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Abstract: Objective Based on the concept of traditional Chinese medicine quality marker (Q-Marker), a method for simultaneous
determination of 13 potential Q-Markers in plasma was established by ultra high performance liquid chromatography-tandem mass
spectrometry (UPLC-MS/MS). The method was also used to determine the plasma concentration of 13 potential Q-Markers and their
pharmacokinetics in health rats given Reduning Injection (4 T*VEH) via tail vein in order to prove the detectability of transfer
process in vitro and in vivo. Methods Waters AQUITY UPLC Cis column (100 mmx2.1 mm, 1.7um) was used. The mobile phase

was 0.1% formic acid water-acetonitrile gradient elution, the flow rate was 0.3 mL/min, the column temperature was 35°C, the
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temperature was 4°C, and the injection volume was 2 pL. Using chloramphenicol as an internal standard, 13 Q-Markers in plasma
(geniposide, geniposidic acid, genipin-1-B-D-gentiobioside, shanzhiside, chlorogenic acid, neochlorogenic acid, cryptochlorogenic
acid, isochlorogenic acid A, isochlorogenic acid B, 4, 5-dicaffeoylquinic acid, secoxyloganin, secologanic acid, and sweroside) were
quantified simultaneously by using electrospray ion source (ESI), negative ion source, and multiple reaction monitoring (MRM).The
non-compartment model was used to calculate the pharmacokinetic parameters in Phoenix WinNonlin8.1 software. Results The 13
compounds showed good linear relationship in the detection range. The recovery rate, matrix effect, precision, accuracy and stability
of the method all match the requirements of biological samples detection. The results showed that the above 13 compounds could be
detected in the plasma of rats injected with Reduning Injection via tail vein. The exposure concentration of secologanic acid was the
highest, followed by concentration of geniposide and chlorogenic acid. All compounds owned short half-life and quick elimination
rate in vivo, and large apparent distribution volume which indicated that they were widely distributed in tissues. Conclusion The
method can simultaneously quantify 13 compounds of Reduning Injection in plasma, which proves the detectability of the above
components’ transfer process from in vitro to in vivo. The pharmacokinetic study showed that the 13 compounds also had plasma
tissue/target organ transfer property, which can be used as potential Q-Marker for safety and efficacy evaluation of Reduning Injection.

Key words: Q-Marker; Reduning Injection; UPLC-MS/MS; pharmacokinetics; geniposide, geniposidic acid, genipin-1-B-D-gentiobioside;
shanzhiside; chlorogenic acid; neochlorogenic acid; cryptochlorogenic acid; isochlorogenic acid A; isochlorogenic acid B; 4, 5-

dicaffeoylquinic acid; secoxyloganin; secologanic acid; sweroside
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Fig.1 Chemical structures of 13 potential Q-Marker in Reduning Injection

1 MR5EE
1.1 KK KRAR

XTHE A GP (&4 4 97.1%, #ik5 110749-
201919). GPA (&7 # 98.1%, b5 111828-
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(JRETE 97.1%, L5 111742-200501) W+ A [E
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B0 ¥=98.0%, IS 3089). ICGAc (i &/ %=
98.0%, L5 3001). SLA (Jif/#=>98.0%, {it
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FRAF WA (IS) R SRR (TR 5341 98.0%,
ft5 56757) WH TRC Al kg 5 A H B
H3E Fisher Aa], tifali FERIYHEE TEDIA
A, AATal L-(+)-PiA iR (iS5 20200526)
V) ] 2 4 AL R PR A 7] o B T S (it
5 190805) FILIF RS LNV AR G PR AT = (&
UPLC-MS/MS #ll%E 4 GP 10.59 mg/mL. GPA 0.71
mg/mL. GPGS 5.25 mg/mL. SZS 0.31 mg/mL. CGA
6.53 mg/mL. NCGA 2.72 mg/mL. CCGA 3.06
mg/mL. ICGAa 0.25 mg/mL. ICGAD 0.45 mg/mL.
ICGAc 0.29 mg/mL. SL 1.01 mg/mL. SLA 46.70
mg/mL. SWS 0.71 mg/mL).

1.2 &5

Waters AQUITY UPLCT™ 8 = 250 i AH € 1% 1%
(£ Waters AR, FCE B Shdbre 2 AR A A 2
%45; AB Triple Quad 5500 i i1 (3E[F AB 2 #]),
fic & HLME 25 L E5YR (Electron Spray lonization, ESI)
B0, F AB 27 Analyst 1.6.2 BAFHEAT A B84 ]
FIEHE R AEE . Synergy UV 47K (3£ [E Millipore
D XPE26 M K- (J543 22—, Hiit: Mettler
Toledo X 2 A FR A ] ) . KQ-400KDE i 75 JiE Hebl
(R FE AR AT D; Centrifuge 5418 fif &
A E AL (2 [E Eppendorf A &) ); V-32 Iw it & 25
(¥[H Grant bio 24 ); DW-86L388J KI5 vKAH (5
S REMRD; 5804R miE A X B O (FEE
eppendorf A &) . Zj#2~ S5 H K Phoenix
WinNonlin &4 .

1.3 SEEn)

SPF g fRAfEME SD K, M5 & 200~250 g,
LR BB R, AP YFANES SCXK (51) 2019-0008
KEFFERERE N (25+2) C, @FHN (50+
100 %, 12h i, BRERAE, EFHEUOK, &M
PEFIZR 1 8. SERG T R KA B 25 K0 sh)
PR o i ziEd. (95 TCM-LAEC2020073),
SRR & A S AR BREL K
2 Rk
2.1 TERSIARAIECH
2.1.1 PRSI ECH] RS RRE 117
T 13 MEEP AN AR A& 2, BT 10 mL
FREFEMIM, PR . GP. SLA i &l &
W N 2 mg/mL, GPA. GPGS. SZS. CGA. CCGA.
NCGA. ICGAa. ICGAb. ICGAc. SL. SWS. &
HRMABURERE N | mg/mL. 4 CIHEZRE K

17, MHRRE 2 %=,
2.1.2 RAXTHE VAR ECH] e LR B A B
XTHE B A TR A 20 mL BRI, HAd GPA.
SZS. ICGAb. ICGAc. SWS 300 uL, GPGS. SL.
ICGAa & 750 uL, CGA. CCGA. NCGA 4 1000 pL,
GP 4 1500 plL, SLA A 2250 uL, FHFEEEZR Z 15 000
uLo 4 CHEIREGAEAE, fFHTTRE 2=,
2.1.3  ArEmhZR AR IR TAE WA ECH] B R E
AR 1 mL BT BP & A, DL EE-/K (50 -
50) F R A bR 2R (100% 50%-. 25%- 10%-
5% 2.5%+ 1%+ 0.25%. 0.1% A) FJi 4% TAEMR
(75%-. 7.5%-. 0.3% A). 4 CEECAEL, £
VIS
2.1.4  Pbr TAEMRMIBCH] HUEE R & 20
ul, DLHEE-ZK (50 500 k4 500 ng/mL. 5324
J5 4 CHETROGMEAE, THBTRE 2%,
2.2 R
2.2.1  AREMRAEGf & B 45 pL & B KR IR
(%7 2% R 0.2% L-(+H)-PUIRImER], A 5 uL V&
GRS, S A YIEARE ML IR AT i v BT B
JEWFE 1,
222 [MUEFESAREETTEE B S0 pL MURAE SmA
S ul PAR CAER AN 150 uL BT &, iR
JiedR% 3 min, 7€ 10 000 r/min &0 10 min, B _EiE
W, P 022 pm AHLIERE S 0.2%Pi LR
(11.3 mmol/L) }¢ 0.5% FR I HEE-7K (50 : 50) fF
RS (1 :23), ket UPLC-MS/MS 4347,
23 @iEEH

¥ Waters AQUITY UPLC C s fa ik (100
mm X 2.1 mm, 1.7 pum), AQUITY UPLC BEH Cs,
VanGuardTM pre-Column3/PK £&# /(5 mm X 2.1
mm, 1.7 um), JshAHN 0.1%HRKIER (A -
5 (B, B FE e : 0~1.40 min, 95% A; 1.40~
3.00 min, 95%~90%A; 3.00~5.50 min, 90%~
80%A; 5.50~7.50 min, 80%~78%A; 7.50~9.00
min, 78%~70%A; 9.00~11.00 min, 70%~
95%A; KR 11.00 min, ARG E 0.3
mL/min; #d 35 °C, B FEHEREF4 C,
FEfE 2 ul.
24 FRIEEMG

AR 13 AMEE Y S I H TR R [M—H],
KB E AT (BSI). 2 M BN (multi
reaction minitoring, MRM). FIESNES; AW
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R 1 13 MLAYIRERZFIFIT MR RN RERE

Table 1 Concentration of calibration curve and QC plasma samples for 13 compounds

WA TAEWR Bk MR & R B 9R B/ (ng- mL ™)

GPA. SZS. ICGAb. ICGAc. SWS itk i 28 2. 5. 20, 50, 100, 200. 500. 1000. 2000
g 6+ 150, 1500

GPGS. SL. ICGAa it ith 2 5. 12,5 504 125, 250, 500, 1250. 2500. 5000
Jrigi: 15, 375. 3750

CGA. CCGA. NCGA itk i 28 10, 25. 100, 250. 500 1000, 2500. 50000 10 000
Ji 45 30, 750, 7500

GP itk i 28 20, 50. 200. 500. 1000, 2000. 5000, 10 000. 20 000
g 60 1500, 15000

SLA it ith 2 30, 75+ 300. 750. 1500. 3000. 7500 15000 30000
Jpigi: 90. 2250, 22500

SHESIN 241.3 kPa, ETFHEFMSIESN 379.21
kPa, BSFURIIAGHBISE ) 310.2 kPa, fbfES)E
714 48.3 kPa, WiZHLE A-4500V, HNAEEEA
500 C.

BE R HERE LA R H IO BERS 7, R T
B AT SRS R, F A R R B
B A JFEEL 2 AN LA ERE AR AT BT,
WHBESHE, FRIENEEE T . RS
W 2.

2.5 FHAEFWIE
251 LR W6 AARKRIEAZSAME,

“2227 WUTIEAEE, RA UPLC-MS/MS 734, M
SRR IR N B 13 AMEE Y
MR BAAET .

252 Ar#AEHh 2k g & TR (lower limit of
quantification, LLOQ) 4% “2.2” TiJ7 ikl & IF 4k
FbRERN BAFE A, BERE SRR R 1 5 AR
FIETHI AR LE A RAL R (YD, WIS E (X,
ng/mL) AREAAER, FAEH (/X3 AERIMBLIA i
IThORGEIE S, FFEAT St B3 537

253 Gk B ECRRIMEK, % “2.2.27 LiTiE
AbTE 5 BT AR v i 2 d e S R R S DA

x2 1B MAYRATIREIESH

Table 2 Mass spectrometric parameters of 13 compounds and IS

&) Bt (m/2) filb & e /v EREHBE/V SNHLE/V fll4i = 5 H AL R /Y
GP 433.200/225.000 -18.000 -50.000 -10.000 -17.000
GPA 373.100/211.000 -18.000 -150.000 -10.000 -17.000
GPGS 595.300/225.100 -26.000 -60.000 -10.000 -17.000
SZS 391.200/229.100 -25.000 -150.000 -10.000 -17.000
CGA 353.100/191.000 -25.000 -80.000 -10.000 -17.000
NCGA 353.100/191.000 -25.000 -80.000 -10.000 -17.000
CCGA 353.100/173.000 -22.000 -80.000 -10.000 -17.000
ICGAa 515.100/353.100 -22.000 -50.000 -10.000 -17.000
ICGAD 515.200/173.000 -35.000 -50.000 -10.000 -17.000
ICGAc 515.200/353.100 -25.000 -50.000 -10.000 -17.000
SL 403.200/371.100 -18.000 -50.000 -10.000 -17.000
SLA 373.300/193.000 -18.000 -130.000 -10.000 -17.000
SWS 403.200/125.000 -26.000 -60.000 -10.000 -17.000
AER 321.100/152.100 -23.000 -100.000 -10.000 -17.000
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B, HE 6K
2.5.4 FEEEFIMERE  f& “2.27 WU AR IR
K. By SIREREA G (n=6), HEEILxHE
P S TAR 5 AR TR, RRAE BEAT FrifE Hh
LA E S S AA VIR E LN HERRBE (ACW)
KGR (RSDy); “FATIISE 3 41k, -5tk v
[ (ACy) MUFEZFE (RSDy). M (AC) Ak
TR YA S BRI LB s R %5 5 DASE IR
RSD 7R
2.5.5 FEEUEYLZE (extraction rate, ER) FHFEFH AL
Rio (1) % “2.27 WM& IR ER. . &
WA (n=6), HEFEJE 03R4 04 1
Socs (2) HUB MK, % “2.2.27 TUTHE S H
IEW B 195 L RIS IR A R TR
SuL, Hl& %, F SIRERERES (i=6), HiFf
JEILFAFIADUETIAR Sasas (3D B 2B 17Kl
FE L mRBIRERR (n=6), HFEEICHESAF
TADUETHFY Samo FRIZHRA I BR 5 200 [
T (matrix factor, MF) FIPN##H—4LH MF.

ER=S0c/SAm

MF =SAs¢/SAm

HNARIA— ] MF=MTF sus/MFis
25.6 FasEME 4% “22.17 WUTERIE. B &
WEE QC FEfh (n=18), 435l &b B FTFE i == iR i
H24h, 80 CRREHA 3K, 80 CHIHIRIF 60
K, WMEEHEAZEBE 240, HEFEEEN 24 h
FEMEHLEE, 1% “2.227 BUCHEEIFE, 105%AF
WITE O h VT AR R OB Ao Se HL RS 25 820 e THI
FRRIME As, THE As/dofH .
2.6 HENFMR

6 RAEEE SD MEVERIR, A2 E 12 h, B
HARK. 52500 (0 h) 2 HRAEER BKE M 500 uL/H o
KRMEREIRAG, % 2 mLkg fIRERE iv
BTN, JFT4245)5 0.083. 0.25. 0.5, 0.75.
1. 1.5. 2. 4. 6. 9. 12, 24 h ZHRHE &k A E
200 L FEAFRANE EP &, 3000 r/min B0 15
min, 43 B ML &5 /0 & L-(+)-PUdk IR & F IR 1
EP &1, MK EH 2% FA & 0.2% L-(+)-
PR IMER (11.3 mmol/L), —80 CIEAMERM. K
A2 )G 2hig T 0.9%F AW 3 mL, 4h )5
BEEYUK. 1% “2.2.27 BT R BERE 5 R EERE,
e HANEFE] S 13 ML SR 2GR, 221 2)-
B i 2%

2.7 HENEBHTEREIT SR

& % Rl x+s ¥ 7~ o K H  Phoenix
WinNonlin8 4 {3 i 3E J5 = J7 ik i H HAH K 2y 5l
S8, AFEZIERE (peak concentration, Cruax)s
2321 (elimination half-life, #12). 0~24h 1 0 &
TE 55 K R R afn A R P -t [ B 28 R TR (AUCo-24+
AUCo~2) KM% Capparent volume of
distribution, V). ifHFEZ (clearance, CL)
3 Z#R
30 FEFER
300 LEM 6 ARRKRIESZ A MBEFE S+
WIEMEYRAS T 13 Me B e, % kAR
RIFME R, ST Edms 13 AN EERS
GP. GPA. GPGS. SZS. CGA. NCGA. CCGA.
ICGAa. ICGAb. ICGAc. SL. SLA. SWS K& N #%
Y& R AR A 20 50 4.41. 2.13. 3.93. 2.07.
3.59. 2.62. 4.02. 6.07. 5.79. 6.82. 4.65. 4.23.
4.49. 7.80 min, W& 2.
312 MR ARKLLLOQ KERIMFAF 13 /Mbs
VIR T RE . ACRE. WREEVE R X LLOQ I
® 3. EWREEEAN, ARGV EIRIETFT
LMERR.
3.3 BB Z5E 13 MR Y4 ULOQ i
FEJG , 7625 FIREA H R B 350/ F LLOQ 1 20%. CHL
125 FAREA R B BN /T AR LI 5% o
3.0.4 EFHEAERE 13 MBI R £
BIE+15%, HALE. #itH RSD<15%, fF&44)
FE BT R EESRBY,
3.5 [ECREREFAN K. . mIRE TR
i ER BEF, ¥IKT 83%, RSD<13%, KWK
TEIEYD T HRAI, 56 A PIREA 3BT R B,
3.1.6 FaEMEES K. . EIRE MR A
i 7E AL FTRE IR CE 24 h CRbEE 1), KbEERET
FEA—-80 CEVRRE 3 Wk CbEE 2). AbFEFTFE S
80 CRA7 60d (KALEE 3). AbHE S FE M = E
24 h (AbFE 4D, AR RLE 24 h (&b
HOS), KCBHRTREMARE 3 15 (L 6) KM TR
EME R, As/Ao KT 92%, FFaEWFEM o
P E R,
32 AFTIFRERRERNANZRR

@ FE SD KRR iv M TR, fEmRH
ATRINE] IR 13 AMEA, 25-IF a3 o,
AENFSHNER 4. G%)E, 13 MEEWENRKA
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SLA
“ " bl 5 b
SWS
N -
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
t/min t/min t/min

Fo: AP, e MR, A5 MRS B B2 R S AT GP. GPA. GPGS. SZS. CGA. NCGA. CCGA.
ICGAa. ICGAb. ICGAc. SL. SLA. SWS KM bR & 2 R B IR () 20 50 4.41. 2,13, 3.93. 2.07. 3.59, 2.62. 4.02, 6.07+ 5.79+ 6.82,
4.65. 4.23. 4.49. 7.80 min
Left: blank rat plasma; Middle: blank rat plasma add standard solutions; Right: rat plasma sample. Multiple peaks in the figure is due to isomers. Tr of
GP. GPA. GPGS. SZS. CGA. NCGA. CCGA. ICGAa. ICGAb. ICGAc. SL. SLA. SWSand CHL (IS)is4.41. 2.13. 3.93. 2.07. 3.59.
2.62. 4.02. 6.07. 5.79. 6.82. 4.65. 4.23. 4.49. 7.80 min, respectively

B2 13 MLAEYRARR UPLC-MS/MS &i%E

Fig.2 UPLC-MS/MS chromatograms of 13 compounds and IS
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xR3 AFTESFRT 13 MEYHEMEXRER LLOQ
Table 3 Calibration curve and LLOQ of 13 compounds

e LR T A r LLOQ/(ng'mL™") WL/ (ng-mL™)
GP Y=2.470 X+0.010 0.9979 20 20~20 000
GPA Y=1.158 X+0.005 0.997 4 2 2~2000
GPGS Y=2.017 X+0.001 0.996 4 5 5~5000
SZS Y=0.374 X+0.005 0.997 8 2 2~2000
CGA Y=2.828 X+0.002 0.997 4 10 10~10 000
NCGA Y=1.839 X+0.018 0.997 0 10 10~10 000
CCGA Y=1.423 X+0.082 0.996 8 10 10~10 000
ICGAa Y=1.131 X+0.010 0.997 4 5 5~5000
ICGAb Y=0.682 X+0.002 0.998 7 2 2~2 000
ICGAc Y=0.516 X+0.004 0.9959 2 2~2000
SL Y=0.880 X+0.002 0.998 4 5 5~5000
SLA Y=0.156 X+0.002 0.9952 30 30~30 000
SWS Y=0.679 X+0.001 0.998 0 2 2~2000
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Fig.3 Average plasma concentration time curves of 13 compounds (7=6)
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x4 BMEAYERR SD KERAFAMAEFESH (X+s5,n=6)
Table 4 Pharmacokinetic parameters of 13 compounds in healthy SD rats (x+s,n=6)
HED Crax(ng-mL™Y) tiolh AUCo24l(ng-mLY)  AUCo../(hng-mL™) Val(mL-kg™) CL/(mL-hLkg™)
GP 37453.331+2891.8 1174011 12814.61+1283.34 13 303.82+1 484.05 9897.5416549.11 1569.71+£185.28
GPA 3125.33£331.35 3.06+0.31 6282.99+1675.51 6382.32+£1675.18 1645.45+1014.57 208.49+63.42
GPGS 5372.28+£594.38 0.95+0.05 2494.86+£291.92 2508.97£295.74 6948.39£1352.7 4224.30£501.46
SZS 2040.55+189.52 0.7810.02 1229.77+£292.67 1290.00+360.80 29746112 429.33 499.21+143.17
CGA 28 680.131+4 122.66 1.03+0.08 9953.81+346.65 9996.46+383.78 4697.33+4 160.32 1306.74+50.14
NCGA 17260.54+2 596.75 1.15+0.08 5320.21+312.22 5430.71+£279.85 81625216 652.94 1003.48+51.54
CCGA 14 470.15£2 797.37 0.58+0.01 4739.55+£281.21 4759.951265.43 1620.88+990.83 1286.35+£73.34
ICGAa 1856.25+360.02 0.40£0.14 577.41£64.73 582.04£65.79 777.04£285.38 935.55+103.34
ICGAb 1219.80£272.12 0.40£0.08 301.95+58.88 306.46£57.00 2725.76£224.01 3019.24£507.54
ICGAC 926.67+191.45 0.43+0.11 230.81+18.50 236.31£20.19 3110.95+1100.82 2509.26+221.26
SL 8849.67+522.20 1.28+0.09 4753.32+747.20 4796.41+774.23 1285.02+808.81 431.45+76.40
SLA 47886.67+3171.12 1.18+0.02 15703.40+781.66 15789.01+792.49 27920.66+3 425.49 1109.71+57.02
SWS 2 356.331£268.34 1.32£0.08 1250.32£159.69 1277.53£177.60 1023.05+£174.36 227.61£27.64
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Fig. 4 Concentrations of 13 compounds in injection (A) and those in rat plasma (B)
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