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Analysis on Components Absorbed into Blood of Citri Reticulatae Pericarpium in Rats
Based on Sequential Metabolism and UPLC-HRMS

CHEN Hongjiao', LIU Wei', LI Xueyan', QI Dongying', YU Shuang', LIU Huining',
LIU Haibo?, LIU Yang'
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Chinese Academy of Medical Sciences & Peking Union Medical College, Beijing 100193, China)

[ Abstract] Objective: To study the metabolism of chemical components from Citri Reticulatae
Pericarpium (CRP) in different parts of rats by sequential metabolism and ultra performance liquid
chromatography-high resolution mass spectrometry (UPLC-HRMS). Method: SD male rats were employed as
experimental subjects, and blood samples of intestinal metabolism and hepatic metabolism were prepared after
administration of CRP ethanol extract by in sifu intestinal perfusion, and comprehensive metabolic samples were
collected after intragastric administration. UPLC-HRMS was used to analyze the samples with acetonitrile

(A)-0.1% formic acid aqueous solution(B)as the mobile phase for gradient elution(0-10 min, 10%-30%A; 10-

[kFHEH] 2022-07-05
[E—1EE] BRULYE A2 a1, NG 25 A0S 25 8025 5 1 5, E-mail : 1736160007 @qq. com
[EEEE] "X M 282, N 2 2 9, Tel : 010-61740475 , E-mail : liuyang@bucm. edu. cn
- 179 -



529 55 9 Wi HEXBAFZRS Vol. 29,No. 9
202345 H Chinese Journal of Experimental Traditional Medical Formulae May,2023

30 min, 30%-95%A; 30-31 min, 95%-10%A; 31-35 min, 10%A) at a flow rate of 0.35 mL-min", using a
heated electrospray ionization with positive and negative ion mode scanning in the range of m/z 100-1 500. Under
these conditions, the differences in the profiles of CRP ethanol extract, blank plasma and drug-containing
plasma under different treatment groups were compared, and the chemical components of each sample were
analyzed and identified based on the retention time, accurate relative molecular mass, primary and secondary ion
fragments, and the information of reference substances. Result: A total of 44 chemical components were
identified in the CRP

polymethoxyflavonoids, etc. The results of sequential metabolism showed that 22 chemical components in CRP

ethanol extract, including flavone-O-glycosides, flavone-C-glycosides and
were detected in the intestinal metabolic sample, 18 chemical components were detected in the hepatic metabolic
sample, and 9 identical chemical components (narirutin, hesperidin, meranzin, 5,7,8,3',4', 5'-hexamethoxy-
flavone, isosinensetin, sinensetin, 3,5,6,7, 8, 3’, 4’-heptamethoxyflavone, nobiletin and tangeretin) could be
detected in all three metabolic samples, with a total of 22 compounds entering the blood in prototype form.
Conclusion: The identified 21 components with well-defined structures entering the blood as prototypes may be
potential active components of CRP, and differences in the components at different metabolic parts can provide
an experimental basis for elucidating the in vivo biotransformation process of the metabolic components of CRP.
[Keywords] Citri Reticulatae Pericarpium; sequential metabolism;

ultra performance liquid

chromatography-high resolution mass spectrometry (UPLC-HRMS) ; components absorbed into blood; flavone-

O-glycosides; flavone-C-glycosides; polymethoxyflavonoids
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Table 1 Identification of chemical components in ethanol extract of Citri Reticulatae Pericarpium by UPLC-HRMS
& t/min HESS TR T TEENET 1 8/ppm EA
1 0.70 116.070 8 [M+H]" 70.065 8 CHNO, 1.6 Mism'™
2 0.73  268.103 5 [M+H]" 250.091 7.232.081 4.,136.061 7 C H N0, -1.9 JgiF!
3 1.01  166.086 2 [M+H]" 120.080 9.103.054 5 C,H,NO, -03 HHam'
4 136 205.097 1 [M+H]" 188.070 5.118.065 3 C,H,N,0, -0.2 fisjp'""
5 343 609.146 9 [M-H]™  519.1129.489.105 2.399.072 6.369.061 9. C,;H, 0, 3.1 lucenin-2""*
313.0722
6 413 593.1523 [M-H]~  503.120 9.473.108 9.383.077 7.353.067 2. C,,H,,0,, 3.8 452"
297.077 1
7 4.17 7412260 [M-H]™ 579.1719.433.114 5.271.061 6 C,H,,0,, 3.1 narirutin-4-glucoside'"”’
8 425 743.238 5 [M+H]" 417.117 4.273.075 2 C,H,,0,, 1.1 naringin-4'-8-D-glucoside'"”
9 435 625.1758 [M+H]"  607.164 7.589.154 2.571.144 8 487.123 3, C,,H,,0,, -0.9 diosmetin-6,8-di-C-glucoside''*"'*!
367.080 5
10 455 625.1755[M+H]"  607.164 8.589.153 8,571.143 6,487.123 2, C,;H,,0,, -12 stellarin-2"'"*"*
367.080 3
11 572 447.094 0 [M-H]~ 357.062 0.327.051 2 C,H,0,, 4.0 R
12 6.00 597.180 8 [M+H]" 399.1072.289.070 2,153.018 2 C,H,0,, -0.9 XFyct
13 6.78 463.1229 [M+H]"  445.112 4.427.101 9.409.090 5.367.080 6. C,,H,,0,,  -1.2 diosmetin-8-C-glucoside 5§ 4 % 1E % "
343.080 7.313.070 0
14 712 463.123 0 [M+H]®  445.112 4.427.102 0.409.091 4 367.080 6. C,,H,,0,,  -1.1 diosmetin-8-C-glucoside sk 4x %8 {¢ % '*)
343.080 8.313.070 1
15 7.39  581.186 2 [M+H]" 419.137 6.273.0752.153.018 1 C,,H,0,, -0.6 ZEFHAHEH"
16 7.48  609.147 3 [M-H]™ 301.0358.,255.030 0,151.003 9 C,,H,,0, 37 TV
17 7.69 303.085 8 [M+H]" 177.054 5.153.018 2 C,H,0, -1.5 mxim
18 7.69 611196 7 [M+H]" 449.142 6.,303.0857.,153.018 1 C,H,,0,, -0.5 K"
19 7.99  261.111 9 [M+H]™ 243.101 2,189.054 5§.131.049 1 C.H,0, -09 f&&pm"
20 831 577.1570 [M-H]~ 269.046 0 C,H,, 0, 2.2 SRR
21 8.56 625.1757 [M+H]* 317.0652.153.018 1 CH, 0,5 —1.0 FISLHE i 2
22 9.10 5152272 [M+H]" 469.220 3.411.215 7 C,H,,0,  -0.6 kA
23 9.85 859.249 3 [M+H]" 391.101 7.361.054 7 C,H,0,, -12  7,4-dihydroxy-5,6,8, 3'-tetramethoxy-
flavonol-3-O- (5-glucosyl-3-hydroxy-3-
methylglutarate)-glucoside a2 } 54 42
24 9.98  859.249 3 [M+H]" 391.101 8.361.054 9 C,H,0,, -1.1  7,4-dihydroxy-5, 6, 8, 3'-tetramethoxy-
flavonol-3-O- (5-glucosyl-3-hydroxy-3-
methylglutarate)-glucoside & H 5 {42
25 10.15 595.201 7 [M+H]" 433.148 3.287.091 0.153.018 1 C,H,,0,, -0.7 Hyfgts"
26 10.59 887.280 8 [M+H]" 419.133 0.,389.086 1 C,,H,0,, —0.8  natsudaidain-3-O-( 5-glucosyl-3-hydroxy-
3-methylglutarate)-glucoside! "’
27 1130 728.3972 [M+H]" 700.401 9 C,H;N.O, -1.6 citrusin """
28 11.97 725228 5 [M+H]" 419.133 1,404.109 6.389.086 2 C,H,0,, -1.2 melitidin'""
29 1237 375.1433 [M+H]" 211.060 0.196.036 6,168.041 7.150.031 1 C,H,,0,  =3.0 5,6,7,3',4"-pentamethoxyflavanone'**’
30 13.11  704.397 0 [M+H]" 686.386 1 C,H N0, -1.8 citrusin [ [
31 13.18  373.127 8 [M+H]" 358.103 5.343.080 8.315.085 8 CyoH,0,  -2.5 SRR E
32 13.48 261.111 9 [M+H]" 243.101 3,189.054 5.131.049 2 CH, 0,  -0.9 S w2
33 13.80 2710614 [M-H]" 177.0193.151.003 8.119.0502,107.0139  C,H 0 2.8 Ml "
34 13.82 403.1383 [M+H]" 388.114 0.373.091 2.327.085 3 C,H,,0,  -2.4 5,7,8,3',4’,5"-hexamethoxy-flavone >’
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&Y t/min HES TR T ERauy e

¥ S/ppm EA

35 14.29 373.127 7 [M+H]" 358.103 1.343.080 7.312.098 4

36 14.43  375.143 3 [M+H]" 211.0599.196.036 5

37 14.93  403.1384 [M+H]" 388.1144,373.091 2,327.085 8

C,H,0, -2.8 HikEuE "

C,H,0,  -2.8 5,7,8,3',4"-pentametho-xyflavanone™"

C, H,,04 -2.1 5,6,7,3",4, 5’—hexamethoxy—ﬂavone'24J

38 1520 403.138 3 [M+H]" 388.1142,373.091 5.355.080 3,327.086 4  C,H,,0,  -2.5 JIIi %"

+
+

39 1581 433.148 9 [M+H]® 418.1259.403.101 9.385.091 6,345.0602  C,,H,,0,  -2.3 3,5,6,7,8,3",4"L I 4L 3L s >4

]
]
40 16.41 ]
]

41 16.48 419.133 1 [M+H|" 404.109 7.389.086 2.371.075 9
42 17.16  403.138 4 [M+H " 388.114 5.373.091 3.355.080 7
43 17.66  405.117 6 [M+H]™ 405.117 3.390.093 2.375.070 3.357.060 0

44 18.07 419.133 1 [M+H|" 404.110 3.389.086 1.371.074 8

373.127 8 [M+H]" 358.104 2.343.080 9.297.074 6

2224
CyHy0; -25 MR
C,H,0, -25 MET(#)F A

C, H,,04 -2.2 hexamethoxy—ﬂavone[m

C,,H,,0, =25 dihydr0xy—pentamethoxyflavone[1M

C, H,,0, -2.2 monohydroxy—hexamethoxyflavone[”ﬂ

TE V5 X RE A R A

THRE T A 9.10.13 14, 51 AR
~ % [M-H-C,H,0,] " . [M-H-C,H,0,] " . [M-H-
C,H,0,-C,H,0,] F1[ M-H-2C,H,0, ] i i Fi 5 1 1
HEFfEYE . DA lucenin-2 A B, fb & 9 5 B9 UE 7 F 1
TU&E A mlz 609.146 9 [ M—H ", # I H: 75 4% 35 A [A]
O R AR AN R R AE WS 3R 10, 3 5 R A=
X 24 i OBl 5L TF 3R 248 ) , & R Pk C,H, 0,88 7™ 4
m/z 519.112 9 MR R s FERE IR 9 0, 2 B 8 R A X
400, Rk CHO, 08 I W m/z 489.105 2 (Y #E A 5
Wi IR 0,2 F1 0, 3 8 & JF 2R, %K CH,0,.
C,H,O, 1 F 18 m/z 399.072 6 { #E Fi ; m/z 369.061 9
F R B 5K 24 C,HO, 08 F, 3R e B IR b 24
WM A 2 A BB AR AE . R, 3 335 R B S i
B B F 6 m/z 313.072 2 [M-H-2C,H,0,-2CO | & F
VI A A P A IR 1 S e 2 SCRR R A
64 W 5 0 lucenin-2, I AT R (14 24 fi HL A DL 3 5
i B kA R

3.2 EEET RS MS N el T
3B AR 2R B, i e G 9 7.8.12.15,
16.18.20.21.23.24.25.26.28, H-ih{b &4 15 f ik
G W18 2% BES LU X i 7 43 ) Sk 25 A A R R
FEAT 255 Ml B 1T A AT AE 2 A a4 A2 L 1 A i B
Mok, FEIE B FRCN LAY 15 W T 5 0%
m/z 581.186 2 [ M+H ", it 25 — BAAE 3L A A= pl — 90
H B miz 419.137 6, i — 2 kA 7R BRI K OB 1
m/z 401.121 9 [ HE Fr s KA Y 24 (RSB &
P ) e F G B AR B m/z 435,129 SHIE s &
R EFWI RE R m/z 273.075 25 i 25 95 3L 5 T8 ik
14 28 T C 2R A AR 3 K R 397 - BT R 4 ) 1 (RDA)
B B m/z 153.018 1 [M+H-Glc-Rha-CH,0 " HY
T R, 5 0] A S E — 45 He X S Ol 25 A A R AT

C-CHEREH C-O 5 BB o =y , o i i 1 % 2B X S fit
17 35 ] 4801 22 K A2 Y 40 U3 40 B I ST 24 B A
Bardrm: O LR AEERL QL4 24 M
(R Iy 25 2 Ml B R0 2 58 ) s M R B K, B 1 F B2
BN U 5 (DY IT Sy B T 8 #  BEE 5) & 2 RDA
2. AN E R TR A 20 S T
B TR m/z 577.157 0 [M-H] , ZE MS* T 45 i T
mlz 269.046 0,225.026 2.151.004 6.117.034 7 {4 %
J . Hof m/z 151.004 6 Fl m/z 117.034 743 31 K 138
2 C ¥ C,-C, I C,-C Bl Wt 242 1LY R I — 90 v
U B A SCHRL 17 TR0 Ak A5 4 hy T 8 AR 1 8 S
B S5 B R U IR B 1, HERR AL A 20
Shy S S A T B AR A T L Oy S B AR AR
3.1.3 ZHESLEEIRL G MS AT R
BEPE ) h %0 T 24 2 AR SE R Ak A,
2 AR AR W, £ B A [M+H-nCH,]" . [M+H-
nCH,-H,0]" .[M+H-nCH,-CO ] ¥ fE % F 85 1, LU
T B2 2 (Ab G 40) 4 1) 1 34 A & W 72 E 3 1
B AT B A S A AR, UL iR BB Ik R . B
TR B 1 22 R M B fil 22 H 403 B 1Y ) 0 S5 4 4
B2 I b5 R SR IR AR
Yy oA 18 X 43t 6] 43 S A A I 48 ) 3l o A% L ik
ARk —2 %50 .

3.2 R B AR R 2 B9 UPLC-HRMS 7081 76 % E
T B Ak 2 oy 0 LT b o — 2 4 B s P A
AN TR Kb B AL 25 1M, A ES TR L 1, 2SR
25 IS RE o 3R e T 22 B AN I AL 4y
monohydroxy-hexamethoxyflavone [A] 7 5 #4 & 4%
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Fig. 1 Total ion current chromatograms of samples from different treatment groups of Citri Reticulatae Pericarpium
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F2 BRRERBINIA SRR
Table 2 Prototypical blood components and metabolic sites of

Citri Reticulatae Pericarpium

s 7] i A I R
5 Y ND ND
6 Y ND
9 Y Y ND

10 Y ND
15 Y Y Y
17 Y ND ND
18 Y Y Y
19 Y Y Y
20 Y Y ND
25 Y Y ND
27 Y Y ND
28 Y Y ND
30 Y ND ND
31 Y Y Y
32 Y Y ND
34 Y Y Y
35 Y Y Y
38 Y Y Y
39 Y Y Y
40 Y Y Y
41 Y ND ND
44 Y Y ND

TE A S W55 175 15 Y. SRR AL s ND. ARG I 38 A 78 43

A1 M R FE T S T T R0 B A R O IR 4 24
Jei o e B B 43 T 2 i T B AR S RO L 2 T
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A HAY I R 25 7 AR K4
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