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Analysis on major chemical compounds in exocarp of Juglans mandshurica based
on UPLC-Q-TOF/MS
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1. Institute of Chinese Materia Medica, Heilongjiang Academy of Chinese Medicine Sciences, Harbin 150036, China
2. Department of Pharmacognosy, Heilongjiang University of Chinese Medicine, Harbin 150040, China

Abstract: Objective To identify the major chemical compounds in 78 batches of the exocarp of Juglans mandshurica from different
origins by ultra performance liquid chromatography coupled with time-of-fight mass spectrometry (UFLC-Q-TOF/MS) and determine
the major active chemical components. Methods The separation was performed on Waters Acquity UPLC BEH Cis column (100 mm %
2.1 mm, 1.7 um), with a mobile phase using water with 0.1% formic acid (A) and acetonitrile with 0.1% formic acid (B) for gradient
elution; Q-TOF/MS and electrospray ion (ESI) source were applied for the analysis under the positive ion mode; One thousand ions
were extracted through Markerview 1.2.1 software from 78 batches. And common ions (compounds) were selected according to the
following principles: One ion can be detected in all samples, and the relative strength is greater than the e*. Then the formula of
common ions were determined by accurate mass and isotopic abundance ratio from target screening function of Peakview
2.0/masterview1.0 software. Their structures were determined by analysis of MS/MS fragment or comparison with standard substances
and references. Results Thirty-one major chemical compounds including eleven naphthalene quinones, three diarylheptanoids, three
flavonoids, eight triterpenes, and six other compounds were identified or inferred in the exocarp of J. mandshurica. Conclusion
UPLC-Q-TOF/MS method which develops a new strategy can identify the main chemical constituents from the exocarp of J.
mandshurica rapidly and accurately, main chemical constituents can be used for the quality evaluation and efficacy material research.

Key words: LC-Q-TOF/MS; exocarp of Juglans mandshurica; chemical compounds; fragment ions; naphthoquinone; diarylheptanoids
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WP, Ak, B PNAMEFERT UM E AT IR B A, TR ANk E 25 A Rk

T REMHRIERS, XA B kAT T KE AT
Fi. HAET, MNIEEHERKF 5SS EA
K OB, O EPEGES. wEIE. B, 20
Hy ANUERIE K AE K0S,

BABRRLZ M2 - T E N E RARNG, T
MILERZ . e, BMEEL. RS EALS,
THREFNEF R RERF TS, #milER
7. DR AT AR 7 R B[R] P2 b . AN [ SRASC
WAL E ARTR LU 2 iR, R H RO TAbE
A R ) 22 45 T AR R 1) s I P, BBk
FRA VAN RR e, e DUE S 2 M & . (R,
BRI BT & E A, R LA T
RN RAEhl it E B A EEE . H—HH,
JbH AR E MZEB RN AR AR E, 55
WIRE AT T AN FERT FE 77, T ELAC S (] (1)
FREL. Ik DL KA R B AE X S T 3805
BRI MINA AR R AR, T AEZA BT IR Y
By . PR, BAERALTE A LA 3 i AL R o3 %o it
— B HIE I 2 R S B A B A IS R S

AR B (UPLC) 385 7E o i A L
FH/INRORESEORE DL B A A i ede, B B i 43
B SRR A BT R R K I A . DY
AT~ AT I 1) ER R R 3 (Q-TOF) N 43 B i A
AL E e EE PR rRE A, B RS A
Xy T R DGR A 10 AT DU R
KRR, R4 FE M g EE, FiEd
Xof Bt BT B BRI o b, AT 45 5 BRAE T AL &
Mgk ILAER, IR s i Ry B e IR
W s RBEA S, RS PRS2
SRR ARTR, 2 2N T2
34, SRR = RE T A i et -1,

AT 5K R v RO £ - DO B R R AT B (]
Jiit (UPLC-Q-TOF/MS) AN Z =M. KFEA
MALE RARIATEEL S A, B it &
SR LA 1 R BB sy . R UPLC —
YEI LR BT (BB B9, I 4RSI T R A
FNEIAL 206 B Lo ff e 772, Pl o L Bl xof
JoR RE AR o R B HE T e g . ke
BUHEIT 1AL AR 31 B2 gy, Heh adE
11 MPZEERE ., 3 Fh =05 Pk, 3 Fhoali. 8 Fh =k
K 6 NMHAMA A AW T A NI T A
JREPEI FEFR IR BRI R KR, N H AR

2R I S AR IS A IR S S S %,
1 {UES5HR
1.1 &8

ACQUITY UPLC (ZE[H Waters ~n], G4
TeiE RS . B BN B3RS L AEIRAED:
AB SCEIX Triple-TOF™ 5600 * % Jii i 1% ( AB
SCIEX, USA, ficfs ESIJ5A1 APCI J5), il R4
B A: Analyst TF 1.6 software (AB SCEIX, USA);
BAE P R S8 Peakview 2.0/masterview].0
software (AB SCEIX, USA). Markerview 1.2.1 (AB
SCEIX, USA); Waters Acquity UPLC BEH C;s 3%
(100 mmX2.1 mm, 1.7 pm), AQUITY UPLC
BEH Cig VanGuard Pre-Column Tiif (5 mmX2.1
mm, 1.7 pm). KQ-300DB A%z A (Rl
R AESE PR A F] ) ; BSA224S-CW Y HL 1 K- (3%
LIRS A ] LG16-W Rl 0L (b
R SLEOHUERAFD.
1.2 iR

FABE (3Arali, REETRPERAFRA A IR A FD,
N (figat, Merck, fE[ED, HFER (2354, Fisher,
EED, AWK OMEERERTEHERAFD.
1.3 #AME5xRA

JbHFRARLHM T 20147 H & 8 HRH B RIT
B A3 A=, B2 HUE 3 AN RFE s, R A
KEE 2 i, R 1. MK BIRITEFES
B2 BE W) R 8 AT 2500 %5 52 D9 A Bk I AR 47 #H Bk Ak
Juglans mandshurica Maxim. A R 52 FIHUAMR
B, i@RUEBAT, 7 dJE TR

Sof RS EABRER . 1,5-25 —Fy (EH], LH—1k
B R ES BT 98%); &4k (s
111521-200303, H [ £ 5t 24 ks i@ Bt 7o e, ot &4
KT 99%); FERMR (X-006-110812, J&#lH 25 &
EVRHEAR A, FRESHKRT 99%).
2 7k
2.1 MRaEEEREE

R AP . 1,5-28 . &fepkir. R
SRR T I o &, 0 P40l 1) 2 50 pg/mL ¥
A T BRI
22 i miEiEREl &

AFE = AR LM 1.0 g, FEERE, 73
IR 25 mL #7403 (T2 300 W, 4% 40 kHz)
30 min, A, #NEFEE, B, E, BUERER
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Table 1 Information on samples of exocarp of J. mandshurica from different habitats

“GfE

2

s 77 Hh KA H
1 HIEE (FZ) 2014-07-18
2 TETH (W) 2014-07-20
3 My /R¥ETT (HEB) 2014-07-23
4 ERE UXO 2014-07-22
5 HIRE (TY) 2014-07-24
6 EEE (BQ) 2014-07-24
7 MEFgE (HND 2014-07-24
8 FHE YD 2014-07-25
9 FE (BX) 2014-07-29
10 AR (HL) 2014-07-28
11 EE (TH) 2014-07-29
12 B (T 2014-08-02
13 T (HHD 2014-08-10

R 128°92'62.1"
KL 127°55'43.5"
R 126°73'34.9"
KL 130°94'79.3"
KL 129°82'93.8"
R4 131°5835.6"
KL 130°49'35.1"
R4 130°36'1.0"

KL 127°50'00.0"
ZRZ: 129°08'80.1"
R4 128°32'9.0"

KL 128°399.7"

R 127°09'42.5"

1645 45°62'82.8"
b4 44°86'31.8"
Jb4h 45°74'88.6"
b4 46°71'86.5"
b4 46°97'65.2"
Jb4i 46°19'47.2"
Jb45 46°12'48.1"
Jb4h 48°28'32.9”
Jb4i 45°56'18.5"
Jb4h 44°8385.6"
Jb4i 46°28728.6"
b4 46°4'11.0"

Jb4h 50°41'56.6"
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T80 CURfE, A HTHTKE =, 13 000 r/min &L
5min, B _EJEW, BEIfS.
23 Y

Waters Acquity UPLC BEH Cs 3£ (100 mm X
21 mm, 1.7 pm), AQUITY UPLC BEH Cig
VanGuard Pre-Column it (5 mmX2.1 mm, 1.7
pum), i 30 C, WshHH A N 0.1%H /K, B R
0.1%H R LG, BEEDEMNE: 0~3 min, 5%~22% B;
3~15min, 22%~60% B; 15~20 min, 60%~70%
B; 20~29 min, 70%~100% B; 29~30 min, 100%
B. EFfE 0.3 mL/min, #FEE 2 ul.
2.4 RIS

KA ESI SR, BBy w5 R+
B, B VR E N 5 500 V, B TIRIRE N 550 °C,
ZURAEIE (DP) 43518 80 V, fifERERE (CE) &
R 35eV, flERERY B (CES) 43314 15eV.
TSNS, 5B Gasl N 38 kPa, HihS
Gas2 A 38 kPa, AAiA Cur Gas N 24 kPa. —ZJi
PR TV EN 80~1 500, IDA ' MK
I 100 cps 1 8 AN AT gk, 1
B AV E N miz 50~1 500, R8T SR
(DBS). 4l KA : Analyst TF 1.6 software (AB
SCEIX, USA); % K4 RS : Peakview
2.0/masterview1.0 software (AB SCEIX, USA).
Markerview 1.2.1 (AB SCEIX, USA).
2.5 BB

WHY 13 AN 78 A A6 T AR i it VAR, gk

FESE, 1d5% UPLC-MS i . i#id Markerview
1.2.1 BAFREL 78 AMFEAH 1000 ANES 1, K45 5 1
SREEHET, WA TETAREAR I, HAX E
FEFEARRT e MENER LA R 7. A sl
Peakview 2.0/masterview1.0 B4, AKHEHRE A i 2%
ATEI 7 21 W8 A o 401 3X,  adasd xof BER ot B a0 e
) ik Bt AR, 456 O STk
18, eI BT ait .
3 H#R
3.1 UPLC-Q-TOF/MS 43tk

23 A AT A B S A AL, IR IE S T
R, %18 “2.37 K “2.4” WM, R8T
R B RCR KB, Hdr=i#hy 1-FZ
FEM R B 7 (TIC) WWKE 1.

]

0 2 46 8 10 12 14 16 18 20 22 24 26 28 30 32 34

t/min

1 EFERBRBIEST TIC
Fig. 1 UPLC-MS TIC of exocarp of J. mandshurica in

positive mode
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Ff 237 [ “2.47 SERZEAES IR 13 AN
M 78 i b A AL F e AK 25 M A ah ik 4T UPLC-
Q-TOF/MS 31, AN[E=HubE s Fe S s LI 2.

BT 2 BT, AR P 256 e B - R B AR R
A FAHEME, RS AERRESR, AmEd
masterview 1.0 ZfFHE B bRt AR 0, RNk
FARE T Z2MUEY, BRARZIRITMEAE R R ZE
s, Bk, SRA “2.57 TR MR BRI, L i
36 MEFTA ILE HAMEA P A5 E B H &1
FER A&

JL»UIJLLLJ»&JJ-‘\.m-m_«nmJunL;: P SAPEURRUN S PECUEIIT S O  S0 PRI R N !

I NV TP FORTUREY DY IR0 NSO ¥ T ORI RO T WO VO S
3

4

| 5

L 6

J ) [

s L. 8
b9
k10

| (RTINSO SRS SRRV TN U N
_ ._,,mﬁfulw,_,mm.n_JWJL ..U\ IO, T T TR .

Il A 'Iu.ulx.\ ctnn .—__,,.,,JI' ,Jn, " _f%-rhﬁ'k_:__ ﬁ**-'?'_""*__" M
02 4 6

S SR, | W P VR . L 13

8 10 12 14 16 18 20 22 24 26 28 30 32 34

t/min

2 FREIFMAEE R ESI+TIC 4 E%
Fig. 2 ESI + TIC Fingerprint of exocarp of J. mandshurica
from 13 different habitats obtained by UPLC/Q-TOF-MS in

positive mode

32 SHEE

AT IS (8] o 1 Ay v A R U T DA A e 2 <
1LOX107° B T, [AR 454 RN R FE kT
38T, T DAERR T BT S . B
LA W 43 1 NRE S PRIETE (il S H A A B & R
AR AR AT T EER B I ) R AR AR I, ATy T ad A
B miz AEFE R T RANZ AT R E A, AR UE
fROU ST R I EE M.

WFEHL ) 36 N ILH I EWIHAT T Eit o, H
e S TeIE s oy T UG R . oA
WEYEs-& EST IE A B 182U A I 75 XD RS 1t A
X RE, FIH Peakview 2.0 tHE RIS AT BEHI T
RAR, MERTREM T B & Lo
BT, 133 7RMERE B A HERA AL 22 T R AR
5 masterview1.0 B FRVS BB E F TH B 45 AR
VLHC, 454 chemspider 0¥ R4S H RIS /M5 . Xt
FE i 2 P DA A A S R A AL 27 B O3 SRR AR
YrE BHENT T b 31 MEA ISR, AEE 11 A
ZRIRE. 3 AN HEE PR, 3 AN EERZE 8 A =ik
KR 6 NAhRILEY . SR IE 2.

320 FEER EERMAWRICE AR EER
PUMBEEY R, SRR HoO HiT CO 2 H Ay
(S G 2LfRR AR DIAGE ) 10 ], JHHESy
TETF 179 [M+H"FEE R, SESK % H0
FERFaE R 161 [M+H—H,0]". 143 [M+H—
2H,OT WEF B 7, 17 161, 143 T F B 1 ml gk 4k F 2k
CO £ 133 [M+H—H,0—COJ". 115 [M+H—

x2 ABFERHEBTEMER

Table 2 Information of common ion construction of exocarp of J. mandshurica

B i ol RRERE o m T MsMS) () Y 2
(mlz) (mlz)  (X107)

1 19 166.0854 166.0863 -5 CoHiuNO» 166 [M-+H]", 120 [M—COOH]" (100), AR
103 [M—NH>—CO—H;0]" (70)

2 25 4851289 4851290 0 CaHyOiz 485 [M+H]", 305 [M+H—CeHi206] " (39),  4-5FE-2,6- — A IEHKE-1-0-p-
245 M+ H— H20 — C:H402 — CeHioOs] = D-[6-0-(3",4",5"- = & 3k K H
(100) TBk)] DR 9 260 5

329 291.0833 291.0863 -10 CisHuOs 291 [M+H]", 147 [M+H-2H,0—CsHs02]" JLZ5HR
(28), 139 [M+H—CsHs0s]™ (100), 123 [M+
H—CsHs04]" (54)

4 34 3391034 339.1074 -12  CiHisOs 339 [M+H]", 147 [M+H—CeHi00s—OCH:]" 1,4,8- = H£25-1-0--D-ML i
(100) EIHE

5 36 161.0589 161.0597 -5 CioHsO2 161 [M+H]", 133 [M+H—CO]" (34), 115 [M+ 1,5-Z5

H—H,0—CO]" (100), 105 [M+H—2CO]" (44)




245 [M+H—CO—CsHio]* (100),

163 [M-+H—O0CH; —2H0—CyHs]" (49),
147 [M+H—0CH; —2H:0—CioH7] " (73)
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)
5 i U R R g AET MyMS) () st
(m/2) (mlz)  (X107)
6 38 177.0543 177.0546 -2 CioHsO; 177 [M+H]", 131 [M+H—H,0—CO]" 5-FF- A2
(100), 107 [M+H—2CO—CHa]" (46),
103 [M+H—2CO0—H:0]" (69),
77 M+H—2CO—H0—C:H2] " (36)
7 40 1950647 1950652 -3  CioHwoOs 195 [M+H]", 177 [M+H—H:0]" (76), 4,58-= - NS R
131 [M+H—2H,0—CO]" (100),
107 [M+H—H,0—2C0—CHz]™ (50),
103 [M+H—2H,0—2C0]" (47)
8 4.1 487.0815 487.0847 —7 CuHaO12 487 [M+Na]', 325 [M+Na—CeH100s]" (10), &bk
185 [M+Na—CisH1007]" (12)
9 42 280.0712 289.0707 2 CisHi20s 289 [M+H]", 163 [M+H—CeHe03]" (41),  1,8-§2%-3,7-— HE LT
153 [M+H—CsHsO2] " (100)
10 47 179.0697 179.0703 -3  CiHiOs 179 [M+H]", 161 [M+H—H:0]" (61), 143 #% kA
[M+H—2H:0]" (92), 133 [M+H—H.0—
COl" (100), 115 [M+H—2H0—CO]"
(97), 105 [M+H—H20—2C0]" (77)
11 49 273.0760 273.0758 1 CisHpOs 273 [M+H]', 153 [M+H—CsHs0]™ (100),  #i &
147 [M+H—H,0—CeHs02]" (28)
12 51 489.1027 489.1028 0  CyHxO12 489 [M+H]", 327 [M+H—CeH100s]" (100), 1,8,9,10-P0 ¥ H-6H-25-[1,2-b]- -
265 [M+H—CeH100s—H2,0—C02]" (7) [d]-HEP-6-F- 12-O-B-D- R & Ml
13 63 3650656 365.0656 0 CxHi207 365 [M-+H]", 347 [M+H—H0]" (55), S-FREE3 3 XUAHRER
319 [M+H—H0—CO]" (79),
291 [M+H—H,0—2CO0]" (100)
14 7.1 3571376 357.1333 12 CypHx0s 357 [M+H]", 307 [M+H—CH,—2H:0]" (25,3R)-2-(3'"- H! S = -5'- 14 ##6 16 O
(96), 289 [M+H—3H.0—CH>]" (60), 56)-3-(4"- 753 FARIE)-3,4- 38
247 [M+H—C3Hi1004]" (49), A1
219 [M+H—C4H100s] " (39),
137 [M+H—C12H1204]" (100)
15 80 2050493 2050495 -1 CpHsOs 205 [M+H]", 177 [M+H—CO]" (92), S-Fadk-2-HVEIE-1,4-25 0
131 [M+H—CH20,—CO0]" (38),
121 [M+H—2C0—2CH,]" (100)
16 9.1 5231024 523.1024 0 CsHisOo 523 [M+H]", 505 [M+H—H0]" (100), 1,1',6,8,8"-pentahydroxy-3,3'-
487 [M+H—2H,0]" (38) dimethyl-2,2"-bianthracene-
9,9',10,10'-tetrone
17 10.1 347.0550 347.0550 0 CaHio0s 347 [M+H]", 329 [M+H—H0]" (32), 3,3"- XU BBk
273 [M+H—2C0—H:0]" (10)
18 105 343.1541 343.1540 0  CaH2Os 343 [M+H]", 325 [M+H—H0]" (80), 1-(4"-F 0 HHE)-7-(2 -2 537 F

I IE)-3 47N -3 P
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5. )

Wl mief we
5 i E R m R ET MSMS) (%) s
(m/z) (mlz) (X 10’6)

b

19 118 3271592 327.1591 0  CaH20s 327 [M+H]', 147 [M+H—CioH100,—H:0]" galeon
(65), 131 [M-+H—H0—CuHi402]" (100),
121 [M+H—H0—C12H1202]" (50)
20 129 357.1677 3571697 -5  CaHaOs 357 [M+H]', 259 [M+H—CsHi00]" (40),  juglanin A
179 [M+H—H0—OCH; —CioHs]" (54),
147 [M+H—H0—20CHs—CioHs] " (87),
137 [M — H0 — OCHs — C12H100 — CO] *
(100), 131 [M-+H—H20—0OCH;—Ci1H13:0]"
(38), 121 [M+H—H0—0CH;—C12H1102]"

(87)
21 141 3412835 3412839 -1  CuH3O 341 [M+H]", 323 [M+H—H0]" (41), (3B, 50)-4,4,20-trimethylpregna-
203 [M+H—CoH14s0]" (46), 8,14,16-trien-3-ol

191 [M+H—CioH140]" (100)
22 159 4373416 4373414 0 CxHwO: 437 [M+H]', 391 [M+H—CO—H:0]" (43), ursa-2,9(11),12-trien-24-oic acid
215 [M+H—CO—H0—Ci3Hx]" (30),
189 [M+H—CO—H,0—CisH]™ (25)
23 159 2932114 2932111 1 CisHs0: 293 [M+H]", 275 [M+H—H:0]" (56), 3,4-dihydroxyestran-17-one
149 [M+H—2H0—CsHi2] " (100),
107 [M+H—2H0—CO—CsHua]" (35)
24 161 4573655 4573676 -5  CxoHasO3 457 [M+H]", 439 [M+H—H:0]" (100), fiE TR
421 [M+H—2H:0]" (66), 125 [M+H—
CHs602]" (84)
25 165 2792329 2792319 4 CisHx02 279 [M+H]", 95 [M+H—CiH202]" (66),  3a,5a,17a-estrane-3,17-diol
81 [M+H—Ci2Hn02]" (99),
67 [M+H—Ci13H2402]" (100)
26 180 301.1444 301.1434 3 CisH20s 301 [M+H]",149 [M+H—CioHis0]" (6) 4.4.9- =537 9- K4 -8 8- KTy &
27 212 4993754 4993782 —6  CaHsOs 499 [M+H]", 481 [M+H—H.0]" (1), 3-Z B AR R R
393 [M+H—C7Ha]" (1),
147 [M+H—H0—C21Hx05]" (1)
28 215 4253789 4253778 3 CxHsO 425 [M+H]',407 [M+H—H:0]" (38), lupa-2,20 (29)-dien-28-ol
79 [M+H—H20—Ca4Huo]" (10)

29 222 2632373 2632369 1  CisHO 263 [M+H]", 245 [M+H—H.0]" (29), 1,3,5,7-octadecatetraen-1-ol
55 [M+H—H.0—CisHn]" (24)
30 247 4073668 4073672 -1 CsoHus 407 [M+H]", 351 [M+H—CsHs]" (6), (6E,18E)-2,6,10,15,19,23-hexamethyl-
69 [M+H—CasHzs] ™ (6) 2,6,10,11,13,14,18,22-
tetracosaoctaene
31 269 4433892 4433884 2 CxHse02 443 [M+H]', 425 [M+H—H0]" (42), SR

407 [M+H—2H,0]" (56),
299 [M+H—2H,0—CsHio] ™ (43)
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2H,O—COT"H T &7, fEmBehifE ~, WrrkES FHSMbAY R 2R E g 20, Dk
T TR A — RIIE R AL G 10 5B &9 110 8B, HAEs 73T 273 IM+HH] FE I
MRS R A A, R, BEMAW 10 N |, KRB B WK CHORAEHRE, A EE R
PR, H gk, RfEeTRRIEE 00 K 3. 4. (1 153 [M+H—CsHsOT W H &1 5K 101
322 A HEEREY R ZAETEARN T H0 B 255 [M+H—H0I'"W &1, ZHH
—RKBUAEY, ZFEAREDMEAHERI STFARE, K% B WK CH O RTMEMK 147
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