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Identification of components and metabolites of Mentha haplocalyx in rats plasma
by UHPLC-Q-TOF-MS/MS
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Abstract: Objective To investigate the prototype components and metabolites of Mentha haplocalyx in rats plasma. Methods
UHPLC-Q-TOF-MS/MS method was developed and applied to identify the components and metabolites of rat plasma. The analysis
was carried out on an Eclipse Plus C;g column (100 mm X 4.6 mm, 3.5 um, Agilent) with the mobile phase of 0.1% acetic acid solution
(A)-acetonitrile (B) at a flowing rate of 0.3 mL/min, and the injection volume was 5 pL. Results The developed method was
applicable to the analysis and identification of metabolites of M. haplocalyx after oral administration. A total of 67 compounds,
including 28 prototype components and 39 metabolites (one of which was a new metabolite of Iuteolin unreported), were identified by
comparison of their retention time, ion fragmentation information with that of the blank biological samples, herb extract, and reference
compounds. Conclusion The metabolic pathway of M. haplocalyx in rats were consisted of oxidation, reduction, methylation,
sulfation, and glucuronidation, and the main metabolic pathway was phase II metabolic pathway among of them. This experimental
method is simple and reliable, which could provide theoretical basis for elucidating the bioactive components of M. haplocalyx.
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F=1 HEFAMFERRTHEE
Table 1 Identification of prototype components irn vivo
49 gmn O MAHD RE BEHT (n) AT oy
(mfz) (X10%)

1 2.94 719.160 7 038 (+)719.1613 CyxHy0,s  FHBRB

2 350 719.158 3 -33 (+)719.158 3 CsH30016 KER B

3952 197.0452 -20 (—) 197.0452 CoH, 405 2%

4 1486 163.040 1 —26 (—) 163.039 6, 119.050 4, 93.036 2 CoH;0; VR R

51600 179.0350 —0.6 (—) 179.0349 CoH;04 L 7

6 1664 153.0193 —-1.0 (—)153.0192,135.008 7, 109.030 5,91.0205,65.0434  C;H,0, TR

7 19.05 611.197 1 —33 (4) 611.1950 CuHaOys  BRHF

8§ 2012 149.0972 —24 (—) 149.096 8 CoH 140 B

9 2045 303.086 5 0.7 (4)303.086 3,177.053 9, 153.018 3 C¢H1405 BEE
10 2113 137.1325 3.0 (4) 137.132 5, 95.086 5, 81.070 5, 67.054 5 CyoHyg a- RN
11 2136 121.029 6 0.9 (—) 121.0296, 92.0277, 77.0414 CH0, FHR
122370 135.116 3 -39 (+)135.116 8,91.054 5,77.0379 CyoHyg JUERYI G
13 2469 287.055 0 0.1 (+)287.0550, 153.018 3 CysH06 YNZES 3
14 2822 137.13211 —2.6 (4) 137.1276,95.086 0, 81.069 9, 77.039 1 CyoHyg B-JR K
15 2941 4451140 29 (—) 445.111 7, 357.095 2, 225.095 2, 181.064 7 CpHp0y  HETF
16 3076 271.060 1 —0.6 (+)271.059 1,215.086 3, 153.020 7 CysH,¢0s FERER
17 3140 447.1280 —-12 (+)447.128 6 CyHy0)9 SR
18 3552 271.058 7 =50 (4)271.060 1 Cy5H;005 REH
19 3571 301.074 3 2.1 (4)301.070 7,184.002 1 CyH 1204 HHAR
20 3850 447.128 6 —0.8 (4)429.117 3, 385.090 5, 237.075 4, 193.048 9 CpHpOy  BWE
21 4613 283.024 8 -18 (—)283.0227,239.033 9, 183.044 3 C15H304 KHER
22 4649 943.526 1 —47 (+)943.526 1 CysHo01 o 2L
23 4750 285.076 5 25 (4)285.075 8,270.056 0, 119.087 0, 67.053 4 Cy6H,,05 HME
24 5182 359.1125 —0.4 (+)359.112 5,298.083 9 CyoHi50 S5-F23E-6,7,8,4"-I0 FE JE
25 58.68 457366 6 —22 (4)457.367 6,439.348 8, 175.152 2, 133.107 9 C3Hyg0; FHARR
26 59.68 255.064 8 -5 (4)255.063 8,199.075 0,152.061 7 Cy5H,004 K
27 6094 4573676 —-1.0 (+)457.367 6 C30Hys0; AEIR
28 6145 153.128 5 -39 (—)153.1279 CyoH;s0 &

(tx=24.71 min) FHiT, W 13 7E1E&E T
BB [M+H] m/z 287.054 7, 153.018 3,
85.019 3 HARBE RN S TR TR T
[M—H] m/z 285.040 8, 151.004 0, 83.016 0 7} 5%
2, [k, 1§13 S EAARER, SRILE 4.
I 16 FILRBE IS E] ((,=30.67 min) 525 KRS
FE AR B I A] (4r=30.62 min) AHT, & 16 #E1E
BB TREA ST [M+H] m/z 271.059 1,
153.020 7 52 REHAE MBS TEAT A S
¥ [M—H] m/z 269.045 6, 151.003 8 43%]% 2,

I, U 16 B NS RE R, S RILE 5. 1 21
IR A I ] (1r=46.13 min) 5 K8 IR 3 14
BEFE] (ig=46.14 min) i, HEEFET [M—
H] m/z 283.023 8, 239.034 2,211.038 9, 183.044 2 &5
KEETX S I 7 [M—H] m/z 283.025 4,
239.035 6, 211.040 5, 183.045 6 —%{, [k, 1% 21
W s E NRIERR, SR WE 6. HRMsr, 463
BRI R (R B B 8] 3 B HE T A PN IR B 4K
% B, MR, RAELR. BHR. &5, #
B o-IRM . XWEARE. B-URMG . HETE ., iR
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K2 EBEEXRAERMKHINEE
Table 2 Identification of metabolites in vivo
69 VML RE BEBT () e Bl At
(mlz) (X10)
Ml 290 445114 4 33 (+)445.1129 CypHyOy9  1-FIEKHEE-8-0- M 4 FERE R 1
M2 333 623.1216 —43  (+)623.1243 Cyly0y  FERTEE-1,8-0- I H IR
M3 3.69 799.119 4 24 (+)799.1175 CyHy0,0S  FHINER B-7-O-BiRES
M4 473 315.087 6 39 (4)315.0863 CpH 05  S-HEFHAEK
M5 13.01 181.050 6 =10 (—)181.0493,163.0389,135.0444,119.0498  CoH,0,  —SlnmEL
M6 1457 357.081 6 —1.0  (4)357.0816,181.048 5,163.038 1 CsHigOy9  MMERR-3-O- 7 & ERE TR 17
M7 1478 211.060 2 —47  (—)211.0612 CioH .05  FIZEHENY)
M8 1520 625.1778 0.7 (—)625.1774 CysHy0y AL
M9 1526 273.006 3 —42  (—)273.0075 CioH 90,8 3-HERIMMERR-4-O-Fi R g
MI0 1536 623.1233 —16  (+)623.1243 CyHy0  KEE-18-0- A A BRI
M1l 1539 258.990 7 —44  (—)258.9918,179.034 3,135.044 9 CoHg0;S  WHERR-3-O-BR RS
MI12 1559 595.165 8 =31  (4)595.1658 CyHy0rs  MEREE-O-ZHE R
MI3 1585 623.1959 —36 (—)623.1981 CyoH3e0y5  S-HIEERE R HF
M4 15.96 623.158 0 —43  (+)623.1607 CysHigOy  MBIH-5-0-F BRI
MI15 16.72 431.0970 —08  (+)431.0973 CyH0y  KHEM-1-0-F BRI
M6 16.85 691.150'5 —49  (+)691.1539 CysH34016S 1B R H-5-O- TR ER
MI17 1691 461.1078 —0.8  (+)461.1078 CpHyOy  KERWRE-4-0- M AR
MI8 17.20 639.1192 —0.1  (4)639.1192 CyHyOrg  RBRZE-3 4-0- 8 % FRE I
M19 18.03 447,092 0 =03  (+)447.0921 CyHiOy  FERER-1-0- A MRER T
M20 1849 447.0922 —0.9  (+)447.0922,271.060 0 CyHis0,  KRER-1-0-H G EREIR T
M2l 18.56 477.1024 —08  (+)447.1028,301.070 5,286.047 9 CpHyOpy  3-HEARBRHE-4-0-H & R
M2 18.73 331.1752 02 (+)331.1751,169.1214,123.1150,107.085 1 C,gHyO; M Z-O-H &SR EF
M23 1897 335.022 3 09  (4)335.0220 CisH0:8  KEB-1-0-TiERE,
M24 19.29 195.065 5 —38  (—)195.0663 CoHp0y “AMHR
M25 1947 415.066 9 =05  (+)415.0671 CoHiOrp  2-2 A K B-4-0- 4 % RS T
M26 19.62 463.087 1 =10  (+)463.0867 CyHi0p,  ARBHER-7-0-H H R
M27 19.76 461.069 2 —49  (+)461.0715 CyHy0p  RHETR-1-0-4 % SR H
M28 19.83 461.108 1 05 (+)461.1078 CopHyOy  HIREE-5-O-F I RERER T
M29 2036 479.118 4 —09  (4)479.1184,303.086 4, 177.054 5 CpHyp0y  BRE3-0-HE IR
M30 21.74 351.0159 —28  (4)350.0096 CsHi0gS  KHEE-1-0-Hiag
M3l 22.62 367.011 8 —08  (+)367.0118 CisH 0,8 ARBEH R-7-0-Fi LT
M32 36.02 365.0326 02 (+)365.0326,285.0710,171.080 5 CigHpOsS  HIFRZR-5-O-Br RS
M33 4336 195.065 2 —0.8  (+)195.0652,163.039 1,135.0425,77.0389  CioHyOy  3-FAEMIHERR
M34 4591 2329763 06 (—)232.9762 CHO:S  JIER-3-O-TiEREs
M35 48.39 461.1442 =12 (4)461.1442,237.0753,207.064 6,193.0483  CyHpOpp MM & HHEALY
M36  50.70 461.144 1 =03 (+)461.1442,399.1077,281.099 8,207.061 7 CypHy0y  5-HIEEMHIT
M37 5427 362.9813 —10  (—)362.9816 CysHg0S  KHER-1-0-Fi Mg
M38 5749 543.043 9 3.1 (4)543.0439 CyHg01sS  ABREE-3-0-BRERIG-4'-0-% & R R H
M39 6248 167.144 1 03  (—)167.1441 CyHyO  HeMEHEY)
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Fig. 3 MS spectra of peak 11 and benzoic acid

Fig. 5 MS spectra of peak 16 and aloe-emodin
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Fig. 8 MS spectra of peak 23
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I [M+H]"A m/z367.011 8, SARREZMLEL, #n
T 80 (M+S03), AL M31 AARF E-7-0-
BilREE: M38 MHED T8 T M+HIA miz
543.043 9, SARBEZEMLL, HhNT 256 (M+S0;+
CeHgOg)s I LAHENN M38 SR 2 5K -3"-O-fi B I -
4-O-F w R FR Y, 4 SciFinder 8%, ZIb &Y A
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R=21.74 min)., M10 FJ#E5 771§ [M+H] N
m/z 623.123 3, 5 R ZE (CsH,00s) AHEL, T
352(M~+2C¢HsO¢)» FT LAHEN M10 K5 2%-1,8-0-
TR PEBSER TR, M20 FOES T TIE [MAH]
mlz 447.092 2, HORGEZAALL, T 176 (M+
CeHsOg), H IR BT~ m/z 271.060 0 [M+H—
CeHsOg], 1t M20 Jy K35 35 -1-O-Hi %) Hli T TR H
M30 e 75 T [M+H]"N m/z351.0159, 5
KEZAMEL, #0780 (M+S05), A LAHEN M30
NKFER-1-O-RIRES: Hoh, HIFSL T KR, K
Y. PSR AR T AR Y AR A, X
SChkRiE— Y, K R ShE R L 10,
3.2.3  WNHERR A NACEY  MS. M6. M9. M11.
M24 F1 M33 #5312\ A CoH 004 CRHXT 73
= 182.057 9, %=13.01 min). C;sH;s0,0 FHIXS 5
FJiE 356.074 4, t(r=14.57 min). C,;oH;,0,S (i
X4 F i 274.014 7, tg=15.26 min) CoHgO-S (#H
oy T 259.999 1, =15.39 min). C;;H,0,4
(X 43 F B 196.073 6, tg=19.29 min) F
C1oH 1004 (AT 437 2 194.057 9, ty=43.36 min),
M5 I T8 718 [M—H] N m/z 181.050 6, 5
MHERR (CoHgO,) #HEL, HENT 2 (M+2H), ¥
FEHARXT 2> T JR 22, A LAHED MS AWz



¢ # % Chinese Traditional and Herbal Drugs 25 48 % 28 198 20174 10 A * 3933 -

COOH 4
0 OH HO
Ho HO_oH O~ L jOH HO

0
N0 Mosbed L
HOOC N, O o o ol 0 OH
ool '
O o} OH o M38 O OH
Mi8 0 O Tt | O

o— OH o
o o / ok
HO COOH
o0 O 0 OH O 0 \ m OH
COOH | O | O OHOH
HO
O OH O OH
M21 M31

a-FEAL; b-BEREEIL: c-MIATMEIEIR L o I MIMEBEIRIL, TIH

a-methylation; b-sulfation; c-glucuronidation; e-diglucuronidation, same as below

9 REEZHKBHIER
Fig. 9 Metabolic pathways of luteolin

OOO B OO b
COOH
H

OH OH 03 M30

HO cOOH / COOH/Y
. OH O‘O
HO

O OH O OH OH O O OH OH O O\SOH

HOOC jﬁ%? M19 HO OH M37 /
COO ERG OO s OOO
0 COOH ‘O

OH O

OH O OH OH O OH OH ©
M5 foaa on® jﬁﬂ% ﬁ%ﬁ% ﬁﬂ?
J HO o O O o COOH
HO OH O OHOH
COOH
d-% 4k
d-oxidation
E 10 AEHRHRIFER
Fig. 10 Metabolic pathways of emodin
FIIE JEAC Y, B SRR HEWT M6 WNHERR-3-O-78 % PERE BR T o
M6 [IHES> T B 1% [M+H] N m/z 357.081 6, MO [{HES> T B 7% [M—H] N m/z 273.006 3,

SumHERR A EL, BN T 176 (M+CeHgOs), [RIT, SumuEEg AL, #9077 94 (M+CH,+S03), K,
H MY R BT m/z 181.048 5 [M+H—CeHgOs]"» HEM M9 Dy 3-H A SR MERR -4-O-Ti FR IiE s M1 (1) #E



* 3934 - ¢ $ % Chinese Traditional and Herbal Drugs 25 48 % 2 193 20174 10 A
T ETIE [M—H] N m/z 258.990 7, SUIHERRAH [2]1 iR, ZE4EpK, R0k, 5. WA B Y 0040 5 R A
te, 17T 80 (M—+S0s5), B fHRE F B F m/z LB Rt (1], T E 25, 2010, 19(10): 13-17.
179.034 3 [M—H—CsHgO6] ", HEM M11 - [3] REERR, Mwed, TRz Ear s 00 s A A
3-0-Hilels:; M24 [(HES T B T8 [M—H] N miz (1. r‘%ﬁﬁﬂiﬁi%rﬁ?ﬁ%ﬁ, 2013\, 12(6): 21-23.
195.065 5, SUNMER AT T 160M+CHa+2H), ) SRR B S IER R . F
R n Y s R, 2012, 30(4): 122-124.
53wfiEr—2U7, Rk, HEN M24 A SRR (5] BRasdh, PR IT, Eukin, . R & o)
H2; M33 kST BT [M+H] N m/z 195.065 2, ARG (1] FREII S IR, 2013,
SR AR LGN T 14 (M+-CHy), [k, #E 25(6): 856-861.
M33 Jy 3-HIEAEMIEERR , oL AR A (6] VLHEDT, 2/, BB, WA oo 5 25 B TR
11, JUBTEE R ] PR R 25 % T, 2012, 30(7):
1484-1487.
HOOC [7] WangJ W, Qi P, Hou J J, et al. Profiling and identification
>/\/©: ~ %H of metabolites of isorhynchophylline in rats by ultra high
Me performance liquid chromatography and linear ion trap
\ ab /SO Orbitrap mass spectrometry [J]. J Chromatogr B, 2016,
OWCE —Y>\/©[ 1033/1034: 147-156.
HO e [8] Ma H L, Liu Y, Mai X, et al. Identification of the
)/o " \ OH constituents and metabolites in rat plasma after oral
OW@[ Y\/@[ ?A/@[OH administration of Huanglian Shangqing Pills by ultra
O \M33 O\ high-performance liquid chromatography/quadrupole
R time-of-flight mass spectrometry. [J]. J Pharm Biomed
f-reduction Analysis, 2016, 125: 194-204.
[9] thiEE, ZREE, RIER, & WAL T
11 IR AR [J]. *FEEZ5, 2013, 44(20): 2798-2802.
Fig. 11 Metabolic pathways of caffeic acid [10] Z& &, JHSCUE. ST A Ak 22 1 2 M I PR B B T 58 32k
PN R [J]. HEIZE, 2011, 9(5): 362-365.
. o [11] FRFIRH, 5k ‘&, % %. LCMS-IT-TOF i tRid 43 i
UHPLC-Q-TOF-MS/MS £CAF AR T4t PRI G BB RS D), LSRR R
R, DA AR S R R BT T ], 2015, 38(8): 546-550.
AR R g AR AR LR R H [12] She G M, Xu C, Liu B, et al. Polyphenolic acids from
UHPLC-Q-TOF-MS/MS EUK%%% TR MK mint (the aerial of Mentha haplocalyx Briq.) with DPPH
IR B AR P2 . AR R b, ke radical scavenging activity [J]. J Food Sci, 2010, 75(4):
5] 28 MRS 39 MBI, I HRIL 1 399362 o
AKIRHERIFACH, SB[ PR, ISR AR (0]
oAb PN, .
PRI, THUH Gt BRI e b sk, . npLevsivs TR
W R BRRL. WHRERIL, SH AR SR AR SRR 1), AR R A2,
I AR SR e 2006, 4(2): 111-115.

FNHAGT AL, B EA SRR ITE K T A A AR [15] tRARAE, FhEUE, MREte, & 2 RERLZETIR X
T IT, ASEIG IS FH 70 P s o ey AT A RIEATEYFER N AL (1], £V 55N
WHIL, RILEATME R S, JF 5% T HAR FE¥AR, 1966, 6(2): 112-117.

M, MR — TR RSN e T (6] B, BROSE BN BT s AR AR IR K

WA KB R R AR i (0], 3, 2012,
30(5): 507-514.

SE R [17] BRERE, KNE, RIS, 5. kR i AR 1T

[1] "EZd [S]. —H&6. 2010.

[3]. W = 2R 54k, 1981(1): 11-14.



