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Abstract: Objective To identify the prototype components and metabolites in different plasma samples after administration, and
study the metabolism of chemical components of Gardenia jasminoides in different parts of rats by sequential metabolism method
combined with ultra-high-performance liquid chromatography-high resolution mass spectrometry (UPLC-HRMS) technology.
Methods G. jasminoides extract was firstly prepared, and then plasma samples of intestinal wall metabolism, intestinal flora
metabolism and liver metabolism were collected by intestinal perfusion and closed intestinal loop method, and comprehensive
metabolic blood samples were collected after intragastric administration and the components in samples were analyzed and identified
by UPLC-HRMS. Results A total of 46 chemical components including iridoid glycosides, terpenes, organic acids and gardenia
yellow pigments were identified from the extract of G. jasminoides. The results of sequential metabolism study showed that 38
prototype blood components and 22 metabolites were identified in intestinal metabolism samples, 25 prototype blood components and
16 metabolites were identified in liver metabolism samples, and 14 prototype blood components and 10 metabolites were identified in

metabolome samples. Conclusion Based on sequential metabolism method, this study analyzes the prototype blood components and
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metabolites of G. jasminoides extract in rats, and the differences in components of different metabolic sites provide a basis for

elucidating the biotransformation process of G. jasminoides metabolic components in vivo.

Key words: Gardenia jasminoides Ellis; multicomponent sequential metabolism; ultra-high performance liquid chromatography-high

resolution mass spectrometry (UPLC-HRMS); prototype components; metabolites; iridoid glycosides; geniposide; gardoside
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Fig. 1 Total ion current chromatogram of ethanol extract of G. jasminoides in positive and negative ion modes
F1 REFRIUWIPUFERSH UPLC-HRMS 5347
Table 1 Identification of chemical components in extract of G. jasminoides by UPLC-HRMS
L o S BIEF (m/z) R e L .
U9 min MR T EwE Sl (<106 TR MSHREFTA T BIREAR
1 091 [M—H] 191.0561 191.0559 1.555 C7Hi20s 191.056 1 ZE gl
2 098 [M—H] 173.0455 173.0453  1.512 CHioOs 137.024 6, 111.0454,93.0347  FEHR
3 2.65 [M—H] 391.1246 391.1245 1.134 CisH24On 229.072 1, 167.071 3 LLIAE T [ 43 S A Ak 21
4 2.81 [M—H] 403.124 6 403.1241  0.183 Ci7H24011 241.072 3,223.061 2, 127.040 2, 2% Z.BE 4 ¥R F g (2123-24)
101.024 5
5 2.84 [M—H] 389.1089 389.1087  0.883 CisH201u 389.109 2, 209.045 6, 183.066 2, 2% ZBEZE M- B FFRl2125]
165.055 6, 147.045 2
6 2.98 [M—H] 373.1140 373.1137  0.639 CisH22010 373.110 4, 211.061 2, 193.050 5, & ¥ HrH 121231
167.071 2, 149.060 7, 123.045 1
7 3.13 [M—H] 391.1246 391.1245 1.221 CisH240n 229.071 7,211.060 9, 185.081 3, LA 12123241
167.071 1
8 3.32 [M—H] 403.1246 403.1241 1.101 Ci7H24O0n 241.072 2, 223.060 7, 193.050 1, SEHET-1F2123-24
127.040 1, 101.024 6
9 3.35 [M—H] 373.1140 373.1136  0.478 CisH22010 211.061 8, 193.050 3, 146.060 6,  JE& F-H R 12124
123.045 0, 167.071 0, 121.056 7
10 3.38 [M—H] 403.124 6 403.1241 —-0.561 C17H2401 241.0722,223.061 4,139.040 3 F 5% JH X H F fig(21,23-24]
11 3.48 [M—H] 405.1402 405.1399  0.503 Ci7H26011 359.143 5, 197.082 4 LG F g 1121.25)
12 3.57 [M—H] 375.1297 375.1294  0.715 CisH24010 213.077 4, 169.087 3, 151.076 7 mussaenosidic acid?®!
13 3.73 [M—H] 345.1555 345.1552  0.775 CieHs0s 113.0243,101.0242,89.0243  jasminoside DI?7]
14 3.96 [M—H] 327.1449 327.1447 0.832 CiHuO7 165.092 3 zataroside B[23]
15 4.04 [M—H] 353.087 8 353.0876 1.028 CicHisOo 191.056 4, 179.035 3, 135.0453  3,5-O-WnmHEG;: 4 Jg iRz
16 4.20 [M—H] 549.1825 549.1815 —0.883 Ca3H34015 225.077 4, 207. 066 7 TR P-1-0-p-D- R XUREFF21.25)
17 4.87 [M—H] 387.1297 387.1294  0.693 Ci7H24010 207.066 8,225.077 4, 433.135 9, Ha¥#"2Y
123.045 4,101.024 6
18 534 [M—H] 345.1555 3451552  0.775 CieHa60s 301.042 5, 165.092 1, 183.102 8, jasminoside B[>2427]
101.024 4, 89.024 5
19 5.49 [M—H] 353.087 8 353.0874  0.405 CicHis09 191.056 6, 173.045 9, 179.065 8, £t HR2125]
135.062 5
20 6.33 [M—H] 179.0350 179.0348  1.832 CoHsOs  135.0454 IR 24]
21 6.39 [M—H] 183.1027 183.1023 1206 CioHisO3 139.113 1, 111.009 0, 137.097 1, jasminodiol(?3-2%)
109.065 7, 123.080 5
22 6.62 [M—H] 503.1770 503.1769  0.883 CxH3013 223.145 1,205.087 9, 190.211 3  2-methyl-lerythritol-4-O-(6-O-
transsinapoyl)-B-D-
glucopyranosidel?%-28]
23 7.01 [M—H] 359.1348 359.1347 1372 CieH2409 359.1351,197.0819,179.070 9 ixorosidel?'27]
24 7.44 [M—H] 429.1402 429.1398  0.335 Ci9H26011 383.133 2, 361.150 6, 239.090 1, 10-acetyl geniposidel?3]

181.087 8
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W5 n MR Mmool oxi0e PIR MSHRESTAT BIRER
25 7.57[M—H] 519.1508 519.1506  0.614 CasHasO12 163.040 1, 145.029 5, 123.045 2, 6'-O-trans-coumaroyl geniposidic
119.050 2, 149.060 8 acid7
26 824[M—H] 551.1770 551.176 8  0.643 CaH3013 357.119 6, 213.077 5, 193.050 9, 6-O-trans-p-coumaroyl
175.040 3 gardenoside methyl ester(?”]
27 9.89[M—H] 4912134 4912133  0.954 CxH3cO12 167.0324,323.101 5,221.075 2, jasminoside S/H/1125-26]
161.058 0, 263.081 5
28 10.16[M—H] 579.1719 579.1721 1.174 Ca7H»Ous 205.050 6, 325.093 1, 367.103 7, 6-O-trans-sinapoyl gardoside(2”
385.114 4,223.061 1, 123.045 1
29 10.43[M—H] 565.1927 565.1924  0.574 CaH3O13 325.093 6,295.082 8, 265.072 3, 11-(6-O-trans-sinapoylgluco
223.061 8 pyranosyl)gardendiol?327]
30 10.79[M—H] 609.146 1 609.1463 1216 C27H30016 301.0359,300.028 1,271.0255 FT 21
31 11.60[M—H] 465.1028 465.1018  0.938 CaH20012 301.0350,271.024 5,255.029 7 Al Bz 2 FF(21.25)
32 11.86[M—H] 593.1512 593.1513  1.121 Ca7H30015 325.092 5, 207.029 6,93.034 4  nicotiflorin!?!]
33 12.12[M—H] 7552404 7552408  1.306 C3sHaaO1o 123.076 5,223.077 4,205.425 5, 6"-O-trans-sinapoylgenipin
101.218 2, 427.066 5 gentiobiosidel?”)
34 12.62[M—H] 7252298 7252302  1.201 CsHaO1s 225.077 3,193.051 2, 123.0454  6"-O-trans-feruloyl genipin
gentiobiosidel?!!
35 12.69[M—H] 6952193 6952192  0.742 Cx2HaoO17 663.196 5, 469.136 3,225.077 3, 6"-O-trans-p-coumaroylge nipin
145.029 8, 207.066 9 gentiobiosidel?!l
36 13.08[M—H] 551.2134 551.2133  0.742 CaH3O12 521.204 1,367.014 2, 165.0923  6-O-trans-sinapoyl jasminoside
L[21]
37 13.34[M—H] 975.3715 9753710  0.044 CasHesO2s 651.267 4,327.160 9, 283.170 0, i/ [ PG AEH 1"
239.180 0
38 14.07[M—H] 593.1876 593.1877  1.095 CasH3sO1s 367.105 5,225.077 2, 223.061 0, 6-O-sinapoylgeniposidel2527)
207.065 8, 205.051 2, 123.046 5
39 14.64[M—H] 515.1195 515.1191  0.251 C2sH24012 353.088 8, 191.056 5, 173.045 8 3,5- WML Zs 5= HR2125)
40 15.51[M—H] 533.166 4 533.1663  0.786 CaH30O12 145.132 3, 123.130 5, 307.114 8, 6'-O-p-coumaroylgeniposide[2327
225.087 9
41 15.67[M—H] 659.161 8 659.1621 1.366 C3iH»Ois 497.131 3, 191.056 4, 161.0457 3 ,4-dicaffeovl-5-(3-hydroxy-3-
methyl glutaroyl)quinic acid!?*!
42 16.44[M—H] 559.1457 559.1455 0.616 Ca27H28013 397.1149,173. 0459 3-caffeoyl-4-sinapoylquinatel?’]
43 17.45[M—H] 535218 5 5352183  0.716 CaHisO1 325.092 6, 265.071 5,223.060 9, 6-O-trans-sinapoyl jasminoside
205.050 4 Al2327)
44 18.57[M—H] 533.2028 5332025 0.419 CxHOu 205.051 1,367.104 1,223.061 3, 6'-O-trans-sinapoyl ~jasminoside
165.055 3, 190.027 5 cem
45 19.58[M—H] 345.061 6 345.0614 0950 Ci7H140s 315.0149,330.038 3,287.0199 5,7,3'4'-tetrahydroxy-6,8-
dimethoxy flavonel?”!
46 21.75[M—H] 813.318 7 813.3192 1286 CssHssO10 651.267 6,489.213 7,369.170 9, PHLLIELF 1112125

327.1611,283.1709, 179.056 4

"5 08 R E

“after comparison and identification with the reference substance
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Fig. 3 Fragmentation pathways of chlorogenic acid in negative ion mode
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Fig. 4 Fragmentation pathways of rutin in negative ion mode
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BERFER . NIHILAFZIAEH 1 A1 jasminoside B 4
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F RN CaaHes004, tr N 13.34min GRZEN 0.044 X
106), WA BTN m/z 651267 4 [M—H—
2C¢H1005] + 327.160 9 [M — H — 2CsH 005 —
2CeH100s] >, ARE I 2 7T HEEE, dkimiiifs
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NP 1, R E WK 5. ootk
A AR 7 S R B R T 2, R A b
B, FEKR CO ST WEW 18 HHhTE
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HIFER 7> TN CieHa60s, tr A 5.34 min GRZEN
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Fig.5 Fragmentation pathways of crocin I in negative ion mode
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EH 1A EY. I EY) 14 #0731 miz
327.144 7 [M—H]", Qualbrowser ¥ H45 Hi KSR 3
TN CigH2407, R N 3.96 min (IRZEN 8.32X
107, W BTN m/z 165.092 3. 5 CHRE
PEIBIGEEG, HEW A zataroside Bo
32 REEANMRSEE

T LA [F AL o 2 e (e, SRR
P AR A 2 A AU 2L I SR S RN I 4y

BEAT G0, AER MRFEdh P32 38 ME 1
RNy, KREHOWETH . HETHH. IIEH
NGB R . AR 2, AT, B
BEACHHELAN il v A A AL 7 SR RN I R 7y b e 22
5, RWIEATLE B A AR E I AT CLIE i BE RS I .
Yu SRR e R R B, AT H AR BN Y
B, Herpt R IR R, IRARL R
BRCEhYBLSL, A EshEE ST H. 1. 3.

®2 WRFEBEANMAS RGNS

Table 2 Prototypical blood components and metabolic sites of G. jasminoides

iy N Tt ot
e 5 A=Y TRl T8 BRI R gra i
1 ETM] Y Y Y Y
3 LG 5 7] 73 S A Y Y Y Y
5 £ OB HEHR Y Y Y ND
6 B 5Bt Y Y Y ND
7 B Y Y Y Y
8 FHETH Y Y Y Y
9 HETHER Y Y Y Y
10 L OB IR H e Y Y Y Y
11 LA Y A Y Y Y Y
12 mussaenosidic acid Y Y Y Y
13 jasminoside D Y Y Y Y
14 zataroside B Y Y Y Y
15 3,5-O-WMHEREZE Je 1R Y Y Y ND
16 5 JB - 1-0-B-D-Jo NH XA Y Y Y Y
17 LES# Y Y Y Y
19 LRI Y Y Y ND
20 WIHERR Y Y Y ND
21 jasminodiol Y Y Y Y
22 2-methyl-lerythritol-4-O-(6-O-transsinapoyl)-p-D-glucopyranoside Y Y Y ND
23 ixoroside Y Y Y Y
24 10-acetyl geniposide Y Y Y ND
25 6'-O-trans-coumaroyl geniposidic acid Y Y ND ND
26 6-O-trans-p-coumaroyl gardenoside methyl ester Y Y ND ND
27 jasminoside S/H/I Y Y ND ND
28 6'-O-trans-sinapoyl gardoside Y Y ND ND
29 11-(6-O-trans-sinapoylglucopyranosyl)gardendiol Y Y ND ND
32 nicotiflorin Y Y ND ND
33 6"-O-trans-sinapoylgenipin gentiobioside Y Y ND ND
34 6"-O-trans-feruloyl genipin gentiobioside Y Y ND ND
35 6"-O-trans-p-coumaroylge nipin gentiobioside Y Y ND ND
36 6'-O-trans-sinapoyl jasminoside L Y Y ND ND
38 6'-O-sinapoylgeniposide Y Y ND ND
39 3,5- LA TR Y Y Y ND
40 6'-O-p-coumaroylgeniposide Y Y Y ND
41 3,4-dicaffeovl-5-(3-hydroxy-3-methyl glutaroyl)quinic acid Y Y Y ND
42 3-caffeoyl-4-sinapoylquinate Y Y Y ND
44 6'-O-trans-sinapoyl jasminoside A Y Y ND ND
45 6'-O-trans-sinapoyl jasminoside C Y Y ND ND

Y FORREI RS ND SR A E] s 2>

Y-original blood component ND-component was not detected
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7~14. 16+ 17, 21, 23 IX 14 FFER5S7E 4 Bl 22 FE
a3 AT DRI 2, BB PA b O AMIUAE B ARG
HIIAEERH . FHAREE,  HEI /NG Ry, T8
K IV P i 1 B AR, Wi 2 R A PEAR DB A AR
25~29. 32~36. 38. 44. 45 iX 13 MRS ERN
Wy DU R, R R AE AR B ax A A A
MR, WX LAY T ReZ it B giE R I,
AT 43 A 7RI P 528 e 25 BEA R I AT 72 3R 9,
JHE AR U B 4E B B R B P450 K ik 3A4
(cytochrome P450 3A4, CYP3A4). HilRILHFLMN
2A1 (sulfotransferases 2A1, SULT2A1) FlJRE %
PR i BE % TR 7% #2 ¥ 1A1 Curidine diphosphate
glucuronosyl transferase 1A1, UGT1ALD) WA 5T
HJBFT RS, H CYP3A4 22 e A
RIMREEERY, 5. 6. 15. 19, 20. 22. 24, 38~
42 X 12 PSR TER AR AR A it 2R S 2
AIRTIE], HTELE A AR S AR AT R, HE 5
DRI ] e 70 B N EAT TACHT . Seob st R, MM
ki tF 2. A LIRS, ByZRaE sy #5 a8 DA B i
NI, AN LR 2235 38 A, T4 &AM 4 i 3%
FEM PR 14 A, HEW— 5 E T
SARMERH ig 4824, 8 RURIL, #0555y BRI
18 AR, BSOS lc. ARH, Hetp, B

R = XAFELE T MR B A oh, 33K
I P AR 2 JFE RN IR S 57— 5 T B R )
FRPEIR Bt A SR A K iR EAh, BT
S A B WIGEERE, AR
I i T8 TR A PR 2 e T A A AL
33 RE=LE

TER AR, R REAR U 2L R0 1 B A4 i 4 1
KFES RS E 22 MEFRIAE=Y, 55 LAE
TR o RS Ay LR HEEE
er=a, VEAE B IR 3, 2 AR~ st AL 2
5o R ZHZWAE N 4= B LR AT R 2 22 T AR
T LU AR I I R A 2 (LSRR S, AERFAR
W TR E 16 MR, g 8. 11, 13,
14, 15, 17 FEHACEFE S 25, HEIIHAE N
17 TR SRERWAE TS ER 14 M
AV, BN K. i HE T S
WA PE=Y). ERAR AR AEYE, HAER
WK 3. BRGFRIR. M =SSR 4, R
AR B I HE T G T3 S I Bk i 284K
WA DINE 78 AE 8 B AR I PR A Tk
TR EEAR LSRR AREEL . K. B,
WA PRI ZEmMRE. AER. HARS,

HE - T B Bk R AR R WA 6.

*3 MFRHRTEEER

Table 3 Identification of metabolites of G. jasminoides

. . L BEBSF (m/z) R S . Si

M5 m/min 4T Bt el Sl (X109 MS? 8 F YKEL R S S, S2 S3

Ml 275 CisH2Oo [M—H] 347.1348 347.1353  1.591 113.024 6, 95.014 0, WAEEHFBE~EY Y Y Y ND
85.029 6, 59.014 0

M2  3.17 Ci7H2013S[M—H] 467.086 5 467.0869  1.552 223.060 6, 205.050 0 RFHRKHESE Y YY ND

#@[14,17]

M3 320 Ci7H20n [M—H] 407.1559 407.1561 1.342 361.151 4, 181.097 1, WWHEHHEEEIL” Y Y Y ND
101.024 5, 89.024 5 sy

M4 336 CioHisO0s [M—H] 213.0768 213.0667 1410 151.076 1, 137.060 3, METHEK@E"2 Y YY Y
73.029 4

M5  3.53 Ci7H2012 [M—H] 421.1351 421.1361  2.027 421.136 1 e HHEREMN™ Y YY ND

#@[31]

M6  3.69 CiHisOs [M—H] 243.0874 243.0875 1.195 225.077 3, 169.087 2, WAETFHEEE®E Y YY Y
151.076 6, 149.060 9, FiF=4B1
137.060 9, 73.029 6

M7 3.73 CuaHigN2Os[M—H] 291.098 6 291.0998  1.302 291.017 7, 211.060 9, SR AENKE Y YY Y
79.957 2 & iU

M8  4.54 Ci2HisNOs[M—H] 252.087 7 252.0882  1.531 252.100 2, 186.078 0, T HHEMRLES Y Y NDY
121.0518 4

M9 473 CigH4O00 [M—H] 359.1348 359.1354  1.751 359.135 7, 175.024 9, WWHEHFEE>YBY Y YY ND
113.024 6, 85.029 7

M10 4.92 CxH34O16 [M—H] 565.1774 565.1783  1.969 519.173 0, 225.077 3, WWHEIFHEEFZME Y Y'Y ND

149.045 7, 123.045 3 TR AL =y 32)
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gx3
o . W BEESF (m/z) 3] N . Si
%5 m/min T Bt ERE SE (<109 MS? & T KELR S11S125283
M1l 5.70 CxsH»O1s [M—H] 563.1618 563.1628 2.179 387.108 1, 357.060 9, T HHEMWEE Y Y NDY
299.019 1, 113.024 2 figl4.17
MI12 7.07 CuHnNOs[M—H] 220.061 5 2209183 1.436 220918 3, 176862 5, R HEKLEES Y YY ND
148.954 8 B2
MI13 7.25 Ci3HiNOsS[M—H] 282.080 6 282.0813  1.875 282.097 8, 123.045 0, VEFHTHLMEE Y Y NDND
114.055 8, 82.029 7 i G2
Ml14 726 CoHi00s [M—H] 165.0557 165.0559 1259 165.055 9, 147.045 3, Ve 7 W% Y Y NDND
119.050 4, 91.055 4, JFEHIEp=4B
77.040 0
MI5 729 CioHi20s [M—H] 211.0612 211.0606 1.550 211.098 4, 167.108 0 MEFHIREMEE Y YNDY
FEua
M16 7.52 CigHas0s [M—H] 361.1504 361.1506 1.134 361.151 3, 199.098 1, mussaenosidicacid Y Y Y ND
181.087 2, 161.045 8, S fkj=4yB2
137.097 3, 113.024 6,
101.024 5, 89.024 6,
71.014 0, 59.013 9
M17 7.83 CuHisOsS [M—H] 305.0337 305.0342 1.646 305.033 7, 225.0777, B FHiRt4i4 Y Y NDND
79.9575,59.013 9 i
MI8 9.43 CioH100s [M—H] 209.0455 209.0670 2.255 209.080 1, 165.055 9, Ve ¥~ B2 Y YY Y
135.418 4, 68.819 0
M19 9.64 C27H32015s [M—H] 595.166 8 595.1683  2.583 595.166 3, 295.083 0, W F1-HHE—% Y YY ND
265.072 0, 209.045 8, T HFILP=BA
139.040 0
M20 1230 CaHisOn [M—H] 445.0776 445.0793  2.782 269.046 1, 225.055 7, Wl =M MR Y YY Y
224.048 0, 175.025 1, k=B
181.066 0, 113.024 6
M21 1547 CxnH»O10 [M—H] 433.1140 433.1148 1.857 433.114 8, 257.082 5, nicotiflorin E# &M Y YY Y
175.025 0, 135.009 3, S fbr=4yB2
113.024 6, 109.029 6,
89.024 6, 85.029 6
M22 22.70 CisHioOs [M—H] 269.0455 259.0461 1.600 269.046 1, 224.047 9, 1 M EZE~MBPY Y YY Y

33.029 7, 107.014 0

Siv Siiv Sizv Sov Sy AIRIRGAUIA . BRI a4
Si, Si1, Si2, Sz and S; refer to plasma samples of intestinal metabolism group,

metabolism group and comprehensive metabolism group respectively
4 e

HH R 24 1 o B R R I OB AL O R L R R A B
2R VR R AR R E VR AR E, RAA
WrGIE Al e 2 i PP AR, A RESCE R
24 IE [ 51, ORAIE AR 2448 1 22 A 2033
2022 FFRAGH) “ DU H ARG RERK]” R T i
e 2 i 2 KT 2 L EBAT S 2 — B4, R
EA LY. 2. BB EEEER,
SR HARRT A B ST RIEZR,  RA BRI
YERFE M 253 B2 () o3 A 22 PP AR TR E o DRI
T I %8 N LSS B AR, B ST 2 AR
T %ot 243554 I S ) 1) B RN R 24 R A v B T L
AHEER X A5 5 AGHE R UPLC-HRMS

AU AN 25 A AL I A

intestinal wall metabolism group, intestinal flora metabolism group, liver

RN

MG, RAERSIYISLIREAR, 70 7 e T REdse
HOBCFINE T A AR AR R G AR 3 AN IR
SOERZE I & 25 MLRAE S . 3 B AITET: iR
TS A 2, T R E AR, [F]
I S FLHT T Ik 2 55 SIS, SOttt P fAc e e a4
PF ity 2 L 0 0 e g e T A s A 4L
AL T# K, Sz iE AR Rie 24
JREREARHE: 2R S ARIRR T2 D1 AR 2 R 7 2040,
g B, RIS D e
M550 GG SRS X I X, 2R EIR, AR
TERMUA P S E L 46 MEEROr, IR G
SEAEE Y 38 NG I ELDUR RN ML Ry K 22
MBI RN A T ZOE T BT
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Fig. 6 Metabolic pathways of main iridoid glycoside in G. jasminoides
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