ET—UZEENTRAM T 6 I HBEREH M7
K ERERZR
PAE 2 B F2 E
FEAE B B2 OLRF 2 BHET, ERE

"G AR AERAT £ 5T LRG0 & EHE Akn s 2ErESHAERAR T2
ZFMEHEAR LR TR AL, Im)T 276006
OB AT M IREEFEINIEE T L2KE, HEE, X5 4 MAMPEET. BTE. D8I,
BBETTIL, WIBE T NI A 6 PRI RERS T 28 e 1035 Bl g 7 1% SR et vee R8OV € - DU AR A/
Bt 37 BB B 2 P (UPLC-Q-Exactive Orbitrap-MS) FAHEHE 55 4 Fh 251 o 55 3045 B i T 28
FHIL RN RSSO GRE (HPLC) %, LMETHOANZSIRY, RN 2 SRR, HRASEWHET . 5
BT, SABOETIL SIETL R EMRTE 5 AMRRNA S WAL IER ¥, #37— 2 3F (quantitative analysis
of multi-components by single-marker, QAMS) ¥ & IE /5%, H54MriE (external standard method, ESM)
SEME AT B 8 2 iR BT AR D, SAROETI. SAFOETL. 08 CARTE AR
IERF43 514 0.894 8. 1.096 8. 1.284 9, 1.700 8. 1.405 1, QAMS 5 ESM W& (4 0 2 3% % 57, AHXHhriE
MWENT 1.0%. =T M IFHEES T — M RN ENE 7 rhdE 75 2R3 B3R ST WisdE
SAROE T IMABOE T I K X 5 s AR 6 ANPRMGEENE 1 8 e 10 2 8 e T, &0 iEHEm . wAT,
AT T ZREE, W3, ZSAMIREIT, MM REITRES %
REE: HIREEN: — 2P A RIER T AR
&3R5 R284 SCERBRREG: A

Content determination of six iridoid glycosides in different

medicinal materials by QAMS method
SHEN Feng-xia!?, MA Yun'?, LI Qian'?,

LI Wei-qun'2, SUN Yan'2 SHEN Su-qin!?, JIANG Jia-feng?*, FAN Jian-weil?"
IState Key Laboratory of Integration and Innovation of Classic Formula and Modern Chinese Medicine, Lunan
Pharmaceutical Group Co., Ltd.; > Shandong Engineering Research Center of Generic Manufacture Technology
of Traditional Chinese Medicine, Lunan Hope Pharmaceutical Co., Ltd., Linyi 276006, China
Abstract: Based on the concept of "quantitative analysis of multi-components by single-marker", this study aims

to establish a method for simultaneously determining the content of six cyclic terpenoid glycosides, namely



morroniside, gardenoside, loganin, picroside II, picroside I, and harpagoside, in four medicinal materials:
Gardeniae Fructus, Corni Fructus, Picrorhizae Rhizoma, and Scrophulariae Radix. The specificity of each iridoid
glycoside in four medicinal herbs were determined using ultra-high performance liquid chromatography coupled
with quadrupole/electrostatic field orbitrap high-resolution mass spectrometry (UPLC-Q-Exactive Orbitrap-MS)
technology. For the high-performance liquid chromatography (HPLC) method, gardenoside served as the internal
reference, and a multi-point calibration method was utilized to calculate the relative correction factors for five
components to be tested, namely quantitative analysis of multi-components by single-marker (QAMS),
morroniside, loganin, picroside I, picroside I, and harpagoside. A quantitative analysis of multi-components by
QAMS method was established and compared with the measured values obtained using the external standard
method (ESM). The relative correction factors for morroniside, loganin, picroside 11, picroside I, and harpagoside
were calculated using the multi-point calibration method, with values of 0.8948, 1.0968, 1.2849, 1.7008 and
1.4051, respectively. There was no significant difference in QAMS and ESM measurements, The relative standard
deviation is less than 1.0%. Based on the concept of "quantitative analysis of multi-components by single-marker",
a method for simultaneously determining the content of six cyclic terpenoid glycosides, including gardenoside in
Gardeniae Fructus, morroniside and loganin in Corni Fructus, picroside II and picroside I in Picrorhizae Rhizoma,
and harpagoside in Scrophulariae Radix, has been established. This method is accurate and feasible, and can be
used for the quality evaluation of Gardeniae Fructus, Corni Fructus, Picrorhizae Rhizoma, and Scrophulariae
Radix, which provides a reference for the quality evaluation of other medicinal materials.
Key words: iridoids; quantitative analysis of multi-components by single marker; relative correction factor;
content determination
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M N EFLRNE 25 00 h 3 AH B2 0 0T W8 IR Fa AR e, 0 AT @ s AR AY, % T
MIRSKA% I 200 B, B DR RS 5 R RN R P 24 2 A 08 LA B 3

HHT, &FxTB— 204 h 2 ANPGRS 2 e AT R I8, ARG SCIRIRIE R 2, Rl
FRHRENE S EH YR ARG ETH “— W2 3F” % (quantitative analysis of
multi-components by single-marker, QAMS) , SZIL T FH B — e HE & [F) 25 I a2 o 24 v 2 A ik
SR, HAA TSI A, ARSI R 25 5 AR 34 ). tEAh, Sun SOV TAH I HEA,
FEL T (P ZRRAEYIR B AR T RS R RIR Y L FEMTERE L, e REE S T
2 SR EAL SN BIRER 4 ANJFTHEAT T RGWIR . SRR G 70 S 2 B e
B 2R E T 2 b, T4 AR AT B R AN [RI 24 46 o 45 K REAZ AR ABA IR 22 A 25 B S [ IR 5 1
SCHRAR I

ST W 2 VFIEAE 6] 0 5 v 245 52 7 vh G5 R RERZAR AL 22/ 5 003 IR BR RS RUR &
FITE, a0 RIS TR, IRl — I 2 PE X L 2 b AT E
BN FATI. L, AHEIT LS P BESE H R MR B, X2, LA 4
WRZGM NI S AR, BT C—ZIP” A, AENEAETE. [FREEMmAEZR, fLL
HEF N AARY), GESL T — e U E AR P LD 2B S A SR S RE T
BT IR S TR T LA R 2 2 T AR Y 6 /S FRS RG220 ) & B 5 9 » A ik
)Tk P 1 A0 R AEAS I Bl A 2 B, IR T LR, BE . XS EARHIR it
5%,
1 UERERY
INIRIE

Vanquish 251 & BOBAH G4 (32 E B KR A T 5 Q-Exactive VU HAT /& HiHLE
BER 2 MR RS0 (EEZRER G IR AR 5 Agilent 1260 = A0RA AL (EE 2z iR}
BCAMWRATD + Waters €2695-2998PAD i BUBAH 54X (& EIRFFHFHECA R A D
ME204T/02 Ji 4y 2 —RF it LARREE-FER 2 A F]D
1.2 RFI S5+

PEFH (b5 : 110749-201919, & & 97.1%) « SLiH (5 111998-202104, & &
96.8%)  HERH (HIL'5 111640-201808, & 99.0%) « HBHETFIL (L5 : 111596-201805,
T 93.2%) HEE IS : 111727-201702, & & 95.6% ) s AR (k5 : 111730-201709,
B 95.9%) MGG E P EE SR EN AR ofF. TlE (Bikal, £ E Merck

NED O BERR. EE ORTAl, m s AR AR A R A ED ¢ ACHEZEK, HABR AN



syt

2R, ME+ BAE. XA &R EEHI2A R AR ML, JFRETT 50
AR H 2 B 1) A [ B S I s VAR IE R R LARIT S 52, SRS 2020 FFAR (AR AN RSE
MIEZGH) tplZRsE ., MG 1 EE . XS JAMITNAUE . IS 200, Fi, 105 (80
H) , &H.
2 FESHER
2.1 FUik&H

W5 B (HESD , IEBSFH, S8 Full MS/dd-MS?, Full MS 545 &
JEFA m/z 100~1 500, 43#FFA 70 000, MS2 4> HEH N 17 500, B SE 35 arb,
ASIRIE 10 arb, BAEIRSE 350 °C, FBVIEE 350 °C, FALHLE 3.0kV, HlidEREEHE N
20, 30. 40eV.
22 BIERH

B Agilent ZORBAX SB-Cis A (4.6 mmx250 mm, 5 um) ; #zhHH A N 0.2%
BRI /K VBT, RBhH B NI, BREEDEML (0~5 min, 5%—5%B; 5~15min, 5%—10%B;
15~20 min, 10%—11%B; 20~30 min, 11%—17%B; 30~55min, 17%—20%B; 55~70 min,
20%—25%B; 70~75 min, 25%—28%B; 75~80 min, 28%—50%B; 80~85 min, 50%—50%B;
85~90 min, 50%—5%B; 90~100 min, 5%—5%B) ; MK : 250 nm; JiiE: 1 mL/min;
FEIR: 25°C; #EFEE: SuL.
2.3 MRmIERAHE

RGOS Mo ST, SIBOETFI. SIS T IR BRI S i,
S ETARERT, IHEEEW, €%, 193FEREKIKN 0.106 3. 43889, 0.370 1,
0.856 3. 3.801 1. 0.481 8 mg/mL HJHL—XJ ME Wi & . BN iR &t R i 2, BT [F—
B, FHIRSEET . M. BRI, SITET L. SISOETL. e BRI IR AR RO
0.0154. 0.076 8. 0.0120. 0.171 3. 0.057 0. 0.031 3 mg/mL 17 & %} HE S AT -
2.4 il s AV EC Hl

BL“12” BN A, Pl TF01g. ZEHE 0.1 g, HEE0LIg. X5 1g,
aEre, BEREHEHT, HBEMANFER S0mL, FRE, HAELHE (250 W, 30min) ,
PP EIEANE, $25, B0, BCRIEW, 0.22 pm FALIERET, BUELIERANTS .
25 FEEER
251 FAMIRE
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Fig. 1 Total ion chromatogram of six reference substances and four medicinal material samples
T LAE T 2550, 3541 4 9TETIIL SHRNETTL 6 MM,
Note: 1. Gardenoside; 2. Morroniside; 3. Loganin; 4. Picorside II; 5. Picorside I; 6. Harpagoside.
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B “2.3 A12.47 BUREA X IGVER . SR MIER, % “2.17 BUF @ik Rl e
FEL AT R A6F , BE b 6 ARSI AR 1) Co i WA T 2 43 B AU R, K HRL o R i o £
WE L 20 EARBII R, SR AEFHT T RGBT, SHREIR, AR AR
i P P RO S B A (] 2 35 1 i e, 2T AR HLJG I SR )y, ISR 2 VTR A B A

HERTTM, FoHsEmEk.

A 4
2
1 3 3 ?\
0.00 B 20.00 40.00 60.00 80.00 100.00

0.00 20.00 40.00 60.00 80.00 100.00

[} (6] Time (min)

B 2 BAXRMER (A MRS K HPLC B

Fig. 2 HPLC chromatograms of the mixed reference solution (A) and test solution (B)
VE: LB 24T 3R 4WIEOETIL SHIEDETL eI,
Note: 1. Morroniside; 2. Gardenoside; 3. Loganin; 4. Picorside 1I; 5. Picorside I; 6. Harpagoside.
253 AEAFHFK
T W IR A AT R SRR 24 44 5. 64 8. 10 uL, 4% “2.27 TN (i 4 F 4 B BERE
PASTH AU AL RS (V) , HEFEENBARER Q0 HETERMRE, BRIZHET. BT, D8
. HEETL. SHAPOEEL e ML 6 Mo MR, EWE . T E. DR
BIBDET L. SITOERL. AN BB AR RRL, 4R E 1.
R 16 MINEREME R LR R

Table 1 Linear relationship of six cyclohexene ether terpene components

2RV
|5'% EEp
R? Linearity range
Component Regression equation
(pg)
BEEH Morroniside ¥=1.328 301x106X-6 908 0.999 8 0.030 80~0.154 1
e T Gardenoside Y=1.177 439x10°X-26 614 0.999 8 0.153 6~0.768 1
4%+ Loganin ¥=1.077 813x106X-3 995 0.999 8 0.024 10~0.120 3




HATETTIL Picorside 11 ¥=9.155 81x10°X-45 609 0.999 8 0.342 5~1.712 6
H#1%E 1 Picorside I Y=6.954 75x10°X-12 460 0.999 9 0.114 0~0.570 2

WA Harpagoside Y=8.381 64x10°X-7 755 0.999 8 0.062 60~0.313 2

2.5.4 ME RIRE

BGRAr X BRI, 200 “2.27 TUN (il S0 AR IELRBERE 6 X, ICSRIGTHARIF 30T . 4
REOREET . MBI DARTE. WIEOETIL WIROETEL. W EUARTR 1 T e v AR R G A v
% (relative standard deviation, RSD) 3J/NT 2.0%, FHI{XIKEHE R 4T
2.5.5 A4% iK%

FREL “1.27 TR 2GR AR, 4218 “2.47 TR il v A0 10 681 ) 45 0t S A
SPAME Oy 24 4. 8. 12, 24h, %M “2.27 WUN GG AF I BERE, WIE W AT T
TR TR S S AT AR, 45 R BIR 6 IR BERE S Aoy g AN
RSD #/1 T 2.0%, RIS IEBAL 24 h I E 45 RAGE «

256 MR

HEME 127 TR &HZMBA 6 fr, HH “2.47 TR AR5 RIS 1 )4 ik
AT, AEIR €227 BUR Gl 5 MIRERE, WE S, MR AR, PSS
BHBOETTL. M AR, 45 R EIR 6 MNFRMBEKRE IS TR RSD B/h T 2%. %
HZ T VA I B RAT .

2.5.7 HakEEK KT

HEEMRE 127 BF&MAZAMBA 6 #y, WZRE. 7. HEE. XSHERS N
0.05. 0.05. 0.05. 0.5g, ZPAIIIAZEGE . M. SEE . HARIEFL. HARIERL B
B R, F R 2.4 TR AR S BRI O ) 4 R VAR, 2 “2.27 TR i
oy IBERE, IESETRL, PRSI T, AR DA SRS SIEOETL. R
HF A RSD (MR 2) .

K 2 6 FIIFARBER R B B e

Table 2 Recovery rate of six iridoid components

A& mAE SR [ Ui

a2l Es
By Fs Original Added  Measured  Recovery RSD
Average
Component No. quantity quantity quantity rate (%)
(%)

(mg) (mg) (mg) (%)




Bi% 1 Morroniside

Wi 7 Gardenoside

LT Loganin

BB F L Picorside 11

BHFEE T Picorside 1

0.3732

0.3747

0.3777

0.3755

0.376 2

0.376 2

2.3983

23747

2.3935

2.3983

2.3888

2.384 1

0.275

0.276 1

0.278 3

0.276 7

0.2772

0.2772

42165

4.1915

4.224 8

4.2332

4.224 8

4.174 8

1.629 3

1.6197

1.6325

1.6358

1.6325

0.4

0.4

0.4

0.4

0.4

0.4

24

24

24

24

24

24

0.3

0.3

0.3

0.3

0.3

0.3

0.767 1

0.769 8

0.774 3

0.769 7

0.771 5

0.770 2

4.796 5

4.761 8

4.793 8

4.796 4

4.7877

4.783 3

0.572 4

0.5715

0.578 6

0.5716

0.572 8

0.573 6

8.2215

8.186 1

8.2223

8.2318

8.2232

8.170 5

3.1271

3.1212

3.1277

3.1346

3.1283

98.46

98.77

99.15

98.56

98.82

98.49

99.93

99.46

100.0

99.92

99.95

99.97

99.12

98.45

100.1

98.30

98.52

98.79

100.1

99.87

99.94

99.97

99.96

99.89

99.85

100.1

99.68

99.92

99.72

98.71

99.87

98.88

99.96

99.91

0.27

0.21

0.67

0.090

0.20




6 1.6132 1.5 3.1157 100.2

1 0.8615 0.8 1.6572 99.46
2 0.8602 0.8 1.6499 98.72
3 0.8603 0.8 1.6487 98.54
W B4 Harpagoside 99.13 0.55
4 0.8612 0.8 1.6545 99.16
5 0.8603 0.8 1.6512 98.86
6 0.8615 0.8 1.6616 100.0

2.6 —MBIEEMESL
2.6.1 HAstRERF (fi) #9its

HU “2.37 TR PRSI, 4% “2.27 TN Ak BIEERE 2. 40 5. 64 8.
10 4L, UHETHANASY, 1% FHIARS BT SORTE. ST, WIS, 3L
nE M A AR IE 1 (), AR 3.

£, A/C

fs/i :71': Al/C

NRAN ANAZY) () ETRR, COANSYIRE, Aty GO gEmEA, G
NFAFI R o
3 6 MRS HMNRIER FiH %R

Table 3 Relative correction factors of the six components

e FHXI % IE K] Relative correction factor
Injection volume B LR EABET 1T BB 1 e AR
(uL) Morroniside Loganin Picorside 11 Picorside I Harpagoside

2 0.897 3 1.1100 1.283 8 1.704 9 1.406 3

4 0.8947 1.0890 1.2826 1.7117 1.3969

5 0.901 3 1.097 2 1.2855 1.697 3 1.413 8

6 0.8950 1.0955 1.2855 1.6955 1.403 2

8 0.892 4 1.0952 1.287 4 1.700 2 1.406 3

10 0.8883 1.0939 1.2845 1.695 4 1.404 0
SFYIME Average 0.894 8 1.096 8 1.2849 1.700 8 1.405 1

RSD (%) 0.491 1 0.642 0 0.128 5 0.376 9 0.390 6




2.6.2 RRIBLE A & #4234 A0 3 A IE B F 89 %R
ARS8 43 5 52T AN TR] R B EL A B (Waters €2695 AT Agilent 12600 , AN[HJ FK
W4 (AgilentZORBAXSB-C s, Diamonsil Cis+ AkzoNobel Kromasil Cis, ¥°4 250 mmx4.6 mm,
5 pm) XF AR A IE R T OS2, A5 R LE 4, JL RSD $4/hT 2.0%, ZREWH
FASCE B TR 0T % BRI ) o TS RO, R B RS FIE
£ 4 AREMEE BRI AN IER F RIS

Table 4 Effects of different instruments and chromatography columns on relative correction factors

FHRT L 1E K T Relative correction factor

& JENE
S ARt BERI SEEE] i AR
Instrument Chromatographic column
Morroniside Loganin Picorside 11 Picorside | Harpagoside
AgilentZORBAXSB-Cig 0.9030 1.088 1 1.287 4 1.7207 1.407 7
Waters 2695 Diamonsil Cig 0.896 4 1.1056 1.273 4 1.710 8 1.4177
AkzoNobel Kromasil Cig 0.9023 1.106 7 1.274 1 1.703 3 1.405 1
AgilentZORBAXSB-Csg 09125 1.0827 1.269 9 1.710 6 1.390 4
Agilent 1260 Diamonsil Cis 0.883 1 1.0577 1.286 3 1.714 1 1.4235
AkzoNobel Kromasil Cig 0.8913 1.0811 1.2870 1.708 8 1.4102
“EH5{H Average 0.898 1 1.0870 1.279 7 1.711 4 1.409 1
RSD (%) 1.1357 1.665 1 0.6251 0.3389 0.8090

2.6.3 A5 o &% G 2 4

ARG FE AR K B BF Ry s i, RSB URE 2.3 TOU T (¥R Ak HE S IR B 2.2 T
FOREKLE, UWETH INSY, TR S BRI EEnE 2 B (AR CRERE, 584N ) il
FRE A 3S (Waters €2695 Fl Agilent 1260) , AN[HJ F ik (AgilentZORBAXSB-Cis-
Diamonsil Cis. AkzoNobel Kromasil Cis, 3424 250 mmx4.6 mm, 5 pm) XF #4501 2 73 AH6f
REIE R T RS0 BTG i B0 . ShERTF . WA IETFIL. SAROET TR AR TF 5 N S T
FHMD R SR NFR S, ATA0 RSD /T 2.0%, 3 U FH AR K (4 B B 150 52 (57 32065 A )
JS 73 £ Ve AT HE A 38 2 AT I

x5 BB HENREAE

Table 5 Relative retention values of each component

& Ny iR FHXF LR BA I R] Relative retention time




Instrument  Chromatographic column T LRt BT AP IEHT S AR
Morroniside Loganin Picorside 11 Picorside [ Harpagoside
AgilentZORBAX SB-Cis 0.752 6 1.0439 1.4453 1.954 4 2.7352
Waters
Diamonsil Cis 0.759 1 1.0382 1.4262 1.9334 2.698 1
€2695
AkzoNobel Kromasil Cis 0.770 2 1.049 1 1.4556 1.972 2.756 9
AgilentZORBAXSB-Cisg 0.763 4 1.054 5 1.464 5 1.984 5 2.776 1
Agilent
Diamonsil Cis 0.750 9 1.0439 1.4287 1.936 1 2.704 8
1260
AkzoNobel Kromasil Cis 0.765 6 1.040 7 1.4442 1.9567 2.736 1
P18 Average 0.760 3 1.0439 1.4453 1.954 4 2.7352
RSD (%) 0.993 0.565 1.03 1.02 1.09
2.6.4 —il ik HoMRk 4 R b
KHI4MbRi% (external standard method, ESM) F1 QAMS 435l 5 10 #LAE ¥ 1hZE5E.
B, XSHsEE . e FE. DEE . HEIEFIL HEEEL BMEMRE 6 MRS
K i E R (WAR 6) , S5 RAR RN 125 A AP I IR 28 R 73 1R &5 8 9 S %2 7 (RSD
M 1.0%)
K6 —WBIHEEMrETENESR
Table 6 Determination results of quantitative analysis of multi-components by single-marker and external standard
method
¥ & Content (mg/g)
P it Tl
TR BV ST WEET I BB e A
Sample Method
Gardenoside ~ Morroniside Loganin Picorside 11 Picorside [ Harpagoside
ESM 48.84 7.44 5.53 84.03 34.69 1.74
1 QAMS - 7.38 5.52 83.99 34.76 1.72
RSD (%) - 0.57 0.13 0.03 0.14 0.82
ESM 48.48 7.41 5.29 83.06 33.02 1.78
2 QAMS - 7.36 5.28 83.02 33.09 1.77
RSD (%) - 0.48 0.13 0.03 0.15 0.4
ESM 48.70 7.48 5.14 84.96 32.79 1.73
3
QAMS - 7.43 5.14 84.92 32.86 1.72




RSD (%)

ESM

4 QAMS
RSD (%)

ESM

5 QAMS
RSD (%)

ESM

6 QAMS
RSD (%)

ESM

7 QAMS
RSD (%)

ESM

8 QAMS
RSD (%)

ESM

9 QAMS
RSD (%)

ESM

10 QAMS

RSD (%)

48.84

0.47

7.42

7.37

0.48

7.48

7.42

0.57

7.43

7.38

0.48

7.47

7.42

0.47

7.41

7.36

0.48

7.41

7.35

0.57

7.42

7.36

0.57

5.39

5.39

5.65

5.65

5.42

5.42

5.56

5.56

5.45

5.45

5.44

5.44

5.21

5.21

0.03

83.71

83.67

0.03

84.05
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