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Identification of in vivo substances of rats after oral administration of mulberry
leaves flavonoids by UPLC-Q-TOF/MS
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Abstract: Objective To identify the chemical substances in plasma, urine, feces and bile samples of rats after oral administration of
mulberry leaves flavonoids. Methods The plasma, urine, feces and bile samples of rats after a single oral administration of mulberry
leaves flavonoids at a dose of 0.5 g/kg at different time points were detected by UPLC-Q-TOF/MS. Results Thirteen prototype
compounds and 41 metabolites were found. The metabolites mainly included glucuronidation, sulfation and methylation. Conclusion

This reseach estabilished the basis to study the pharmacokinetics and the pharmacological action mechanism of the mulberry leaves.
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Z IR EUIE 0.5 g/kg BT ig A7 KR, 4
ZiIPH— SR I INTE 0.5% CMC-Na /K
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Fig. 1 Chromatograms of mixed reference substances of

mulberry leaves flavonoids
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Table 1 Identification of prototype compounds in plasma, urine, feces and bile of rats after oral administration of mulberry

leaves flavonoids by UPLC-Q-TOF/MS and reference substance comparision

i f/min i TR
I 2% PR FEfE REYT
Cl1 5.16 T + + + +
2 5.33 SR AT + + + +
C3 5.55 KRBT + + + +
Cc4 6.29 Epara s + + + +
C5 7.57 FMOE + + + +
C6 8.63 i e %% + + + +
C7 10.55 L 2%y + + + +
“+7 KM, -7 Kx, TH
“+” means existent, “~"" means non-existent, same as below
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Table 2 Identification of prototype compounds in plasma, urine, feces and bile of rats after oral administration of mulberry

leaves flavonoids by UPLC-Q-TOF/MS

) . [M—H] Wi
%5 fp/min i
S P (X109

MS/MS T f

SOrE AL

fam L
W R RE M

C8 664 447.0921 447.0927 -13

C9 7.05 327.0870 327.0869 0.3

CI0 816 3551176 3551182  -1.7

CIl 939 505.0984 505.0982 0.4

Cl12 1124 353.1026 353.1025 0.3

CyHig0y;  285.040 0 [M—H—C¢H,(0s], 151.002 8 52 4-=#HHE-7-0-  + + o+ 4
[M—H—C4H,005—CsHs0,]

CisHisOs  295.059 4 [M—H—OCH;], 282.052 6 7- W4 I8 L2, + + o+ 4+
[M—H—OCH,CH;]”

CyHyg0g  340.093 9 [M—H—CH;], 267.065 3
[M—H—CH;C,HsCOOH]"

Cy3Hy 013 463.086 7 [M—H—Acetyl],
301.036 3 [M—H—Acetyl—Glu]”

CyH;p0g  283.060 7 [M—H—C,H;07,

S b

B-D-IHE 2 7

4- "R I
Q82 4-—"RIEI-HE + ot

268.037 1 [M—H—C,H,0—CH;]"

CI3 1207 339.1227 3391232  -15 CyHy40s

323.092 0 [M—H—CH;],

He-8- TR AR
fi e 3-046"- 0-27 1 + + o+ -
)-B-D- R R
morachaleone C + + + 1+
morachaleone A - - + -

203.070 4 [M—H—C5H;0,]

JO7s ol SR s R AR A G ROV AR,
A SR S S R AR SR R B o W Z it
VIR RS SRR R HEDN S SR AR A
L e AR AR AR AR 3.

322 U™ FH L2 Bosr R AR
It O TSR, R R
A E YRR IEAT 00T o T T AR R R

®3 RMHEMEXREARTELENRIFRE

Table 3 Possible metabolic pathway in vivo of rats after oral

administration of mulberry leaves flavonoids

o e i N BREIE PN
9i's Al REIAR & AE ¥ -
1 2k H, 2
2 F LAk CH, 14
3 PALIE 224 CH, -14
4 AL C,H, 28
5 MR & SO; 80
6 AP IR 45 & CeH;5Oy 176
7 XUR A R PR 45 CiH601, 352
8 RS- MZEBE R CyH 006 190
9 WP TR-IRIRIL.  CeHgOoS 256
10 GiE S ge CH,S0; 94
11 Ltk C,H,0 42
“—r Rk L

“—means loss
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Fig.2 MS/MS spectrum and main fragmentation mechanism of quercetin
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Fig. 3 TIC of quercetin and its metabolites (A) and

kaempferol and its metabolites (B)
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flavonoids by UPLC-Q-TOF/MS

%4 UPLC-Q-TOF/MS ¥E KR ig

RITEFRIMEME. KiK. £E. BERPEENRE Y

Table 4 Identification of metabolites in plasma, urine, feces and bile of rats after oral administration of mulberry leaves

. , [M—H]’ =4 . .. R b
G5 ty/min SN R (10 AFR MS/MS B fr ving PR
Ml 401 6371027 637.1041 =22 CyHyOy5  637.1027,461.0711,285.0394  \LZSH) FiZghiimesfi - + - 4
M2 444 653.0989 653.0990 02 CyHyOp  653.0989,477.0664,301.0342 M & — A4 B - + -+
M3 501 6391199 6391197 03 CyHyO;  639.1199,477.066 8,463.089 3 St A4 bl g - + - -
M4 520 4770670 477.0669 02 CuH;05  477.0670,315.050 1,301.034 9 & E A4 R R + + -+
M5 530 557.0226 557.0237 2.0 CyuH;j04S  557.0226,477.0670,301.0342 M M4 RS R T M e - + - -
M6 580 461.0717 4610720 —0.7 CyH;;01,  461.0717,285.040 1,151.0028 L ZSFAH 4 bR + + - 4
M7 586 491.0820 491.0826 —12 CyuHiO;3  491.0820,315.0499,301.0343  HIEEZ M AR + - 4
M8 591 4770660 477.0669 -19 CyH;05  477.0660,301.0350,151.0034 K HEMHERR + + - 4
M9 597 5311487 5311503 3.0 CyHyOp  531.1487,355.118 6,267.0677  (28)-2' 4~ JJk7-H4 k8- - + o+ o+
T@%ﬁ%%ﬁﬁm‘é
MI0 613 5570236 557.0237 12 CyHi04S 557.023 6,477.0670,301.034 2 it 2 2 M R % IR - + - -
MIl 647 3411026 3411025 03  CpH;0p  341.1026,281.0814,137.0248 I (25)-2,4&:;%—7- - + o+ -
A8 T AL bt
MI2 658 4610717 4610720 07 CyH;;0,,  461.0717,285.0396,151.0033 (L2 Ahime i + + - 4
MI3 663 4910822 491.0826 02 CpH,0p5  491.0822,315.0499,300.0263  FIHEA b A AIRERE R + + -
MI4 672 4910818 491.0826 12 CpH0p  491.0818,315.0499,300.0263  FFIEM i AR RR + + -
MIS 678 3649964 3649967 0.8 C;sHo0sS  364.9964,285.0396,151.0043  LZMBIHME - + o+ -
MI6 693 4910827 491.0826 0.8 CpH; 03  491.0827,315.0499,300.026 3  FFIEM iz Z A RERE RS + + - 4
MI7 697 3809918 3809916 0.6 CisHyOyS  380.9918,317.0298,301.0350  Hl fz EBtiams - + o+ -
MIS 705 4771022 4771033 23 CyHyOp  477.1022,315.0508,301.034 9 FIHERHH B 1F + + +
MI9  7.06 299.0559 299.0556 1.0 CyHyOp  299.0559,267.0299,151.0028 7-H4HE-82 4-=HIHER - + +
M20 723 4910828 491.0826 0.8 CpH,0p;  491.0828,315.0499,300.0263  FIHLA bz ZAHAIRERE RS + -+
M2l 728 4770670 4770669 02 CuH;0;3  477.0670,315.0501,301.034 9  #it % Z AR + + -+
M22 736 4910822 491.0826 13 CypH0p  491.0822,315.0499,300.026 3 ﬁﬂﬁﬁ%&%ﬁ@%@@%@& + -+
M23 775 4750879 4750877 04 CuHiOp  475.0879,315.0500,285.039 4  FILI AR AT HIERR + + - 4
M24 791 4910824 491.0826 04 CpH,0p;  491.0824,315.0499,300.026 3 W%W}Jﬁzf—kﬁ“%ﬁﬁﬁ + + - 4
M25 808 3809909 3809916 —1.8 C;sHyO,S  380.9909,301.0342,151.0025 3t ZhiRaMN: - + o+ -
M26 815 3649968 3649967 03 C;sHoOsS  364.9968,285.0396,151.0043 LA MBIHME - + o+ -
M27 824 3809917 3809916 03 C;sHoO,S  380.9917,317.0298,301.0350 /% XBiMae - + o+ -
M28 870 4750881 4750877 08 CpH0p,  475.0881,315.0500,285.0394  FFIEILIZ M4 RERE R + + - 4
M29 878 3950074 3950073 03 CH;0S  395.0074,380.9917,301.0354  FIALHH B 5 Ml - + o+ -
M30 898 3150503 3150505 —0.6 CiH; 0,  315.0503,300.0268,151.0025 HHEEEMAE - + o+t
M31 910 343.0449 3430453 -15 CH;O5  343.0449,301.0350,151.0034 ZEHH K% - -+ -
M32 912 3150508 3150505 1.0 CiHjO;  315.0508,300.0270,151.0027 A E - + o+t
M33 994 3411024 3411025 03 CuH;05  341.1024,323.0919,278.0574 7-4EHE-8- K52 4- - -+ -
Z RIS
M34 1011 313.0705 313.0712 -22 CiH;30,  313.0705,298.046 8,285.0390  —F3Eil4 - + o+t
M35 1070 327.0502 327.0505 0.9 CiHj0,  327.0502,285.0392,151.0023  ZFkiL 4 - -+ -
M36 1091 3551183 3551182 03 CyHi0,  355.1183,283.0597,268.0378 44k morachaleone C - + o+t
M37 1092 3150501 3150505 13  CiHjOp  315.0501,300.0269,151.002 6  FEA A% - + o+ -
M38 1108 3150505 3150505 0  CuHjO;  315.0505,300.0269,151.002 6  FEH A% - + o+ -
M39 1131 299.0555 299.0556 —03 CHj Oy 299.0555,284.0320,151.0030 ik 2 - + o+ 4+
M40 1142 3290669 3200661 24 CiHi30;  329.0669,314.0428,301.0359  —HIEEM A% - + - -
M4l 1151 299.0557 299.0556 03 CiHjOp  299.0557,284.0320,151.0030  FH:ilZ4E - + o+ 4
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L 35 % s TR LB - T i B ISP 3 e a1
RANG>F AR A SIS RN = iR IR
o, KR ig Fr B2 5 R N S 13
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