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Abstract

Background: Baihu-Guizhi decoction (BHGZD) is a well-documented traditional Chinese Medicine (TCM) prescrip-
tion that has been extensively applied to treating rheumatoid arthritis. Despite of its beneficial outcomes, the chemi-
cal constituents of BHGZD have not been fully portrayed and the in vivo absorption, distribution, metabolism, and
excretion (ADME) patterns of absorbed components have never been described.

Methods: Characterization of absorbed components and in vivo biotransformation profiling of these feature com-
pounds were based on the ultra-fast liquid chromatography-quadrupole-time-of-flight tandem mass spectrometry
(UFLC-Q-TOF-MS/MS). Furthermore, the ultra-high-performance liquid chromatography tandem ion trap quadrupole
mass spectrometry (UHPLC-Q-TRAP-MS/MS) system were performed to investigate the pharmacokinetics of active
ingredients from BHGZD.

Results: In this study, we have identified and tentatively characterized 18 feature absorbed prototype and 15 metab-
olites of BHGZD in rat serum and the in vivo transformation pathways of these absorbed constituents were proposed.
Besides, we have established novel quantitative methodology of five crucial components of BHGZD and have moni-
tored the pharmacokinetic behaviors of these constituents spontaneously in rat serum after BHGZD gavage. After rats
received two ways of BHGZD gavage, the pharmacokinetic behaviors of each compound exhibited relatively similar
behaviors, as evidenced by similar curve track as well as relatively close time to reach maximum concentration (Tmax)
and half washout time (T1/2). Whereas the maximum plasma concentration (Cmax) and area under the plasma con-
centration—time curve (AUC) values of five analytes with multiple dosage were a bit higher than single dosage.

Conclusion: This study added knowledge into the material basis and bio-transformation patterns of BHGZD in vivo,
which would be of great value for exploring pharmacological effects and mechanism of BHGZD.
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Background

First reported in “Synopsis of the prescriptions of the
golden chamber” (Chinese name: Jin Gui Yao Lue),
Baihu-Guizhi Decoction (BHGZD) is one of the repre-
sentative prescriptions of Zhang Zhongjing, the most
eminent medical sage in traditional Chinese Medicine
(TCM) practice. According to TCM theory, BHGZD is
intended for heat repelling and Qi clearing, hence is per-
fectly suit the cases of Heat-invaded arthralgia. Clinically,
BHGZD had been widely applied to treating Heat-char-
acterized rheumatoid arthritis (RA) or osteoarthritis [1].
Mounting clinical evidences have emphasized the phar-
macological effects of BHGZD in treating RA by allevi-
ating synovial inflammation, hypertrophic synovium and
bone destruction [2, 3]. However, although the pharma-
cological effects of BHGZD have been highly appreci-
ated, the in vivo absorption, distribution, metabolism and
excretion (ADME) behaviors of absorbed components of
BHGZD have not yet been explored.

After taken orally, a drug underwent absorption and
metabolism before it can reach its target tissue with suf-
ficient abundance to exert bioactivities in vivo. Hence,
for orally taken drugs, the comprehensive studies of its
ADME patterns and behaviors in vivo is the prerequisite
for in-depth deciphering its mechanism of actions. For
TCM, however, medicinal herbs or ingredients are often
used in combination as a formula. This makes TCM for-
mula a sophisticated phytochemical system with abun-
dant component unidentified and the in vivo ADME
processes an intricate case to be explored. BHGZD, for
example, is comprised of five medicinal ingredients
including Gypsum Fibrosum (Shigao), Anemarrhena
asphodeloides Bunge (Zhimu), Neolitsea cassia (L.)
Kosterm. (Guizhi), Oryza sativa L. (Jingmi) and Gly-
cyrrhiza uralensis Fisch. (Gancao) [4, 5]. Although the
chemical composition of BHGZD had been tentatively
characterized, and the speciation analysis of calcium con-
tained in Baihu decoction was presented [6]. However,
the in vivo ADME dynamics had never been explored,
which greatly restrict the in-depth understanding of its
in vivo absorption and mechanism explorations.

In the present study, we established a sensitive method
to identify the absorbed components in vivo after oral
administration of BHGZD by applying ultra-fast liq-
uid chromatography-quadrupole-time-of-flight tandem
mass spectrometry (UFLC-Q-TOF-MS/MS). And we
proposed the in vivo metabolic pathways of chemical
components from BHGZD. In addition, we conducted

pharmacokinetic study of five absorbed components
by using ultra-high-performance liquid chromatogra-
phy tandem ion trap quadrupole mass spectrometry
(UHPLC-Q-TRAP-MS/MS). To sum up, our study adds
novel insight into the comprehensive understand-
ing of the in vivo absorption and metabolic profiling of
BHGZD, which would be useful in the interpretation for
pharmacokinetics and pharmacodynamics of BHGZD in
the future.

Methods

Chemicals and materials

Liquiritin apioside (purity: 96.0%) was purchased
from Shanghai Standard Technology Co., Ltd. (Shang-
hai, China). Timosaponin AIIl (purity: 98.7%), ononin
(purity: 98.5%) and glycyrrhizic acid (purity: 99.6%)
were obtained from Chengdu Must Bio-technology
Co., Ltd. (Chengdu, China). Isoliquiritin (purity: 99.0%)
was acquired from Chengdu DeSiTe Biotech Co., Ltd.
(Chengdu, China). Mangiferin (purity: 98.0%), arginine
(purity: 99.9%), citric acid (purity: 97.0%), isoleucine
(purity: 99.9%), formononetin (purity: 98.0%), phenyla-
lanine (purity: 99.9%) and cinnamic acid (purity: 98.8%)
were provided by the National Institutes for the Con-
trol of Pharmaceutical and Biological Products (Beijing,
China). Stable isotope-labeled [2;3)5,6’-D4]-naringin
(D4-naringin, purity: 98.0%) was synthesized by Artis-
chem Co., Ltd (Shanghai, China) as internal standards
(IS).

MS grade methanol and acetonitrile were provided by
Fisher Scientific Inc. (Fair Lawn, USA). Formic acid of
MS grade was supplied by Sigma-Aldrich Co. (St. Louis,
USA). Purified water was prepared by the Milli-Q system
(Billerica, USA; electrical resistivity: 18.2 MQ-cm) and
then filtered through 0.22 pm microfiltration membrane
before use. BHGZ decoction was provided by Institute
of Chinese Materia Medica, China Academy of Chinese
Medical Sciences (Beijing, China).

Preparation of Baihu-guizhi decoction (BHGZD) powder
Neolitsea cassia (L.) Kosterm. (Guizhi), Glycyrrhiza
uralensis Fisch. (Gancao), Anemarrhena asphodeloides
Bunge (Zhimu), Oryza sativa L. (Jingmi) and Gypsum
Fibrosum (Shigao) were authenticated and purchased
from Beijing Tongrentang Co., Ltd (Beijing, China).

To prepare Baihu-Guizhi Decoction, Gypsum Fibro-
sum (60 g) was firstly extracted in 1,000 ml boiling water.
After 30 min extraction, Glycyrrhiza uralensis Fisch.
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(5 g), Neolitsea cassia (L.) Kosterm. (10 g), Anemarrhena
asphodeloides Bunge (15 g), Oryza sativa L. (30 g) was
added to the aqueous for continuous extracted in boil-
ing water for 30 min. Collected the first aqueous extract.
Conducted the second extraction by immersing the resi-
due in 800 ml boiling water for another 30 min and col-
lected the second aqueous extract. Combined the extracts
and concentrated to 300 ml volume. The BHGZD powder
was obtained by drying out the concentrate in 70 C oven
overnight. Collected and weighed the powder. The final
yield was 12 g crude materials per 1 g of BHGZD powder.

Animals

Male Lewis rats, weighing 200-240 g, were purchased
from Beijing Charles River Experimental Animals Co.
Ltd. (Beijing, China). Animals were maintained under
specific pathogen-free environment with constant tem-
perature and humidity (22+2 °C with 55+15% relative
humidity; 12 h light/dark cycle). Animal experiments
were approved and supervised by the National Insti-
tutes of Health guide for the care and use of Laboratory
animals. Every effort was made to minimize both the
employed animal numbers as well as the potential dis-
comfort of the animals throughout the study.

Collection of rat serum

After 12 h food restriction, rats were subjected to single
or multiple gavages of BHGZD. For single administra-
tion, rats were orally administrated with BHGZD powder
at dose of 21.4 g/kg, which was equivalent to two-fold of
clinical dose in human [7]. 200 pL venous blood was col-
lected at 0 min, 15 min, 30 min, 1 h,2h,3 h,4h,6h, 8h,
12 h, 24 h post gavage. For multiple administration, rats
were intragastrically administered BHGZD (21.4 g/kg/
day) once a day, for continuous 12 days. On day 12, 200puL
venous blood was collected at 0 min, 15 min, 30 min, 1 h,
2h,3h,4h,6h,8h,12h, 24 h post gavage. Serum was
freshly prepared by centrifugation and stored at — 80 “C
till analysis.

Preparation of stock solutions, calibration samples

and quality control samples

To prepare stock solution, 10 mg liquiritin apioside,
timosaponin AlIl, glycyrrhizic acid, mangiferin, cinnamic
acid and D4-naringin (IS) were accurately weighed, dis-
solved in methanol to a final concentration of 1.0 mg/
mL. Working solutions of each reference standard were
further prepared by a series of equimultiple dilutions of
stock solutions, respectively.

To conduct calibration curve, a series of calibration
solutions were prepared by mixing 10uL working solu-
tion at indicated concentrations with 10puL IS and 80puL
blank rat serum to achieve desired concentration range:
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glycyrrhizic acid and cinnamic acid at 5, 25, 125, 250, 500
and 1000 ng/mL; mangiferin and liquiritin apioside at 1,
5, 25, 50, 100 and 200 ng/mL; timosaponin AIII at 0.5,
2.5,12.5, 25, 50 and 100 ng/mL.

For method validation, QC samples were prepared at
a high, medium, and low concentration with blank rat
serum, with the desired concentrations of glycyrrhizic
acid and cinnamic acid at 15, 150 and 750 ng/mL; man-
giferin and liquiritin apioside at 3, 30 and 150 ng/mL;
timosaponin Alll at 1.5, 15 and 75 ng/mL.

Metabolic profiling of serum samples
To reveal the metabolic profiling of BHGZD in rat serum,
a connected system of UFLC XR-hybrid triple quadruple
time-of-flight mass spectrometer equipped with elec-
trospray ionization source (ESI) was employed. Briefly,
100 pL serum was mixed with pre-cooled acetonitrile
(containing 50 ng/mL IS) and vortexed vigorously for
2 min for protein precipitation. After centrifugation at
15,000g for 20 min, the supernatants were transferred
and subjected to UFLC-Q-TOF-MS/MS for analysis.
Chromatographic separation was carried on a Kinetex
C18 column (150 x 3.0 mm, 2.6 pm, Phenomenex, USA)
using a Shimadzu UFLC XR system (Shimadzu, Japan),
and mass detection on a 5600 plus quadrupole time-of-
flight mass system (Triple TOF"™ 5600 plus; AB Sciex,
USA). The mobile phase was consisted of 0.1% aqueous
formic acid (v/v; A) and methanol (B). The flow rate was
0.3 mL/min with the optimized gradient elution condi-
tion: 5%—95% B (0 —40 min), maintained at 95% B for
5 min, 95%-5% B (45— 50 min), followed by 2 min sys-
tem equilibration. The flow rate was kept in 0.3 ml/min.
The feature parameters of the mass spectrometer were
described in our previously study [8]. Data analysis was
processed using PeakView, Natural Products HR-MS/MS
Spectral Library and MetabolitePilot software (all from
AB Sciex, Forster City, USA).

Quantification of absorbed compounds

Quantification for five absorbed compounds of BHGZD
in rat serum were achieved by using a Shimadzu ultra-
high-performance liquid chromatography tandem ion
trap quadrupole Q-TRAP 6500 plus mass spectrometry
(UHPLC-Q-TRAP-MS/MS). Sample preparations were
described above.

Chromatographic separation was carried out on a
Poroshell 120 EC-C18 column (50 x 3.0 mm, 2.7 um,
Agilent, USA) with a flow rate 0.3 mL/min. The mobile
phases were 0.1% formic acid—water (v/v, A) and metha-
nol (B) and corresponding gradient elution condition:
20%—40% B (0 — 0.5 min), maintained at 40% B for
0.5 min, 40%—90% B (1.0 — 3.5 min), maintained at 90%
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B for 1.5 min, 90%—20% (5.0 — 5.3 min) and 20% (5.3 —
8.0 min) for UHPLC system equilibration.

The optimized parameters for the mass spectrome-
ter were set as follows: curtain gas, 35 psi; collision gas,
medium; ionspray voltage, 4500 V; temperature, 550 °C;
ion source gas 1 and 2, 55 psi. With the multiple reac-
tion monitoring (MRM) detection, the information of
five analytes and IS were optimized as shown in Table 1,
including quantitative ion pairs, declustering potential
and collision energy. Data acquisition and analysis were
achieved by OS-Q software (version 1.4.1.20719, AB
Sciex, USA). Pharmacokinetic analysis was conducted
by Drug and Statistic software (version 3.0, Shanghai,
China).

Quantification of calcium in Gypsum Fibrosum and BHGZD
Quantification for calcium were carried out by induc-
tively coupled plasma atomic emission spectrometry
(Optima 8300, PerkinElmer, USA). The parameters of
ICP-AES were set as follows: incident power, 1300 W;
plasma gas flow rate, 12L/min; nebulization gas flow rate,
0.55 L/min. Briefly, 1 mL Gypsum Fibrosum or BHGZD
extraction was mixed with 5 mL concentrated nitric acid
and nitrified 12 h. Then the solution was adjusted the vol-
ume to a 100 mL volumetric flask and subjected to ICP-
AES for analysis.

Results

Identification of prototype and metabolites

Identifications of absorbent phytochemical components
of BHGZD were achieved by chromatographic elution
time, chemical composition, and feature fragmentation
pattern in comparison with available reference stand-
ards and standard mass spectral library (Natural Prod-
ucts HR-MS/MS Spectral Library, Version 1.0, AB Sciex,
Forster City, USA). With in-depth understandings of the

Table 1 The optimal MRM quantification parameters of five
analytes and IS

Name Precursor  Production Declustering Collision
ion potential(V)  energy(eV)

Timosaponin  739.5 5775 — 240 — 46

Alll

Glycyrrhizic 8215 3512 — 180 —52

acid

Liquiritin 549.2 255.1 — 148 — 44

apioside

Mangiferin 421.2 301.1 — 63 —30

Cinnamic 147.0 77.0 —40 —30

acid

Dy-naringin -~ 583.2 275.1 —212 —44

(15)
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distinct fragmentation rules of parent prototype skel-
etons, in vivo metabolites were tentatively characterized
by integrating clues of chemical composition, prod-
uct ions and fragmentation patterns. In this study, by
using a highly sensitive UFLC-Q-TOF-MS/MS system,
a total of 18 prototype phytochemicals and 15 metabo-
lites were screened, both in positive and negative mode,
in rat serum 0-24 h after BHGZD consumption (Addi-
tional file 1: Figure S1 and Additional file 2: Figure S2).
Detailed information of compound description, chemical
composition, retention time, mass error and character-
istic fragmentation ions of BHGZD in vivo and in vitro
are presented in Table 2 and Additional file 5: Table S1.
And the calcium in Gypsum fibrosum and BHGZD were
exhibited in Additional file 6: Table S2.

Saponins and derived metabolites

3 saponins were firmly identified in rat serum after mul-
tiple gavages of BHGZD, among which two steroidal
saponins, namely timosaponin BIII (P14) and timosapo-
nin AIII (P18), were from medicinal herb Anemarrhena
asphodeloides Bunge (Zhimu), the minister ingredi-
ent specialized for Heat repelling and Fire purging.
Steroidal saponins are a group of remarkable active
components of Anemarrhena asphodeloides Bunge. with
bioactivities such as anti-inflammation [9] and tumor
suppression [10]. In our study, the prototype of steroi-
dal saponins timosaponin BIII (P14) and timosaponin
AITII (P18) were identified after BHGZD gavage. These
two saponins exhibited similar fragmentation behaviors
including cleavage of glycosyl moiety, side chain as well
as dehydration.

Another identified saponin of BHGZD in rat serum is
glycyrrhizic acid (P17), one distinctive triterpene sapo-
nin from herb Glycyrrhiza uralensis Fisch. (Gancao). As
one of the most studied active compounds of Glycyr-
rhiza uralensis Fisch., glycyrrhizic acid has been reported
with potential activities such as anti-viral [11]. Moreover,
due to the structural amphiphilic feature, glycyrrhizic
acid could serve as a promising drug carrier to enhance
the activity and bioavailability behaviors of other com-
pounds, which might help to explain the adjuvant and
coordinating properties of Glycyrrhiza uralensis Fisch.
(Gancao) in the decoction [12].

Flavonoids and derived metabolites

9 flavonoids and 15 derived metabolites were identified
or tentatively characterized after BHGZD gavage. For 9
prototype flavonoids, 6 of them, namely mangiferin (P5),
7-O-methyl mangiferin (P6), liquiritin apioside (P8), isoli-
quiritin (P9), ononin (P10) and formononetin (P16) were
firmly identified while daidzein (P11), calycosin (P12)
and 3;4,7-trihydroxyisoflavone (P15) were characterized



Page 5 of 14

(2022) 17:117

He et al. Chinese Medicine

~[vnID-H-W1 18r L6t (60
“[H-Wl6L61°STL an 8761°STL aNn  S'oFHED v/6 84 JO uonepluoININD -8
_FOPHOOTOH D-H-N]1£90°5 5T LEOPHEDOPH D-H -+ N1 £8£0° 25T
"_["O%H mu H-N19601 Lt LOPH D-H+Wl6 LY
"_[H-NI0Z9 L' 675 +"HN +WIE0rH'895 (L) T8LL6YS (tT-)szoress  F'O"HTD  woL o oPIsoide uninbry 8d
+[CHD-HOODH-H +19g50' L6
_[*HD-HOOD-H-NIEvE0' €6 “[HOODH-H +IELSO6 1L L
_[HOOD-H-WI86v0'6 L L '_[H-WIOLYO'E9L 'L [O°H-H+WISvvO' /¥ L L [H+ WI9rS0'SoL (@) ¥SYOE9L (11) 9¥S0'S91 fOfH®D ool PI2e DJWPUUIDAXOIPAH /d
_[O°HID-H-WIP L £0'SST L[OH-21D-H+ W/ 180/5C
"_[PID-H-W16920° €T "_[H-W]Z0L L 6t LPID-H+WI66805/C " [H+WILIZL LS (1) 6801601 @1 -)sezrisy  MoCHD STyl 9d Jo uonelAyIBN  €-9N
_[FOH D-FOS-H-W]0ZS0OS LE
"_[FO°HD-S0S-H-N]S£L0°SPE
“[FOS-H-W]Z960 SE¥ ~[H-N]8870'S LS an (€1) 10SOSLS aN s"o%H" e 9d Jo uoneyns  Z-9\
_[¥NID-H-I8L60°'SEY _[H-WILOEL'LLY N (88) ¥SCL'LLY aN  HOFHD 9d JO UONePIUOININID -9
_[FHD-2I9-H-N]0£20'65¢C PO HD-H+ WIz6S0 28T
_PIO-H-WIPZE0TLT _[FOPH D-H-NIS6V0'S LE L FOPH D-H+WIZL90'L LE
_EOHED-H-NIS6S0'SE "_[H-WISE605Ey L [0°H-H +WI6E60'6 LY " [H+WISSOL /€Y (S0) €€60°5EY (€r—)ogolser  HOHYD €E0L g uuaybue IAYIBN-O-£ 9d
+LO% H*D-H+ WIZ650'£8C
_DPIO-H-WIPLE0TLT ' _[FOPH D-H-NIS6V0'S LE LOHD-HA+ .\%w@o F%3
_FOPHED-H-NIS650°SPE _[H-WISE60°SEr [0 HE-H +WISTL0€8E L [H+WISSOL € (50) £€60°SEY (€v—)solser MOHYD €e0l GdJO UoNeAYIBN  |-SI
+LO™HDH +.>:om§ LST
_[HOID-H-WI9ZED €vT O HOD-H A+ WIP6E0ELT
"_PI-H-Wl6720652 '_[FOPH™D LOHD-H+WILLYO LTS
-H-NIESE0'10E _[FO°HED-H-WIOL PO LEE HO°HD-OHE-H+ WI68r0'65€
"_[OH-H-WIY LLO €0V ‘_[H-WIBZL0' LTy L [OCHE-H 4+ WIBE90'69€ ' [H + WIFS60' €Ty (80) 6£L0°LTY (e —)8o60ccy  OFHED /€8 q unjibuepy Sd
_[HD-HN-HOOD HN-HOODH-H+ W LESO €01
-H-N]ZZS0°16 '_[CHN-HOOD-H-W]9£S0°€0 L " [HOODH-H+Wiz6.£00Z1
_PHN-H-WIEEPO L1 L/ [H-W]90£0 791 CCHN-HFWI6S06% L [H+WI/¥80991 ('S) 120191 (I'l =) 6820591  “ON"'H® LS q duluelelAusyq ¥d
+[*HN-HOODH-H + N]£69069
' [HOODH-H+ 1096098
aN SH+WIZLoLZEL aN (tT-)ololzel  “ONF'HD g 4 2UIdN3|0S| ¢d
-[0°H-HO0D-OH
-H-A]600°L L L '_[HOOD-OH-H-WI96 L0'6Z |
_[O®H-H-WILOLOEZL '_[H-WILLZO L6L aN 9nzizoLel aN OMD wre q P OmD o
+ONCHD-HN-H+ WIEB90'9 L L
[HOODH-H+ WIZ560°0€ L
ANy PHN-HAFWILL608S L [H+WI9ZL LS/ L an (L=)28LUs/L SON'HD v6L q U1y Ld
5aN sod
e Judwbeiq dnnsusyesey)y (wdd4on3) [H-W] (wdd 4ou3) [ [H+W] enuwioqd (ulw) 1y awen OoN

SIN/SIN-4OL-O-D14N A9 dZDHG JO UOIRASIUILIPE [JO 191J8 OAIA Ul $311|0GRISW pue S1U3uodwod paglosge Jo uonedsunuap| z ajgeL



Page 6 of 14

(2022) 17:117

He et al. Chinese Medicine

L[CO" HED-0O H-1eD-2IDZ-H+WIOL LZ'S5T
L [O"'HED-OH-1eD-2197-H + WI/8LTELT

]

]
[O°H-1eD-2IDZ-H+ N1Z6L£66€
[1BD-219T-H+WIesee LLy

' lig

]

L DIDT-H+WIPESE6/S
LDPID-H+AWISLEY 11/ () Cz-)
_[H-IOL61°106 "+ [H+W]Z96t°€06 T8y 106 876t€06  P'O™HTD €691 qllig uuodesowry  id
+CHED-HOODH-H+W19££0° 2L
_[*HD-HOOD-H-N196£07LL ", [HOODH-H + W]0ES0°€0L
_[HOOD-H-W]9/S0°€01 [O"H-H+WIL8FO LEL (¢9) ©95-)
"_[H-N]Z0S0" /L " [H+Wlozeoetl 8050°L¥ | 6850671 ‘05D 9¢91 qPREOWRUUD  €ld
+IVnID-H+ sy B S8 (Ge-)
an (H+WIvzoL L9y an zool1or  Ho¥HED 886 Z1d 4o uonepluoindNn |-z LA
LEHO-H +_>:N08 0/ (S-)
aN H+WISSL068T an v/058C  “O%'H'D 44! uisodAed  Zld
mom H-WI¥1S0°€5T (S9)
_[H-WILS00°€EEE an 9800°€€€ aN  SFOMHTD 6l€l L1d JO UonRyNS Z-LLN
2:_0 H-IN]18050°€5¢C +PI9-H+WIZs90'55¢ (o) (€1 -)
"_[H-N]1080'6CF LH+WIBL60 LEY 9780°6CY L960'1sy  C'O%'H'D 856 L Ld 40 uonepIUOININS |- LN
L[0D-H+WIso/0° /2T
[ ofd H-WIEL2OEEL O H-H+WILTS0 LT (8°€) (1z-)
_[H-NIP1S0°€ST " [H+WIEr90'SST 9150°€5C [¥90SsT "OP'HD 7ad upzpleg  Lid
_[HD-21D-H-N]£950°TST LLEHD2ID-H A WI9ZL0ST
"_PIOHWISZ80'£9T +§o‘1+§oao 69¢ () (s
_IH-WIZL2 ey SIHFWILEELUSTY SYELEHY cevlSyy  CO"HED LLUpl 0ldJo uonepan  L-0LW
(ze)
aN +PIO-H+WIC6£069C aN ocelley  SOFH™D l6€l quuouo  old
(€P)
_[H-Wlogs L Ly an SYEL'LEY aNn  so"H 69°/1 6d J0 UOHRIAYIDIN €6
_DID-f0S-H-WIL086 75T
' mom H-NIE6LL L LY )
"_[H-W16SL0°L6Y an 65L0°L6 aN SUOH'D 8.0l 6d 4o uongyns  z-6IN
~LI9-¥NID-H-NI9990'55¢
VNI HNISYEL L LY (€9)
_[H-N1951°€65 an 71S1°€6S aNn  *to%Ho 61 6d 40 UOlEPIUOININD |-G
_[02-0"H?>-219-H-IN]8600€ |
"_PIOHWIL¥90'5ST (60
"_[H-WI09Z L L LY aN [8LULLY AN  0%H'D 8801 o ununbi|os| 6d
BEY Sod
e Juswbeiq dnnsusydesey)y (wddon3) _[H-W] (wdd aou3) [ [H+W] enuwiod (ulw) 1y aweN ON

(panunuod) g ajqey



Page 7 of 14

(2022) 17:117

He et al. Chinese Medicine

$S9DUJ3424 pJepUL)S YHM UOSLIRAWIO Ul UORBUWIYUOD ¢

pa12919p 10U :gN ‘A1910W 3s503oe|Eb = |BD) ‘A}B10W [KUOININ|B = YN|D ‘A1D10W 9500N|6 =D :dJe SISSO| AY L ,

U_o HOODH-H-WI¥88€° /S
"_[HOODH-H-WIPZEr6EL
"_[H-WI0OrY 582 aN (€9) LLEY'S8L an  Fo"HD 9T'ST gl uluodesown] — gld
| o@fomu H-IN1Z850°LS€
"_[H-W]o66€ 178 aN (6€) L66€ 128 an  *'o®H €661 qPReOIZIYUAAD  /1d
[ H- fOS-H-W]/Pv0'TST
[f OS-HW]2990'£9¢
"_[H-N]8SZ0 L PE an (80) LETOLYE aNn  SfoH'D w8l 91440 uoneyns -9l
_ HO-YNI9-H-WIEEV0 ST
" [VNID-H-NI8£90'£9C +IVNID-H+ 19080697 80-)
"_[H-WloZoL €t W H+WIS601 Skt (£°€) ¥860 Ev Y 6clLlsyy  '0%HD vl¥L  9ldjouonepuoinons -9l
-[0>- O'H-H-WIovr0 €2T
[ HO-H-NIS 170Z5C 67—
*_[H-W1£9907£9T LHA+WIPZL069T (T'1) 7890°£9T 808069 "O°'HD 5861 4 UnauoUOuLOY  9ld
~[vnID-H-WILPyO'69C +IVNID-H+WI8090'L£T (€€-)
"_[H-N0ZL0° ST ", [H+WI8060 L1 (€1) 78L0°ShY 1060 /vy  MOPHYD /Sl GldJouonepiuoindno |-GL
_[OH-OH¢ D-H-NI90EO €€ L
"_[H-WIPPv0'69C an (T'9) 6970697 aNn - o%H*'D GG/L BUOARYOSIAXOIPAYUL-/'#/€  Sld
5aN sod
e Juswbeiq dnnsusydeieyy (wdd 4ou3) _[H-W] (wdd aou3) [ [H+W] enuwiod (uiw) 1y aweN ON

(PanunUOd) Z 3jqey



He et al. Chinese Medicine (2022) 17:117

in comparison with mass spectra library. Unlike sapo-
nins, these flavonoids underwent extensive phase I and
II reactions in vivo. For example, ononin (P10) hydro-
lyzed (cleavage of Glc moiety) into its aglycone formon-
onetin (P16). As for calycosin, demethylation happened
when it loss a CH; moiety and transform into 34;7-tri-
hydroxyisoflavone, as evidenced by the loss of 15 Da of
the precursor ion. For phase II reactions, sulfation was
characterized by the loss of 80 Da SO; moiety in mass
spectrometry. In accord with this fragmentation pattern,
M6-2, M9-2, M11-2 and M16-2 were tentatively identi-
fied as the sulfation metabolites of P6, P9, P11 and P16,
respectively. Glucuronidation is another typical phase II
reaction of flavonoids, which is identified by the char-
acteristic GluA moiety. According to this structural fea-
ture, a series of glucuronidation metabolites of absorbent
flavonoids, namely M6-1, M8-1, M9-1, M11-1, M12-1,
M15-1, were tentatively identified with the loss of 176 Da
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GluA moiety of their precursor ions. By integrating the
reactions mentioned above, we have proposed the com-
prehensive metabolic profiling of absorbent flavonoids of
BHGZD (Fig. 1).

Other components

Organic acids and amino acids were also absorbed in rat
serum after BHGZD administration. Served as the minis-
ter ingredient of BHGZD, medicinal herb Neolitsea cas-
sia (L.) Kosterm. (Guizhi) could effectively dispel exterior
pathogen by diaphoresis induction. For Neolitsea cassia
(L.) Kosterm. (Guizhi), it is well-accepted that the major
effective components are grouped into volatile com-
pounds such as cinnamaldehyde and soluble organic
acids such as cinnamic acid, which accounted for the
sweat inducing effect. In our study, for BHGZD, due to
the water extraction preparation of the prescription, we
are more focusing on the soluble part and have firmly
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Fig. 1 The metabolic pathways in vivo after oral gavage of BHGZD
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identified hydroxycinnamic acid (P7) and cinnamic
acid (P13) as active compounds of Neolitsea cassia (L.)
Kosterm. (Guizhi). Moreover, 3 amino acids were char-
acterized as arginine (P1), isoleucine (P3) and phenylala-
nine (P4), which may derive from ingredient Oryza sativa
L. (Jingmi), the contribution of which to the overall bene-
ficial outcomes of BHGZD should not be simply ignored.

Methodology and pharmacokinetic analysis
Based on characterized absorbent components of
BHGZD in rat serum, five absorbed prototypes
(timosaponin AIlIl, glycyrrhizic acid, liquiritin apioside,
mangiferin, cinnamic acid) were screened for further
quantitative pharmacokinetic analysis. We have fine-
tuned the chromatographic parameters such as col-
umn (Poroshell 120 EC-C18 column) and mobile phase
system (0.1% formic acid water—methanol) for optimal
separation. For each analyte, sharp peaks with satisfying
resolutions were obtained (Fig. 2). Quantitative meth-
odology was validated in accordance with the Guidance
for Bioanalytical Method Validation (Chinese Pharma-
copoeia, Version 2020). The selectivity of each analyte
was shown in Additional file 3: Figure S3. Calibration
curves, in corresponding coverage range of each analyte,
were established with linear coefficients (r)>0.99. For
each compound, the precision of the limit of quantifica-
tion (LLOQ) were less than 20%, the intra-run accuracy
of low, middle and high quality control (QC) samples
were within 15%, and matrix effects were all within 15%
(Tables 3, 4, and 5). In brief, the methodology is practica-
ble for quantitative analysis of these five compounds with
acceptable linear coverage, precision, and accuracy.

The developed methodology was then applied for
the in vivo pharmacokinetic evaluations of these five
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Table 3 The regression equations, linear ranges five analytes
after oral administration of BHGZD

2

Analytes Range (ng/mL) Linearity equations r

Timosaponin Alll -~ 0.49~98.7 Y=0.1853*X40.0015  0.9995
Glycyrrhizic acid 4.98~996 Y=0.1597*X — 0.0212  0.9982
Liquiritin apioside  0.96~192 Y=24322* X —0.0040 0.9995
Mangjiferin 0.98~196 Y=1.2044*X4+0.0019  0.9992
Cinnamic acid 4.94~988 Y=0.0859*X40.0039  0.9998

absorbed components. After single or multiple gav-
ages of BHGZD, rat serum was collected at indicated
time points, and the concentrations of five analyte
were quantified accordingly. Relevant pharmacokinetic
parameters, including time to reach maximum concen-
tration (T,,,), maximum concentration (C,,,), elimi-
nated half-time (T;,,) and the area under curve (AUC),
were calculated (Table 6). Meanwhile, the time-con-
centration dynamics of five compounds in rat serum
were depicted (Fig. 3). As demonstrated, after multiple
gavages of BHGZD, the pharmacokinetic behaviors of
each compound exhibited relatively similar with that
of single administration, as evidenced by similar curve
track as well as relatively close T, and T,,. For most
absorbed compounds, both with single or multiple gav-
ages, had a relatively fast absorption and quick elimina-
tion in serum, except for one compound, timosaponin
AllIl, showed a dual-peak response with prolonged pat-
tern of absorption and elimination. Of note, although
continuous gavage had limited impact on the absorp-
tion dynamics of five absorbed components, it dramati-
cally increased their serum abundance, both C,_ ., and
AUC showed significant extent of increases, ranging
from approximately 1.5 to 4.5 folds higher.

Liquiritin apioside

3e6 Mangiferin
B 2e6
o ¢ 1S
.4;‘ Glycyrrhizic acid
2] . .

Timosaponin AIII
S 1le6 P
~
=
L Cinnamic acid
0e0 , ; ; : : .
1 2 3 4 5 6 7
Time, min

Fig. 2 The optimized extracted ion chromatograms of five analytes in rat serum
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Table 4 The stabilities of five analytes in rat serum under different storage conditions

Analytes Concentration Sample stability Three freeze- 4°C short-term — 80°C long- room temperature

(ng/mL) (mean=+SD, %) thaw stabilities stabilities term stabilities short-term stabilities

(mean £SD, %) (mean +SD, %) (mean +SD, %) (mean +SD, %)

Timosaponin Alll - 1.48 91.95+0.04 95.06£0.02 100.7£0.12 98.72+0.19 96.95+0.18

74.0 96.37£1.13 101.8£2.03 96.19£0.81 96.55£4.29 99.54£2.19
Glycyrrhizicacid ~ 14.9 99.11+£0.74 97.89£1.79 91.11+£0.56 97.61£1.98 112.8+0.12

747 96.20+5.96 1020+11.8 93.21£9.08 100.38+£10.5 97.07 £3.97
Liquiritin apioside  2.88 100.9£0.03 96.82£0.08 99.05£0.10 96.44+£0.01 1004£0.13

144 1054+3.08 101.3£0.15 995+1.74 98.97+3.63 9840+1.38
Mangiferin 2.94 90.85£0.06 96.28£0.18 99.464+0.34 1029+£032 94.09£0.18

147 106.2+3.48 9830+240 97.90+£4.50 94.26£831 98.02£9.12
Cinnamic acid 14.8 1104+0.09 10264121 109.7£0.77 9245£0.79 98.33+0.83

741 102.8+£593 10244394 96.63+ 144 97.52+£4.26 98.67£3.50

Table 5 The precision, accuracy and matrix effect of five analytes in rat serum (n=5)

Analytes Concentration Inter-day Intra-day Matrix effect
(ng/mL)
RSD (%) Accuracy RSD (%) Accuracy RSD (%)
RE (%) RE (%)
Timosaponin Alll 049 109 1.80 10.6 —3.98
148 14.3 2.06 6.34 — 737 7.16
14.8 6.79 —2.70 119 — 388
74.0 2.81 —6.26 9.55 — 458 1.65
Glycyrrhizic acid 4.98 7.25 245 834 —6.05
14.9 8.17 0.74 138 —3.00 9.01
149 2.82 —520 5.07 —7.15
747 2.05 —6.83 10.0 — 644 1.68
Liquiritin apioside 0.96 2.56 3.62 3.61 0.56
2.88 1.00 —4.80 226 —3.87 3.77
288 238 —237 341 —4.67
144 2.07 —1.50 3.50 — 344 1.76
Mangiferin 0.98 7.25 295 6.13 — 566
2.94 3.12 3.00 8.89 243 8.77
294 2.06 —4.08 554 —393
147 555 —1.27 5.00 3.80 3.83
Cinnamic acid 4.94 0.99 —1.14 9.37 — 0.68
14.8 141 — 374 7.07 — 281 397
148 245 — 095 3.07 — 362
741 084 —1.11 225 —0.59 232
Discussion BHGZD is a well-known TCM prescription of medical

To the best of our knowledge, this study firstly inves- sage Zhang Zhongjing for treating Heat-invaded symp-
tigated the absorbed active constituents and unsealed toms such as arthralgia and arthritis. However, although
the pharmacokinetic dynamics of multiple components  the pharmacological effects of BHGZD have been highly
of BHGZD in vivo. These results, when taken together, appreciated, the in vivo absorption and metabolism of
largely helped to decipher the absorption and metabo- BHGZD have not been explored. In this study, we have
lism of this classic decoction, which would be conducive identified the absorbed prototypes including saponins,
for further in-depth mechanism explorations and rational ~ flavonoids and organic acids, their derived metabolites
application of BHGZD in clinical practice. and have depicted their biotransformation profiling
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Table 6 The pharmacokinetic parameters for five analytes in vivo after gavage with various dose BHGZD (n =8, mean & SEM)

Analytes Times of Timosaponin Alll Glycyrrhizicacid Liquiritin apioside ~ Mangiferin Cinnamic acid
administration
Trax(h) Single dose 6.38+£1.69 5.88+2.85 400£1.77 256+1.68 037+0.35
Cona(Ng/mL) 5414123 15614897 2744123 481045273 533143264
T, () 4984174 2.99+£0.82 265+£1.57 3.64+£4.82 236+£1.03
AUC(0-1) 35.56+7.99 67.29+36.83 11.771£587 265.57+£305.54 109.70£126.79
AUC(0-00) 4533£13.95 91.78+£44.19 28.06+9.12 297.724+297.82 307.17+£119.68
MRT(0-1) 7.54+1.15 506+£1.37 3.27+0.80 3.60+0.75 3.66+1.03
MRT(0-00) 9.92+2.73 583£142 12171265 6.72£6.64 1053+£1252
Vd(L/kg) 3,132,646 +£264,876  867,518+160,982 7,767,546+£4,149931 1,049,685+1,125516 598,493 +£614,714
CL(L/h/kg) 506,158+133,767  288330+150,321 1,293431£1,002413  228,709+238,817 78418£31,121
Trnaxh) Multiple dose 4624213 4384106 362+£0.51 3.88£0.35 0.25£0.01
Crnax (Ng/mL) 831+£132 5822+£21.17 12294201 126.74+25.86 106.83+£21.78
Ty (h) 595+2.19 248+0.90 1.18+044 1.27£046 400+281
AUC (0-1) 69.75£15.18 280.22£111.78 449641019 53835£111.04 37040£46.18
AUC (0-00) 76.17+£14.30 306.05+£ 11246 4791+11.00 560.88+135.88 4432641809
MRT(0-t) 9.524+1.90 4924064 3.15+£048 3.93£049 9.64£6.89
MRT(0—00) 11.42£250 5.85£1.08 346+£0.69 4154075 10.73£5.54
Vd(L/kg) 2,313,233£1,127,522 290,1334+197,532 718,240 4 269,354 69,818+£16,069 455,197 +497,001
CL(L/h/kg) 289,940+ 55,029 77574+£25214 470,072£121,269 39,958 £8651 75,020 £55,222
~ 60 ~ 150 . ~ 9
I_E] Glycyrrhizic acid g Mangiferin é Timosaponin AIII
&0 ) )
E 40 E 100 g
= = =
S 2 £
| g g
E 20 % 50 E
] P ) ]
: £ :
e Y Y S _
2 4 6 8 10 12 24 2 4 6 10 12 24
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Fig. 3 The serum concentration-time curves of five analytes in vivo after gavage with various dose BHGZD. (Blue line: multiple dose, red line: single

-. «  Single dose

Time(h)

comprehensively. Saponins tended to sustain prototype
while flavonoids underwent intensive phase I/II metabo-
lism. Meanwhile, by applying a poly-PK strategy, we have

further monitored the in vivo dynamic behaviors of five
crucial active components of BHGZD simultaneously.
To sum up, the absorption and metabolic profiling in
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companion with quantitative dynamic evaluation could
be of great significance for compound-activities interac-
tions including safety and effectiveness investigation of
BHGZD in the future.

For the quantitative PK study, we screened poten-
tial candidate compounds based on three major con-
cerns. First of all, representative active compounds
from predominant medicinal herbs should be included.
For BHGZD, for instance, Anemarrhena asphodeloides
Bunge (Zhimu) and Neolitsea cassia (L.) Kosterm.
(Guizhi) are the minister ingredient which accounted for
the effect of heat repelling and Qi clearing. To this con-
cern, active compounds from these two herbs should
be taken into serious consideration. For Anemarrhena
asphodeloides Bunge, steroidal saponins and flavonoids
are two major categories of active constituents, among
which timosaponin AIIl and mangiferin were the chose
compounds of each category for subsequent PK study.
Similarly, for Neolitsea cassia (L.) Kosterm. (Guizhi), one
distinctive compound, cinnamic acid, was included. Sec-
ondly, the quantitative candidates should be presented
in blood as prototypes with relative high abundances. In
other words, the potential candidate should be techni-
cally traceable. If, for example, one compound showed
extremely low blood concentration or can easily be elimi-
nated, it is less possible to be included.

As one of the most commonly used medicinal herb
for Heat-clearing and Fire-purging [13], Anemarrhena
asphodeloides Bunge presented as minister ingredient
of BHGZD with dominant dosage. Phytochemical stud-
ies had revealed that a group of steroidal saponins are the
most significant bioactive components of Anemarrhena
asphodeloides Bunge, which could help to explain the
detoxicating and Heat-repelling properties of this herbal
ingredient [14]. In this study, after BHGZD administra-
tion, we have detected two distinct steroidal saponins,
timosaponin AIIl and timosaponin BIII in rat serum with
high abundances. Timosaponin AIIl, in particular, had
been reported with a variety of pharmacological activi-
ties, including tumor suppression [15], anti-inflammation
[16] as well as inhibition of angiogenesis [17]. Hence,
we further conducted the pharmacokinetics study of
this compound and found a dual-peak absorption of
timosaponin AlIl in serum after gavage of BHGZD. This
phenomeno would be partially caused by enterohepatic
cycling, gastrointestinal emptying and the gut “absorp-
tion window” [18, 19]. To this concern, the dual-peak
absorption property of timosaponin AIIIl should be taken
into serious account when evaluating the in vivo time-
dependent responses and pharmacological effects associ-
ated “time-window” of this compound.

Neolitsea cassia (L.) Kosterm. is a widely applied
medicinal herb for collaterals dredging and pathogenic
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wind expelling with antipyretic properties. As a remark-
able minister herb, Neolitsea cassia (L.) Kosterm. facili-
tates the heat-clearing effects of Anemarrhena
asphodeloides Bunge and Gypsum Fibrosum, which
ensures the beneficial outcomes of BHGZD against Heat
syndrome related disorders and symptoms. In rat serum,
we have identified cinnamic acid as major efficacious
compounds of Neolitsea cassia (L.) Kosterm. Pharma-
cokinetic analysis revealed a rapid absorption pattern of
cinnamic acid, with T, ,, approximately 0.3 h. Moreover,
although cinnamic acid is quickly absorbed in the blood,
it exhibits some extend of accumulative effects. The C_,,
of cinnamic acid with multiple BHGZD administration
were approximately 2 times compared to single dose
gavage, which indicated that for multi-component mix-
ture, such as TCM formula, multiple delivery is a more
rational and feasible strategy to increase the in vivo con-
tents of active constituents.

In BHGZD, Glycyrrhiza uralensis Fisch. is the adju-
vant ingredient with the major function of coordinat-
ing the actions of other ingredients of the prescription
[20]. In this study, we have identified absorbed distinc-
tive components of Glycyrrhiza uralensis Fisch. in rat
serum, structurally categories into triterpene saponins
and flavonoids. For triterpene saponins, glycyrrhizic acid
was the most significant component with reported ben-
eficial activities. Glycyrrhizic acid exerted potent anti-
inflammatory roles [21], and could effectively alleviated
hepatic damages in combined with liquiritin [22]. Despite
of its own activities, glycyrrhizic acid had been reported
to facilitate the membrane transfer of compounds and to
enhance the bioavailability of certain components in vivo
[12]. In other words, glycyrrhizic acid might be one of
the crucial compounds contributed to the coordinative
effects of Glycyrrhiza uralensis Fisch. by enhancing the
serum contents of several other active compounds on
one hand and hepatic toxicity-attenuating on the other
hand.

Flavonoids are other group of active components that
largely presented in Glycyrrhiza uralensis Fisch.. Over 32
Glycytthiza derived flavonoids had been characterized in
BHGZD, among which 18 absorbed prototypes and their
metabolites have been identified in our study. One par-
ticular flavonoid, ononin, caught our special attention. As
a promising agent against inflammation [23] and angio-
genesis [24], ononin had been widely recognized for its
board range of metabolic transformation in vivo. Once
taken orally, ononin was first cleavage by gut bacterial
derived p-glycosidase into its aglycone, formononetin
[25]. Subsequently, formononetin went through intensive
phase I and II metabolism such as sulfation and glucuro-
nidation [26]. Moreover, formononetin could reversibly
be transformed into another active flavonoid calycosin
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via hydroxylation or dihydroxylation [27]. These together
emphasized the significance of flavonoids related meta-
bolic profiling. Special attentions should be made to
comprehensively uncover the in vivo metabolic network
of certain flavonoids, as these complex metabolic pat-
terns indeed played non-negligible impacts on the in vivo
pharmacological effects of prototypes.

Gypsum Fibrosum acted as sovereign drug in BHGZD
and mainly consisted of poorly-soluble CaSO4. In addi-
tion to in vitro ICP-AES quantitative studies for BHGZD,
we haven't identified any Gypsum Fibrosum derived com-
ponents owing to the limitations of the current instru-
ment technology. Although CaSO4 is hardly dissolved in
water, small amount of Ca*" might be extracted and took
part in bioactivities in a manner of secondary messenger
or by interacting with calmodulins or increasing Ca*"
content [28, 29].

Favorable pharmacokinetic behaviors ensure drug-
like properties. For TCM with multi-component
nature, understandings of the in vivo absorption pro-
filing, metabolic networks as well as dynamic patterns
of active constituents are the prerequisite to build the
potential association between effective compounds
and the beneficial outcomes of the complex TCM
formula. The absorbed components, including both
bioactive prototypes as well as their metabolites, of
prescription reach proper blood concentration to exert
effects, so as BHGZD. However, the complexity prop-
erty of TCM on human health make the evaluation
of the effectiveness and safety and the clarification
of underlying mechanism very challenging. Integrat-
ing these two parts allows us to create a whole scene
of the in vivo behaviors of multiple components from
BHGZD, which may help to unscramble the in vivo
absorption and pharmacodynamic mechanism of
actions of BHGZD in future exploration. Our strategy
established in the study applies both absorbed pro-
files and metabolic transformation, which enable us to
identify key active compounds exposed to serum and
explored potential active metabolites. The advance of
the poly-PK strategy will help to uncover the potential
association between multi-compounds and the in vivo
metabolic pathways and greatly facilitate the effective-
ness evaluation of BHGZD candidates and novel clini-
cal application.

Conclusions

For TCM study, a comprehensive understanding of the
in vivo behaviors of feature components is a prerequi-
site for further in-depth pharmacological and mecha-
nism exploration. Establishing strategy for fully unseal
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the in vivo absorption, bio-transformation as well as
pharmacokinetics of multicomponent systems, such as
TCM, is a long-lasting bottleneck. In this study, taking
BHGZD as a typical prescription, we have unsealed the
in vivo absorption profiling and proposed metabolism
network of this TCM formula. We have monitored
the kinetic parameters of several key components of
BHGZD simultaneously with a poly-pharmacokinetics
strategy. Integrating these two parts allows us to create
a whole scene of the in vivo behaviors of multiple com-
ponents from BHGZD, which may help to unscram-
ble the efficacy-associated mechanism of actions of
BHGZD in future exploration.

Abbreviations

ADME: Absorption, distribution, metabolism, and excretion; AUC: Area under
the plasma concentration-time curve; BHGZD: Baihu-Guizhi Decoction; Cmax:
Maximum concentration; RSD: Relative standard deviation; Tmax: Time to
reach maximum concentration; TCM: Traditional Chinese Medicine; t1/2: Half
washout time; UFLC-Q-TOF-MS/MS: Ultra-high-performance liquid chroma-
tography tandem ion trap quadrupole mass spectrometry; UHPLC-QTRAP-MS/
MS: Ultra-high-performance liquid chromatography tandem ion trap quadru-
pole mass spectrometry.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513020-022-00665-W.

Additional file 1: Figure S1. The chemical structure and corresponding
mass spectrum of absorbed components in vivo.

Additional file 2: Figure S2. The chromatograms of mixed standards and
serum sample after BHGZD gavage.

Additional file 3: Figure S3. The chromatogram of selectivity of the
analytes in rat serum.

Additional file 4: Figure S4. Graphical abstract.

Additional file 5: Table S1. Identification of chemical profile of BHGZD
in vitro by UFLC-Q-TOF-MS/MS.

Additional file 6: Table S2. Quantification analysis of calcium in Gypsum
Fibrosum and full prescription BHGZD by ICP-AES.

Acknowledgements
Not applicable.

Author contributions

YH: Methodology, Formal analysis, and Writing—Original Draft. WL: Resources.
ZZ,1J, RS and TL: Formal analysis. HY: Visualization and Writing—Review & Edit-
ing. NL and YZ: Supervision and Project administration. HW: Conceptualization,
Supervision, and Writing—Review & Editing. All authors read and approved
the final manuscript.

Funding

This work was supported by National Natural Science Foundation of China
(grant number 81630107), Guangdong Basic and Applied Basic Research
Foundation (grant number 2019A1515010604) and GDAS Special Project of
Science and Technology Development (grant number 2016GDASRC-0104).

Availability of data and materials
The datasets supporting the conclusions of this article are included within the
article and its additional files.


https://doi.org/10.1186/s13020-022-00665-w
https://doi.org/10.1186/s13020-022-00665-w

He et al. Chinese Medicine (2022) 17:117

Declarations

Ethics approval and consent to participate

This study was approved by the Research Ethics Committee of Institute of
Basic Theory of Chinese Medicine, China Academy of Chinese Medical Sci-
ences, Beijing, China.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

!Guangdong Engineering and Technology Research Center for Quality

and Efficacy Reevaluation of Post-Market Traditional Chinese Medicine,
Guangdong Provincial Key Laboratory of Plant Resources, School of Life Sci-
ences, Sun Yat-Sen University, No. 135, Xingangxi Street, Guangzhou 510275,
People’s Republic of China. ?Institute of Chinese Materia Medica, China
Academy of Chinese Medical Sciences, Beijin, China. *Guangdong Key Labora-
tory of Animal Conservation and Resource Utilization, Guangdong Public
Laboratory of Wild Animal Conservation and Utilization, Institute of Zoology,
Guangdong Academy of Sciences, Guangzhou, China.

Received: 12 April 2022 Accepted: 2 September 2022
Published online: 04 October 2022

References

1. ChenH,PanT, Liu PW, Xu SJ. Baihu Jia Guizhi decoction improves
rheumatoid arthritis inflammation by regulating succinate/SUCNR1
metabolic signaling pathway. Evid Based Complement Alternat Med.
2019;2019:3258572.

2. LiWJ, Mao X, Wang XY, Liu YD, Wang KX, Li CC, et al. Disease-Modifying
anti-rheumatic drug prescription baihu-guizhi decoction attenuates
rheumatoid arthritis via suppressing toll-like receptor 4-mediated NLRP3
inflammasome activation. Front Pharmacol. 2021;12: 743086.

3. LiWJ, Mao X, Wu H, Guo MQ, Su XH, Lu JQ, et al. Deciphering the chemi-
cal profile and pharmacological mechanisms of Baihu-Guizhi decoc-
tion using ultra-fast liquid chromatography-quadrupole-time-of-flight
tandem mass spectrometry coupled with network pharmacology-based
investigation. Phytomedicine. 2020;67: 153156.

4. Luan X, Zhang LJ, Li XQ, Rahman K, Zhang H, Chen HZ, et al. Compound-
based Chinese medicine formula: from discovery to compatibility mecha-
nism. J Ethnopharmacol. 2020;254: 112687.

5. LuHF Lai YH, Huang HC, Lee IJ, Lin LC, Liu HK, et al. Ginseng-plus-Bai-
Hu-Tang ameliorates diet-induced obesity, hepatic steatosis, and insulin
resistance in mice. J Ginseng Res. 2020;44(2):238-46.

6. LvP LiX, Chen JW.Study on the speciation of calcium in Baihu decoction.
Guang Pu Xue Yu Guang Pu Fen Xi. 2010;30(10):2824-6.

7. LiWJ, Mao X, Wang XY, Liu YD, Wang KX, Li CC, et al. Disease-modifying
anti-rheumatic drug prescription baihu-guizhi decoction attenuates
rheumatoid arthritis via suppressing toll-like receptor 4-mediated NLRP3
inflammasome activation. Front Pharmacol. 2021:5(12):12743086.

8. HeY,SuWW, ChenTB, Zeng X, Yan ZH, Guo JM, et al. Identification of
prototype compounds and derived metabolites of naoxintong capsule
in beagle dog urine and feces by UFLC-Q-TOF-MS/MS. J Pharm Biomed
Anal. 2019;176: 112806.

9. XielL, Lee DY, Shang Y, Cao XT, Wang SQ, Liao J, et al. Characterization
of spirostanol glycosides and furostanol glycosides from anemarrhenae
rhizoma as dual targeted inhibitors of 5-lipoxygenase and Cyclooxyge-
nase-2 by employing a combination of affinity ultrafiltration and HPLC/
MS. Phytomedicine. 2020;77: 153284.

10. Wang YL, DanY, Yang DW, HuY, Zhang L, Zhang CH, et al. The genus
Anemarrhena Bunge: a review on ethnopharmacology, phytochemistry
and pharmacology. J Ethnopharmacol. 2014;153(1):42-60.

11. Sun ZG, ZhaoTT, Lu N, Yang YA, Zhu HL. Research progress of glycyrrhizic
acid on antiviral activity. Mini Rev Med Chem. 2019;19(10):826-32.

Page 14 of 14

12. Selyutina OV, Polyakov NE. Glycyrrhizic acid as a multifunctional drug
carrier—from physicochemical properties to biomedical applications: a
modern insight on the ancient drug. Int J Pharm. 2019;559:271-9.

13. Piwowar A, Rembiatkowska N, Rorbach-Dolata A, Garbiec A, Slusarczyk S,
Dobosz A, et al. Anemarrhenae asphodeloides rhizoma extract enriched
in mangiferin protects PC12 cells against a neurotoxic agent-3-nitropro-
pionic acid. Int J Mol Sci. 2020;21(7):2510.

14. Ji D, Huang ZY, Fei CH, Xue WW, Lu TL. Comprehensive profiling and
characterization of chemical constituents of rhizome of Anemarrhena
asphodeloides Bge. J Chromatogr B Analyt Technol Biomed Life Sci.
2017;1060:355-66.

15. Song XY, Han FY, Chen JJ, Wang W, Zhang Y, Yao GD, et al. Timosaponin
Alll, a steroidal saponin, exhibits anti-tumor effect on taxol-resistant cells
in vitro and in vivo. Steroids. 2019;146:57-64.

16. Wang NN, Xu PC, Wang XP, Yao WX, Wang BJ, Wu YZ, et al. Timosaponin
Alll attenuates inflammatory injury in AGEs-induced osteoblast and
alloxan-induced diabetic osteoporosis zebrafish by modulating the
RAGE/MAPK signaling pathways. Phytomedicine. 2020;75: 153247.

17. Zhou ZY, Zhao WR, Xiao Y, Zhou XM, Huang C, Shi WT, et al. Antiangio-
genesis effect of timosaponin Alll on HUVECs in vitro and zebrafish
embryos in vivo. Acta Pharmacol Sin. 2020;41(2):260-9.

18. Mirfazaelian A, Mahmoudian M. A simple pharmacokinetics subrou-
tine for modeling double peak phenomenon. Biopharm Drug Dispos.
2006;27(3):119-24.

19. Liu ZR, Qin WX, Zhu ZY, Liu Y, Sun FJ, Chai YF, et al. Development and vali-
dation of liquid chromatography-tandem mass spectrometry method for
simultaneous determination of six steroidal saponins in rat plasma and its
application to a pharmacokinetics study. Steroids. 2015;96:21-9.

20. Pastorino G, Cornara L, Soares S, Rodrigues F, Oliveira M. Liquorice (Glycyr-
rhiza glabra): a phytochemical and pharmacological review. Phytother
Res. 2018;32(12):2323-39.

21. Afkhami-Poostchi A, Mashreghi M, Iranshahi M, Matin MM. Use of a
genetically engineered E. coli overexpressing 3-glucuronidase accom-
panied by glycyrrhizic acid, a natural and anti-inflammatory agent, for
directed treatment of colon carcinoma in a mouse model. Int J Pharm.
2020;579:119159.

22. YuJY,Ha JY,Kim KM, Jung YS, Jung JC, Oh S. Anti-Inflammatory
activities of licorice extract and its active compounds, glycyrrhizic
acid, liquiritin and liquiritigenin, in BV2 cells and mice liver. Molecules.
2015;20(7):13041-54.

23. DongL,YinL, Zhang, Fu X, Lu J. Anti-inflammatory effects of ononin
on lipopolysaccharide-stimulated RAW 264.7 cells. Mol Immunol.
2017,83:46-51.

24. Gong GW, Zheng YZ, Kong XP, Wen Z. Anti-angiogenesis function of
ononin via suppressing the MEK/Erk signaling pathway. J Nat Prod.
2021,84(6):1755-62.

25. HeY,SuWW, He X, ChenTB, Zeng X, Yan ZH, et al. Pharmacokinetics and
biotransformation investigation in beagle dog of active compounds from
naoxintong capsule. Biomed Pharmacother. 2021;133: 110940.

26. LiHF LiT, Yang P Wang Y, Tang XJ, Liu LJ, et al. Global profiling and
structural characterization of metabolites of ononin using HPLC-
ESI-IT-TOF-MSn after oral administration to rats. J Agric Food Chem.
2020;68(51):15164-75.

27. Shil, Zheng L, Lin ZF, Hou CQ, Liu WQ, Yan TM, et al. Study of pharmacoki-
netic profiles and characteristics of active components and their metabo-
lites in rat plasma following oral administration of the water extract of
Astragali radix using UPLC-MS/MS. J Ethnopharmacol. 2015;169:183-94.

28. lkarashi N, Ogiue N, Toyoda E, Kon R, Ishii M, Toda T, Aburada T, Ochiai
W, Sugiyama K. Gypsum fibrosum and its major component CaSO4
increase cutaneous aquaporin-3 expression levels. J Ethnopharmacol.
2012;139(2):409-13.

29. lkarashi N, Ogiue N, Toyoda E, Nakamura M, Kon R, Kusunoki Y, Aburada T,
Ishii M, Tanaka Y, Machida Y, Ochiai W, Sugiyama K. Elucidating the mech-
anism by which Gypsum fibrosum, a traditional Chinese medicine, main-
tains cutaneous water content. Biol Pharm Bull. 2013;36(10):1615-21.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Metabolic profiling and pharmacokinetic studies of Baihu-Guizhi decoction in rats by UFLC-Q-TOF–MSMS and UHPLC-Q-TRAP-MSMS
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Chemicals and materials
	Preparation of Baihu-guizhi decoction (BHGZD) powder
	Animals
	Collection of rat serum
	Preparation of stock solutions, calibration samples and quality control samples
	Metabolic profiling of serum samples
	Quantification of absorbed compounds
	Quantification of calcium in Gypsum Fibrosum and BHGZD

	Results
	Identification of prototype and metabolites
	Saponins and derived metabolites
	Flavonoids and derived metabolites
	Other components
	Methodology and pharmacokinetic analysis

	Discussion
	Conclusions
	Acknowledgements
	References




