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Identification of Prototype Compounds and Their Metabolites in Rat Plasma After
Oral Administration of Aurantii Fructus Extract by UPLC-Q-TOF/MS
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[ Abstract] Objective: To study the serum pharmacochemistry of Aurantii Fructus (AF) , and to
investigate the pharmacological material basis of AF extract in rats. Method: Rapid identification and
speculation of the prototype constituents and their metabolites in vivo were carried out according to the relative
retention time, accurate relative molecular mass, cleavage fragments of MS/MS and neutral loss of metabolites
with ultrahigh performance liquid chromatography-quadrupole-time-of-flight tandem mass spectrometry (UPLC-
Q-TOF/MS) technique by comparing the differences between different samples such as AF extracts, blank
plasma, and administered plasma under the same chromatographic and mass spectrometric conditions. Result:

After oral administration of the AF extract, 74 transitional constituents absorbed into the blood were detected in
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serum, in which 49 compounds were prototype constituents and the other 25 were metabolites. The prototype
constituents could be divided into dihydroflavones, polymethoxyflavonoids, limonins, coumarins and alkaloids.
The identified metabolites included glucuronic acid conjugates, sulfuric acid conjugates, hydroxylated products
of flavonoid glycosides and polymethoxyflavonoids, as well as the simultaneous glucuronidation and sulfation
products. Conclusion: The constituents absorbed into the blood and their metabolites may be the
pharmacodynamic components of AF. Among them, alkaloids, polymethoxyflavonoids and coumarins are
mainly introduced into the blood in the prototype form, while naringin and neohesperidin (the index

components) exert effect mainly through hydrolysis into aglycones. This work will help to further elucidate the

material basis of AF.
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Fig. 1 Base peak chromatograms (BPC) of typical samples in
positive ion mode
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Table 1 Identification and analysis of prototype components of Aurantii Fructus extract into blood
e i A0 [M+H]" [M-HJ" R BT (mlz)

(5] 1

% AT TR sl s sl 6
4:9/ /min S A S AN = e N "
] H/Da /Da  fpm /Ds /ppm IE B TR VRSN
1 WHE 2R 0.906 C,H,;NO, 143.094 6 144.1020 -1.1 - - 128.0694,102.0555 -
SR ILAERE  1.284 CHO, 126.0317 127.0398 1.6 - - 110.037 6,109.028 8,108.022 6 -

3 JEAEABE 9.960 C,HO,

4 EFMIEA 12738 C,,H,,0,, 580.179 2 581.186 7

5 A 13.285 C,,H,,0,, 580.179 2 581.186 1

6 M Bz % -7- 13.435 C,\H,,0,, 434.1213 435.1299 0.4
O-Hi M 1Y

7 BRI 13.726 C,H,,0,; 610.189 8 611.195 7

8 BIRE K 14.243 CpH,,0,5 610.189 8 611.195 2

9 45T 188.047 3 189.0544 -1.0
LNEY TEN

10 KAEEENER 15.139 C 4H, 0

15.093 C,,H0,

278.1154 279.1224 -0.6

162.031 7 163.0391 -0.2 161.0258 4.7

0.4 579.170 3 -2.5 273.076 1,195.028 5,153.017 9

0.4 579.1695 -2.5

0.1 609.1810 2.8

0.1 609.1806 2.8

119.050 0,107.050 6 133.0319,121.030 4,

117.036 4,105.037 6

271.061 0,151.004 6

405.118 8,273.076 3,263.053 0,
153.018 3

459.114 2,271.060 3,
151.004 2

- 273.087 4,231.101 3,189.055 6, -
165.054 4,153.078 2

413.124 8,369.096 0,303.085 7,
247.096 6,195.028 8

301.071 7,286.051 3

303.086 9,247.096 5,177.053 4 343.0839,301.072 2,

286.049 0,242.059 3

- 131.0494,103.054 9 -

- 261.111 6,243.101 5,189.054 0, -
131.048 6,103.054 5
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oA . 5 50 AR [M+H] [M-H]- R B F (miz)
A
R ST BFR s s il 6
) /min il S E g o g
%/Da /Da /ppm /Da /ppm =) ?*}\ﬁ g %*}\ﬁ
11 SEFERTY 16372 C,,H,,0, 246.0892 247.096 5 -0.2 245.0820 0.6  229.0855,201.053 7,187.038 7,  227.071 1,215.070 3,
A g 175.038 3, 159.043 7, 147.043 5, 183.0829,145.031 1
131.048 5,119.048 8
12 KA 16.989 - - 551.1404 - - - 389.107 4,345.060 2, -
13 AT 17.044 C,H,,0,, 594.158 5 595.1667 1.5 - - 419.133 9,404.110 6,389.086 6, -
371.076 4
14 SHik i 17.384 C,H,,0,, 594.158 5 595.1651 1.5 - - 470.266 8,419.134 8,404.111 6, -
389.088 1,345.188 6
15 4-33E-5, 18461 C,H,,O, 328.0947 329.1023 0.9 - - 314.080 7,299.057 0,271.059 1, -
6,7-— W 4 JE 268.073 7
]
16 3-¥23-5, 18723 C,H,,O, 328.0947 329.2174 0.9 - - 311.200 0,299.058 7,293.189 7, -
7,8-=H & 275.178 7, 271.169 8, 195.117 0,
B Tl 181.100 4,153.070 6
17 Mg T 19.023 C,H,,0,, 594.158 5 595.166 8 1.5 593.1490 0.8  419.1316,404.107 8,389.084 3,  417.118 3,402.094 8,
386.098 1,371.075 0,361.090 1 387.071 2, 359.076 4,
344.053 4, 329.030 4,
113.027 4
18 Mk & 19.148 C,,H,,05 272.068 5 273.075 8 -0.2 271.060 3 3.4 153.018 0,147.0442,119.049 0 151.004 2,119.051 5,
107.015 6
19 PHEIEANEE 19.230 C,,H,(O5 300.099 8 301.1189 0.8 - - 255.113 1,240.089 7,227.118 5, -
199.123 0
20 melitidin 19.316 C,,H, 0,4 7242215 725.2304 2.1 - T 419.1351,404.112 2,389.087 9 h
21 BEER 19.767 C,H,,0, 302.079 0 303.086 1 0.8 301.0926 2.1  177.0553,153.0187,145.0282,  285.046 6,242.057 3,
117.034 8 199.039 1, 164.011 5,
136.017 2
22 5236, 19.844 C,H,0, 358.1053 359.1129 0.9 - - 343.082 0,329.066 5,315.087 5, -
7,340 H 298.083 9, 283.060 5, 255.065 1,
E2E- -] 153.017 8
23 PURE3E —H 20.067 C,,H,,0, 346.0689 347.0726 1.0 - - 329.210 2,301.034 5,293.1892, -
S T T 289.034 7, 273.039 2, 261.039 3,
145.099 7,121.063 8,105.069 5
24 SOARRLER 20.361 C,;H,,0, 260.1049 261.1120 -0.4 - - 189.052 7,159.042 0,131.047 5, -
103.053 5
25 HHEB I 20502 C,H,,0, 314.1518 315.1592 0.6 - - 175.038 8,163.038 9,135.117 3, -
ES 119.049 1,107.049 8
26 HRE 20.518 C,H,,0, 332.162 4 333.1698 -2.4 - - 213.054 7,175.037 8,163.038 7, -
153.127 7,107.049 5
27 5-33-6, 20.581 C,H,0, 358.1053 359.1131 1.4 - - 344.088 3,329.065 0,314.041 8, -
7,8, 4" U I 4, 301.070 2,286.046 6,283.059 7
K H T
28 5,7,8,3,4- 20.627 C,,H,,0, 372.1209 373.1287 0.8 - - 357.096 4,343.080 5,329.102 6, -
T A R B 315.0855,299.054 8,153.017 9
(S IR BT )
29 sudachinoid A 20.658 C,H;,0, 490.2203 491.2280 0.9 489.2109 —-4.4 473216 7,455.205 3,437.197 4,  471.200 4,411.180 1,
411.217 0, 369.206 3, 351.195 2, 333.169 9, 261.149 2,
243.101 6,175.074 7,161.058 7 203.109 3
30 SAEEMEE 21.505 CH,,0, 260.1049 261.1119 -0.4 - - 189.054 7,159.046 7,131.048 5, -

115.054 0,103.054 5
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gx1
o . e B0 A X [M+H]" [M-H] 25T (miz)
&
R AT SFR s s il 6
) /min &N S e {7 A
%/Da /Da /ppm /Da /ppm =) ?*}\ﬁ g %*}\ﬁ
31 A% R T 21.634 C,;H,,0, 260.1049 261.1125 -0.4 - - 189.054 1,159.043 3,131.048 6, -
115.0542,103.054 7
32 ZHRFEPH 21,681 C,0H,,0, 390.0951 391.1048 0 - - 361.057 3,343.046 7,315.232 5, -
S B 197.008 3,169.012 8,107.086 4
33 3,4',6,7,8- 21.837 C,,H,,0, 372.1209 373.1287 0 - - 357.097 6,343.081 3,329.102 0, -
i 4 3 315.086 5,163.075 4,153.018 4
34 4,5,7,8-PU 21.946 C,,H, O, 342.1103 343.1186 1.7 - - 328.093 6,313.070 1,285.074 5, -
FH 4R B BT 181.012 1,153.017 5
35 5-0-F£H 3 22,070 C,H,,0, 388.1158 389.1237 1.4 - - 359.075 3,341.065 3,331.080 6, -
JI 5 pe 2% 313.070 4,169.012 6
36 ALAREE D 22410 C,H,0, 202.026 6 203.1033 -1.1 - - 173.059 8,143.086 2,128.062 2, -
115.054 6
37 R E 22.560 C, H, O, 470.194 1 471.2018 0.9 - - 425.196 7,367.090 8,213.090 2, -
161.095 8,105.071 0
38 3,4',7,8- 22.639 C,H, 0O, 342.1103 3432960 1.7 - - 313.073 6,240.232 4,183.175 4, -
P A 109.101 8
39 KR ARR 22.829 C,H,0,, 532.2309 533.2390 1.5 - - 515.2312,455.209 8,437.196 9, -
369.207 4, 341.211 8, 215.106 5,
187.076 0, 161.059 5, 133.065 0,
105.070 1
40  5,7,4-=H 22923 C,H,0, 312.099 8 313.1074 0.4 - - 298.083 6,269.080 8,255.064 9, -
S T 227.069 5
41 IR &R 23.482 C,H,,04 402.1315 403.1394 1.1 - - 388.113 8,373.090 1,355.080 0, -
330.071 9, 327.083 9, 301.069 1,
259.069 1,211.022 5
42 5,6,7,4-P4 23.589 C,H, O, 342.1103 343.1179 1.7 - - 327.086 8,313.070 8,299.091 6, -
FH 4 S B T 285.075 6, 267.064 5, 256.073 0,
239.070 7, 181.012 8, 153.017 5,
135.043 3
43 KRR 24268 C,H,,0, 5142203 5152284 1.1 - - 469.223 4,437.195 8,411.217 8, -
393.220 6, 369.209 9, 205.049 6,
161.057 7,133.062 8
44 3',4'.3,5, 24.658 C,,H,,0, 432.1420 433.1496 1.0 - - 418.127 2,403.102 9,385.092 5, -
6,7,8-LH % 373.056 0,360.084 8,345.060 6
eS|
45 5,6,7,3', 25317 C,H,,0, 372.1209 373.1287 0.8 - - 358.103 5,343.080 2,325.069 8, -
4P AR L 315.085 3, 297.074 3, 283.059 5,
] (LA ) 271.058 9,211.022 9,183.027 9
46 5,6,7,8,4- 25356 C,,H,,0, 372.1209 373.1285 0.8 - - 358.103 1,343.079 7,325.069 2, -
PR 4 B B TR 315.085 0, 297.074 2, 271.058 5,
(WG %F) 211.022 3,183.027 3
47 53833, 25408 C,H,,0, 418.1264 419.1338 0.8 - - 404.110 5,389.086 7,371.076 3, -
6,7,8,3",4"- 361.091 4, 346.068 6, 328.058 1,
75 F A S 2 T 303.049 5
48  3-}3E-5, 25439 C,H,,0, 418.1264 419.1337 0.8 - - 404.110 7,389.087 9,371.077 4, -
6,7,8,3",4"- 328.058 4,313.036 8
75 H UL H )
49 7-RIE-4, 27142 C,0H,0, 388.1158 389.1236 1.4 - - 374.100 4,359.076 7,341.066 1, -
3,5,6,8-HH 327.086 0,169.012 0
S 7 T
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F2 HREBRAREVMHEAPRETUHEESHT

Table 2 Identification and analysis of metabolites in rat plasma after oral administration of Aurantii Fructus extract

. [M+H] [M-H]
i P fmin AFR wwE S
Z fp/min B S 4E S {E
7] T W T
/Da /Da
M1 naringenin-sulfate-glucuronide 11.394 C, H,,0,,8 - - 527.0475  447.092 4,351.017 2,271.060 6,
151.004 0
M2 hesperidin-O-glucuronides{ 11.565  C,,H,,0,, - - 7852128 609.180 9,489.138 4,301.071 1,
neohesperidin-O-glucuronide 175.027 0
M3  hesperidin-O-sulfatem 11.628  C,H,,0,S - - 689.1379  609.179 7,489.138 7,381.026 2,
neohesperidin-O-sulfate 343.084 8,301.070 4
M4  hesperetin-O-glucuronide-O- 13.058  C,,H,,0,,S - - 557.0583  477.1029,381.027 1,301.071 5,
sulfate 254.9829,175.026 4
M5 BRRIL-DUR SIE - AR 13269  CyH, O, 535.144 7 359.1127,344.088 4, - -
[ 2 4 ) 329.065 2
M6 M FE-7-0- M A MRS BRI 13.616 C, H,,0,, 449.1080 273.0758,153.017 8, 447.0917 271.061 6,151.004 8,119.052 6,
Tl Fiz 2% -4'-O -4 25 Wl 1 R 1 (13.635) 147.043 8 113.026 7,107.016 0
M7 R S SL R - AT 14.061 C,H,,0,, 505.1343  329.1022,314.078 3, - -
AR 25 A 299.054 6, 285.075 5,
268.073 0
M8 K R-T-O-H AR &Y 14086  C,H,0, - - 477.1034  301.071 0,286.047 9,242.058 4,

199.038 8,164.012 6

M9 PRI S LR R - AR 14233 C,,H,,0,, 505.1342  329.101 8,314.078 4, - -

R 2 45 299.054 7,268.072 7
MI10 BRI DUH S SEH - 4085 14.690  C,H,0,, 535.1446  359.112 8,344.089 2, - -
W45 5 329.065 6, 315.086 4,
298.083 6

M1 PRI A L B R - AT B 14736 C, H,0,, 565.1559  389.1232,374.100 2, - -

R 45 A 359.076 6,341.066 4
MI12 15 Z-5-0-#i AR R4S &4 14738 C,,H,,0, - - 477.1029  301.071 4,286.047 7,242.058 7,
199.039 7,175.026 4,151.004 1
MI13 KR -3-0-H A PR R A A9 15.050 C,H,0), - - 477.1019  415.101 6,301.071 7,286.048 5,

199.043 0,174.024 2,151.007 9
M14 R pY AR 3L E

=0

|- WA 15416/ C,H, O, 535.1457  359.111 4,344.087 6, 533.1279  357.097 2,342.073 9,327.050 4,

EREE &) 15.546 329.064 4,283.059 5 269.008 7,207.030 1,113.027 7
M15 hesperetin-7-O-sulfated 15.623 C,H,,0,S - - 381.0269  301.071 8,286.049 5,199.040 6,
hesperetin-3'-O-sulfate 164.012 4,151.005 7

MI16 I = 4 LRI 16,106 C H O, 345.0977 329.0664,315.050 3, - -
@HEY 301.071 3, 287.055 2,
284.068 0,153.018 1

M17 ORIk = WL -G R 45 17.096  C,(H 0,8 - - 407.0426  327.086 7,312.063 1,297.040 2,
e 269.045 5
MI8  BfRIE-Ti W S SE W -4 8E 17.152 C,H,,0,, 565.1561 389.123 7,374.100 8, - -
B 455 359.076 8
M19 R - DU P UL B - R 45 17.542 CoH 0,8 - - 437.053 1  357.097 6,342.074 4,327.050 9,
a&v 312.027 3,269.009 2,207.030 5
M20 R PU A L - RSS 17.681  C,HO,,S 439.0698  359.111 6,344.088 5, - -
& 329.065 0, 257.043 9,
283.060 0

M21 PR BRI -BEER LS 17.603/ C,gH,,0,,S 469.0804  389.123 1,359.076 0, 467.063 6  387.108 1,372.084 4,357.061 4,
G 17.759 313.070 6, 344.052 4, 342.038 0, 327.015 0, 314.042 5,
211.0229 299.020 0,283.996 2,207.031 4
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gR2
- [M+H] [M-H]
. S5 S i
% tp/min b2 S o S .
7 i8S T i 85 T
/Da /Da
M22  HFRIL-H AR SE R R R R LY 17.867  C,H,,0,,S 469.079 1 389.1232,374.100 2, - -
“ 359.075 9, 341.065 7,
313.070 8
M23 R IE-PU S BL - 4TS 18.880 C,,H,O,, 535.1449  359.113 4,344.090 2, - -
FER 455 326.078 8, 301.071 0,
283.060 9
M24 PR H RS- AR 19.705 C,H,0,, 565.1558  389.1229,374.099 3, - -
TR 25 & 1) 359.075 6,331.081 2
M25 naringenin-4'-O-sulfatesf 20.495  C,;H,,0,S - - 351.156 5 271.0526,177.027 5,151.056 2,
naringenin-7-O-sulfate 119.032 9

H m/z 271.060 6 £ 80 Da, #E Ml A #ill f2 2 i B2 45 &
YU REAE B 70 o 25 b4 B, 4 DUAR 5 7 M1y
i1 K¢ 3R ) B & A 2 0 1 TR Ak R IR Ak 1 A 35
Y, BT o BT B R A R AN g B o 4 A 2 R R
b FIBL R b 1) 45 45 0 44 o

FR 7 M8, M12, M13: fE 1 & FAE T, =
FHUE T T S [M-H] m/z 477, H=%M F
BLRE R BTN m/z 301, T m/z 477 thom/z 301 £
176 Da, Il 176 Da >y i % 4l 18 12 1k 4 3 34 428 1) ot 3%
FRAE ARG SCHR (11 4008 , B E 2L A9 B R 5t
B(7,5,3" 804" )L by KA i % Wl RS R Ak I 0, 1%
NG5 AL S B e gkl 7,5,3 804 0, R, w1
RS Bz 2200 34> 2 24 T R SR AR A 4 W T TR b
B 45 o 0 A, MR SOk [ 27 13R 38 L 18 e K -7-0-% %4
W T TR 445 5 W) 1) W o TR B 3R -5-O- 7 4 W T TR
G, I, %A Y M8, M 12 F1 M13 41 J
N RS B R -T-O- M BERE PR 45 G 1), B B R -5-0- 7 %)
WERE TR SE G0 18 e R -3-O- BB B RE &Y . =
B T P R S s A UL 3

Y M10: 75 IE B TR T, o 78 F iy
[M+H]" m/z 535.144 6, itk & W — H i = A 1
FRAE T B T 8 m/z 359.112 8,344.089 2, 329.065
6, FF A B ¥ 3k - DU HY 4R 3K B 0 2L . mz
535.144 6 b m/z 359.112 8 £ 176 Da, ifii 176 Da f& 4
AR TR 45 A R IE M T M B R R B . WU
I MO Sy B 350 5 - 0 PR A s 8 ) - ) 2 W T R 45
Yo WESY T B F U [M+H ] m/z 535 0 A 1415t
FEHMS ,M14,M23, H. — g RiE R 5 M10 —E,
SR i Y L Ay P 3 - U Y, e T ) - 4 2 AR I R
B AN GE B0 20 A T TR AL Y 25 5 0L R

R =P M22: fEIE 8 TR, 70 7 5 1 1%
KIM+H] m/z 469.079 1, %A A W) — 9 i b =4

- 168 -

301.071 0 )
A miz 301.071 0 (;\, miz 477.103 4
Glu' g O
% ¥
M8

477.103 4

113.026 0
; 164.012 6 242.058 4
nwL“u.'lL\l ”m_k.nl.llj h| . . .
150 200 250 300 350 400 450

301.071 4
B .
miz 301.071 4 &/—ﬂm/z 477.1029
Hi O W\
e o 477.1029
M12
V3027 4o oo BAD05R7T
Lu‘liH i muJJIJsull : oy .‘
150 200 250 300 350 400 450
301.0717
=
% m/z301.071 ;@I m/z 477.101 9
He O W
OH O
151.007 9 M13
477.1019
174.024 2 242.059 415.1016
& R PRSI0 I : |

150 200 250 300 350 400 450

mlz
AMS;BMI12;C.MI13;Glu. # ZHEE R (1K 4,5 [F])
B3 HfiEFHEAXTRE ™% MS,M12,M13# MS/MS
Fig. 3 MS/MS spectra of metabolites M8, M12 and M13 in

negative ion mode
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Fig. 4 Possible metabolic pathways of naringin in rats
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