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Abstract: Objective To screen Danhe Granules for quality marker (Q-Marker) based on determination of plasma exposure of 15
characteristic components (salvianolic acid B, polydatin, emodin, emodin-8-O-B-D-glucoside, resveratrol, hyperin, isoquercitrin,
astragalin, hesperidin, nobiletin, nuciferine, O-nornuciferine, N-nornuciferine, dehydronuciferin, and coclaurine) in Danhe Granules
in rats. Methods EC-Cig column was used as pre-column, ZORBAX RRHD Eclipse Plus Cis column was used as column, 0.1%
formic acid aqueous solution-acetonitrile was used as mobile phase, dynamic multiple response monitoring scanning mode was used
for mass spectrometry and HPLC-MS/MS method was established. Rats were ig given Danhe Granules, plasma of rats at different
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time points were collected, concentration of each component in plasma samples of rats were determined, plasma exposure in vivo
were calculated. Components with high exposure in vivo were determined, of which activity and preparation content were further
analyzed. Q-Marker were determined according to amount of exposure in vivo, activity of high exposure ingredients, corresponding
composition and content of the preparation. Results Plasma exposure levels of salvianolic acid B, polydatin, emodin,
emodin-8-0-B-D-glucoside, hyperin, astragalin, astragalin, hesperidin, nobiletin, nuciferine, O-nornuciferine, N-nornuciferine,
dehydronuciferin, coclaurine were (1340.45 = 167.64), (232.49 + 37.05), (677.51 + 71.61), (33.99 + 20.74), (281.53 + 32.32), (25.01
4.90), (16.85 +2.88), (11.89 + 2.69), (113.71 £ 23.05), (11.13 + 1.94), (168.69 + 42.68), (2595.00 + 314.78), (9.55 = 1.36), (1.29 +
0.11), and (13.96 + 0.88) ng-h/mL, salvianolic acid B, polydatin, emodin, hyperin, astragalin, hesperidin, and nuciferine showed
lipid-lowering activity and their contents in preparations were all greater than 0.1 mg/g. Conclusion Salvianolic acid B, polydatin,
emodin, quercetin, hesperidin, naringin, and nuciferine can be used as Q-Marker of Danhe Granules.

Key words: Danhe Granules; exposure; quality marker; HPLC-MS/MS; quantitative analysis; salvianolic acid B; polydatin; emodin;

quercetin; hesperidin; naringin; nuciferine
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ng/mL, LRFEHREKRE 54 0.8, 10.0. 40.0
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Table 1 Ion pairs and related parameters of tested compounds and internal standard compounds

5 fr/min BB (m/z) FEF(mlz) MR RV fif 1 G = /eV L B AR 2
JRALHE 5.65 389.1 227.0 111 28 [M—H]~
SR 6.23 463.0 300.1 152 40 [M—H]-
SR A 6.60 463.0 300.1 152 38 [M—H]-
f PaEie ) 9.33 4472 284.0 151 32 [M—H]"
P e H 9.92 609.1 301.2 155 32 [M—H]-
SEJa 10.03 227.1 185.0 140 18 [M—H]-
FHB R B 10.13 717.0 519.2 145 15 [M—H]~
KFEEK-8-0-p-D-H B 10.32 431.1 269.0 190 30 [M—H]-
KEHE 11.19 269.0 225.0 158 30 [M—H]-
L 257 1.21 286.1 106.9 125 31 [M—H]-
N-25 F LA -6 3.07 282.1 251.1 95 20 [M-+H]*
O~ P47 -5 3.65 282.1 265.0 85 10 [M+H]*
fif - 3.70 296.1 265.0 110 15 [M+H]*
JBRE &R 5.13 403.1 373.1 110 26 [M+H]*
F i B 6.48 294.1 279.2 148 18 [M~+H]*
EEET 10.28 721.2 513.0 135 10 [M—H]-
Fl il 4.39 609.3 195.0 195 40 [M+H]*
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Fig. 1 dMRM chromatograms of control plasma sample
(A), matrix working solution (B), and Danhe Granules group

plasma sample (C) in negative ion mode
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Fig. 2 dMRM chromatograms of control plasma sample
(A), matrix working solution (B), and Danhe Granules group

plasma sample (C) in positive ion mode
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Table 2 Standard curves, linear ranges and limits of detection for 15 characteristic components

75 B b h 28 r 28 1 YU Fl/(ng-mL-1) W BR/(ng-mL-")
1 JRALE Y=4.01 X+0.026 8 0.999 3 0.25~400.00 0.020
2 A7 S5 Y=30.90 X—0.134 0 0.999 3 0.31~100.00 0.100
3 SRR Y=30.00 X—0.107 0 0.995 8 0.31~100.00 0.120
4 f PACAE Y=13.40 X—0.005 9 0.9956 0.15~50.00 0.030
5 li-4- 451 Y=13.30 X+0.2450 0.998 9 0.25~400.00 0.010
6 SESS] Y=0.47 X+0.000 9 0.999 2 0.63~200.00 0.100
7 FHEYE B Y=0.15 X+0.096 7 0.996 5 3.10~500.00 0.300
8 K3 HK-8-0-B-D-H & i EF Y=32.30 X+0.325 0 0.997 8 0.25~400.00 0.100
9 NE Y=13.70 X+0.391 0 0.997 8 1.25~400.00 0.050
10 52578 Y=38.80 X—0.601 0 0.998 3 0.13~200.00 0.050
11 N-25 B 35 g -, Y=104.70 X—1.200 0 0.995 4 0.13~200.00 0.001
12 O-2 B 3L A 1 Y=32.78 X—0.632 0 0.999 7 0.31~1 000.00 0.005
13 R Y=166.80 X—1.970 0 0.9970 0.15~500.00 0.001
14 DR R 3= Y=74.10 X—0.5250 0.996 7 0.13~200.00 0.001
15 F & Y=41.70 X—0.262 0 0.997 0 0.03~10.00 0.005
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K3, 15 MRFEPERR D MR RE R L 3, O-
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RO A BRI B LK R B B (AUG,-) K
T 100 ngh/mL, RUYIHAERN R ER R, W
e 2 A ROURE 4 A LI 1 P

3 Wit
3.1 MERSHIERE

20 T 28 T 32 23 A R s X S I 24 44
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Fig.3 Plasma concentration-time curve of 15 characteristic components
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Table 3  In vivo exposure of 15 characteristic components
5% AUCo-/(ng-h-mL-") 5% AUCo-/(ng-h-mL-")
O-2 B JEAar 1 2595.00+314.78 G HhE 25.01+4.90
FHEA TR B 1340.45+167.64 SR 16.85+2.88
N 677.51+71.61 L 25T 13.96+0.88
SE =] 281.53+32.32 Ko 11.8942.69
PEALE 232.49+37.05 B 7 25 11.13+1.94
Fof W 168.69+42.68 N-25 B g A 9.55+1.36
P 7 HF 113.71£23.05 E=RElR 1.2940.11
K35 2-8-0-B-D- ] & M 33.994+20.74
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RIEF IR G G — AR L 4-F S BE-3,4- 5%
FORFEAR, It DA R CYPISA14 A
b, GIN 3-RIETE KL R R Rk A ERm I A b
A RZRAESE, 2 MRS A RSB R IE SR
g B, (FREZG8) 2020 SERRA, FHBEE B (LA
TIPSR E; @R B A JEA R Rl
A, FHRIR B HERETRIERR, NISREH
By, Hod FERIPHR RISy, B R B o)
VERFPF S K P BRI BV RFEVE RS o FES IR
TR E R A . SRR PR . P
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ZZ MRz T LI a7, R I
FHOYER B 1] A R0H b = B R 753/ B LA = A 1
&G H 3L (reactive oxygen species, ROS),
RembliabiElbae 1, BEEREDRe. 5k, PR
% B BEAFHSHHEERSSY, £ (PEZI) 2020
FERRPH T2, BEAWEImAEER, AP
Z I EA T R 7
312 EAL RBCNEREY AL Polygonum
cuspidatum Sieb. et Zucc. [P TJEMR KARZE, T LA
RERR SRR o R N B 2 P B NIk
AR, HAERDR N A6 Bas i 5
RABR-TN _RRIBR T TN 2 R A 2 i P R e
1R, PR LE REERR 4-F2 SR A0 B i Ab T Ak s &
TR, ML 4-F GIR-HHNE A EERREEL T AL
N A-EGIR-HE A K OfE e A R 5 )
1A 4B ER-FHEE A N3 N R A
(a2 WNISE- IR XY i) VN TS E Tl 23S
g O-H AR A N R KA M R
W PRRE IO, (R P I A B Ao N RHE )
FROERG Sy, FIZE P FESE I E R AL AR . =,
(R EZGH) 2020 AR FRBCE A T4 0 PR AL
i, P E PR PR R PR AL RRAE I 555
PERCH g B S BRI = IR B 175 5 1 X R I v =T
Hi Ctriglycerides, TG) . & JJH [ % (total cholesterol,
TC) FME % 2 g H H A B (low density lipoprotein
cholesterol, LDL-C) 7K~F1121; |42 i m] I 25 PG
i IMAE K B MSK LDL-C /KF A1 AT A 3-F2 4 -3-
FH L T R ARG A B 5L (3-hydroxy-3-methyl
glutaryl coenzyme A reductase, HMG-CoA) J514,
IR HEE A (apolipoprotein A-I, Apo A-D 5
Apo B HufI DL K % FE R B I MHE BE Chigh density
lipoprotein cholesterol, HDL-C) 7K-F131, Al
THAFHT TR

RERE R T 73 R B R 2 28, I
EPNES I S NN ] NN
FESMTERL, SREED T, HERE e R
RPN, i JRER A A Y, Sl S T
TR PR NG CE A A B A RO R AL T AT 4
HUS, ZRHEYE SRR, RiER. KEER-
8-O-B-D-Hi %) Kl 1 e % 2. 3 PR AKRE &1 2 1 =i g 1
JE K FUMIEH TC. TG, LDL-C 7K 16171, Shypet
HEAFHIT TT R ) o
3.1.3 idE I AERREHEY) LB AL Crataegus

pinnatifida. Bge. var. major N.EBr. 8¢ LI & C.
pinnatifida Bge.[F) 1R, T 2T 5w
gy o BT AEYD & g R BA R, H3E
FIRIEIRMAE 3 NN ZBEAHEE A MUERGEEE A
W, 1A 4-F SRR A TR B 38, 3 AN Zkdh
g A K0 1A SIS A 7E A BB A B R A R AR
FA R & H N R AR E R MR A A H
B, SRIGIERGEE. 2B, WELBE ., P
FeRGEBMRGEAL T, TR S B2 B 18] 5
W6 288 jl 7y A LR ) 2 AR TE P L, e 22 WK T
0 2 B G R [ O 0 o I 0 R A 1 Bk B
(superoxide dismutase, SOD) &1, TIREZ ILER
I7 e I LAE P AR AR IS P e o100 Sl g R 411
Ui 5 i D IR 15 3 R IR B A A Y ROS 7K
S, H0HE S RIS S AN SOD TE R K
TG. N =K, S5 gty BA W2 1O OR3P
PERIRY,  Jy Lk H B AR FE R 5

314 BRE: BRBNEERHEYING Citrus reticulata
Blanco M H ARG AP ) 1R R Bz, 25 1R
K FTBERR. M AR RER Y. M
W T G il 3 B RN e AR, HRA
TR R 4-2 380 4-TREE A A &
A S . B, RN RN A
TR G R REERR, RIEEIRZ AIAERR 4-F R i1
WG, —RIETE . FHEE A A 4-BEEAEE A
BRI SRR A STh4H
A TECBERRE A ZEWVERN A A T4 e
A, 3TN B A FD 1 200 S AR A
PEE B & B T 46 G 28 it e = A HOR, 3 —
Wil A H A B A, PR St R . Rl
RGBSt L EE, Z2H R L, B
o BERA S U — DA w3 T P A
16T 2 S MG R B R 312224, 22 F AU B I 2 Al
W B I gy, VIR B2 3R TR Dy s i A s
TEPERGY, HBRE . 5 BB i o) 32 B DA e H
RE, CHEZH) 2020 FRRPERE . FREITERE
FeEE R e, R, FERCE . IR &= TR
VR B REAE I T o H8 B 0 A0 )1 R B 3R RE A% 1 19
MAEAE S B MR BT . i AR fpERS-200, T
TR I v MUBECT . 48 R P T i 1A s i 4 5 2R
[ (retinal binding protein, RBP). FZKfgIHEREE &
# [ (cutaneous fatty-acid binding protein, C-FABP)
Ao JUE AL AE T R 45 & B2 Cheart-type fatty-acid
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binding protein, H-FABP) mRNA ik, il fH[#]
T (1) FSG R AT, 5 v JIEL [ e of i 0 g 7 JHE 1280
gr b, BB R 2 A HRE A58 78 B oy -
3.5 i M g O BE G B AE Y0 % Nelumbo
nucifera Gaertn. [T, T EF SRTANER R
S WERR A 0Bl o B D SE SIS A i 3R] A= AT A
RNEREIE AR, 8T FH R e, B
MR MR FRAENIEZ Bk, WAEEEE. TR
SRR 4B OR G, FAE 25 L S 20 AL
T, Z B 4-F2HIR O YR A T R L S bk AR
YIRS 1 AN AA S-S 2005 S-25 S 2504
AP R S-S 25H, AR, R,
AR RS-/ A, 731N C-C Rp#i &%
RS R, 320 & BT AN SEAE R0 S-7
Fh LA T ZE /N BERRA B ) F T 1E N /NBEBRL S 1k
EARBO, BTANSESRA VIR TS R, iR B
R BER R ORZERAVNERMED T
G3A, A B N-25 B R E R far i A
& AV Sy, R E B &
THARHE, H CHEZH) 2020 4 i
F -0 i o B4 ), RREPERA R o g )
TR R WA R O-25 PR B Aur Bl V-2 R R Af
Wm L S B 5 20 A BT T AR BY,
B R i AL AR I S B R

ZE FRTIR,  AHF I T 5 SR 20 AR VR A R
AT IR A 1 23 b 5 24 80 7 T 7 1B 15 B P R
oS MR RCS, rRN PHY R B JEALE . K
TR KER-8-O-B-D-HIE M . SN, &2
BRE . Rt E . BmmE ., BRE. IR R
far Bl O-25 AR . N-25 FR G . 25
T S 20, I AR KRR A4 A ) 2 R
32 SRERSEMESIFIPHEIKSSESH

“HRM” & Q-Marker % 0B 2, MEH =
BRI RL HK . AR FAERT IR Bt 115
FRRFAEME R/ FE R BRI IR B R R B, R 2
SREFHHEE By JERUE . ORI ER. HEESEE. B
B Aap BT O-25 Y R A I FL A A8 PR A P 2
=, AR TFHa R A R I AR E A, AT U A
S 7€ B Q-Marker.

DR AT IR I N 28 25 B 2770, LS fandar il
BRSO L PR 25 U5 8 73 A B R A
. KHEE. PHHIR By FESH as Al 25501 Bk
Je 2 W AE F T [ B Y e R 45 S B -1e Csterol

regulatory element binding proteins, SREBP-1¢).
SREBP-2 . it % 1k ¥ Wi 4 19 5 W) WOE ZAK «
( peroxisome proliferator-activated receptor o ,
PPARa) Z##E f AR A% MR 1 FH I

TP R ST PN TR AT B AR A
LA, TEMIAMAERN AR REE, H
FERI R P B —E AR BB AT P
R ) 25 ANMRFAER AT E ' i, RILEH 16
A BRI AR T PTIE T HIEESREA, 35 e P
% B. &%, BEHFR. JBHH . KK, K&
R-8-O-B-D-HEIHEF . 71 RHECH . S22ph .
RO WETI]R. WM. SER. B,
R 13 250, SRR R U AT 0.1
mg/go RERFAE N 708 177 o 6 i o B S AR A
e BRI 2 25 B2 S SR A, g Hh AR b B R
BRI N R ER BRI T NEYERSY, e R
B2 By JRALH . KB, MR MERCE . Al BCH
Af P, AR A0 P R 5 3 K3 30 O 9.27 323
0.38. 0.29. 7.47. 2.56. 0.60 mg/g, ¥4 Q-Marker
CRIPUPE” R

gib, KRR ARANREEE. mREE R
P TR S R B R AE R, IR TR Ry
ZINTHIEIE AL, T SRR . AN
e EEUFRRHEE R, FRIEIX e 2 52
ROMRKIEEYIBT, 2445 H PR By JRALH
KRR MR BRCE. B wr T 1E R
PHe UL 1L IR ) Q-Marker.
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