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BE. BN AIRNMNIMBELGH T SHERRS> A TORIZZRMEHE - ZTwWRMF BB L. FE €44 Thermo
Hypersil GOLD C,4 42 (100 mm X 2. 1 mm, 1.9 pm), & Zh 484 FEE — & 5 mmol / L W ER %49 0. 1% F BR K%k (B E ML), iRik A
0.25 mL/ min, #B A 30 C, #EHEZH S pl; BT RACHFEH (ESD, & XA ESIT (REFF ZERF )M ESI' (GFEFF B
FTHREF SHEE), SR EEMN(MRM)EX " 58 %% 3500 VESE FAEX)F 3000 V(5 & FHEKX), FABREH 300 C. kA
SIMCA 14. | AMFBAT RS 5T ER KRB X FEFF BIESHF ERF ST T MZRIELS A 0.4041~12.931 2mg/ L,
0.3922~12.550 4 mg/L.0.283 8~9.081 6 mg/L.0.3055~9.776 0 mg/L.0.356 7~11.414 4 mg /L e E A 5% @R ERE 4R
45 (R>>0.999 0) ; 4 ml FE 551 % 0.5210,1.3198,0.8133,1.2194,2.0830 pg /L, 2 FM45 514 1.5109,3.931 2,2.709 6,4. 024 1,
6.736 5 pg/ L; 45 % B B E M F A XIS R RSD 390 F 3.5% (n = 6) ; I Af @I F 5 51 A 94.83%), 92. 30%, 100. 47%,
95. 13%,95. 53%,RSD % % 4 1.49%,2.50%,0. 92%,0.91%,1. 48% (n = 6) .12 $ R F) = He g M A G P 5 FER RSB EA A
39.85~67.82mg/ g, B T X EHHEHER%(33.87~61.44mg/g) EROSMERET, B — LR F LR T ETTokES
B A 36.30% F= 31. 70%, i & th 69 £ BTk oo A R BEZEFE(0.6230) T EEH(0.5205) A= R3F(0.7533) Ei Zu 84k
MR B EREH EARES, TRATMHELAH FERRSNEEIN, AEEE BT EEH ERFTHEAMAZL MG
FRziEHfmEdD .,
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Content Determination of Five Active Components in Lomatogonii Rotati Herba by UPLC - QQQ - MS/MS
LAN Ting',ZHU Benben’,CHEN Yuan’,YANG Pengjie’, WANG Weisong'
(1. Affiliated Hospital of Inner Mongolia Medical University ,Hohhot ,Inner Mongolia,China 010050; 2. Peking University Cancer Hospital Inner
Mongolia Hospital- Affiliated Cancer Hospital of Inner Mongolia Medical University ,Hohhot ,Inner Mongolia ,China  010040)

Abstract: Objective To establish an ultra — high performance liquid chromatography triple — quadrupole — tandem mass spectrometry
(UPLC = QQQ — MS / MS) method for the simultaneous determination of five active components in Lomatogonii Rotati Herba.
Methods The chromatographic column was Thermo Hypersil GOLD C column (100 mm X 2.1 mm, 1.9 pm),the mobile phase
was methanol — 0. 1% formic acid aqueous solution containing 5 mmol / L. ammonium formate (gradient elution) ,the flow rate was
0.25 mL/ min,the column temperature was 30 “C,and the injection volume was 5 pL. The ion source was electric spray ionization
(ESI) , the ionization mode was ESI~ (luteolin, mangiferin) and ESI* (isoorientin, swertimarin and swertisin) , the multi — reaction
monitoring (MRM) mode was adopted with spray voltages of 3 500 V (positive ion mode) and 3 000 V (negative ion mode),and
the atomization temperature was 300 °C. SIMCA 14.1 software was used for principal component analysis (PCA). Results The
linear ranges of luteolin,isoorientin, swertimarin, mangiferin and swertisin were 0.404 1-12.931 2 mg/L,0.392 2-12.550 4 mg/L,
0.283 8 -9.081 6 mg/L,0.305 5-9.776 0 mg/1,0.356 7 - 11.414 4 mg/ 1 (R*>0.999 0), respectively. The limits of
detection (LOD) were 0.521 0,1.319 8,0.813 3,1.219 4 and 2.083 0 pg/ L, respectively. The limits of quantitation (LOQ)
were 1.510 9,3.931 2,2.709 6,4.024 1 and 6.736 5 pg/L, respectively. The RSDs of precision, stability, and repeatability test
results were all lower than 3.5% (n = 6). The average recoveries of luteolin, isoorientin, swertimarin, mangiferin and swertisin were
94. 83%,92.30%,100. 47%,95. 13% ,and 95. 53%,with RSDs of 1.49%,2.50%,0.92%,0.91% ,and 1.48% (n = 6) ,respectively. The
total content of five active components in 12 batches of samples from different different producing areas was in the range of 39.85 -
67.82 mg/ g,and the content of swertimarin was the highest (33.87 — 61.44 mg/ g). The PCA results showed that the variance
contribution rates of the first principal component and the second principal component were 36.30% and 31.70%,respectively. The

main contribution components screened were luteolin (0. 623 0),swertimarin (0.520 5),and mangiferin (0.753 3). Conclusion The
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method is simple, specific, accurate and sensitive, which can be used for the quantitative analysis of the active components in

Lomatogonii Rotati Herba. Luteolin, swertimarin,and mangiferin can be used as quality control markers of Lomatogonii Rotati Herba.
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WAEAE A EABRHI A AL B A I A AL Lomatogonium
rotatum (L. ) Fries ex Nym . [ #4043 A F 3R E 2R
b IS BRI U1 B H O AR 2 SR
NS H T - MK A IR R A T - RER H - AR IR FL
AR - W H AR BRTY HRSE Al RS R BT
B H EHC A i AEThEL, EVR T B AR
SR AGFE HOE JHAA R B SR AR RS
B I FRIT IR AR g 2 IR AE 25 1 8%
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PR PED -0 CH AT AR HEN R T (b AR N RS R E T A
TR bR AE - 25 W) AE R DN e rp R T B T
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G343 HT (PCA) , DAL HER | 4 T 6 52 245 64 B A AE 1F
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Thermo U3000 Y i 155 %0 W& AH {7 35 4% , Thermo TSQ
ULTRA EMR %Y =5 DU AT BT , 341 [ 56 [E Thermo
S CPA22SD BRI p i RAF-(KE A T T vz —)
BSA423S - CW AL #fr KV CREE N T v 2 —) , ¥ A
8 [ Sartorius 23 7 ; KQ2200DE 4 &5 2 A i ve A (R L
i AR A BRA ], Dy 500 W, 454 40 kHz) .
1.2 X%

AR A (C1L 352 111520 - 202107, 41
B 96.3%) , 5 2E BLAF X A AL (C2, L5 o 111974 -
201401, 468 94. 0 %) , J5 2F S 1 6 B (C3, 4t
110785 — 201404, 444 98. 3% ) , PR F XS B i (C4,
L5 M 111607 — 201704, 465 K 98. 1%) , ¥ F [
B 25 R E A FEBE 5 24 25 51 3 0 IR (G5, RigRER
= 25 BH 2 BN AL S R 210710, 46 4 98. 0% ) 5
2 (35 [E Fisher Scientific 2 &) , (435 45 #7465 #8 4l
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Tab.1 Information of Lomatogonii Rotati Herba samples

5 W &, MR B Ja) Bz

1 AEE A ABH 202148 A NKO1,NK02,NKO03
2 NEFHRIHAALHE 20214887 NXO01,NX02,NX03
30 EEARGAASE 2021498 QMO1,QM02,QMO3
4 HHAEBTHE 202149 A  GDO1,GD02,GD03
2 FiEEHER
2.1 RIEKH
2.1.1 & s&H

{635 4 : Thermo Hypersil GOLD C o # (100 mm x
2.1 mm, 1.9 pm); FBIAH: FHEE(A) — & 5 mmol / L H
PR B 9 0. 1% W R K 5 8 (B) , 65 JEE Pt (0 ~ 2 min B
5%A,2 ~5 min B} 5%A — 95%A, 5 ~ 10 min 5} 95%A ,
10~10.1 min B} 95%A — 5%A, 10.1~12 min Hf
5%A) ;¥ - 0. 25 mL / min; #3730 °C; #EFEE .5 pl.
2.1.2 &t

FAREBEE  MRM 5 25 15« B8 25 Fl 15 (EST) 5 HL B
B ESIT ORBRF R 22RH) ST (REEHEH S5
S YR ) W% B 3 500 VIE B D) |
3000 V(e TR s Z5 AR IR : 300 °C3 AT UR T
40 psi; BN TT £ 10 psis BANE T : 350 °C o HiAth
AR 2,

x2 BIETRLH R SENE R S B RE &4
Tab.2 MS parameters of five active components in Lomatogonii
Rotati Herba

in 4%%’% - WERT ERAME
(min) (eV)  wE(V)
ARE£ 6.14  285.01—133.10[M-H]" kY) 100
FEFEHF 9.43  449.48—>431. 11[M-H]* 40 110
BAE¥FF 745 392.14—192.53[M+NH,]* 28 100
ER¥ 9.45  421.41—300.69[M-H]" 35 100
EE S wa 7.66  477.22—267.18[M+H]* 29 110

2.2 A&

WU REAE 250 (A5 9 NKO) 3 2, b, ik 4 &
i BB R 0.2 g CRE A 22 0. 000 1 g) , Jill 8% 25 mL Ok
#1%20. 01 mL), %5 2%€ , FRE i, M7 A0 3 30 min, B4 2
T, PRRFRAE T, Y H SR R 80K Y o R AT, 42
0.22 wm JEMEE T, BRER UM, RIASHI I S A

BT e T AR R 2 2 R S S
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PR Y2 T RO IR AT BRI , 20
il £ B B 43 ) 12.9,12.6,9.1,9. 8, 11. 4 mg / 1.
PR B — o Rt B0, P T DL AR B % 2% A e 2 Tk
JRE BT JHER ARy P T A R P — o TR D 2 R A
2.3 FAEEER

L Jm PR B2, 2 T fb A R L 4R 2. 1
TR I A AR GE R R 2 R SRR
WO PR Y2 R REA R B, (5 I TE X
PR, R Jm R IR 1,

RNMEICRFHE 2. 20T 25 5 BBt I 4 YR
it , 38 00 T I 2R BN % IR AR, 2 2. 1 951
TR AR HERE I E | DL T AR (V) S Gh A b R A
BV TRRE (X, mg / L) AR PR IEATZ MR 15 45
W33,

R PR 5 5 e PR IR M S R BT MR &
Xof B VA ROE i, 4 2. LI NI AR R AR R L LU
W LY (S / N) Ay 3 A o e vie JE S AR, LS / N 2Ry 10 15
(18 I VA B by i B L SR L3R 3

2 R RV UG b L R R R IR A
Xof BRI 486 2. 100 SR A5 1 d ISR 6 YK
S SEIE 6 d, AR W05 7 RS s v, O SR
AT FEURIR B8 s ] 235 50 UL 3, e AU G 2 B R Ao

Faoe MR B2y 1 (FIE5 R NKO1) By AGE it 3%
2. 251 R Jy i il A& A S R, 0 B E T R CE 0,2,
4,8,16,24 hisf 422 2. 1 300 F 3056 £ 1 A 000 2, R 4k [
H BT R A R R R SRR SRS
S T R L Y 2y R 0 ALY RSD 4y Bk
1.83%,0.92%,1.15%,1. 86%, 1. 58% (n = 6) , 7 W it

AR
100+ 7.45
] X = 1
80: 100 : 6. 14
] 80
604 k|
] 60
407 40
204 7.66 9.434 45 20 1
1 .35 : 1
1o ™ 5 8 a o 655 oz’ 5;92"12 s 15 13 0. 00 22‘9, 1% 10,70 ol A3 A 11.60 /o
f y y y Y y ' y y ¢/ min
2 3 4 5 6 7 8 9 10 0 5 10
A B,
LEROES: 2 AHXT = R [OES: 3 4 AHXT B 5
100, 9.43 100 4 17.45 100 7 9.45 100 7 7.66
] ] ] ]
80 4 80 1 80 80 -
60% 60 60 60
40% 40 40 4 40 4
20 1 20 1 . 20 207
| b : 1227470 s3] 12,31 1
0 == -At-flﬁ' IS--Zln =7 /min 0 -1'-84-4'3|6- f -9-2:“-1--29- —¢/min 0 bty — 44 /min 0 2-'49' T L ™ T 7¢/ min
1 5 10 15 0 5 10 15 1 5 10 15 0 5 10 15
BZ B3 B4 BS
1. ABE¥EFE 2. Fa¥g 3 BFEEHF 4 =RHF 5 LH%%E
A BRBEFABA B -B,. —ARiER
E1 BeiEEel - == NRTRERIEE
1. Luteolin 2. Isoorientin 3. Swertimarin 4. Mangiferin 5. Swertisin
A.TIC chromatograms B, — Bs. Second order mass spectrum
Fig.1 UPLC -QQQ -MS/MS spectrum
F3 ZUXRER RNRSEECEMRBE BZEERBLER
Tab.3 Results of the linear relation test,LOD,LOQ and the precision test
i . e wilfk RER B AREERRGRSD(%,n=6)  HEMHE LKLY RSD(%,n=6)
B B35 A2 R : -
(mg/L) (pg/L) (pg/L) AR BB E R ki REHR
ABE % Y=389654X-1389  0.9990 0.4041~12.9312 0.5210 1.5109 2.05 0.23 2.13 0.29
Fudy Y=351920 X - 1505 0.9991 0.3922~12.5504 1.3198 3.9312 1.83 0.20 1.69 0.22
BA¥E3F Y=1352854X-2967 0.9995 0.2838~9.0816  0.8133 2.7096 2.65 0.30 3.15 0.33
=R Y=253093X-7088  0.9992 0.3055~9.7760  1.2194 4.0241 1.99 0.51 2.67 0.56
SRS & Y=609540 X +4594  0.9994 0.3567~11.4144 2.0830 6.7365 2.37 0.42 3.46 0. 60
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P AR A IR T I 24 h INERE T R 4.

H AR A (L5 NKOD KR 0. 2 g, A%
PRAE 36 03, 4% 2. 2 U 5 2 1 4 Rl i L 1% 2. 1
T I A P AR R L e ST AR, ORI 4l
RARRF R 2R S 2R YR
& & M RSD 41 9l A 1.62%, 2. 00%, 0. 89%, 1. 96%,
1.02%(n = 6) , RWTFILE N R U

TR [Tt - 43 I 6 £ & 0 & s I 2541 (At 5
INKODKIAR 0. 1 g, KB FRRE , 45 5 B AR 50 1
AR, 74 2. 2000 T 7 A A T, 722 2. 100 T
FAF IR E I SR TR, IS I 45 R A &
AOAC Guidelines for Single Laboratory Validation of Chem-
ical Methods for Dietary Supplements and Botanicals %} {it
1 P [T AR R A R ST LR 4.

x4 MERKIRELER(n=6)

Tab.4 Results of the recovery test (n=6)

2.4 HmEENE
3 12 HEAS [R5 25 B4 A, 4 2. 2 R J5 ik
i A A R VAU, 0 2. 1 T R AR R HERE I E L i SR
W AR, A TR DT R A i AR AR S
RS MERAMERPSTHEERSSENELER (ng/g)
Tab.5 Results of the content determination of five active compo-

nents in Lomatogonii Rotati Herba (mg/g)

w5 ABREE FHEEF BFRSH ERF HH%EF &

Ry BaAE(y) mAE(g) NEE(w) WRES) X% RSD(%)

AEEE 64.51 70.22 13236 96.62
64.70 70.22 130.18  93.25
65. 86 70.22 BL68 9373
04.83  1.49
64. 64 70.22 130.57  93.89
65.41 70.22 1326 95.20
64.38 70.22 3L97  96.25
FuEs 72.58 78. 64 143.89  90.68
7.79 78,64 145.01 91.84
74.09 78.64 146.08  91.54
92.30  2.50
7N 78.64 148,54 96.41
73.58 78.64 14437 90.02
.43 78.64 14579 93.29
BREEF 49543 503053 10050.15  101.30
4969.06  5030.5  10029.33  100.59
5057.54  5030.5  10047.37  99.19
100,47 0.92
4964, 15 5030.53  10032.92  100.76
5023.13 5030.53  10029.15  99.51
494,49 5030.5  10048.00 10145
ERF 102.82 110.38 209.36  96.52
103.12 110.38 208.03 9504
104.96 110.38 20851 93.81
95.13  0.91
103.02 110.38 20798  95.09
104. 24 110.38 209.50 9536
102. 61 110.38 07.44 9497
Y444 393,12 360. 39 738.49 95.83
394,29 360.39 74221 96.54
401.31 360.39 739.06 BT
9553 1.48

393.90 360.39 740. 96 96.30
308.58 360.39 736. 68 93.82
392. 34 360.39 T41.85 96. 98

66

NKOI  0.64 0.72 49.15 1.02 3.90  55.43
NKO2  0.59 0.54 48. 64 1.31 2.43  52.51
NKO3  0.81 0. 65 46. 88 0.96 4.77  54.07
NX01  0.71 0.77 54.08 0.98 4.62  61.16
NX02  0.98 0.54 50.23 0.87 5.11  57.73
NX03  0.88 0.89 61.44 0.75 3.86  67.82
QMO1 0.6l 0.61 36. 49 0.88 4.78  43.37
QM02  0.54 0.95 40.12 0.81 2.14  44.56
QMO03  0.66 0.71 33.87 0. 66 3.95  39.85
GDho1  0.54 0.79 45.21 0.96 5.33  52.83
GDb0o2  0.77 0.91 40. 19 0.72 4.55  47.14
GD0O3  0.52 0.84 36. 84 0.88 3.90  42.98
2.5 PCA

DL 12 it 25 AR S b 5 B R A3 1) R R AR
T A SIMCA 14. 1 83847 PCA B 24> F 1L 27
ZETTRRR N 68% , Horp 23— F W4 (PC1) A7 22 Bk R
M 36.30%, 5 . FE W4 (PC2) 5 2 5Tk R A
31.70% . R R R Z Y25 Z I TE PC1 J7 n] L &2 1EAH
O FE PC2 7 ) b B2 BRRH G s A S 1T L e R E PC
FIPC2 2475 ) b 34 52 TEAH OG5 55 28 B 7E PC1 AT PC2
247 1) B3 B A G PO AR R R TR A 20 S A J
(0. 623 0) Ff 2 3214 (0. 520 5) , PC2 A fc K ik
A AR (0. 753 3) JGEWLE 6 FIE 2,

F6 RNAETEZIRIRE R SFEMA S X M S W REE

Tab. 6 The contribution values of five active components to the

principal components in Lomatogonii Rotati Herba

A PC1 PC2
ABHF 0. 6230 -0.3072
S H -0.3891 -0.4712
A RAH 0.5205 0.0913
ERF 0.1288 0.7533
LhEE 0.4158 -0.3284

3 iTig

3.1 BEERIGEFERE

PRI T2 N F R 5 B BT, 5T
DA B T P T FEV R D B A A
SR H B 7R S U AR IO A AL B8 75 A 2 30 min R
FbA 1:125(g: mL) AR BCHCR B i



20234E9 H S H %32 55 171
Vol. 32,No. 17,September 5,2023

¥ %

China Pharmaceuticals

< AT ST AST -

Inspection and Test

i[2]
e @nroz .
3 - e
/'/.
2
1 | I
o1 |
amor
0 ‘< ot @ @nxo3
M@ @0 Sone
-1 ®omos
A @z
@coe
-2
~3
-4 t[1]
-5 -4 -3 -2 -1 0 1 2 3 4
A
p[z]
o
0.6
0.4 A
0.2 1
[ &}
0
-0.2
[ 1 o
-0.4 1
[ =]
-0.6 T pl1]
-6 -4 -2 0 0.2 0.4 0.6
B
pleorr)[2]. t(o)[2]
1 T R
/ ] T
0.5 / \\
I.’/ W .‘\.I
0 I | a0 @ | o @ g oc |
\ Quiozd T G0OY @ron: |
\ b /
N\ pow NOI® gl oy
-0.5 A \ - ooz
\‘xm_ | -
~-1.0 —]
pleorr)[1]. t(o)[1]
-1.5 -
-1.5 -1.0 -0.5 0 0.5 1.0

C
A fEo AR B BAHERE  C AFREH
B2 MEEHGMERPSHEBEERSHERSDHER

A. Scores plot B. Loading plot C. Biplot
Fig.2 PCA results of five active components in Lomatogonii
Rotati Herba

TSI RGEHEE T Wl - KNG - KR 1
B3 BRI SR R To2E S B IR A AR A
BEPE/IN SO B AR B T B — K AR I - KRR T
0. 19% MR n] W Al 4 B LR , s (3 it 5

BA RSB ARCE T B0 E & A S mmol / L
PR TR iz J B 0 Tk s 218 180 20 45 2F 358 0 1 BIVJE AR 1)
[M — NH, | * E 7 55 106, e 20 2 U s AH ok R B —
5 mmol / L REZ1 0. 1% H R KR
5 T P A TR B T VR FH M i B0 2 A
PRI 7 DAT 85 T 07 A5 i ) 1) S 8O A AR 1 T
BTN A A A AR A S A R B A
PR S YA R RS TR T AR
FE N AR S s KB R IR ERE AT S
RZIADTF, AEMFRER M - H] - A 51U,
HiCR ] MRM AT T 6788~ D48t 41 A X ] s o 5 e
TEYERLUT AT =537 -
3.2 HmEENEERSW
1 2% 5 AT HN, AL AL 25 B AE v S s M B 2 7
A 39. 85 ~ 67. 82 mg / g, AN [A] 7 b Bl AR AE 25 44 Y
o 22 Sl A8 A UE T NSt el il AR 5
JEEF G B e e s PR AL B A S i S i
(33. 87~61. 44 mg/ g) HYTHZ5HFK (2. 14~5.33mg/ g),
B Ror rs RAT OR R R R 2R TR T Y
Y RERE T 3 R, R WITE PR A i S R M
A7 b S AR RS ARG
PCA 2553 i 7%, PC1 AT PC2 4 )7 22 BT R KT
50% , 5.5 Fh P A3 AE 2 4 FE R0 O ) b SO [R] AR AR
R T HE R PR RLZE R A S A e R AR
JAEAE 24547 10 o 1 AR A5 o
3.3 FHEEMN
AWFFE 57 59 UPLC - QQQ — MS / MS 2 #4E f
(CERE S E T A R N v =N N L el o T
FEAEZY A4 rh ER I Bk i 2 B2 2S5 A 52
2R A A o B 4 ) 2 B 25K Bl T S S AR O
TS HRE , BRI R A s R 24
Folb e i R A B X,
Sk
(] R—Z . WEETMEBAY S EBILAE S HHR[]].
AMAF R ,2004,24(1) .7 - 8.
(2] 224, TRM, 2346, 5% . BRMWAELGF LS ([T]
0 Jb A F 4R, 2006,26(1) : 197 - 200.
Bl HEFABREAT NEFEEMREM] K AEF
F K At 1987:162 - 163.
(4] MR, B R, RS, 5 R fest2h AALS AL F R 2 09 BT
FHKR[T]. 8 A 5 4R ,2003,23(12) :2235 - 2240.
(51 % m,.F # A20,%. FEFEE0H24A0] X
EH5E5142,2016,29(5):381 — 384,
(6] Z£m,® 4#,8%#%.RP-HPLC 3R MM ERL%E L
¥ REZZ A XE0eE]]. TEHE,2016,27(18):
2540 - 2542.

67



