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Simultaneous determination of seven components in Citri Exocarpium
Rubrum by UPLC-MS/MS
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Abstract: An ultra-high performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS)
method was established for the simultaneous determination of seven components (chlorogenic acid, rutin, narirutin,
hesperidin, sinensetin, nobiletin, tangeretin) in Citri Exocarpium Rubrum. The separation was performed over 12.0 min
on a Shim-pack GIST C18 column (100 mm x 2.1 mm, 2.0 um) with a mobile phase consisting of acetonitrile (A)
and 0.1% formic acid water solution (B) with gradient elution at a flow rate of 0.4 mL-min™; the column temperature
was 30 °C and the injection volume was 1 pL. Detection was performed on a QTRAP 4500 mass spectrometer
equipped with electrospray ionization. Positive and negative electrospray ionization was performed in multiple
reaction monitoring mode. All of the analytes showed good linearity (r > 0.997 3) in the tested ranges, with good
precision, repeatability and stability for all analytes. The average recoveries were in the range of 99.32%-107.75%
with relative standard deviations RSD < 3.94%. The established method is accurate, stable and reproducible, and
can provide a research method for the quality control of Citri Exocarpium Rubrum.
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HARBF AR T IRANE R R . BORAAI R L5 R
W, FHTHEI N AR B, W88 T, BB 5, iR
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R IR 46); 4500 QTRAP = 5 U A% AT 2k P B 7 B i 1%
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BT T R F (38 2 FIT R = A28 A 50 IR A A);
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AR (5 MUST-18101010, 48 & 98.37%) . 15
B (L5 MUST-17032502, £1i [ 98.76%) - i #5 % i
(fit*5 MUST-18041505, 41 & 98.57%) JI| [ % & (fit*5
MUST-18042205, #fi i 98.86%) . /% % & (#it 5 MUST-

18012910, 4[ Ji 99.73%) ¥ [ Fi# 2 Wike AE M HE R
HIRAA,; O FEE (e, 78 5 Merck 2 7). F R
(B340, Dikma, USA), H A 57 24 24 43 #r 46, 5258 H
KA B R 2SI K; 15 HEAR 21 24564 i vk g 2 L 4R (A1
PR A w4, 2644 24 a3 Bt 5 AT Hh 25 i 9h =5 2
Y sE NS FRHEYIRG (Citrus reticulata Blanco) 2 %
B AR TR ANE R R . 2P s B 1.

Table1 Origininformation of Citri Exocarpium Rubrum medicinal

materials

Sample No. Origin Batch No.
S1 Chengdu-1, Sichuan JH180321
S2 Chengdu-2, Sichuan JH180322
S3 Chengdu-3, Sichuan JH180323
S4 Chengdu-4, Sichuan JH180324
S5 Chengdu-5, Sichuan JH180325
S6 Xiangyang-1, Hubei JH180311
S7 Xiangyang-2, Hubei JH180312
S8 Xiangyang-3, Hubei JH180313
S9 Xiangyang-4, Hubei JH180314
S10 Xiangyang-5, Hubei JH180315
S11 Jinhua-1, Zhejiang 1710181
S12 Jinhua-2, Zhejiang 1710182
S13 Jinhua-3, Zhejiang 1710183
S14 Jinhua-4, Zhejiang 1710184
S15 Jinhua-5, Zhejiang 1710185

BIEEME (i Shim-pack GIST C18 (100 mm x
21 mm, 2 um), HAR B EA A, Wi AN LK, B
N 0.1% R /K, B EEBEL (0~2 min, 10%~20% A; 2~
8 min, 20%~50% A; 8~10 min, 50%~95% A; 10~
12 min, 95% A; 12~15 min, 10% A), %F ¥ i3k £ § 7
71 5 min, B AT PR BLRE R . AR R 30 °C, i A
0.4 mL-min™, FEFEE 1 uL.

FRigE&H R Z H SN (multiple reaction
monitoring, MRM) (#4477 20 1IE 47 55 1 [F] S e, =5
TN I B 1R (ESIIR), &1k HLE (1S) 5 500
H1-4 500 V, B FIRIEE (TEM) 4550 °C, %<, (GS1,
N,) 4 380 kPa (55 psi), %t 1 < (GS2, N,) 4 380 kPa
(55 psi), % O FpLL A, 28N A S, A/ (CUR,
N,) 4 242 kPa (35 psi), filf:{# < (CAD) J& /124 medium,
BEAS B 7% (34 B4 B[] (dwell time) 24 100 ms. A4S
R Ak B P 1 B T AR AR H . ((DP) B Al $ R
& (CE) W% 2.

AR SRR RAOECH] 4 R B R 7 A0 HE L OE
B, B AR ZIE, A, RIS R g &0 o )
At 2 W% 0f R i % VIS = L IR — =, 0 80%
HEEA W E R EZE, #8725, A% 1 mL & 45 R
0.055 pg- T 1.632 pg. 2= 75 Aill i £ 6.320 pg- 15 57 1
35.280 pg- FHAS M 0.114 pg- )1 4 7 % 1.354 pg A
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Table 2 MS analysis of parameters of seven detected compo-
nents in Citri Exocarpium Rubrum

Molecular Q1 Q3 DP CE
Component  Formula = ioht Mz M) N eV
Chlorogenic  C,H_0, 3540951 3531[MH] 1906 62 23
acid
Rutin C,H,0, 610.1534 609.1[M-H] 209.9 -184 -43
Narirutin ~ C,H,0, 580.1792 579.0[M-H] 270.8 -167 34
Hesperidin  C,H,0, 610.1898 609.0 [M-H]  300.7 -162 -37
Sinensetin  C,H,0, 3721209 3732 [M+H]" 3431 89 38
Nobiletin ~ C,H,0, 402.1315 403.1[M+H]" 3730 102 36
Tangeretin  C_H, O, 3721209 373.1[M+H]’ 3430 84 36

% 0.602 pg 7R G0 B i 270

ik ARSI REERIUELm R (L5
i) £10.1 g, BT 100 mL L ZEHETI A, I 809% H ™
50 mL, 5 FE, A% FRE i, AR (Dh2E 250 W, A
3 40 kHz) 40 min, BUH A, FEFRSE, FH A R 2 980K
R, P, B ETEW, FH0.22 um B AL e BRI, H4k
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TR A 2 W OTR & T B VA A A
VI 1oL, % IR T R S A RE T, LLBUR &
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0.4.8.12.16 F124 h 4% I3 ¥ 156 F 2% AR 330 1 40 A7,
e Ve AN, TH 5 RSDAH .

BEEM  BUA R (ST) ML RE S, 43 S 2 B
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Figure 1 The representative MRM chromatograms of the standard
substances of seven components (A) and samples of Citri Exocar-
pium Rubrum (B). 1: Chlorogenic acid; 2: Rutin; 3: Narirutin; 4:
Hesperidin; 5: Sinensetin; 6: Nobiletin; 7: Tangeretin
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Table 3 Regressive equations, correlation coefficients and linear
ranges

Linear range

/ug-mL™*
Chlorogenic Y =4.72x10° X + 3.50x10° 0.999 7 0.016-0.32
acid

Component Regressive equation

-

Rutin Y =1.31x10° X - 7.94x10° 0.9999 0.06-1.18
Narirutin Y =2.87x10° X + 6.36x10° 0.9995 2.12-42.47
Hesperidin Y = 1.48x10° X + 1.51x10° 0.997 3 50.80-1 016.06
Sinensetin Y = 2.84x10" X + 2.12x10* 0.9999 0.001-0.01
Nobiletin Y =3.78x10" X + 2.17x10° 0.998 0 0.065-1.30
Tangeretin Y = 7.06x10" X + 2.04x10° 0.998 3 0.003-0.06

G FERE VT, WK 3. S5 RERMW, 7 M E%
H a2 RIFR IR R, LRSS

1.3 BEE SER. ST MR R
P BH L1 R B 3% AN A B 3 I 04 T AR RSD 43 il A
2.99%. 1.54%- 1.27%. 2.47%. 2.18%. 2.06% A 1.66%,
T TG 2 B R AT o

14 RREM SEBR.S T VEE M B R
P B )11 R B2 3 ARG 12 30 T A RSD 43 J31) 04 3.03%
2.03%-1.36%-0.75%-2.0%-2.0% #11.25% (n = 6). &%
TR R S A VLE 24 h R e R AT

15 EEEM SERR. ST ST R
PRI L )1 R B 3R R B 3R U & 43 H ) RSD 43 il A
3.78%. 1.83%- 4.30%. 3.58%. 2.57%. 2.45% Al 2.3%
(n=9). GREWZFTIEEIER L.

1.6 MAFEINLER SRR T S
T AR B 1| 2 2 RS R 251 250 IR [l Wi 26 43 3l
4 99.32%. 106.75%. 101.59%. 103.91%. 106.13%.
105.21% A1 102.88% (n = 9). RSD 43 %] ¥ 3.06%.
1.33%- 3.94%. 3.30%. 1.85%. 1.96% Al 2.04% (n = 9),
T WL IR B R AT .

2 HmEENE

B PR EX 15 S £ o, e Ak i Y VR 1 ) 45
T 7 ko) % A 3 VAR, RS IOt VA R L
L, 2 FORWUBT I A% AR HERE 43 T, D W TR AR, 1B
SRJRIR Y T RE AN B BB RS R ) R
B E A R IS HERE S e 45 R LK 4.
3 ERRAWEERXIRAN G AN AR = AL H#HITH

N T BE— 35 S Wi FUAN IR 7 AR 21 25 M 40272 B4y
72 5%, DL A HERE iR 7 R S R S R O, A
SPSS 26.0 % 1 4T FE 2K 43 i (HCA) Fll 3 5l 43 43
(PCA) 7 #r7-

HCA 43 BT A& — Fivi UL 1) 76 i B A = 7 vk, T
¥ B RS SRR SR — 28, BT T AN ) e 2
MBI IX 43 5 S 0 DL 52 (4 6 ol 2 i 25 A 43 0 1
TR LR IS B oy 1 7 &5 4 &2 &, {8 ) SPSS 26.0 1,
K AR RV, DLF 07 BR QR 9 D B 6, o AN [ =
TG 4025 8 347 HCA 73 #r, BRI W E 2. 245 < 1)
8 < 108, nH 15 fEAE W B B 0 2 28, o BBk
N S1~S5, F= b Ay VU 1| e #R; S5 1125 9 S6~S10.,S11~
S15, 7= 1 R i Ak 28 PH AN AT 4 4 . B HCA 45 Jin]
DA H, SETSEAE i 7 s 29 1 s 2 2 A 0 LA, B
MR — 2 SBIEFE b 7 R B B, R
N BT S e P M AR 40 7 Pl R o 1 & B
e T AL B o 7 sy b B AR ) R R,
YN 2235 il BRI R B %%

PCA 7y Wit — P B EL [ 2 Ju G it e M 7 i, HoAR
Jo A DA SR K 7 22 R R U EAT 430 i, K Bl 1 2 o Ae &
D& Ry, BLAS E R T 2 AR B 24k
RN E, AT R0 RAE A 7 5 W HHE B AR TS O, %07
BT TRAM B S X ptse R i, 7R

Table 4 The contents of seven components in fifteen batches of Citri Exocarpium Rubrum

Content/mg-g™*

Sample No.

Chlorogenic acid Rutin Narirutin Hesperidin Sinensetin Nobiletin Tangeretin
S1 0.011 0.537 2.142 27.524 0.047 0.733 0.319
S2 0.015 0.496 1.975 25.288 0.053 0.816 0.326
S3 0.013 0.275 1.688 23.537 0.050 0.745 0.322
S4 0.013 0.518 1.850 24.539 0.047 0.725 0.315
S5 0.014 0.563 1.672 23.275 0.052 0.783 0.339
S6 0.015 0.808 2.916 30.467 0.044 0.695 0.316
S7 0.016 0.927 3.174 31.066 0.045 0.727 0.319
S8 0.015 0.971 2.991 29.645 0.048 0.749 0.338
S9 0.016 0.821 3.667 31.866 0.041 0.673 0.301
S10 0.015 0.888 3.681 33.388 0.048 0.801 0.343
S11 0.020 0.375 3.670 35.549 0.051 0.794 0.361
S12 0.014 0.434 3.115 35.045 0.047 0.706 0.329
S13 0.013 0.435 2.796 33.925 0.050 0.791 0.368
S14 0.015 0.351 3.021 34.481 0.052 0.790 0.359
S15 0.016 0.392 3.236 35.580 0.053 0.792 0.381
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Figure 2  Hierarchical cluster analysis of Citri Exocarpium

El’ s OO | 1

Rubrum medicinal materials from different origins. S1-S5 Chengdu,
Sichuan; S6-S10 Xiangyang, Hubei; S11-S15 Jinhua, Zhejiang
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Figure 3  Principal components analysis of Citri Exocarpium

Rubrum medicinal materials from different origins. S1-S5 Chengdu,
Sichuan; S6-S10 Xiangyang, Hubei; S11-S15 Jinhua, Zhejiang
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