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Abstract: To identify major bioactive components and metabolites of Gandou decoction (GDD) in urine of
normal and copper-laden rats, an integrative approach that ultra-performance liquid chromatography quadrupole
time-of-flight tandem mass spectrometry (UPLC-Q-TOF-MSF) coupled with xenometabolomics analytical platform
was established. Mass spectral data information about retention time, accurate m/z and ionic strength of rat urine
samples was performed under positive and negative ion modes. Unsupervised principal components analysis
(PCA) and supervised orthogonal partial least-squared discriminant analysis (OPLS-DA) were used to reveal the
differential ions. As a result, a total of 77 compounds including 45 prototypes and 32 metabolites in urine were
detected. Results indicated that anthraquinones, alkaloids and tetracyclic triterpenoids and flavonoids were the main
chemical components of GDD in rat urine; the main metabolic pathways of these compounds in rat urine mainly
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include hydroxyl, methylation, sulfating, glucuronidation, and so on. UPLC-QTOF-MSE coupled with xenometabo-
lomics analytical platform is fast and efficient so that facilitates authentication of the material basis of Chinese
herb compound in vivo, can also be used as an effective tool for ascertaining trace bioactive components in vivo.
The animal experiments were approved by the Experimental Animal Ethics Committee of Anhui University of

Chinese Medicine (No. 2019025).
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Figure 1 The PCA score plot of rat urine data from model Gandou decoction (GDD)-dosed group versus model control group in negative-

ion mode (A) and in positive-ion mode (B)
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Figure 2 The PCA score plot of rat urine data from normal GDD-dosed group versus normal control group in negative-ion mode (A) and

in positive-ion mode (B)

Figure 3  S-plot of OPLS-DA model for model GDD-dosed group versus model control group in negative-ion mode (A) and in positive-ion

mode (B)

Figure 4 S-plot of OPLS-DA model for normal GDD-dosed group versus normal control group in negative-ion mode (A) and in positive-ion

mode (B)

Figure 5 The extracted ion current chromatograms (EICs) of
GDD-dosed rat urine in negative ion mode (A) and positive ion
mode (B). The number of peak 1-77 in this figure was consistent

with that in Table 1
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Table 1 Characterization of xenobiotics and metabolites in rat urine after oral administration of GDD by UPLC-Q-TOF-MS. Glc: Glucose;

GluA: Glucuronidates; SO,: Sulfates; Xyl: Xylose; “Prototypes of GDD; Identifications confirmed with standard compound; M1-M32:

Metabolites of GDD; C: Detected in control group; MG: Detected in model group

Peak ID  tz/min Formula Measured  Error lon mode MS and MSE data (m/z) Xenobiotics or metabolites Source
(m/z) — (ppm)
12 0.95 C;H04 331.0665 -0.6 [M-H] 331.066 5, 169.014 1 Gallic acid-O-glc c
22 1.01 C,H,O, 169.0136 -0.6 [M-H] 169.013 6, 125.024 4 Gallic acid C, MG
3(M1) 1.37 C,Hy;NO,, 518.2028 +0.4 [M+H]*  518.202 8, 342.169 2,192.1013  Magnoflorine-O- C, MG
glucuronidation
4 (M2) 158 C,H,,NO, 3281581 +9.8 [M]* 283.095 4, 265.089 8, 237.091 5  Desmethyl magnoflorine MG
5 159 CgH,,0 197.0453 +15 [M-H] 197.045 3, 124.045 4 Progallin A C, MG
6 (M3) 1.68 C,H,;NO, 358.1650 -11 [M]* 358.165 0, 281.077 8, 253.087 7 Hydroxylated magnoflorine MG
7 1.70  C,H,,0, 4511243 +0.7 [M-H]"  451.1243,289.082 1 (+)-Catechin-5-O-p-D-glc C
8 241 Cy,H,40, 353.0873 0.0 [M-H] 353.087 3,191.089 9 Chlorogenic acid C, MG
9 257 Cy;H,,04 289.0710 -0.7 [M-H] 289.0710, 245.082 1 (+)-Catechin C, MG
10? 2.78 C,H,NO, 3421715 +29 [M+H]*  342.1715,296.1130 Isocorydine C, MG
11 (M4) 2.98 C,H,NO,, 5141723 +19 [M]* 514.172 3, 338.137 7, 323.114 4 Jateorhizine-O-glucuronide C, MG
12 (M5) 3.09 C,Hy,NO,, 5121557 0.0 [M]" 512.155 7, 336.123 5,321.098 2 Berberine-O-glucuronide MG
132 320 C,H,NO, 3421700 -15 [M]" 342.1700, 297.112 2, 282.087 5, Magnoflorine C, MG
265.086 0
14 (M6) 387 C,H, 04 4450770 -0.2 [M-H]"  445.0770, 269.045 2,225.0556  Emodin-O-glucuronide C, MG
15 (M7) 4.03 C,HO,, 459.0563 -0.2 [M-H] 459.056 3, 283.024 3, 239.0359, Rhein-O-glucuronide C, MG
211.040 8
16° 456 C,H,0, 431.0985 +1.6 [M-H] 431.098 5, 269.046 0, 241.049 2  Emodin 8-O-p-D-glc C, MG
17 (M8) 4.68 C,H,NO,, 500.1577 +4.0 [M] 500.157 7, 324.154 9, 309.079 0  Demethyleneberberine-O- C, MG
glucuronide
18 (M9) 470 C,H,NO,S 416.1489 -36 [M] 416.148 9, 336.123 8 Berberine-O-sulfate C, MG
192 478 C,H, 0, 4450777 +1.3 [M-H] 445.077 7, 283.025 3, 239.035 3, Rhein 1-O-4-D-glc C, MG
211.0400
20 (M10) 4.90 C,H;{NO 3521165 -5.7 [M]" 352.116 5, 336.127 3, 320.097 3  Hydroxylated berberine MG
21 (M11) 496 C,H,0,S 362.9843 +8.8 [M-H] 362.984 3, 283.025 5, 239.035 7,  Rhein-O-sulfate C, MG
211.040 0
22 (M12) 498 C,H,NO,, 512.1557 0.0 [M]* 512.155 7, 336.123 0, 321.098 0  Berberine-O-glucuronide C, MG
23 515 C,H,0,, 463.0875 -04 [M-HI 463.087 5, 301.003 8 Isoquercitrin Cc
24(M13) 552 C,H,0,S 362.9843 +8.8 [M-H] 362.984 3, 283.025 3,239.0355  Rhein-O-sulfate MG
25(M14) 575 C,H,NO,, 4981404 +0.8 [M]" 498.140 4, 322.109 8, 307.085 4  Berberrubinen-O-glucuronide C, MG
26 (M15) 585 C,H,;0,, 4450770 -0.2 [M-HI 445,077 0, 269.045 4, 225.0549  Emodin-O-glucuronide C, MG
27 (M16) 6.01 C,;H,NO,, 528.1880 +19 [M] 528.188 0, 352.123 0, 337.1213  Palmatine-O-glucuronide C, MG
28(M17) 6.19 C,H,NSO, 4020661 +35 [M] 402.066 1, 322.125 1, 307.085 0  Berberrubinen-O-sulfate C, MG
29 (M18) 6.55 C,H,NO, 3541350 +25 [M+H]"  354.1350, 338.139 9 Hydroxylated jateorhizine C, MG
30° 6.86 C,H,0, 4470927 -29 [M-H] 447.092 0, 357.091 7 Homoorientin C, MG
310 7.15 C,H,NO, 338.1408 +4.7 [M]* 338.140 8, 322.099 7, 308.130 9 Jatrorrhizine C, MG
32(M19) 7.35 C,H,NO, 3241206 -93 [M] 324.120 6,294.114 6 Demethyleneberberine C, MG
33(M20) 7.47 C,HNO, 3221091 +3.7 [M] 322.109 1, 307.063 8 Berberrubinen C, MG
3430 7.69 C,HgOs 9315296 +3.2 [M-HI 977.540 0, 931.529 6, 799.485 4,  Notoginsenoside R, C, MG
637.431 2,475.378 4
35(M21) 7.81 C;H,0,S 333.0067 -0.6 [M-H] 333.006 7, 253.050 5, 225.056 1 Chrysophanol-O-sulfate C, MG
36 (M22) 817 C,H,,0,S 349.0018 0.0 [M-H] 349.001 8, 269.045 9, 241.044 2 Emodin-O-sulfate C, MG
37(M23) 825 C,H,0,S 333.0073 +1.2 [M-H] 333.007 3, 253.050 4, 225.056 0 Chrysophanol-O-sulfate C, MG
38*° 8.36 C,H;;NO, 336.1230 -18 [M] 336.123 0, 321.098 4, 320.091 6, Berberine C, MG
306.076 3, 292.096 7, 278.081 4
39° 8.39 C,H;0,, 799.4862 +23 [M-H] 845.492 0, 799.486 2, 637.432 2, Ginsenoside Rg, C, MG
475.378 6
40° 8.48 C,H,NO, 3521540 -26 [M]* 352.154 0, 337.143 1, 336.098 4  Palmatine C, MG
41 (M24) 855 C,H,0, 429.0838 +3.7 [M-H] 429.083 8, 253.064 3,225.0655  Chrysophanol-O-glucuronide  C, MG
42 (M25) 878 C,H,,0,S 349.0016 +0.6 [M-H] 349.001 6, 269.045 9, 225.0459  Emodin-O-sulfate C, MG
43 (M26) 9.15 Cy,H,NO,, 530.1681 +36 [M]* 530.168 1, 338.104 3 Hydroxylated Jateorhizine- C, MG
O-glucuronide
442 9.23  Cy;H,,04 285.0390 -32 [M-H] 285.039 0, 229.045 0, 169.014 5  Kaempferol C, MG
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Continued
. Measured  Error L .
Peak ID  tz/min Formula lon mode MS and MSE data (m/z) Xenobiotics or metabolites Source
(m/z) (ppm)
450 9.46 C,H,0, 301.0360 +4.0 [M-H] 301.036 0, 151.045 2, 107.0152  Quercetin C, MG
46° 9.61 C,H,,0, 4171195 +22 [M-H] 417.119 5, 255.066 6, 227.0718  Aloin C, MG
47 (M27) 10.01 C,H,O, 4450770 -02 [M-HI] 445.077 0, 269.045 3,241.0550  Emodin-O-glucuronide C, MG
48 (M28) 10.37 C,H,;0, 429.0815 -1.6 [M-H] 429.081 5, 253.064 3, 225.0555  Chrysophanol-O-glucuronide  C, MG
49 10.56 C,H,,0; 271.0615 +33 [M-H] 271.061 5, 151.066 6 Naringenin C, MG
50 (M29) 10.65 C,H,0,S 333.0072 -09 [M-H] 333.007 2, 253.050 1, 225.056 6  Chrysophanol-O-sulfate C, MG
51(M30) 10.80 C,H,0,S 376.9973 +1.1 [M-H] 376.997 3, 297.040 3 6-Methyl-rhein-O-sulfate C, MG
522 11.76 C,H,,0,, 4451138 +0.7 [M-HJ 445.113 8, 283.061 7, 239.043 3  Physcion 8-O-p-D-glc C, MG
53(M31) 11.94 C,H,0,, 459.0563 -0.2 [M-HI 459.056 3, 283.024 2, 211.041 0  Rhein-O-glucuronide C, MG
542 1253 CgHg,0,, 1107.6050 +8.7 [M-H] 1153.601 2, 1 107.605 0, Ginsenoside Rb1 C, MG
945,546 9, 783.491 7
552 13.15 C,H,,0; 297.0404 +1.7 [M-H] 297.040 4, 267.051 1, 239.055 7  6-Methyl-rhein C, MG
56° 13.36  Cy4Hy,0, 637.4341 +39 [M-HI 683.439 1,637.434 1 Ginsenoside Rh, C, MG
572 1356 C,H,,0, 487.1252 +25 [M-H] 487.125 2, 283.061 5, 253.051 0  Physcion 8-O-p-D-(6"-O- C, MG
acetyl)-glc
58 (M32) 1398 C,H,,0,S 349.0029 +3.2 [M-H] 349.002 9, 269.045 3,241.0455  Emodin-O-sulfate C, MG
59° 1413  Cy4H,404 505.3527 -0.4 [M+H]*  505.3527,6487.3490,451.3497 16-Oxo-alisol-A C, MG
60%° 1452 C,H,,0s 271.0607 +0.7 [M+H]*  271.060 7, 241.025 8 Aloe-emodin C, MG
61%° 15.30 C,H 0, 283.0249 +21 [M-H] 283.024 9, 239.034 9, 211.040 8, Rhein C, MG
183.035 6
62° 16.70  C,H,;gNOg 3511192 +2.0 [M]* 352.119 2, 337.094 8 8-Oxobererine C, MG
632 17.05  Cy4H,s05 4873410 -2.7 [M+H]*  487.3410,469.326 5,451.3215 Alisol C C, MG
64> 17.25 C,H,,0, 299.0555 -0.3 [M-H] 299.055 5, 284.049 2 Kaempferide C, MG
65° 1746 C,H,0, 307.0973 +1.0 [M-H] 307.097 3, 187.040 6 Bisdemethoxy curcumin C, MG
66° 17.93  C,H,;0q 337.1077 +0.3 [M-H] 337.107 7,217.050 8 Demethoxy curcumin C, MG
67%° 18.38  C,H,,04 367.1191 +25 [M-H] 367.119 1, 217.052 4 Curcumin C, MG
68%° 19.25 C,H,,0; 269.0454 +15 [M-H] 269.045 4, 241.050 5, 225.055 7 Emodin C, MG
69° 19.71  C,H,0s 5113393 -12 [M+Na]* 511.3393,471.2696,383.2687  Alisol F C, MG
70° 20.04 C,,H,Oq 511.3428 +1.0 [M+H]* 511.342 8, 467.315 7 Alisol L 23-acetate C, MG
7120 2171 C,H,,0, 253.0515 +55 [M-H] 253.0515, 225.053 5 Chrysophanol C, MG
72? 2290 C,,H,,04 555.3659 -0.5 [M+Na]* 555.36509,515.3526,383.2799  Alisol A 23-acetate C, MG
73 2354  C,H,,0s 4913731 -1.0 [M+H]*  491.3731,473.3537,455.3523 Alisol A C, MG
74° 23.79  C,4H,0, 4733635 +0.8 [M+H]*  473.3635, 455.3535,437.3528  Alisol B C, MG
75? 23.93  C,4H,,0, 469.3300 -3.8 [M+H]*  469.3300,451.318 8,433.3123  Alisol L C, MG
76° 25.28 C,,H.,04 555.3648 -2.5 [M+Na]* 555.3648,515.3415,383.2787  Alisol A 24-acetate C, MG
77%° 25.32  C,,H,0; 5153730 -1.2 [M+H]*  515.3730,497.362 1,419.3293  Alisol B 23-acetate C, MG

R, EAE AR, R m/z 283.024 9.m/z 239.034 9.
m/z 211.040 8.m/z 183.035 6 [ FEME A B T . JRIFE
A ORI B 6 AN A IR SR B4, 43 0] i 10,13
31.38.40 1 62, H i 38 28 5 HE U1 J& oy /N BE T
IERE RN, NEERSS T8 18 miz 336.123 0 [M],
MS/MS & 75 3= B Fi o m/z 321.098 4.m/z 320.091 6.+
m/z 306.076 3.m/z 292.096 7.m/z 278.081 4 %% . 1459,
63.69.70.72~77 4 =k F 55, LAUE 74 9 B, te=
23.79 min, IE & BT, HRZ S50 A8 8 L SR
5 kA i K K, m/z 473.363 1 [M+H] i 25— 1
H,O J¥ i m/z 455.353 5 [M+H-H,O]* (1 A 55 1, #8
%% — 4> T H,0 JE % m/z 437.352 8 [M+H-2H,0]* i
TR B8 1, 5 A0 R A% B A IR) RO B 15 2., 48 5 %4k
HEWYNFEIEEE B, 1§ 34.39.54 fi1 56 Ky 2 4 4y,

g 342X BaHE N =2 R, 75 FH
AT, =-LBEH R M m/z 977.540 0 [M-H+HCOO] Al
m/z 931.529 6 [M-H] [ 2 e, =7 B& & i 14 7 B85+ m/z
799.485 4. m/z 637.431 2. m/z 475.378 4 4 A% E
[M-H-Xyl]"\[M-H-Xyl-Glu] b % [M-H-Xyl-2Glu] .
U 65~67 32 3K KAy, Z ISR B 8 T e B A
U 65 A1 66 ) { B3 I 8] 43 79 7y 17.46 F117.93 min, 1%
RE B 73 915 8 m/z 307.097 3 F1'm/z 337.107 6 {173 1
B, R R A9 3R SR T, AT A 0 65
FIIEE 66 73 il A 25 HAR FE s /A 6 A B 2 i 3.
U 23.30.44.45.49 FlI 64 2y T 2 B 43, F 0 45 A
64 73 7l Jati R AL 2R 5

22 MEZARBREPRHEZILEE 46EE™
W) B A JSL R 2R AR, IR BR BRI S 1) 32 4
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AR (5 1t M1~32), 4 5 ik % 5 2 Wi
G RN B BRI . L M5 N, M52 T B T
I m/z 512.155 7 [M]*, 43 A CheHpsNOs, 75 5 R
G K, FRIEE R AT RERE R 2 T (176 Da), [FIE
77 A /N BE B IR REAE B8 7, I M5 Dy /N BE B 1T AH
T MR RR AL A . MA T 2 T T 0% [M] i miz
514.172 3, {KBE & T A m/z 388.137 7 I 1, & W
H A GIuA BT IEE B 03043, HET M4y 25 AR B
V14D AT 22 R S T A 7 47, SR T T 6 A R A 1) LA
ASBEBERAIN o AR AR T v H At 2B P 2R AR
BEAT %59, i M1.M2 M3 23 512 A 2 TE 1 1) 7 7
M TR AL = 2 L 5 P W AR AL P2 ) M8 Rl M14
3 A R 2 WIS TR A 1) 2 30 R IR /N B AR AD 2 FR L /)N B
B, M10 Ay /N BE GG 1 32 40 77 4, MAT SR BR AL 11 22
FH R /N BE T MO M19 AT M20 43 5] A % R 4k /)N BE T
F23 /N BE G AN 25 HE L /N BE R M4\ M18.M26 43 J
SR 2 ARk 1D 6 265 W T TR A 7 ) 2 AR R A R e
Ak Ji 7 e B S TR 4 ) ML D B I 9T ) e R I R
diar. 16N EDAR WY+, M2.M3.M10.M18~
M20 g T AHACU ™4, At i 8 14 0 4 29 1 1 8 AL
() TLARAR T P24 o

%5 WA 16 S BEUER AR 1 88 R B R Ak
TR TR AL T AHAR =9 . 0 M15 (1 43 1 55 1
Jmlz 445.077 0 [M-H] ", fE = e N, RRAE 2 4 &
PERERR 77 (176 Da), /=4 m/z 269.045 4 - 551, [A] i}
#9724 m/z 241.050 6 #1l m/z 225.054 945 — R 5| KiE &
FIRFIEES 7o M6.M27 5 M15 143 7 B T I A [, 3%
FH 2RI D7 34T 45 51, 4801 M6 .M 15 .M 27 K 3
FR) 76 2 B S TR AL S . M22 1 4y TS T I Y miz
349.001 8 [M-H]", 7£ /=1 fe & 1 i B v, RRAE 2 R i R
143 ¥ (80 Da), 7= A4 m/z 269.045 9 i) 1 & 1, A i b
7P miz 241.044 2 KRR RHE S 1o BRI %
Xof A TR AR HEAT T HEN, HE W M22, M 25,
M32 4 K3 R BRI 45 6, M7 M31 9 oK B 2 i %
PERERR AL 45 50, M11.M13 9 K IR B IR Ak 45 & 4
M24.M28 S} K 5 T 8 4 B R TR 1L 45 5 1), M21.M23.
M29 >y K 35 193 i R AL 45 5 105 M30 A 6- FFF 5 K 3 R Tt
PRI G BRI 254 K R 5 1B 4 2 AE 23
WRAC AR U R A 22 S, R R 2L T B0 S5 0 6 i A SR B )
Jv i) i A R B K BR A AR — o I R R 0, TT RE S
i) A B K
3 MFEAXRBREK GRS

MR EE R el E Y, BB AR A YT
JETE B B FAH S AR 9 B 523 32 B2 ) T8 AR
W), XL o) RE 4 PRI T HE 2 AR b, TEPRVURE i 3

TSI 31 22 > A= WK 7, e B T TR AL AR TR
2 B4 R AL S AR AR AL AR R B (1
SRR T 2o AR R 3L RGN 21 26 A TR S AL
i, H ) W T TR A AR TR A Dy TR SR Ak & W 1 2 AR
WHRAE . BRI Ah, JOAG I E 10 A 5w e 2 il 2K T
BTy AR R JEUE B2 AN 3 i 2 5 3R R I -

g

A TR 28BS 0 A0 6 5w 245 52 D7 AR = H AT
IRAFAE R AR B 1519, A w57 4 i UPLC-Q-TOF-
MSE 7 AR G5 G AR AR 21 5 R AT PR T 4 T A R0
36 W R B PR VR R R R J o AR P2 . I B B
O VR ARG 43 B A B — 2 o e R AR P U, TR AR
W= AR M AT %52, TE LB R TR VAR DU B[R] A D
Ry P KA st o AR PR AR 4 2% 45 & UPLC-
Q-TOF-MS J7 ¥4 fig B WIEME T30 & 1, ol ot i
FEEE AL 4E, 1k 7 A R I RR, 7T 1E N i ik
5 e MR YRR AR R 1 BT R

SCHRRE H 2 (5 07) T DLE I C AL 4 AR
o R AR AN, R HE I VIR HEZE A S .
AT 5T I TR RS I 1 2 1) 45 A R T o B TE
B S B S L A el R iR e TR i Sk &, XL
KUWEDE AR R R A AL ], gede fit
—XREZ I BT S S TPRENEBORE TR
AETEAL, U AR SR AL G I B 3 ) 3 AL FR R A 4 A ik
55 Cu B &Y s & 0T, BRI AL & K 3% /08
K EE MU0 K3 2 RS AT DL Cu R AR A, AR
ANERBGEY . HREREKH, I HEIEE
PR AR R R PRV A B T AN BB Ak A T R LR
PR VBHE A P 25 2000 Jo3 A
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