15%
for PK analysis.

2.8.4 Stability Stabilities of the nine anti-inflammatory
components in mice plasma were evaluated by analyzing
the mixed standard solutions of the same brand at 0.08,
0.25, 0.50, 0.75, 1.00, 2.00, 4.00, 6.00, and 8.00 h, respect-
ively.

2.8.5 Extraction recovery Extraction recoveries of the
nine anti-inflammatory components were investigated
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using the mixed standard solutions of the same brand by
calculating the mean peak area of the components in the
extracted plasma samples to the area of post-extracted
samples spiked with the target components at the same
concentration level.

2.9 Data analysis

The compartmental model analysis was fitted by SPSS 21.0
software, and the classical PK parameters were calcu-
lated with Drug And Statistics (DAS) 2.1.1 software. The
TQSM parameters were calculated with home-brew pro-
grams with Excel software. The TQSMS was obtained by
converting TQSM parameters to NDPDF with Excel soft-
ware. The measurement data were expressed as mean +
standard deviation (SD). Independent-sample ¢ test or
non-parametric test was performed by SPSS 21.0 soft-
ware to compare the differences of PK parameters and
TQSM parameters. P <0.05 was considered statistically
significant.

3 Results
3.1 UPLC-QTOF-MS/MS method validation

3.1.1 Specificity Representative MRM chromatograms
obtained from blank plasma samples spiked with nine
chemical standards, and the plasma samples after oral
administration of LJF or LF solutions were shown in
Figure 3. Although the same precursor/production ions
(609.1/300.0) were obtained for isochlorogenic acid A,
isochlorogenic acid B, and isochlorogenic acid C, their
chromatograms could achieve base separation due to po-
larity difference. No significant endogenous components
were observed to interfere with the analysis of the nine
anti-inflammatory components.

3.1.2 Linearity and LLOQ Linear regression equations
for calibration curves of the nine anti-inflammatory com-
ponents within the tested ranges were summarized in Ta-
ble 2. And the correlation coefficients of all components
were fluctuated from 0.999 1 to 0.999 9 in the linear range.
It was also observed that LLOQs of the nine anti-inflam-
matory components ranged from 0.49 to 91.40 ng/mL.
The above results suggested that the proposed method
was sensitive enough to determine the nine anti-inflam-
matory components in plasma samples.

3.1.3 Precision The precision variations (RSD) of these
nine anti-inflammatory components were from 0.89% to
5.72%. All the assay values met the acceptable criteria
(15%), and hence indicating favorable data for precision
of this developed UPLC-QTOF-MS/MS method.

3.1.4 Stability The stability of the nine anti-inflammat-
ory components of assayed samples was tested under
analysis conditions to obtain the RSD of 0.33% to 4.02%.
All compounds were shown to be stable in plasma
samples within 24 h.
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3.1.5 Extraction recovery The average recovery of each
component was 95.0% to 105.0%, suggesting that the re-
covery rate met the requirements. These data indicated
that this analytical method could meet the requirement
of the assays.

3.2 Conventional comparisons by single-component PK
parameters

The mean plasma concentration-time curves of the nine
anti-inflammatory components after oral administration
of LJF and LF in mice with acute inflammation were illus-
trated in Figure 4. The PK profiles of the three compon-
ents (caffeic acid, dispsacoside B, and macranthoidin B)
were better fitted to the one-compartment model, and
the other six components (rutin, chlorogenic acid, crypto-
chlorogenic acid, isochlorogenic acid A, isochlorogenic
acid B, and isochlorogenic acid C) to the two-compart-
ment model through classical compartmental model ana-
lysis by DAS software.

The PK parameters of the nine anti-inflammatory
components fitted to the one or two-compartment mod-
els were calculated and presented in Table 3 and Table 4,
respectively. The main parameters, i.e. absorption rate
constant (K,), absorption half-life (T;,,x,), peak concen-
tration (C,,,,), and peak time (T,,,,) of the nine compon-
ents of LJF were as (3.384 0 + 0.054 4) - (33.401 7 +
2.183 5) h™, (0.020 8 + 0.001 4) - ( 0.229 9 + 0.084 4) h,
(0.272 3 + 0.004 9) - (16.795 3 + 0.410 3) pg/mL, and
(0.331 1 + 0.002 3) - (0.681 1 + 0.128 6) h, respectively.
Whereas those of LF were (2.526 0 + 0.006 1) - (10.727 8 +
0.557 7) h™!, (0.064 7 + 0.003 3) - (0.274 3 +0.000 7) h,
(0.011 1 +0.000 2) - (25.409 8 +0.734 5) pg/mL, and
(0.317 3 £0.000 7) - (0.423 4 + 0.000 7) h, respectively.
The P values of the PK parameters of all the single com-
ponents varied from 0.000 0 to 0.870 1, showing partial
significant differences and similarities of PK profiles.

3.3 Integral comparison among TQSM parameters of
single component and multiple components

Based on SM properties, PK profiles were converted into
PPK profiles to obtain the TQSM parameters (Table 5).
The TQSM parameters (AUCry., AUCp., MRTp.,
MRTp..., and VRTy.,,) for the quanta of the nine com-
ponents in LJF were (51.330 1 = 1.221 9) pg-h/mL,
(56.429 4 + 1.774 7) pgh/mL, (2.037 5 + 0.034 5) h,
(3.908 2 + 0.117 6) h, and (9.069 0 + 1.256 7) h? respect-
ively; whereas those in LF were (58.429 3 =
6.947 3) pgh/mL, (67.151 9 + 10.814 4) pgh/mL,
(1.726 0 + 0.300 0) h, (3.434 6 + 0.293 8) h, and (15.246 6 +
5.479 2) h?, respectively. The ¢ test or non-parametric test
was performed to compare the differences in PK para-
meters of LJF and LF. Although there were great differ-
ences in TQSM parameters of single component (P <
0.05), no significant differences were found in the TQSM
parameters for the quanta of the nine anti-inflammatory
components (P >0.05).



Comparative polypharmacokinetics of Jinyinhua and Shanyinhua 79

LI Haiying, et al. / Digital Chinese Medicine 6 (2023) 73-85

*D) p1oe o1uag010[y20sI S1uasaIdai g g proe o1uaS0I0[yo0sI S1uasaiIdal g 'y proe o1uaS010[y0sI syuasaidal /, g uIproyiueroew syuasaidar g g aprsooesdsip
syuasardar ¢ “proe srusgoroyo01dAId syuasaidal ¢ “proe oruaSoroyd syuasardal ¢ proe JIafFed s1uasaidal g “unmnl syuasaidal T “19enXd I JO UOnENSIUIWpE [eI0 SUIMO[[0] [ g 18 PAOd[[0d
sordures ewse[d ‘(T *10eNXd [T JO UOTIEIISIUTWIPE [RI0 SUIMOTO] [ ¢ 1e Pa3aa[[0d sajdures ewserd ‘D ‘spIepue)s [edTwayd auru Yim payids sajdures ewserd yuerq ‘g ‘sojdures ewserd yuelq ‘v

sordures ewseld jo sadA) Jua1ajTp Mmoj ur syusauodurod AI0]eWWRJUI-TIUR JUTU 9} JO surei3ojewoIyd YN 2Aneludsaidoy ¢ ainSig

(ur) own uonismboy Gonisinboy (ur) o wonisimboy (wnw) own wonsmboy (urw) own uonismboy (urw) own uonismboy (ur) owm uonismboy (unw) own wonsmboy (unw) own wonsmboy
Ty ovl 8¢l 0l st 9¢l vel Tel o€l TSL 0°ST 8%1 9% 91 091 §9 09 ¢S¢ 0L §9 09 ¢¢ SL 0L §9 09 (Ura ST [N
0
0
90
o o a o o a
g 15 g g 15 15
g g g ] g g
: H H H
Y L Coe
65T 8 vt O1x 80T T€ 961 01 059 681 01% 815 9¢ 6T
w061 01x gl w6zl i G0's1 01 un €961 | g ww gg'G, ol ww ze'g ' U ye'o 01% gL | -
01 _
6 8 L 9 S 14 € 4 ! ol
PT00-UT-S (0°€6€<—1'S 1) WA P'T001-UT-S (0°€SE<-T'STS) AW P'Z00-4T-S (0°€5€<—1'S1S) WIIW- P'TO0I-UT-S (€EL0T<-LL6ET) AW PT001-UT-S (K'6pL<—9'€LOT) NN PZ004-4T-S (0°€L1<—1"€5E) W PZ001-4T-S (0'161<—1'€55) W PZ004-UT-S (0°SE1<-0'6L1) WHIN P'2004-4T-S (0°00£<-1'609) WIIW-
(ur) owm uot (urm) o nboy (ur) owm uonismboy (ur) owm uonismboy (ur) owm uonismboy (ur) owm uor (ur) owm uonismboy
4241 €l ¥El TEl o€l TSI 0S1 81 9l $91 091 <9 $'s oL 9 SLoOL S9 09
0 0
I !
o o o ¢ a o o [ 4]
S & 15 & S 15 &
g g g g g g g
S ES ES € 5 S S E
Z & z & & z ¢ =
¥
. 14
LS1 TPl TOLOTT W01x ¥L6 LOT 01 osczz [ S LIS LE 01 LTS §19 (4447 L01x 9£9 1T
ww gy 01x 8 L wusTel 9 w01 S uw €961 | g1 v i gs ¢ unw (g9 +01x z ww g6'9 LT 01x
41 (0°€SE<-T'STS) WAIN- v 21 (v'6rL<-9'ELOT) WAWN- PTOO-UZ (0°ELT<—1'€SE) NIN- PTO0-YZ—1 P'Z004-47—1 (0'SE1<—0'6LT) NN 421 (0°00£<-1'609) NN~
(urw) owm uonismbay (urw) ow uo; (ur) ow (ur) owm uonismboy
(44! 9 09 9T ) @.,r vv,w N, X w,vc
. . . . \
0
I
§06 LS ol o o Tl o ] ] o T 9
6L Tl 5 5 - 5 5 5 5 5
o1 7 1 7 051 & g g & @
SLT €
ot 0t 00T
1£0 821 L08 €51 . - o 01 LA v
K ! 0l ; . w0811
6 8 o | L s 14 € o |lg ot o
PT-6+ DA (0°E5E<-1'S1S) WAW- P8+ DA (0°€5€<-1'S1S) WAW- PT-6+ DA (0°E5E<-1'S1S) WAW- <-LL6ED WHIN- || P8+ DA (¥6hL<-9'€L01) WAW- P78+ DA (0'ELI<—1E5E) WA= PT-8+ DA (0°161<-1'€55) WaWN- DT+ DX (0'SET<—0'6L1) WAN— PT-8+ DA (0°00£<-1'609) WAW-
(urw) owm onisinboy (urw) owm vonisinboy (unw) own vonismboy (urw) owy vonismboy (urw) owy vonismboy (unw) own vonsmboy (unw) awn uonsmboy (urw) owm uonisinboy
T ,v_ o.,ﬁ m.,m_ ) o.,m_ 14 ,m_ N.,i o.,m_ T ,m_ o.,f m.,ﬂ._ o.,w_ m.,,: 0 M: ) m.,@ c.,c m.,m c.,r m.,.v ) m.,m m.,n c.,r u,.,w o.,w o.,ﬂ mv, o.,:
0zl vy
STl v
et 8
S€T a o w e s 5 a
2 g 2 o€ g s g g
g 2 g w06's 2 - g
sy ’ z o ” rs # Z
(U ) 9
L1 1 0 01 0 09 i 8's bl
6 U 8°El 01 8 L unw 6z 9 WW (ST 01 S ww pggly [O01% b 01 € T TE9 01 69
<+ AURIG-HOIN (0°ESE<—T'STE) WA= || -+ IURI9-HOOW (0'ESE<—T'STS) WHIN- || -+ IUPI9-HOPIN (0'ESE<~T'STS) WHIN- || -+ IUPI9-HOOI (£'€L0T<~L'L6ET) AN || -+ NUPIGHOMN (1'6pL<-9"€L0T) ININ— ||+ 1P HOIN (0°€L1<—1'E5E) WA= || -~ UBI4-HOIN (0161 <—1"€5€) INAN— 4" HOI (0°S€1<-0'6L 1) WA= ||~~~ 1UBI9-HOPW (0°00€<—1"609) NN



80

LI Haiying, et al. / Digital Chinese Medicine 6 (2023) 73-85

Table 2 Linear regression data of the nine anti-inflammatory components in LJF and LF

Range Linear regression Correlation
No. Component (ng/mL) equation coefficient LLOQ (ng/mL)
1 Rutin 0.49 - 970.00 Y=43.23X+110.53 0.999 4 0.49
2 Caffeic acid 50.20 - 10 040.00 Y=70.93X +1 260.60 0.9998 50.20
3 Chlorogenic acid 3.00 - 30 000.00 Y=26.86X+2 152 0.9991 3.00
4 Cryptochlorogenic acid 8.20 - 16 400.00 Y=3.14X+184.74 0.999 5 8.20
5 Dispsacoside B 10.00 - 20 000.00 Y=16.20X - 1 069.40 0.9997 10.00
6 Macranthoidin B 91.40 - 18 280.00 Y =8.56X-566.67 0.9999 91.40
7 Isochlorogenic acid A 10.60 - 21 200.00 Y=124.64X +3 508.10 0.999 5 10.60
8 Isochlorogenic acid B 20.02 - 20 020.00 Y=18.15X+976.54 0.999 8 20.02
9 Isochlorogenic acid C 11.72 - 23 440.00 Y=41.01X-3434 0.999 8 11.72
A B 12 12 D ¢ E 5o, 39
3 s o 3 5] ? \ 3.5, 2
5 500 06 s 3 f&\l 5 # 13
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Figure 4 Mean plasma concentration-time curves of the nine anti-inflammatory components in mice with acute inflam-
mation after oral administration of LJF and LF (mean + SD, n =3)

A, rutin. B, caffeic acid. C, chlorogenic acid. D, cryptochlorogenic acid. E, dispsacoside B. F, macranthoidin B. G, isochlorogenic acid A.
H, isochlorogenic acid B. I, isochlorogenic acid C. ], total quanta of the nine anti-inflammatory components.

3.4 TQSMS of single component and multiple components

TQSM parameters (AUC;, MRT, and VRTy) were investigat
ed to present integral PPK profiles of the nine anti-in-
flammatory components. Furthermore, to compare the
similarity or difference straightforwardly, MRTand VRT;
of the nine anti-inflammatory components, as mean and
variance, were then integrated with the NDPDF to yield
overlapped areas, which was defined to TQSMS.
Moreover, TQSMS of single and multiple components
were calculated (Figure 5). Although the TQSMS of a
single component fluctuated from 0.220 4 to 0.968 9, the
TQSMS of the total quanta was 0.828 4. Interestingly, the
similarity of chlorogenic acid (0.924 1) was the largest
among all the TQSMS, which is the most critical quality
marker for both LJF and LF in the Chinese Pharmaco-
poeia.

Furthermore, the total concentrations and TQSM
parameters (MRTy,., and VRTy ) of the components at
different time points were calculated and compared
(Table 6). No significant differences were found in the
total contents and MRT ., of the total quanta (P > 0.05).

4 Discussion

The results demonstrated significant differences only in
part of the single-component PK parameters (Table 3 and
4). For instance, significant differences were found in the
C,,ax Of rutin, while no significant difference in that of
cryptochlorogenic acid. Besides, the PPK profile’s simil-
arity or difference is difficult to be thoroughly evaluated
by single-component PK parameters. Consequently, the
PPK model and its TQSMS method were carried out to
compare the integral similarity or difference of LJF and LF
comprehensively.

As depicted in Table 5, there were no significant dif-
ferences in TQSM parameters (AUCyy._,, AUCyy..., MRT .4,
MRTyy..., and VRTpy.,.) of the total quanta of the nine anti-
inflammatory components of LJF and LF, which indic-
ated that the extent and speed of bioavailability had no
significant differences, either. The results were consistent
with previous literature that the AUC;, MRTy, and VRTof
the entire chromatographical fingerprints of LJF and LF
had no significant differences . As revealed by the
above results, the PPK model could be an appropriate
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Table 5 TQSM parameters of single component and the quanta of the nine anti-inflammatory components after oral ad-

ministration of LJF or LF

Component Group AUC,;(ug-h/mL) AUC,,, (ug-h/mL) MRT,; (h) MRT,_., (h) VRT,., (h?)
LJF 0.468 6 +0.033 9 0.4740+0.0347 1.4696 +0.017 2 1.636 0 £ 0.020 0 1.3627 +0.051 3
Rutin
LF 0.0132+0.0005"  0.0142+0.0006™ 1.6615+0.043 1* 2.2827+0.050 6"  4.878 7 + 0.055 8***
LJF 0.9755+0.014 2 1.1571+0.0142 2.4339+0.0044 4.1874+0.0253 9.9237+0.0827
Caffeic acid
LF 1.304 7 £ 0.036 0"  1.4552+0.036 0 2.0701+0.040 1" 3.1386+0.010 1" 7.1122+0.272 9**
LJF 18.7699 + 1.602 6 22.5224+2.3250 1.9281+0.092 1 4,4229+0.326 2 20.1631+1.0205

Chlorogenic acid

LF 18.8518+0.2304  22.7133+0.2413 1.6931+0.0142*  3.8105+0.0175" 15.1242+0.109 3"
Cryptochlorogenic LJF 9.4185+0.5726 9.9469+0.564 9 2.4955+0.2471 2.9620+0.2023 2.1092+0.7119
acid LF 8.7679 £ 0.1005 10.4979+£0.1488 2.2000+0.0500 4.062 8 £0.004 6™ 11.1447 +£0.157 8"

LJF 1.166 6 £ 0.037 2 1.288 3 +0.036 4 2.5094+0.0191 3.462 0+ 0.056 7 5.1740+0.2453
Dispsacoside B . .

LF 2.3795+0.0394™ 2.8052+0.0349" 1.4616+0.0136™ 3.6019+0.059 4™ 17.4417 +0.263 8™

LJF 11.6539+£0.226 0 11.962 9 £ 0.224 6 2.1053+£0.0219 2.3141+0.026 2 1.4355+0.093 1
Macranthoidin B

LF 18.099 0 £ 0.599 2*** 20.347 8 +0.8723"" 1.3842+0.057 8™ 2.6323+0.1436"" 9.8476 +0.556 1™
Isochlorogenic LJF 1.3891+0.1136 1.4122+0.1153 1.5771+0.186 2 1.7188+0.1797 1.1675+0.074 6
acid A LF 2.3594+0.0555" 2.9295+0.048 7" 0.9116+0.0034™  5.8943+0.1434™" 74.492 2 +1.459 8"
Isochlorogenic LJF 3.7502+0.1778 3.8396+0.1897 1.8436+0.078 3 2.0498+0.095 1 1.565 8 £ 0.026 3
acid B LF 4.3225+0.0329"  5.4186+0.1428™ 1.6038+0.004 0™  4.7358+0.225 9" 25.1493 +1.099 6™
Isochlorogenic LJF 3.9017+0.0390 3.9892+0.0391 1.3549+0.011 6 1.5612+0.0184 2.0085+0.067 7
acidC LF 6.3167+0.059 1™ 7.2196+0.114 8™ 0.936 1 +0.008 7**  3.4365+0.166 8" 31.2728 +1.692 3"

LJF 5.7211+6.0573 6.2881+7.070 1 1.968 6 + 0.439 6 2.7016+1.0700 4.9900+6.1238
Average LF 6.9350+6.783 4 8.1558 £7.909 0 1.5512+0.425 3 3.7382+1.048 2 21.833 8 £ 20.668 6

Values are expressed as mean + SD (n =3). *P < 0.05, P < 0.01, and **P < 0.001, compared with the LJF group. AUC,, represents zero

moment within time 0 to t. AUC,_,, represents zero moment within time 0 to infinite. MRT,_,, represents first moment within time 0 to ¢.

MRT,._., represents first moment within time 0 to infinite. VRT,,_,, represents second moment within time 0 to infinite.

tool to integrate single-component PK parameters into
TQSM parameters, but could not evaluate the similarity
or difference of PPK profiles directly.

Therefore, the TQSMS of single and multiple compon-
ents was calculated based on these TQSM parameters to
compare the similarity or difference of PK or PPK profiles,
respectively. The TQSMS of single component ranged
from 0.220 4 to 0.968 9, whereas 0.828 4 for the total
quanta of the nine anti-inflammatory components
(Figure 5). The results indicated the integral PPK profiles
of LJF and LF are similar with almost the same anti-in-
flammatory efficacy, which is consistent with previous
study ? Moreover, no significant difference was ob-
served in the total concentrations of the nine anti-inflam-
matory components in vivo and MRTy_, at different time
points by ¢ test, although their total concentration in vitro
had significant differences (16 680.84 ug/mL for LJF and
60 002.48 ug/mL for LF, respectively) (Table 6). For ex-
ample, the concentrations of organic acids in LF (chloro-
genic acid, caffeic acid, isochlorogenic acid A, isochloro-
genic acid B, and isochlorogenic acid C) is almost two to
four times higher than those in LJF. The flavonoid (rutin)

A
B
C 0.8
D
5 E 0.6
G
H 0.4
1
Total

A B CDEF G H ITotal
LJF

Figure 5 TQSMS of single component and all the nine
anti-inflammatory components of LJF and LF

A represents rutin. B represents caffeic acid. C represents
chlorogenic acid. D represents cryptochlorogenic acid. E rep-
resents dispsacoside B. F represents macranthoidin B. G repres-
ents isochlorogenic acid A. H represents isochlorogenic acid B. I
represents isochlorogenic acid C. Total represents total quanta
for the nine anti-inflammatory components. The different de-
grees of color clearly indicate the similarity size between the
nine chemical components in LJF and LF (0.220 4 to 0.968 9).
The darker the colors, the higher the similarity.
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Table 6 TQSM parameters and total content of LJF and LF at different designed time points

Time ¥ LF

(h) T"Eﬁ;ﬁfgm MRTp., (h) VRTp., (h?) T"Eﬁ;ﬁfi;’m MRTp., (h) VRTp,, (h2)
0.08  7.2769+0.1114  9.1120+0.0386 14.3623+0.0224  17.5525+0.2658  9.9975+0.0078  17.4228+0.1248
0.25  40.6019+0.4286 10.3636+0.0349 16.3936+0.0492  67.2213+0.8780 10.8473+0.0374  16.5854+0.0709
0.50 36.9280+0.4174 10.4708+0.0536 16.7100+0.0727  56.4725+1.1146 11.8207+0.0740 15.5837+0.1624
0.75 167541402260  9.2959+0.0667 153379+0.1380  23.8243+0.2536  10.0679+0.0359  17.5100+0.0719
100  102592+0.9446 10.0434+0.0146 16.1471+0.0495  15.6329+0.1339  10.8532+0.1960  16.0559+0.3423
200  58972+01377  9.6260+0.0227 163776+0.0419  3.2414+00319 102124+0.0372 18.6059+0.0735
400  28924+0.1375  9.6551+0.0248 159542+0.0437  24296+0.0520  9.3521+0.1039  16.3949+0.3369
6.00  0.1706+0.0443  9.7748+0.0234 16.1597+0.0446  24535+0.0126  9.2740+0.1119  16.696 6 +0.324 0
8.00  0.8588+0.0490  8.6291+0.0046 157700+0.0033  1.7323+0.0552  9.8396+0.1379  17.5033+0.250 1
P 0.868 0.097 0.013°

Values are expressed as mean + SD (n =3). *P < 0.05, compared with the LJF group. MRTp,_, represents total quantum first moment
within time 0 to t. VRTjy,;represents total quantum second moment within time 0 to ¢.

is almost undetectable in LF but is abundant in LJF. Be-
sides, triterpenoid saponins are also the components that
contributed to the distinction between LJF and LF, which
are undetectable in LJF but abundant in LF. These con-
centration differences in vitro are consistent with previ-
ous literature °. Taken together, regardless of the differ-
ences of in vitro component concentration, the nine anti-
inflammatory components of LJF and LF in the blood of
mice have similar levels. Generally, the components that
were absorbed in vivo, rather than the in vitro ones, are
key components in CMM that ultimately determine its
clinical efficacy. The results have explained the inconsist-
ency between components in vitro and the CMM'’s clinic-
al efficacy. Although the in vitro component concentra-
tions are different, they yield similar pharmacological ef-
ficacy. Overall, these results suggest that LJF and LF pro-
duce almost the same anti-inflammatory efficacy in clin-
ical treatment due to their similar PPK profiles and simil-
ar in vivo component concentrations, which could
provide reference for their clinical use and reasonable re-
cord in Chinese Pharmacopoeia. LJF and LF had not been
distinguished until the Chinese Pharmacopoeia (edition
2005) was published, which said they had same nature
and flavour, meridian tropism, directions, and dosage. In
addition to the concentration of components in the
blood, the targets and the pathway also affect the similar-
ity in their PPK profiles and pharmacological efficacy.
Previous literature reported that LJF and LF shared 66.7%
common targets and both blocked inflammation by nuc-
lear factor kappa-B (NF-kB) signalling pathway %],

This study freshly applied the PPK model and its
TQSMS method to compare the similarity or difference of
PPK profiles of two CMMs, which bridges over chemical
composition to their pharmacological efficacy. The

proposed method can be extensively applied to distin-
guish an increasing number of CMMs, especially those
that are easily mixed up. However, this research still has
its limitations. For instance, we only selected nine anti-
inflammatory components and one of the four plant
sources of LF for PPK study. The similarity or difference of
integral PPK profiles should be compared more compre-
hensively by investigating more components in LJF and
LF in the future. In addition, different plant sources of LF
should also be investigated because there may be differ-
ences in experimental results for LF originated from dif-
ferent plant sources.

5 Conclusion

Unlike the previous PK study of single component which
takes AUC, C,,,, and T,,,, asthe main evaluation in-
dexes, TQSM parameters and TQSMS were employed in
this study to evaluate the integral PPK profiles’ similarity
or difference of the nine anti-inflammatory components
of LJF and LF in p-xylene-induced ear edema mice. Des-
pite the significant differences in PK parameters of single
component and the total quanta of the nine components
in vitro, there were no significant differences in the integ-
ral TQSM parameters of the total quanta and the total
concentration of the nine components in vivo. Besides,
the TQSMS was high due to the similarity of 0.828 4, in-
dicating that the integral PPK profiles of the nine anti-in-
flammatory components of LJF and LF were similar. The
PPK model and its TQSMS method could be a feasible
and appropriate combination to integrate and evaluate
multi-component PPK profiles.

All these findings have explained why different con-
centrations of the nine anti-inflammatory components of
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LJF and LF in vitro have the same anti-inflammatory ef-
ficacy, suggesting the interchangeable use of LJF and LF
for anti-inflammatory treatment in clinic.
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