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Abstract: The study aims to investigate the effective components of Semen Ziziphi Spinosae (SZR) in
nourishing the heart and tranquilizing the mind. A method of ultra high liquid chromatography (UHPLC)
coupled with Q Exactive high resolution mass spectrometry (HR-MS) was developed. Based on the UV spectra,
retention time and MS spectra, 25 compounds of SZR extract were identified or tentatively characterized,
including 12 flavonoids, 8 triterpenoids saponins, 2 fatty acid and 3 alakoids. The study illuminated the major
chemical components. Twenty bioactive components were determined in rat urine after oral administration of
SZR extract by “in vitro to in vivo” translation approach, including 16 prototype compounds and 4 metabolites.
Spinosin, swertisin, jujuboside A and B were considered as the effective and active constituents in SZR of
the sedative and hypnotic effects, which emodies characteristics of multiple components. It was beneficial
exploration for searching the effective and active constituents of SZR in nourishing the heart and tranquilizing
the mind.
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Figure 1 The base peak ion (BPI) chromatograms of extract

from Semen Ziziphi Spinosae (SZR). A: UHPLC chromatogram

(335 nm); B: Positive scan; C: Negative scan. The peaks from 1

to 25 are corresponding to Table 1
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Table 1 Identification of chemical constituents and metabolites by UHPLC Q Exatractive HR-MS. *Compared with reference
substance. M: metabolites

No. tpf uv Compound [M+H]" Fragment ion Error/ [M—H] Error/ Fragment ion Formula p”ne
/min /nm ppm ppm (time/h)
1 11.67 235,284 Coclaurine 286.14236 269,237,219 0.944 - - - Ci7HioNOs 6, 12,24
™)
2 1198 272,335 Vicenin II 595.166 44 433,313 0.693 593.152 10 2.004 503,473,383, CyH3015s 6,12,24
M2) 353,297
3 1233 270,303 Zizyphusine 342.16849 297,282,266,  0.045 - - CyHNO4  6,12,24
(M3) 237
4 1439 272,338 Isovitexin-2"-O-f-D- 595.166 44 433,415,397,  0.693 593.149 91 —1.663 413,293 CyyH30015  6,12,24
(M4) glucopy-ranoside 379,337,313,
283
5 1547 272,338 Spinosin* 609.178 96 447,429,411, -2.293 607.164 21 0.417 487,445,427,  CyH3O4s  6,12,24
(M5) 381,351, 327, 367,337,307,
297,285 292,281
M6 17.45 284 Swertisin-furane- - - - 579.245 42 1.817 403,385 CyHys015  6,12,24
glycoside-gluA
6 15.88 274,338 Isovitexin 433.11389 415,397,367, 2.232 - - - C21H3010 -
337,313,283
7 1642 272,372 Caaverine 268.13330 252,236,219, 0.095 - - - C7H7NO, -
191
8 16.54 272,338 Swertisin* 447.126 43 429,411,393,  3.191 445.111 91 4.666 325,297,282 C»Hx»nO0yp  6,12,24
M7) 381,351,297,
267
9 18.03 268,349 Kaempferol-3-rutinoside 595.166 26 449,287 0.513 593.148 74 —2.287 285,255,227 Cy7H3005 6
(M8)
10 1823 271,336 6"-p-Hydroxyl 729.201 84 429,411,381, —0.941 727.188 54 2288 427,325,307,  C3sHiOu7 6,24
(M9) benzoylspinosin 351,327,297 292, 281
M10 19.42 284 Phenolic-glycoside-gluA - - - 477.177 43 1.907 301,271,253 CioHx014  6,12,24
11 1851 274,335 NervilifordinJ 771.208 80 433,415,379, —4.007 769.195 62 —2.367 593,413,311,  C37HisOss -
337,313,283 293
12 19.18 274,336 6'"-Sinapoylspinosin 81524017 695,609,447,  1.061 813.225 46 2219 427,307,292,  C39HyOp9 -
429, 351, 327, 281, 265, 251
297,285
13 19.69 275,331 6"-p-Coumaroylspinosin 755.21790 429,381,351, —0.365 753.200 07 —2.456 427,307,292,  CiH3s047 6,24
M11) 327,147 265, 205
14 19.79 272,338 6'"-Feruloylspinosin* 785.23096 665,609,447,  2.826 783.210 82 —3.946 607,427,307,  CssHaOss 6,24
M12) 429,393, 351, 292,235,193
327,297,285
MI3 22.79 - Methylapigenin-gluA - - - 461.145 05 0.827 285,267,241  CypHnOy 6, 12,24
15 2244 274,335 7-O-(6""-O-Feruloylglucosyl)- 785.227 62 - —1.427 - - - C3sHuO18 -
isocytisoside or 4-O-(6""-O-
feruloyl glucosyl)-swertisin
16 2398 - Jujuboside H - - - 1223.60059 —4.032 1091,919, CssHosO27 6
M14) 787, 625, 479
17 2431 - Protojujuboside B or B1 - - - 1269.60547 —4.413 1223,1091, CssHosO27 6
(M15) [M+COOH]” 929,767, 621
18  26.26 - Jujuboside G - - - 1107.55981 —2.845 1061, 929, Cs;HgeOn  6,12,24
(M16) [M+COOH] 767, 621
M17 2842 283  Methylapigenin - - - 285.113 49 4700 267,241 CieHpis0s 6, 12,24
19  28.54 - Jujuboside A* 1229.593 26 - - 125159656  —4.113 1205,1 073, CssHosOn6 6, 12,24
(M18) [M+Na]” [M+COOH] 1043, 911,
749, 603, 471
20 28.60 - Jujuboside C - - - 1281.611 94 0.944 1235,1073, CsoHo6O27 24
M19) [M+COOH] 911, 749, 603
21 29.24 - . . - - - 1 089. 543 09 1043,911, Cs;HgaOy1 6,12,24
(M20) Jujuboside B* micoon) 27 749,603,471
22 3094 - Ceanothic acid - - - 485.325 26 —-1.836 - C30Hi605 -
23 3334 - Betulinic acid * - - - 455.351 23 -1.629 - C30Has05 -
24 3493 - Palmitic acid - - - 255.232 85 1.500 - C16H3,0, -
25 35.03 - Oleic acid - - - 281.248 47 3.425 - CsH340, -

EIEETFHAT, tb&% 100 12 F1 13 #=4 SR, HERT L2 A 6773 3 35 5 F I 20 2
m/z 429, 381. 351. 327. 297 (W BT, St 6T TR R R 6 SR S R R
B3 jz 5 2 AL FE AT N R AN RE RO (K 1), WAEY) 6 P2 m/z 433 43 T BT, FRAKRIRZ A
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Figure 2 The BPI chromatographs of urine samples.
M13 and M17 are corresponding to Table 1

A: Urine after oral admistration of SZR; B: Blank urine.

M1-3, M5-7, M10,
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Figure 3 Structural skeleton of flavonoids and triterpenoids and their potential metabolic pathways
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2455 31 L T TR AR T T A A P AN A SR B
MI17 =4 m/z 285 [M—H] 14T & T IEFIRE F 5 1
m/z 267 [M—H-H,0]", KT H4C# Y methylapigenin.
25 b, SR RA & WAEAR N AR SR 3 O g i
IKff SONERIIR B0 SONE, FFRAE IR A A T AL
JS2 < i drede e T AF A1 P R 5 S

g

15 CAFE R A A ooy e e i f sk, £
EEOT R AR S EA AN B AT, R LK AR I
HA S R IO TR IE o SR, R HE ORI
PRAZ, 2 R7KBI . DR DA A= /K $2 U 4k 2
FS 53 A TR G T8 AT Hh BRI PR L

DA AR 25 7 B AT /K 384 S5 R BRPR VB R T 90 0t
B, BRI A B A5 W 2E 5 R A 2E R AT SR IR
IIHT o FEE AN AW BAR =2 R R IR R A=K
PG R — R E TRy . DR T R R
1 RFNEY, 6 -FI BRI 2 R 2 6" - X Fa Bk o8 H
T 0 fe v 35 67-FT TR e v A 6% A R
FEVE BRI KA T BT BRI . ) R R L
Tr T B A S SN, AR T R R, IR E
W PE R N RIS N A R 2 R (] 3). F
FLAREA, W7 B v 2 AR A8 V)R] e 2 LG 2 BRI, 4%
S B ARV AR B, AR AR N 1), AR AL SR R
S-HTIA SR, 4258 K th B A B E IR
FHPOY, (R, 30 B 5 22 R 24 24 3 3 BN R A R A
FR IR AE F 0098 A2 S S R

IR A= 21 A fl B NARE R VU IR =5 2 {E
A P AR U e I 3 T Ay i T R A AR B o U U
PRI 2 B A B AF A A S i A 7
FH, HOTPATE 4~6 h Py IR g — 4> Glu 5 AR AR
MR B. 52, Al BRATEH H Y
75 6 h PRI R IN 2 S50 SRR 2 H
FZE—A Glu IR B4 G 78 3 AN AT P 34

O E, TR BT H {EhiE AN BRI S
BT RECEH G MASLRPRE-EH A M B
16 3 AN ] S A I 2 . kAl I, BRI BT R
&A1 W K g2 A i, FLJRTE JOHAR
W) 8 AT B NARE I R P AR AR, IR &
PRAGAEM: . SCRRPHRIE, STRE 2T A 43%f1 B
5.0% N ER ST RAEFMEIREN, RS- EH
A HI B 1% HOR R AR IRAE F (008 72 2N P 5
FAN, FEPR AR T AN T AL S ) 5 25 B AN
FRZER, 43 )@ TR 5L e R R S R BT AR JEK . B AR
24 250 A 3R ik 2K 2E W L AT AR VR D, T
55 25 A0 R 2= Wl AN B AT B A RS 1, HOO PR kR
AR FHEE IR A B AS B 1 R R

ZE b, ARSCUAMAN . RSMES G ONRTER, DAk
FI 57 B e R0 B A Sy B ity DL i R A A P R AE K
NAF N H K, *H UHPLC Q Exactive #iE & 7B
1T PP e R AR TR R KSR I T E A
E 5% S DR N RNV )R S S TN
WAL ZE RS HHEAT A P9 R B A IR AR ) SRk 42
W, YL #mIER R MR R R AR
B NI R B ER IR AR F BV BN o AR FEAN
7R TR KW AN E RS B R KL —
F, PR A ARSI P G A R % oy FRAR U P 0 TR
HA MR 2 BRI =k 24 L 3
R A P 2 A A4 P o G AT B A B TR R R, ok T
PEF B2 1% i) J5 3 R PR N A
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