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Abstract: Chinese traditional medicine has provided, since ancient times, a basis for health care and medicine
to the Chinese nation and for China's national stability. Identification of the constituents responsible for therapeutic
and undesired effects of Chinese herbal medicines is a type of key research facilitating the modernization of these
medicines. For a complex Chinese herbal medicine, multi-compound pharmacokinetic research is a useful approach
to identifying its constituents that are bioavailable (in their unchanged and/or metabolized forms) at loci responsible
for the medicine's therapeutic action and to characterizing the compounds' disposition and pharmacokinetics related
to the action. In addition, such pharmacokinetic research is also useful for identifying herbal compounds associated
with the medicine's adverse effects and drug-drug interaction potential. Over the past decade, great advances have
been achieved in the theory, methodology, associated techniques, and their application of such multi-compound
pharmacokinetic research, which has become an emerging field in pharmacokinetics. In this perspective, we elaborate
on the methodology, technical requirements, and key analytical techniques of multi-compound pharmacokinetic
research on Chinese herbal medicines, describe research examples regarding investigation of pharmacokinetics and
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disposition of a class of bioactive herbal constituents (ginsenosides of Panax notoginseng root) and pharmacokinetics-
based identification of potential therapeutic compounds from a dosed Chinese herbal medicine (LianhuaQingwen
capsule), and discuss follow-up development for the multi-compound pharmacokinetic research.
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Figure 1 An overview of approach to multi-compound pharmacokinetic investigation of a Chinese herbal medicine
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Compound R; R,
POt Ginsenoside Rb, Gle>-Gle  Gle®-Gle
Ginsenoside Rd Gle>-Gle Gle
i Ginsenoside Ra, Gle?-Gle Glcb-Gle3-Xyl
Ri0™ 2% Ginsenoside Rc Gle-Gle Gleb-Ara
Ginsenoside Rg, Glc®-Gle H
dedtype ginsenOSides Ginsenoside F, Glc Gle
Ginsenoside Rh, Glec H
Compound K H Glc
20(S)-Protopanaxadiol H H
Compound R, R,
¥ 13" Ginsenoside Rg, Glc Gle
Notoginsenoside R, Gle2-Xyl Gle
i Ginsenoside Re Glc2-Rha  Gle
N &%R, Ginsenoside Rh, Glc H
. . Ginsenoside Rg, Glc*-Rha H
Ppt-type ginsenosides Notoginsenoside R,/R, Gle Gleb-Gle
Ginsenoside F, H Gle
20-Gluco-ginsenoside Rf  Gle?-Gle Gle
Ginsenoside Rf Gle?-Gle H
20(5)-Protopanaxatriol H H

Figure 2 Chemical structures of ginsenosides and their aglycones of Sangi (Panax notoginseng roots)
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Figure 3  Systemic exposure to ginsenoside Rb,, ginsenoside Rd,
ginsenoside Rg,, notoginsenoside R, and ginsenoside Re in humans
receiving a po dose of Sangi extract™ (panel a) or an iv dose of
XueShuanTong™ (panel b) and in rats receiving a po dose of
Sanqi extract™ (panel c) or an iv dose of XueShuanTong"™” (panel
d). The AUC values of the Sanqi saponins were corrected by the
compound dose to 1 umol-kg™ for (A and B) and to 6 umol-kg™
for (C and D)
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Figure 4 Relationship between sugar substitution in ginsenosides and their PK properties that limit intestinal absorption. Ginsenoside F,

and ginsenoside F, exhibited efflux ratios greater than 8 in Caco-2 monolayers. GR: Ginsenoside R; 20gRf: 20-Gluco-ginsenoside Rf; Ppd: 20

(S)-Protopanaxadiol; Ppt: 20(S)-Protopanaxatriol; NROTB: Number of rotatable bonds. (Reprinted from Liu et al., 2009 with permission

of ASPET)
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Ginsenosides
from orally dosed Sanqi extract
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Figure 5 Metabolism of ginsenosides in humans orally receiving Sangi extract. Panels a and b, human P450-mediated oxidation of 20(S)-
protopanaxadiol and 20(S)-protopanaxatriol, respectively; panel ¢, ginsenosides present in the dosed Sangi extract; panels d—g, circulating
ginsenosides, unchanged and metabolized, which were detected in plasma and urine samples of humans who orally received the Sanqi extract.
(Reprinted from Hu et al., 2013® with permission of ASPET)
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Figure 6 An overview of approach to pharmacokinetics-based identification of potential therapeutic compounds from LianhuaQingwen, a

Chinese herbal used as treatment for COVID-19. The current investigation focused on constituents originating from the component Gancao.

PK, pharmacokinetics or pharmacokinetic. (Reprinted from Lan et al., 2021™ with permission of APS)
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Figure 7 Gancao constituents detected in LianhuaQingwen. Panel a, stacked liquid chromatograms of Gancao saponins (1-8), flavonoids

(21-51), and coumarins (71 and 72), detected by mass spectrometry, in a typical sample of LianhuaQingwen; panel b, constituents detected

in a sample of raw material of Gancao (Glycyrrhiza uralensis roots), obtained from Yiling Pharmaceutical; panel ¢, mean content levels of

Gancao constituents detected in samples of 29 lots of LianhuaQingwen; panel d, daily doses of the Gancao constituents from the lot

A1802055 of LianhuaQingwen at the label daily dose 4.2 g-d*. 1: Glycyrrhizin; 2: Licorice saponin G2; 21: Liquiritin; 22: Liquiritin apio-

side. The names of the other Gancao compounds are shown in Reference [11]. (Reprinted from Lan et al., 2021™ with permission of APS)

% Y AE 8 75 LL Bk 115-HSD2 #E bR . 8 [ FaR A it
WIASAAR 2D 3 A 418 PR 17 L L3852 P 2 (M DATE B /N
Wt 2y B R YA, X e 35 A I A A DL 21 5A 11-
HSD2 #EFr . Xt T ##1 118-HSD2, 8 {3 4 th LR 24
oy BRI AR . T RATFE TSR %
(0 B B A AT, BR L AN RATTIE Rk B H R A G2
(2). 27EARNRER A5 DAL 254K Mg, TR0 B K A
U 24-F2 Fe H BIR IR (M2,) thT B RS 25,
1 fE B)1X 115-HSD2 ¥ A5 | I Xt 118-HSD2 £ 5 $1 il 7%
P, PR M2y (F18 — ) 2 5 ke T 2 {8 [ i 44 %2
iE (1) S B I, 5 8 FI M2, & 1E — S A I 1 G i b T
AN RSO RS o Ak, H R B R S o A AR
IR 118-HSD2 FA i 5 PEAR 55, PR b AN 2 5] e i
I ) 184 22 R I o 2, LR 2 A AN 5 R A T I
B Z2RE I H B R Ay, BT IAE A N e O AR O 2 AR
F& 8 Al M2,; EEAR 8 Fll M2, A A& H B 7E Ak P A= A 11 i
— B A 115-HSD2 i& M A, (R e AT ME—

RE 0% 30 15 B0 AR 7= AL I AE 00 H =AW (B19). A
— LT AR PR R ) I L W R 2 ) — A
KHER R A 8 M2 TEARTE I b 5 A A s K P&
(—~99%), XX T A H BAE K2 210N A=A 1EA
R A7)

23 LA BB 1 JiE R A 5 L T 257 A
BTN B BT NAHE R A8 7 e FE T
0 T R [ R 38 2 ) KUK o KRG, P R AT
SXof T R T (] ) 1 22 0 PR R R, 4 FH 24 1 B TS I R
EMRZS . AR AT R e, RO R AT L
A R R A B B 2 R R B B AT R T
LA T 118-HSD2 7% HEAR R L8 vy 1 e R & A
L5 B T 8 58 N o 75 AR A T R FE R
— EL U I AP R (2] 84 2 R (1) BE LA IR, B 37 % 4 4 R
U A5 24, 0 B m] R R 24 BUBRAY, PR I 245 ) 2% i
AR



2% %4 Acta Pharmaceutica Sinica 2021, 56(9): 2426 —2446

. 2440 -

Elii:]
uopasoxe Alelqoieday Q

STOG pue SO O T T TN
(2g1) apruoman(F-p-(g-a1eyns-0-¢-proe onarfakn
(810 armyins-0-¢-proe onatukakn
(P spmomon(I-0-(g-ploe onaquAoAID
sujuagodes o sajjjoqela auyn Jo ewse|d uewny uj paaiap 10N
(Caw) pre IuaukokSxoipiy
sawfzus oneday uewny Aq uonednluon Q

uonenain TAN woy “I7p) proe anayukoL[BAx0IpAH-+T
|esauan a3y (1 wody °g) prow anayuAIALD

auun o ewse|d uewny Ul paslap JoN
F9aw) 2ueyins-0-g-apuoinaniS-0-0g-pie MayukIAG

¥

dan

gm&\o.a

us.___ uewny uj parsnap AlGiBiBaN

(3-0-0E-PI2R JAYLIA

BULIN JO eLse|d UBWNY Ul paj3a3ap 10N
[*8IN) 212iNs-0-E-P2e MPULIAIND

(mqequosqe) sujuodes ay3 Jo sayjoqeIa iy
BjoIqoIDIL 21UojoD By} Ag uone|AsookiBag Q

() 7o uodes 20u00r (1) uizIuAdAID
(wen jpunssuronsed auyy wouy pagposqe Apood)
uam3uipenyuer pasop Wwolj
Sjuanyisuod ujuodes oeauen

BULA 1o ewse|d UBLINY U] P13313P JON
(92N =1eyns-pioe u_eu:tggﬁgxlvﬂ

(%zw) piae JnayAsA|BAx0IpAH-vE
mn:k\

nE!:JH/__.m Hewg
Sdvd
autin 10 ewsed ueuiny ul pa1213p 10N

(%zw) pioe vz

¥odan
n?.._jﬂ:w % G

ewseyd Uewny b pagaalag

aulin 40 eusse|d uewNL Uy P13 10N

W) 2y

PRE YL

0.20

(z) 29 ujuodes 3:8:

%@

-

m.__:. pue ewseyd E.:.; ut pavaiep AgiBiigan

IS - 00
<an
Ha dvd= 1ns
Sdvd SUun pue ewseyd uewiny u) paa1ag 0
(8) pioe onaykahin
[HOVN HAOWN
[ & f
05td
ﬁﬁ.ﬁi«:&
WD
auun pue ewseyd vewny vy pa1aap AlqEBay
(1) wiziyaAoh|n

3
Jou

SUN JO ewsejd UBWNLY Uj p1ISIaR 10N
(2) 3piuoinan|8-0-g-pie MM

5%

Figure 8 Proposed metabolic pathways of glycyrrhizin (1) and licorice saponin G2 (2) in humans orally receiving LianhuaQingwen and

disposition of the metabolites. CM-G: Glycosidase of colonic microbiota; H-G: Hepatic glycosidase; P450: Cytochrome P450 enzyme;

UGT: Uridine 5'-diphosphoglucuronosyltransferase; SULT: Sulfotransferase; NADP: g -Nicotinamide adenine dinucleotide phosphate;

NADPH: Reduced S-nicotinamide adenine dinucleotiden phosphate; UDP: Uridine 5'-diphosphate; UDPGA: Uridine 5'-diphosphoglucuron-

ic acid; PAP: 3'-Phosphoadenosine-5'-phosphate; PAPS: 3'-Phosphoadenosine-5'-phosphosulphate; Glu: Glucuronosyl. (Reprinted from Lan

et al., 2021™ with permission of APS)
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(Reprinted from Lan et al., 2021™ with permission of APS)
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