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Research progress on Ziziphi Spinosae Semen and Ziziphi Mauritianae Semen and
Q-marker predictive analysis
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Abstract: Both Ziziphi Spinosae Semen (ZSS) and Ziziphi Mauritianae Semen (ZMS) were derived from the dried seeds of the genus
Ziziphus. The classical application of ZSS and ZMS is supplementing the liver, quieting the heart, arresting the sweat, and promoting
the production of the body fluids. Alone or in combination with other herbs, ZSS is the most frequently used herb for treating insomnia.
In addition, ZMS was used widely in Yunnan as local used medicine. Recently, the reduction of the wildlife resources of ZSS and
shortage of market supply resulted in the adulteration of ZSS by substituting with ZMS. In this paper, the difference was contrasted
between ZSS with ZMS by summarized the three aspects of herbal research, chemical composition, and pharmacological action. The
original source, efficacy, in vivo process, and the traditional property were probed in order that the Q-markers of ZSS were predicted,
based on the concept of Q-marker. This research will provide a theoretical basis for the improvement of the quality standard of ZSS.
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PRy, MR EEE 110 RFMES RO
21 BEEHEY

PR A R R R TR 0N 0.091 6%, TR
1= b AR RO 0.04%0, BRAUC BT
AIAEVUFE =i A TR =i 2 A, 1978 4, Otsuka 257
MBR A= 43 B4 1 R - 2 A(jujuboside A,
JuA) A= E4F B (jujuboside B, JuB). Ll JuA
HNRFRIEID A B R R AR R Z N —K

B . AUREA K ILL A H JuA F1 JuB )5
BTN 1%M0 0.3%, 1 75 HE A i R A I E
JuA"™, Zhang S5 AT IR A4 AT DATR] A
M) JuA A1 JuB, TR HRAERIE JuA, 5
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Table 2 Comparison of saponins from ZSS and ZMS

G5 thEYEA WA FR R A= A
S-1 B F A Y PYFR =i PR BT A + 7] -
S-2 TSI H A DU R = BT A + [21-22] -
S-3 IRFLE R PU IR =ik RAEABH A, + [23] -
S-4 BB YRR =% MBI B + 17 + 19
S-5 B F LR YRR =% BB B, + B2 -
S-6 B F HE R PYFR =i PR~ BAF C + 21] -
S-7 IS I H A DU IR = LR H B + 1] + [19]
S-8 IS I AR PU IR =% KEBHI + 24 -
S-9 IRFLLE R PU IR =ik KAERH I + 23] -
S-10  AFLEAIPYER =k BRI BT 1 + B4 -
S-11 IEF Y R DY IR =l JER AT A + 20 -
S-12 IR TUER = s JRER B B + 21 -
S-13 L FY e PYFR = JR IR 22T B, + 21 -
S-14 I8 3 fe A DU R = MREEHH + [26] -
S-15 IRFLLE R PU IR =ik RELCRBE G + 127 -
S-16 B F o R DY IR =l R B I + 124 -
S-17 B F Y R DY IR =l B A BT 1T + 124 -
S-18 IEFLE R PUER =i RAEBH IV + 241 -
S-19 LYY PYFR = R E + 1281 -
S-20 P LKA AR =0 MR + 19 -
S-21 P b AR = P kIR R e + 1] -
S-22 P R AR = P B + B0 -
S-23 P bR AR = M AR TR H G + B0 -
S-24 P EobE T FUER = T + BU -
S-25 PR SRR R =0 ERTIR + [ + [
S-26 PR E R R =0 R R + B + 132
S-27 PR kA IR = FIME TR - + 1321
S-28 FER R TR = VNGRS + B3] -
S-29 FIB R BT AR = FIH R + B4 + B33
S-30 L e B LR =i zizyphursolic acid + [3¢] -
S-31 ceanothane 2 73 =i 24-hydroxyceanothic acid + 19 + [19]
S-32 ceanothane 2 13 =i 27-hydroxyceanothic acid + 19 + [19]
S-33 ceanothane %4 .38 =i FINHIR + B + 32
S-34 ceanothane %! FL3f = KFENHRR + 1) + B33

“ a7 ForCliE,

O FoRIES R IARE,

“+ ”represent have reported, “-’represent have not any report heretofore, same as below
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S-1 Ry=glc, Ry=xyl, R3=rha

S-2 Ry =glc, Ry=xyl, R3=fuc

S-3 Ry =glc, Ry=xyl, R3=6-deoxy-talose
S-4 R=H, Ry=xyl, R3=rha

S-5 R=H, Ry=xyl, R3=fuc

S-6 R;=glc, Ry=glc, R3=rha

S-7 Ri=Ac, R,=xyl, Ry=rha

S-8 R;=H, Ry=H, R3=rha

S-9 R;=H, R,=xyl, R3=6-deoxy-talose
S-10 R;=H, R,=glc, Ry=rha

N
OR, OR,

S-16 Ry=H, Ry=xyl, R3=rha

OHE Hl
OR,

$20 Ry~H, R,=0, Ry=COOH
S-21 R,=OH, R,=OH, R;=COOCH;
S22 R,=H, R,=OH, R;=CH,

S-23 R,=H, R,=OH, R;=COOCHj;
S-24 R,=H,R,=OH, R;=CH,0H
S-25 R,=OH, R,=OH, R;=COOH
S-26 R,=H, R,=OH, Ry;=COOH
S-27 R,=H,R,=OH, R;=CHO

P
OR,

OR;
S-11 R;=glc, Ry=xyl, Ry=rha
S-12 Ry=H, Ry=xyl, R3=rha
S-13 R;=H, Ry=xyl, R3=fuc

3
S-14 R;=glc, Ry=xyl, R3=rha
S-15 Rj=H, Ry=xyl, R3=rha

S-17 Ry=H, Ry=xyl, R3=rha H
S-18 R;=glc, Ry=xyl, R3=rha )

S-31 R,=aCOOH, R,=OH, Ry=H
$-32 R;=aCOOH, Ry=H, R;=OH
$-33 R,;=aCOOH, Ry=H, Ry=H
S-34 R;=bCOOH, R,=H, Ry=H

Bl BRRCIBERCHhEEFRUSYLFEN
Fig.1 Chemical structure of saponins from ZSS and ZMS
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K 2,
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Table 3 Comparison of flavonoids from ZSS and ZMS
G WEYRA WEMATER R R
F-1 SAEARHE PR 6 ARREE AR +H2 48]
F-2  HMGHE TR 6 ArbkhE isovitexin-2"-O-B-D-glucopyranoside +42 +19
F-3  BEBRE SR 6 frihE isovitexin-2"-0-(6-p-coumaloyl)-glucopyranoside +19 +119]
F-4  BWGHE T 6 ArbkbE isovitexin-2"-O-(6-feruloyl)-glucopyranoside +19 +19
F-5  SAEARHE TR 8 ALBREE LigiEN 8-
F-6  MEmHE  rER 6,8 AIhkHE HERT 1 +19) +119]
F-7  SAEARHE  SETEER 6 LLRREE BT +H4 48]
F-8  BEGHE  JTIER 6 fhihE BRAME +4 -
F9  SaEAmHE  SETEER 6 LRREE BB R +38 440l
F-10  HEIBHE  SEIER 6 hrlih 6'"-vanilloylspinosin 46) +1401
F-11  BGcHE  Sedes o Arprhs 6""-(4"""-O-B-D-glucopyranosyl)-vanilloylspinosin +144] +10]
F-12  H#GchE  Seiesk o frfkhs 6""-dihydrophaseoylspinosin H47) 41401
F-13  SalAmchl  SE1EE 6 fomgh 6" T R +HP 4l
F-14  S&EGcHE  STIER 6 frhiht 6" X T R VR +¥) +H401
F-15  Salmhl  SE1EE 6 fmhE 6'"'- BT BRI I e 1 R +HP1 4l
F-16  HMbcHE  Seies 6 frfhs 6",6""-diferuloylspinosin 48] +09
F-17 i SeiEE 6 frihd 6"-O-feruloylspinosin 48] -
F-18 B  SEiesk 6 fifihs 6"-O-feruloyl-6""-p-hydroxybenzoylspinosin +148) -
F-19  BGcHE  SEies 6 Arfrhs 6""-0-(35-1-N-B-D-glucopyranosyl-2-oxo-3-hydroxy-indole-3-acetyl) spinosin ~ +*! +119
F-20  BMGcHE  SEie 6 frbkhE 6""-0-(3R-1-N-B-D-glucopyranosyl-2-oxo-3-hydroxy-indole-3-acetyl) spinosin ~ +*? +119
F-21  BMGcHE  SEdes 6 Arprhs 6"-0-(35-1-N-B-D-glucopyranosyl-2-oxo-3-hydroxy-indole-3-acetyl) spinosin ~ +*! +119
F-22  HGcHE  SEAesR 6 frfkhs 6"-0-(3R-1-N-B-D-glucopyranosyl-2-oxo-3-hydroxy-indole-3-acetyl) spinosin ~ +*? +119
F-23  BMGcHE  SEAEE 6 ArhrbE 6"-0-(3S-1-N-B-D-glucopyranosyl-2-oxo-3-hydroxy-indole-3-acetyl)-6""- +149) +19]
feruloylspinosin
F-24  BMGIHE  SEAEE 6 ArBRbE 6"-0-(3R-1-N-B-D-glucopyranosyl-2-oxo-3-hydroxy-indole-3-acetyl)-6""- +149) +19]
feruloylspinosin
F-25  SaEAmHE  SEAEER 6 ALRREE 6" X FRHE R PRI K T R +50 48]
F-26  SEEAGHE  STIER 6 frhihE 6""~(3"" 4" 5""-trimethoxyl)-(E)-cinnamoylspinosin +11%) +140]
F-27 dEEabchE  SEIEE 6 Al 6""-(-)-phaseoylspinosin +19) 41407
F-28  HMGcHE  SEies 6 fifkhs 6""-(4""-O-p-D-glucopyranosyl)-benzoylspinosin +19) 1407
F-29 dibchE  SelEE 6 ArikhE 6"-feruloyl-6""-vanillyolspinosin 431 -
F-30  BMGcHE  SEiesR o frfkhs 6""-(N-B-D-glucopyranosyl)-2"" 3""-dihydro-2"""-0x0-3""-yl-acetate spinosin -+ -
F-31  BMGcHE  SEdes 6 Arfrhs epi-6""-(N-B-D-glucopyranosyl)-2"",3""-dihydro-2""-0x0-3""-yl-acetate 40501 -
spinosin

F-32 BB &XEE 6 fIBHE  isoscoparin-2"-0-(6-feruloyl)-glucopyranoside 4o 0]
F-33  BAEGHE  STIER 8 frhihE SRR +# +H401
F-34  SaEAmHE  SEAEER 8 ALBRHE 6'"'- S BRI 1 1 1 R +H2 48]
F-35  HMGcHE  SoiesR 8 frfhs 6",6""-diferuloylisospinosin 19 +09
F-36  SaEAmHE  SEIEER 8 fLmkhE RYAWR 50—
F-37 #EAGcHE KRS0 8 Mkt BRE +# -
F-38  SAMASURE TR 7 AR T B H 7 -
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% /B waEmaR AR B
F-39  SESEME  MER 3 AL FT 40521 _
F-40 SEEENE  BRER 7 ALENE R 40331 -
F-41 BN £5%EE 7R clematine 4133] _
F-42  BEMAENE  (LFEm 3 AR HEAEH 419 49
F-43  HERE LA 3 AR camelliaside B FIES
F-44  BEMAENE  (LZE0 3 AN I B kR R AR HE +54 -
F-45 GEEENE  SIEERE hovetrichoside C 4153) -
F-46 AN WUKRTMEE HEHE 4033) _
F-47  HEERE  BRIRE 7 AERE  REAR 4033 -
F-48 70 i Bz & LN FIEC I
F-49 17t natsudaidain 5,6,7,8,3',4"-hexamethoxy 433 -
F-50 #H7o 33 TRR FIC

F-10
F-11

F-13

2.3

OH O

R,=glc, R;=R=H

R,=gle-gle, R,=R;=H
R,=glc-gle-p-coumaroyl, Ry=R;=H
R,=glc-gle-feruloyl, Ry=Ry=H

F-7 Ry=glc, Ry=H
F-36 R|=H, Ry=glc

OH

i‘fﬁff"{ TE:T F-33 R;=H,Ry-H

1=R378 L K F-34 R,=H, R,=feruloyl
R,=Ry=H, R;=glc-tha F-35 R,=feruloyl, Ry=feruloyl
Ry=Ry=Ry=H f 5 e L

- o F-32  R=gle-gle-feruloyl
R,07
R,=H, Ry=H F21 R,;=B(3""-S), Ry=H
R,=H, Ry=vanilloy F22 R;=B(3""-R), R,=H
R,=H, Ry=vanilloy-glc F-23  R,;=B(3"-5), Ry=feruloyl,
R,=H, Ry=dihydrophascoyl F-24 R;=B(3""-R). Ry=feruloyl
R;=H, R;=sinapoyl F-25 R;=H, Ry=p-hydroxybenzoyl
R=H, Ry=p-coumaroyl F-26 R;=H,R,=C
R,=H, Ry=feruloyl F-27 R,=H, Ry=phascoyl
R,=feruloyl, R,=feruloyl F-28 R,=H, Ry=4-O-glc-benzoyl L SNE ipslch ., . H )
R,~feruloyl, R,~H F-29 R,=feruloyl, Ry=vanilloy F43  Ry=gle-rha(6")-xyK2") F-45
R, =feruloyl, R,=A F-30 R,=H, Ry=D(3""-R)
R,=H, Ry=B(3""-5) F-31 R,=H, Ry=D(3"-5)

R,=H, Ry=B(3""-R)

~
0 OH
0 e} HO 0
~, o) 0
0 = HO™ ™R,
X L™

F-46  R,=OCHj, Ry=H
F-47  R,=H, R,=OH

2 BRF(CHBRCHERELSNEN
Fig.2 Chemical structure of flavonoids from ZSS and ZMS

EX e iA=L C MR 7y B4 5E 26 AN EWIBL, 32253yt
MR AR R B & B HRT me2EL IR RRERREAIIR K. 1989 4 Han
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0T IR A P Y B % 5 7 A S RS AR el
Ko T ARSI . SR, B A A WSS e
143 BT AL LRI o Oshima 25135 )3 04— e 3
WE T IR AU A, A (frangufoline). Zhang 25"
K UPLC-Q TOF MS X bt 7 FR A A EE &~ rp A
VIR oy, 45 SR 7 R 5 R AR 0l 8 o A S AH AR
P[RS DR of U [T AR 2 i B 2 A 3R B R A
S I IR S R 2R R ( zizyphusine ) 154 /Uy Z5 54
(lotusine) [PJAHXS & & im THIA, BEAYZHPE)IK
FKAEWIRBNEE, ArRIE] 13 NIRRA. T
4k, Liao 25 VU 5t % 0] B A7 oK 2% 18
(magnoflorine) )5 & L 2B A 2 5. [
i A 15 4L BT T R R R R AT 1 2

(coclaurine) TR ZAEH ) & & 2% m TR,
gx b, TR AT AN BT AR R S R AR,
T A S M R RS AR DR B B AR R R . BT
FIFRAAZ YR o WAE 4. B 3.
2.4 RERAER
VERNFIF2R 2, BRI E & e
TR K A7)« TR R IR 7 IR S5t B 24 o L BT B Y
30%LA b, HETC2 B %E 45 Fhe B A58 AIRE
Ay B Y5 TSR AN 1-+ /N Be iR i g2,
RGN AT B R T S R IR
FAFREHIR . CANERRA R B E T 17 FRN
2. Guo 2505z B ar 4 B MR 2= 2 AR M A
JE T RS AR TR () & B, T B A AN

T4 BRECHEBERCHEMEEMSD LR
Table 4 Comparison of alkaloids from ZSS and ZMS

di's AR EM AR A AL
A-1 RS 6-(2',3'-dihydroxy-4'-hydroxymethyl-tetrahydro-furan-1'-yl)-cyclopentene[C] +[44
pyrrole-1,3-diol

A2 TR 38-1-N-B-D-glucopyranosyl-2-oxo-3-hydroxy-indole-3-acetic acid +049 +1191
A3 Mgk 3R-1-N-B-D-glucopyranosyl-2-oxo-3-hydroxy-indole-3-acetic acid +149] +19)
A4 FRPETRE 52554 +56] +19)
A-5 SRR juzirine 41581 40191
A6 SRR FUibas X +159) +119
A7 IR L AL 4056] 41191
A8 SRR asimilobine 40191 4019
A9 FRPEMRE 25 A -85 +15¢] +19]
A-10 SRR N-FHE )\ +159) +119]
A1l SFRPEMRE i B +159) 419
A-12 FEETRE B2 4056] 41191
A-13 RS AR ELEHR 4153 +141]
A-14 B W& B +158] +119]
A-15 SRR 6-glc-coclaurine 40191 40191
A-16  IRMEZE BRI A 41561 4119
A-17  IRRK R A AH% F +[56] 40191
A-18  FRREE R 2T B 4156) 4119]
A-19  FRJIRE lotusanine A - 4191
A-20  FRREE =2 D 4156) 4119]
A21  FRREZE BRI G, 41561 4119
A-22 IRRRE C-11 epimer of sanjoinine G, - 4191
A-23 IR lotusine B 4019] 4019
A-24  FRJIRE ramosine A 40191 4019]
A-25  IRRRR R G, 41561 +019)
A26  FRfRE ZARAF D, D +160] +119]
A-27  IRRK FR A IR K 41561 +019]
A28  FRARE mucronine J 4611 41191
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A-6 R,=R,=R,=OCH;, Ry=OH, Rs=H

A-7 R;=OCHj, R,=OH, R;=R,=Rs=H

A-8 R;=OH, R,=OCHj;, Ry=R,=Rs=H

A-9 R;=R,=OCHj, Ry=R,=Rs=H

A-10 R;=OH, R,=OCHj3, Ry=R4=H, Rs=CHj
A-11 R;=R,=0CHj, R;=R,=H, Rs=CHj

OH
JOAUAN
: /) g}k
12N I >—NHo NH
Ry /N\Rz

A-16 R;=R;=H, R,=R,=CHj,
A-17 R;=H, R,=R,=CHj, R;=OH
A-18 R|:R2:R3:H, R4:CH3
A-19 R|:R4:H, RZ:R3:CH3

A-12 RI:RZ:OH’ R3:R4:OCH3
A-13 Rl :R4:0CH3, R2:R3:OH

A-20 R,=OCHj, R,=R,=CHj, Ry=H
A-(11R)-21 R;=OH, Ry=R,=CH;, R=H
A-23 A-(115)-22 R,;=OH, Ry=R,=CHj, R;=H

A-27 A-28

3 EMmEELEME
Fig.3 Chemical structure of alkaloids from ZSS and ZMS
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Fig. 4 Biosynthesis pathway of saponins in ZSS
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Fig. 5 Biosynthesis pathway of flavonoids in ZSS
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Fig. 6 Biosynthesis pathway of alkaloids in ZSS
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