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Abstract: To profile and characterize the ingredients absorbed into blood and their metabolites of the
Eucommiae Cortex (EC) extracts in rats with renal fibrosis induced by adenine, and so as to provide a reference for
investigation of the pharmacodynamic substances of EC. SD rats with renal fibrosis induced by adenine were
intragastrically administered with the EC extracts, and the rat plasma samples were collected and analyzed by
UHPLC-Q-TOF-MS/MS to identify the prototype ingredients absorbed into blood and their metabolites. The
experiment was approved by the experimental Animal Ethics Committee from Nanjing University of Chinese
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Medicine (No. 202103A008). The results showed that a total of 24 prototype compounds were identified, including
9 lignans, 4 iridoids, 8 phenylpropanoids, and 3 organic acids. Furthermore, 30 metabolites were obtained by

further analysis, including 9 lignans, 19 iridoids, and 2 organic acids. The results of this study can provide the

valuable reference for further elucidation of the pharmacodynamic substantial basis and mechanism of EC in the

treatment of renal fibrosis.
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Figure 1

Histological observation of kidney in normal rats and

rats with renal fibrosis induced by adenine (%200)
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Figure 2 Typical base peak chromatograms (BPCs) of Eucommiae Cortex (EC) extracts and medicated and blank rat plasma in negative

ion mode (A) and extracted ion chromatograms (EICs) of prototype ingredients absorbed into blood and their metabolites of EC extracts in

negative ion mode (B). a: EC extracts; b: Medicated plasma; c: Blank plasma. A1-A9: Lignans 4/di-O-glucopyranoside; B1-B7: Geniposidic
acid; C1-C6: Geniposide; D1-D6: Aucubin; E1-E2: Vanillic acid 4-O-glucopyranoside
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Figure 3 Proposed fragmentation pathways of prototype ingredients in rat plasma of EC extracts. A: Pinoresinol di-O-glucopyranoside; B:

Geniposidic acid; C: Chlorogenic acid; D: Vanillic acid 4-O-glucopyranoside. Glc: Glucopyranoside
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315 Mm/z 153, M % 162 Da, HEAH M [F 51
m/z 108, &5 & SCHRM I — 38 o o R LR 5 R
LR .
3 HF UHPLC-Q-TOF-MS/MS A9 4t {h 32 BV 49 A\ M
RS REEYEE

& B MetabolitePilot™ (3€ [E AB Sciex A &) #44,
FOBR 2 [ ML P9 PR 5 4, I T R,
TEARZ /N T 5x10°u [ P SR AF A RS 1 A i =
VIHE 18 7 V6, P25 NS R R T A )
SERRRE, %08 N IR T2 A% 4 AR P2 4 3L 30 4, &2
BOR B ARG 2= 2K @ B R A HLIR KA S (12
B 7 il B LI 2B, 1 B % £ B L% 2).
30 KREFREXUEVRESMEE ANMAIFERERSE
WGP =L 9 Fh, ¥k B RNE =B 2R, Kk
BN K R N S B e I e AR R, T R AT
TR T 8 T 1 R T 2 0 2 A 55 s I A A AR 14 7
P, LS AL FT A2 [M-H] 2 T8 71y mi/z
695 Fll m/z 599, %k — 4 F Gle A BHE F & F m/z 533
Ml miz 437, W8 J5 W8 7 m/z 533 F= 2% — 4% 1% 0 Bl I R
(glucuronide acid, GluA, 176 Da), ¥ F m/z 437 F: 5 —
4y FIRIREE (SO, 80 Da), 344 b A & F m/z 357, 1%
1 3k — 20 AR T R ERE o m/z 151, HEIAL &4
AL F A2 53 T DR i i T B0 2650 W 5 T 0 0 1 TR A R
MR R AR =W . 5 2 KL, 159 A3 [M-H] #E5)
T TN m/iz 613, B BT m/z 357 HEBFE T R R
— 4> F GluA Rl — 5 SO, 2 &, HEM Ry b A 246 47 0
RERR AL B IR IR AL AR =) . 1b &4 A4 [M-H] #E7T
BTN miz 535, B K — 57T GluA A i o e
T m/z 359, BEFr miz 341 F1329 HH: it — B E R —0 T
H,0/OCH, 4= B, 0 Ay #a BRI TT 24 5 4 47 B I iR 1 AR
WEE. L&Y AS [M-H] #7187 1§ N m/z 533,
BALE ) AL/ 162 Da, Fo AR P A [H], A1 0 A Fa i i
G ERERA AR . (LA A6 [M-H] #Er T &
TU&E Ry miz 437, B4k &9 A2 /N 162 Da, I 41 #
[, HHEI A A B R R AL AR = . L&) AT A8
A A9 [M-H] #7515 1 U& 4 m/z 551.549 F1 563, %
H AR —7 1 GluA 2B 7 B+ m/z 375.373 #1387,
o BN L5 T i 23 R AR Ak 2 1 43, AL & 9 AT
A8 R A9 73 5 R B g 2K (8- LA flg B Al b fig K &%
76 B A PR R A AR =4 . BT N L o)
0,5 A T RONS S 25 01 8- 5 s G e A/ X0 6 7 W
HF, T B XU A BE AR S5 0 _EAR 2 — 42 F Gle, FLE
PO AR U 3 42 R D, AN &5 A4 B T v 0 AR



A

1142 - 242224 Acta Pharmaceutica Sinica 2022, 57(4): 1136 —1146

Table 2 Analysis and identification of metabolites in rat plasma of EC extracts based on UHPLC-Q-TOF-MS/MS

No. t/min Pathway Formula [M-H]"  Error/10° MS/MS

Al 9.11 Glucuronidation C,H,0, 6952187 -0.8 533.1609,357.132 8, 175.028 1, 151.035 6

A2 9.26  Sulfate conjugation C,H,,0,S 599.1439 -0.2  437.0913,357.1354,151.040 8, 136.016 9

A3 9.32 1/2 x Loss of C;H, O, + Sulfate conjugation + C,H,0.,S 613.1237 0.6 533.168 6, 437.089 5, 357.134 1, 151.040 4
Glucuronidation

A4 9.55 1/2 x Loss of C.H, O + Ring-opened + C,H,0, 5351818 -0.7 359.152 2,341.139 1, 329.141 8, 326.126 1
Glucuronidation

A5 9.73  1/2 x Loss of C;H, O, + Glucuronidation C,H,, 533.166 2 -0.5 357.130 8, 175.025 0, 151.037 7, 136.015 4

A6 10.08 1/2 x Loss of C;H,,O, + Sulfate conjugation C,,H,,0,S 437.091 1 -0.2 357.129 9, 151.040 5, 136.013 8

A7 7.43  1/2 x Loss of C.H, O, + Glucuronidation C,H,,0, 551.1770 -0.4 375.144 8, 195.062 4, 191.071 9, 179.068 4

A8 9.4 1/2x Loss of CH, O, + Glucuronidation C,H,,0, 549.1612 -0.3 373.123 6, 343.114 5,313.105 0, 181.049 5

A9 9.79 Loss of CH, O, + Glucuronidation C,.H,, 563.176 8 -0.4 387.152 0, 357.105 3, 181.073 9, 151.045 0

Bl 2.64 Hydroxylation C,H,,0,  389.1089 0 227.055 3,209.044 8, 165.055 3, 147.044 0

B2 3.58 Lossof CH O, + Loss of CH,O + C.H, 357.082 8 -0.3 181.048 0, 175.024 5, 162.837 0, 119.049 4
Glucuronidation

B3 4.27 Loss of CH, O, + Ring-opened + 2 x C,,H,;O4 217.108 4 1.1 199.094 6, 173.111 8, 157.086 9, 137.096 0
Hydrogenation

B4 4.44 Loss of CH, O, + Loss of CH,0 CH, 0, 181.051 1 1.4 163.038 8, 135.045 6, 134.037 5, 119.050 7

BS 491 Loss of CH, O, + Loss of H,O + Glucuronidation C,H, O 369.082 7 -0.2 193.049 4, 178.024 9, 175.023 3, 149.059 0

B6 5.05 Loss of CH, O, + Dehydroxylation + C,H,, 371.098 3 -0.8 195.061 0, 177.061 3, 133.067 9, 123.048 2
Glucuronidation

B7 5.28 Loss of C,H O, + Decarboxylation + C,H,0, 343.103 8 0.8 167.075 5, 149.062 1, 139.077 5, 123.056 1
Glucuronidation

Cl 7.12 Loss of CH, O, + Sulfate conjugation C,H,S 3050338 0.3 225.079 4, 207.065 6, 147.043 3, 123.044 0

C2 7.67 Loss of CH, O, + Glucuronidation C,H,,0,  401.108 7 -0.7 225.0759,207.064 6, 149.060 7, 123.043 5

C3 9.47 Loss of CH, O, + Ring-opened + Hydroxylation ~ C, H O, 243.087 3 -0.6 199.093 5, 197.115 6, 181.141 5, 163.055 5

C4 9.54 Loss of CH, O, + Ring-opened + Hydrogenation ~ C, H O, 229.108 3 0.7 185.114 9, 139.110 2, 118.937 3

Cs5 9.76  Loss of CH, O, + Ring-opened + Loss of CH,0 C,H,0, 197.082 2 1.1 153.094 5, 135.087 0, 133.081 1, 111.051 8

C6  10.09 Lossof CH, O, + Ring-opened + C,H,0, 209.080 5 -4.7 163.075 3, 141.090 2
Dehydroxylation

D1 2.78 Loss of CH, O, + Glucuronidation CH,, 359.098 2 1.5 183.086 4, 149.889 0, 135.085 2, 121.064 1

D2 3.8 Loss of CH, O, + Hydrogenation CH, 185.082 6 2 167.074 9, 139.889 5, 123.080 8, 121.067 6

D3 4.49  Loss of CH, O, + Hydroxylation CH,,0 199.061 4 0.7 181.049 2, 162.839 4, 155.069 9, 137.061 0

D4 5.22  Loss of CH, O, + Ring-opened + Hydroxylation + C, H O, 215.093 1 0.9 197.077 7, 145.050 9, 135.078 0, 101.063 6
Methylation

D5 9.16 Loss of CH O+ Loss of H,O CH,, 165.056 3 2.8 147.041 9, 119.048 7, 117.035 1, 101.039 0

D6  10.68 Loss of CH, O, + Ring-opened + Methylation C,H 199.098 1 1.3 181.086 4, 155.116 3, 137.098 1

El 3.05 Loss of CH, O, + Glucuronidation C,HO, 343.0670 -0.2 167.032 8, 152.013 0, 123.041 4, 108.021 8

E2 4.03  Loss of C.H, O, + Sulfate conjugation

C.H,0,8

246.992 0 0.7 167.033 9, 152.010 5, 123.044 4, 108.022 2

A1~AG6. A7 F1 A8 HERAIE IR (FRIIEE LK 4).
32 HEEBIERCAEMREEYERE N\ M
5 Ak A WA W 3k 19 i, 15k 1 B0 Bk it 2,
Hr Rt e i Ee 70, 58 T 6 B, Bkt I 6 Fh .
T I Tk ks 7 24 B0 62 K R T R R AR R A 2
1, DL o8 RSN L, B 5 AR 25 0 K 25
ERIAEE NS E WIS N R AP A T L d I
T W T T A S A s P11

e H R LAY Bl [M-H] #5155 116Ny
m/z 389, B 5 JE TR K 16 Da, T & T m/z 227 Ml m/z
209 HHB8F B 1k 4 %k — 4> Gle fl—4r 7 H,0 AT 1%,
HARW R 558 T B AR [, 0 58 75 1% 2 5
AR =¥ . L& % B2.B5.B6 Al B7 [M-H] #E%> T

BT N miz 357.369.371 F1343, Kk —4F GluA 4
FRHH S TCRE S T m/z 181,193,195 #1167, Ml T
2P BT B T m/z 211 43 51171 30,1816 1 44 Da,
FLARWE B REAE S 5B S R AR O, 4k 54 B2 BS .
B6 I B7 435l 5L J& T I 1 4 0 W 1R A 5 25 U ST
B BK IR RN R B . Ak, (5 B3
HEM A 5B R FFIR + 2 x SR =8, miz 217 4
H [M-H] #5735 70, #5538 m/z 199 Fim/z 173
S 7 £ K — T H,0/CO, 4 . b &4 B4 4
N e T R 2 AR R BRI 2, miz 181 N M-
H] #4515 U, B8R B F m/z 163 Flm/z 119 FHBEES
T#ESFE KT HO M4 T CO,fE (FRikiz
W 5A).
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Figure 4 Possible metabolic pathways of pinoresinol di-O-glucopyranoside/pinoresinol 4-O-glucopyranoside in rats. GluA: Glucuronide
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Figure 5 Possible metabolic pathways of (A) geniposidic acid, (B) geniposide, and (C) acubin in rats
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243, 2 O F1— 431 CO/OCH, 13 B 1 Fi B 1 m/z 199
197, WP BT m/z 181 M m/z 163 H m/z 199 3% 4L F
KP4 T H,0 Fifs, #HEM &9 C3 N E e FH I G 2
FACAR W . A& C4 1 C5 [M-H] D 75 7
W Ny m/z 229 M m/z 197, % HIELE R R —4rF CH, M —
5 F OCH, 2E J e i 85 F m/z 185 A1 153, HEM AL &4
C4 F1 C5 45 H N 5t Je ~F IF 38 5 EAAR = P T 30 J5
AT HERW . LAY Co [M-H] T &
T A miz 209, W BT mlz 163 HBEE 7 F Kk —4)
T OCH, 5 O 153 2, #EM 4k &4 C6 N Je P IF I J5 %
FREEAARE = (@42 W 5B).

BT B A& D1 [M-H] e T8 T Ig

m/z 359, B A B ¥ m/z 183 B & 1 it % — 4> F GluA
BT, oA P R A 55 Ak v 3 3 R AL, 0 Ak v 3
T EF 0 2 B T R AL ARV = . A& 1) D2 AT DS [M-
H] #4578 70y m/z 185 Ml m/z 165, k£ — /% T
H,O 15 2IW Jy B F m/z 167 Flm/z 147, Bk E R — 7 F
CO A B F B F m/z 139 Fl m/z 119, #EI 1L & 9 D2
FDS 43 53 A Bk i 3 9 o0 AL R B K AR A
LAY D3 [M-H] #E5 T 8 TR miz 199, i 7 85T
miz 181 Fm/z 137 tH BFE§ T #4552k — 73 7 H,0.0 Al
— 4 CO S5 T B, HE I ik i 3 38 8 1 o0 72 B A AR
B . L&Y D4 [M-H] #E> T8 78N m/z 215,
FR T HO MR & T m/z 197, 468 £ KW 51
T H,O 1 O T RIE 1 38 F m/z 145, HE bk - 5 28
I 5 72 5 + R =Y. L&Y D6
[M-H] #4575 T m/z 199, F Kk —4F H,0 L ik
WP 851 miz 181, k8 KR — 501 C,H, TR R Jr 257
miz 155, HEM gk 3085 5 7 o0 58 5 B AR AR i
W (R E LK 50).
33 AHBRECEMRESIEE WEYELRE2
EA B TR T A [M-H] U2 T2 16 m/z 343 I
m/z 247, W J5 BFBS 1 m/z 343 2k — 3 T GluA, BFE 1
miz 247 F K — 531 SO, 13 B A A 7 85§ m/z 167, 4k
BrF R — 03 F CH, /B — 43 -1 CO, 2B Bt Jr 88 - miz
152,123 #1108 55, DL v RRAE -5 7 B 8 i 260 W AR
[, AR W6 A 90 1R E2 43 591 4 7 5 1 ] 4 0 T TR Ak
A E R R FR LA 7= -

it
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