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Distribution of exocarp components of Jugland mandshurica in rats’ gastric
tissues based on UPLC-Q-TOF/MS

CHENG Tuan, WANG Gai-li, HUO Jin-hai, WANG Wei-ming
Heilongjiang Academy of Chinese Medical Sciences, Harbin 150036, China

Abstract: Objective To research the chemical constituents distribution from the exocarps of Jugland mandshurica in rats’ stomach
based on UPLC-Q-TOF/MS technology. Methods After ig administration with the exocarps of J. mandshurica, the tissue samples of
stomach collected from each rat. Tissue samples were treated with organic solvent for protein precipitation. Peakview 2.0/masterview
1.0 and Metabolitepilot1.5 software were used to determine the constituents from the exocarps of J. mandshurica based on the acquired
accurate mass, isotope abundance, and MS/MS fragment mass spectra. Results In total, 54 constituents were identified, including 41
prototypes and 13 metabolites. The prototypes consists of 17 naphthoquinone, 9 diarylheptanoids, 7 flavonoids, 5 triterpenes, and 3
phenolicacids. And metabolites consists of 4 naphthoquinones, 3 diarylheptanoids, 1 flavonoids, and 5 other main components.
Conclusion The work was deeply researched the constituents from the exocarps of J. mandshurica in rats’ stomach for the first time
based on UPLC-Q-TOF/MS technique. It was demonstrated that this method could be successfully applied for rapid screening and
deeply analysis of chemical constituents in vitro. This research provides scientific research data for exocarps of J. mandshurica against
gastric cancer.
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Table 1 Liquid phase gradient elution condition
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Fig.1 Total ion current chromatogram in positive and negative ion mode
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Table 2 Analysis of consitituent in gastric tissue after ig administration of exocarps alcohol extracts (positive ion mode)

Sl 5 s = 5/
G5 fmin *m(”jj)ﬁ i%;jf jf,é) AFR FE-BEAET () R %5 zg
155 1790693 1790703 -54 CyH,O3 179 [M+H]", 161 [M+H—H,0]", 143 #%HkHd L AR
[M+H—-2H,0]", 133 [M+H—-H,0—
CoJ*, 115 (M+H—2H,0—CO0J", 105 [M+
H—H,0—2C0]"
2 48 1950646 1950652 3.1  CypH,O4 195 [M+H] ", 177 M+H—H0]', 159 M+ 4,5,8- = H-o- T A28 Zh A
H—2H,0]", 149 [M+H—-H,0—C0]",
131 [M+H—2H,0—C0]", 107 [M+H—
C3H,05]", 103 [M+H—2H,0—2C0]"
3 64 1910332 191.0339 -35 CuHeO, 191 [M+H], 163 [M+H—CO]", 145 M+ 2,5- % 4-1 4-25 ZEE A
H—CO—H,0]", 121 [M+H—-CH,0—
C0]", 103 [M+H—C,H,0,—C0]"
4 55 161.0588 1610597 -57 CpHsO, 161 [M+H]", 143 [M+H-H,0]", 133 [M+ 1,5-Z i JRR
H—COJ", 115 [M+H—H,0—COJ", 105
[M+H-2C0]", 103 [M+H—-CO—
CH,0]"
5 48 1770539 177.0546 —42 CHiO; 177 [M+H], 159 [M+H—H,0]", 149 [M+ 5-F%3E-14-25 i A
H—CO]’, 131 [M+H—H,0—C0]", 121
M+H—-CO—CH,]", 107 [M+H—
C,H,0]", 103 [M+H—H,0—2C0]"
6 62 231.0286 231.0288 -1.0 CpHOs 231 [M+H] ", 203 [M+H—CO]", 175 4,9-dihydroxynaphtho [2,3-c] £l RA
[M+H—2C0]", 147 [M+H—3C0]", 129 furan-5,8-dione
[M+H—3C0—H,0]"
7 71 2590602 259.0601 03 CyuHgOs 259 [M+H], 241 [M+H—H,0]", 213 [M+ 1,3,6,8-tetrahydroxy-9 (10H)- 2 A
H—H,0—COJ", 185 [M+H—H,0—2C0]", anthracenone
157 M+H—H,0—-3C0]", 129 [M+H—
H,0—4C0]", 121 [M+H—C;H,05]"
8 69 2760869 2760867 08 C,H;NOs 275 [M+H]", 258 [M+H—H,0]", 240 4-[(14-—H-8-FH-14- 5 L FH
[M+H—2H,0]", 230 [M+H—H,0—CO]", 2-ZH) &H)Th
214 [M+H—H,0—C0,]", 202 [M+H—
CH0,]", 190 [M+H—CH0,], 175 M+
H—CH,NO,]", 147 [M+H—CH,NO,—
Co]", 121 [M+H—CHNO,—CO—
CoHyl
9 97 257.0443 257.0445 08 CyHOs 257 [M+H]",229 [M+H—CO]", 211 [M+ 1,4,8-trihydroxyanthraquinone 2l JRR
H—CO—H,0]", 201 [M+H—2C0]", 183
[M+H—2C0—H,0]", 173 [M+H—3C0]",
155 [M+H—3C0—H,0]"
10 100 273.0396 273.0394 08 CyHgOg 273 [M+H], 255 [M+H—H,0]", 245 [M+ 1,4,58-tetrahydroxy anthraquinone ~ 25 Ji#!
H—CO]", 227 [M+H—CO—H,0], 199
[M+H—-2C0—H,0]", 171 [M+H—
3C0—H,0]"
1149  303.0498 303.0499 -04 C;sHgO; 303 [MAH]', 257 [M+H—CO—H,0]", W% W R

229 [M+H—2C0—H,0]", 165 [M+H—
CHe0,]7, 153 [M+H—CHO5], 137
[M+H—CH0,]
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12 81 273.0755 2730758 09  CysHpOs 273 [M+H], 255 [M+H—H,0]", 153 M+ i & W RE
H—CgH,0]", 147 [M+H—CH05]", 119
[M+H—C;H,0,]"

13 7.0 289.0709 289.0707 09  Cy;sH; 05 289 [M+H]', 163 [M+H—CHc0;]', 153 X5 HE R
[M+H—CH{0,]", 135 [M+H—CsH;0,]"

14 87 3310814 3310812 04  C.H,0; 331 [M+H]", 315 [M+H—CH,]", 297 &M& % HE A
[M+H—CH,—H,0]", 281 [M+H—
CH,0—H,0]", 273 [M+H—C,H,—CO],
253 [M+H—C,H05]"

15 64 3131433 3131434 03  CpHyO, 313 [M+H]", 189 [M+H—C.H;0,]", 151 H#rZ TS R
[M+H—CH0,] ", 137 M+H— Pt
CyHp0,]", 119 [M+H—CyjHy,05)"

17 92 379.0453 379.0448 13 CyHOs 379 [M+H], 361 [M+H—H;0]", 351 [M+ 3,3',5,5"tetrahydroxy-2,2"- * A
H—COJ’, 333 [M+H—H,0—CO]", 323 binaphthalene-1,1',4,4"-tetrone
[M+H—2C0J", 305 [M+H—H,0—2C0]",
277 [M+H—H,0—3C0]", 249 [M+H—
H,0—4C0]"

18 68 3650656 3650656 0 CyoHppO; 365 [MAH], 347 [M+H—H,0]", 319 M+ 5-5FE-33- XU BBk R
H—-H,0—C0]", 291 [M+H—H,0—
2C0]", 263 [M+H—H,0—3C0]"

19 64 3510865 3510863 0.5  CyHuOs 351 [M+H], 333 [M+H-H,0]", 315 [M+ 5,12-dihydroxy-6,11-dioxo-14,6,11- 25 A
H—2H20]+, 291 [M+H—C2H4O2]+, tetrahydro-1-tetracenyl acetate

20 101 3111643 3111642 04  CyuHpO; 311 [M+H]", 187 [M+H—CsH0,]", 163 (4E)-7-(d-hydroxy-3-methoxyphenyl)}- — 754 5
[M+H—CygH;,0]", 161 [M+H—C;H0,—  1-phenyl-4-hepten-3-one Pk
GH,]", 159 [M+H—CH0,—CH,]",
147 [M+H—CjH;,0,]", 137 [M+H—
CpHLO1", 123 [M+H—Cp,H,0—CH,]',
121 [M+H—C,H,,0,]

21 113 3271592 327.1591 03 CyHpO, 327 [M+H]', 207 [M+H—CgH0], 163 1-(4-F2HHHE)-7-3"- FE F-47- — 555 JFM
IM+H—CH,0,] ", 131 [M+H— BHERL)445-3-BiE Pt
CiHi05]F, 107 [M+H—C3H405] ", 103
[M+H_C12HIGO4]+

22102 3431543 3431540 08  CyHpOs 343 [M4H], 325 [M+H—H,0]", 245 M+ 1-@4-FHEFR)-7-G-FEEF —FHE FH
H—CgH,0]", 163 [M+H—C,H,,05]", H)-2-BHE-3 4" HE3-FEl  Bike
147 [M+H—C,H,;05]

2395 3131803 313.1798 15 CyHyuO; 313 [M+H]', 137 [M+H—C,H,(0]", 107 1-(4-HERER)-7-KHE-3 4738 — 754 R
[M+H—C3H;50,] H-3-Fifi Bt

26 37 467.1187 467.1184 06  CyHyOp 467 [M+H]', 305 [M+H—CH0s]", 287 5-(5,7-dihydroxy-4-oxo-3 4-dihydro- 3F7
[M+H—C¢H,40s—H;0]", 153 [M+H— 2H-chromen-2-yl)-2,3-dihydroxy-
Cy4HisOg] ", phenyl p-D-allopyranoside

27 116 3411755 3411747 21 CyHyuO, 341 [M+H]', 309 [M+H—CH,0]", 217 1-(4-HEREEE).7-G"-FEEE _FE FH
[M+H—CH;05]", 203 [M+H—CH,o05]", 5)-3' 4"- 3 8-3- B Bk

137 M+H-C;3H0,]", 131 [M+H—
CppHis05] ", 121 [M+H—C;3H;405]"
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B9 ymin *m('ﬁ)ﬁ if’;jf (X"ﬁﬁ) TR LE-GRIET (n) Wt 5 zg
28 122 3571701 357.1697 1.1 CuHpOs 357 [M+H], 259 [M+H-C(H,,0]", 179 #IkT A 2 Y
M+H-CyH40,", 147 M+H- Pt
CpHis05]%, 137 [M+H—C3H,405]", 121
[M+H—Cy3H 0]
29 97 3431906 343.1904 0.6 CyHyOs 343 [M+H], 187 [M+H—CH,05], 137 1-(@4-HEEHKIE)-7-3-FEE —FE FR
IM+H—C;3H0,] ", 131 [M+H— FH)-3 4" HH-3-FiE Pk
C12H2003]v
30 58 489.1031 489.1028 0.6  CpuHyOp 489 [M+H]', 327 [M+H—CHo0s]", 309 1,8,9,10-J0 2 2 -6H-25-12-b][ K £ JFM
[M+H—C¢H,0s—H,0]", 265 [M+H— [d] Mi-6--12-0-p-D-A &
CeHy0s—H,0—CO,] ", 237 [M+H—
C¢H,¢0s—H,0—C0,—CO0]"
32 41 5231427 523.1446 37 CuHpOp 523 [M+H]', 347 [M+H—C\H;05]', 331 (45)-4,58-=FH-o-EEM- %8 FH
M+H—CH0, ", 259 M+H— 5-0-p-D-[6-0-(3",5"-~§tHk-4"-
C3H1p0g] ", 169 [M+H—CH;50] FEEE K )] it
34 144 4373412 4373414 05 CyHuO, 437 [MHH]', 391 [MFH—COOH,]", 203 ursa-2,9(11),12-trien-24-oic acid ~ =i  J5i%!
[M+H—COOH,—CyH,0]", 189 [M+H—
COOH,—CysHy]"
35 210 4233625 4233621 09 CyHyuO 423 [MAH]', 217 [M+H—CoHyc0] ", 161 ursa-6,12,20(30)-trien-3-ol =k RA
[M+H—C,H,(0—CH]", 147 [M+H—
CioHis0—CsHyg]
36 212 4253784 4253778 14 CyHuO 425 [M+H]", 407 [M+H—H,0]", 285 anoectosterol =i R
IM+H-H,0—-CH,]", 135 M+H—
Hzo_C20H32]+= 123 [M+H_H20_C21H32]7,
109 [M+H—H,0—CyHy,—CH,]"
37 210 4413731 4413727 08  CyHyxO, 441 [MAH]', 423 [M+H—H,0]", 221 3-hydroxylup-2029)-en-28-al =i  J5iA!
[M+H—H,0—CysHy]", 205 [M+H—
HZO_C16H26]+7
38 210 4413731 4413727 08  CyHyxO, 441 [MAH]', 423 [M+H—H,0]", 217 (3p)-oleana-12,21-dienc-3,24-diol =i  J5iA!
[M+H—H,0—C,;H»0]", 203 [M+H—
H,0—CsHy0]", 149 [M+H—H,0—
C15H24O_C4H6]+7
39 26 1660854 1660863 —52  CoH,NO, 166 [M+H], 149 [M+H—NH,], 120 [M+ FHER Tl A
H—CH,0,]", 103 [M+H—CHNO,]"
41 35 181.0494 181.0495 -10 CoHsO, 181 [M+H], 163 [M+H—H,0]", 145 [M+ MIHE; T A
H—2H,0]", 135 [M+H—H,0—C0]",
117 [M+H—2H,0—CO0]", 89 [M+H—
2H,0—2C0]"
42122 3571701 3571696 12 CyHyuOs 357 [M4H]', 259 [M+H—CH,0], 179 1-(4-BHEH)-7-Q"- 743" —35%E R
[M+H—CH,0,] ", 163 [M+H— FHEEREL). 4" FE-3- Pkt
CioH0s], 147 [MAH—C Hys05]", 137 BEBAEAH)
[M+H—C3Hyg05]"
43102 343.1542 3431540 05 CyHpOs 343 [M4H]', 215 [MAH—CH0,], 189 1-(4-HEIEHEIE)I-G-HE  —5%E R

M+H—CHg0;] ", 163 M+H—
CyH}205]", 131 [M+H_C11H1604]+

FEHH)-3 A" IR -3 B
LREE

Pkt
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W5 ryimin *m('ﬁ)ﬁ ifﬁf jf,é) AT LE-GHAET () Kt 55 zg

44 102 343.1542 3431540 05  CyHpOs 343 [M+H]", 325 [M+H—H,0]", 245 #IkT A £HEML Y ZFEE R
[M+H-CHgO] ", 18 [M+H-— Pt
CsHy05]7, 163 [M+H—CyoH,05]%, 147
[M+H—CyH;05) ", 137 [M+H—
C12H14O3]v

45 48 1770538 1770546 —45 CpHO; 177 [M+H], 159 (M+H-H,0]", 149 [M+ HIBkERE L4 Rt
H—COJ", 131 [M+H—H,0—CO]", 121
[M+H—CO—CH,]"

46 69 221.0442 221.0444 -1.1 CuHOs 221 [M+H]', 193 [M+H—COJ, 145 M+ 2,5-—#H-1 4 BMALFE  E8  RE
H—2C0—H;0]", 121 [M+H—C,H,0— {4
2C0—H,0]"

53 80 289.0709 289.0628 —0.9 C;sHj0, 289 [M+H], 163 [M+H—CH,05]", 153 Mz ZAML> HE R

[M+H—CH0,]", 135 [M+H—CgH;0,]
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Table 3 Analysis of consitituent in gastric tissue after ig administration of exocarps alcohol extracts (negative ion mode)

el HEipl BE N . ; 0%
S fo/mi P TE /: AR 5 ;
&5 fy/min ) ) (X109 iy LZGWRET (mlz) B ES K
2 48 193.0506 193.0507 0.5  CpHOs 193 [M—HJ, 175 [M—H—H,0[, 157 [M— 4,5.8- =} -o- NS 25 2 JFR
H—2H,0], 129 [M—H—2H,0—COJ"
16 67 3610354 3610355 03  CyH,g0; 361 [M—HJ,333 [M—H—COJ, 317 [M— 3,8 8"trihydroxy-2,2binaphthalene- Z5% JF A
H—CO,], 289 [M—H—CO—CO,],, 1,144 tetrone
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Fig. 2 MS/MS spectrum for regiolone in positive mode
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v -Fragments matching structure corresponding to database in two level mass spectrograph, same as below.
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Fig. 4 MS/MS spectrum for demethylation of glucuronidification of 7H-furo[3,2-g]chromene-3,7 (2H)-dione in negative mode
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Fig. 6 MS/MS spectrum for demethylation of juglanin A in positive mode

/
(0] — "
~0 0 N\
o
O —
Y
(6]
(0]
CyHysOs5" m/z 357 CyH305" m/z 343 CooH 04" miz 325 CioHy30," miz 189

.
l - = 7
~0 + \
oH ! -0 OH  —* 1 ot
0
oG YT
-
¥
o/ o

CgHgO," m/z 137 Ci4H 3047 m/z 245 CoH;0," mi/z 147 CioH,,0," m/z 163

7 kT A FRENFYF M SRR (ESIY)

Fig. 7 Possible fragmentation pathway for demethylation of juglanin A in positive mode
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Fig. 8 Possible structures of metabolites
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