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Content and Antioxidant Activity of Components in Different Polar
Parts of Semen Ziziphi Spinosae and Their Correlation Analysis
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YAN Mingming"**
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Abstract: Objective: Using Semen Ziziphi Spinosae as the research subject, the antioxidant activity and chemical
composition in various solvent extraction sections were investigated, and their correlation was examined. Methods: Semen
Ziziphi Spinosae was extracted by the water decoction method, the extracts were successively extracted with petroleum

ether, chloroform, ethyl acetate, and n-butanol, and five polar parts were obtained, including water extract (S1), petroleum
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ether extract (S2), chloroform extract (S3), ethyl acetate extract (S4), and n-butanol extract (SS5). The contents of total
phenolic acids, total flavonoids, total polysaccharides, total saponins, jujuboside A and spinosa in different polar parts were
determined by ultraviolet spectrophotometry and high-performance liquid chromatography. The antioxidant activities of
different polar parts were studied by classical in vitro antioxidant and H,O, cell oxidative damage methods. The correlation
between six chemical components and antioxidant activities was analyzed by partial least squares regression. Results:
Compared with other components in one part, the contents of total polysaccharides in S1, S2, S3 extraction parts were the
highest, which were (17.40+0.47), (5.3840.05) and (5.43+0.01) mg/g, respectively. The content of total flavonoids in S4
and S5 extraction parts was the highest, which were (17.49+0.47) and (23.18+0.20) mg/g, respectively. Each extraction site
had good antioxidant activity, and the n-butanol extraction site (S5) had the strongest antioxidant capacity, showing a
significant dose-effect relationship. Correlation analysis showed that total saponins (X,), total polysaccharides (X;), and
spinosa content (X;) had a great influence on the antioxidant capacity of Semen Ziziphi Spinosae. Conclusion: The n-
butanol extract of Semen Ziziphi Spinosae had the strongest antioxidant capacity. The active ingredients with an antioxidant
effect were total saponins, total flavonoids, and spinosa. This study would provide a theoretical basis for the in-depth
research and development of wild Semen Ziziphi Spinosae as a natural antioxidant and antioxidant food.

Key words: Semen Ziziphi Spinosae; polar part; antioxidant activity; correlation analysis; partial least squares regression
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FAL N 1 (Oxidative stress, OS) 248 & Fh I =3
JI 14 35 1 48 (Reactive oxygen species, ROS) A= ik
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PR 25 R (=l 1P | 52 50918006,
PUTERE: CPEZGEL)2020 4ERR—3B . A=Al 1l
A ZDIVERRATFD SRR 25 258 4 R
Al Ak, =& ke, ZBRZMES. IET . H,0,. i
IR EN  ArAral, db i T s W E RIS
110831-200302) . /T (#t5: 100080-200707) , AR
=B AL S 110734-201713) . Wi i % (LS
111869-201704) kit iR+ YR E R
F]; DPPH. ABTS V32 sa MR BH AT B F
DME/F-12 1:1(1X) #5373 FBSUIRA-ILIE ) . P/SCGH
HEFF NP IR « 0.25% MR I BEAW . — W L
X 1xPBS(§iRERZZ i) [ Gibco A H]; AAf
ZRF NI AN (SH-SYSY) i FE 4 Rl
H R HoAbistan] 2 Er=sdrali.

AB265-S BIHLF 43T P Mg -FL oA 224X
T A BR2S F]; DT2000 HL TR 6 BEsEi
IXESA RS 7l KQ-250B AUME A PG vess  1T0E
B Lo B 7 AR B2 A HH-6 RS TE IR /K A

EIRTHAEEAZR A BRAF]; DZF-6053 E.25 T4

YT —EREAUES A R AT DZTW BT
IRHEHE JERTHD GG A BRAE]; UV-1700
HIEANr 66T H AR R EEAA FR 2 7] ; Infinite
M200PRO %4> H ZhlFFR{Y  Hit: Tecan A PR F];
CO, #5354 €[ Thermo A IR H]; SHIMADZU
2010A B S OB AH A5 H A B HEA R H
Alltech ELSD 6000 #UZE R SCHURGIAST  SEE B4
HRRAF]
1.2 XFHE
1.2.1 MREAAFEERIFNAIZREL RHASAKRT
Bk, BBk Oy, BT RURESHE S, A 10 5
ZEIRRK, IR GEWE . MIRAREL 2 IR, IR 2 he iTE,
B FEUET, K R ORI A 4R 2 50 mL AR AE AT
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it . =SB, CPRMR. IE T BEAREL, AEHUAR L
S 101, JEFE 1 min, #E 20 min J5 B AYUEIREE
ZE R L, BRI FRIZEI IR, BT 2O, 5 TE R
Sy AASKEEEA S1GHHF 2R 23.4%) . A THEFEAEUY)
S2(HV A 1.2%) . AT A HY S3(H % 0.9%) |
R O TRAEEY) SACHT 2 2.6%) . 1E T BEAEHUY)
S5(HERE 3.3%) .

1.2.2 P8 A AS W] B P 38 A7 = 8 e 43 35 e I 2
P

1.2.2.1 BEFNE SHEOTREERE fyJrik, LI
ZPBE AR S, BURESY 0.2 mL T 10 mL bG48,
JINZEME/K A 2 mL, INA 5% KA 1 mL, 182,
INAMERER 5 mL, #247; 37 °C fin#k 30 min, 57 B15%
A /KIS P E E 2575, 1F 488 nm I ENSGRE(E AL
H 4545 [\ 19 77 FE N y=5.7093x—0.0426( R*=0.9994) ,
DL AR S S e i

1.2.2.2 BREEWE SHaE/ 050 ok, DIRE
AR A HARES, BUSAESS 50 pL T 10 mL hEass
1, 60 °C /KIEHET, INACHTHEC I 1Y 5% 7 5 1 VK il
BRIAWE 0.2 mL, =42 0.8 mL, i3I, T 60 °C 1Eif
KA INER 15 min, B . BB H], IIVKESEZ 5 mL,
A).o 78 472 nm FIEWOSGEEE A, #1515
FHEAN y=3.8374x—0.0022(R*=0.9994), LIt HAE
ah PR R

1.2.2.3 BIEEIME =% Kurkina S5 g7k, LA
T NARE S, B REER 1 mL T 10 mL L EAE
JEA 5% NaNO, % # 0.3 mL, {R%), ' E 6 min, F
JIA 10% AI(NO;),; ¥ 0.3 mL, {R%], ### 6 min,
FANA 4% NaOH % 4.0 mL 1R J5#+ & 15 min,
Ba R 80% ZEEAEZRZE 10 mL, TE 510 nm Rl
WHCREE Ao T4 IS 2R y=1.2446x—0.0079
(R*=0.9992), LABLIT3EAET B B &= .

1.2.2.4 RMRNE ZSHHESEY Wk, LUEE
TR MARUE S, A RS 0.5 mL F 10 mL FL (@4
I AR ] 0.5 mL, VRS, 6 min J5 FHIIA
20% Na,CO, W 1.5 mL, 12, JH# WK B =
10 mL, 293 A 2 h(GEEYG) o #E 743 nm R IE K
JCEAE Ao il & A5 | H 7 B SN y=10.412x+0.059
(R*=0.9979), LIMGIH38AE S v S B R 2 B

1.2.2.5 BRAHEIT A FEMNE =% 2020 Rk
] 24 HL ) — SR I A B iR, DA
{73 A SHARUE R, HPLC 30 2 4E i P iR e
A & &, @i%H N Apollo-C,4(250 mmx>4.6 mm,
5 um). BRI A KRR SIS, K ERRAE,
B %A 1 mL & 0.1 mg MIIAER, BIFSmRA—2
T A BRUESHE G RS E S FRHREIAS 1 g, IA
H MM, 5 255 B 50 mL 3% FF EEhn A 4EE
L, RS AN ER 30 min J&, KM, WZHE 1 mL,
JH 0.22 pm SR uE, BP TS HHR S ks

BRI BT BRI TR 5. 20 pL, R s 10 pL, 1
AJBRAHCTEASL, MR, TS MR SRR O RT3, I
LRSS A .
1.2.2.6 HiZirEEEMNE =% 2020 R EZ
ML) —FRIR A IR W B i 2R A B E T kU7, LA
I Bz i 25 AR IESS, HPLC Bl ERE S i B i 25 2
i, kA S Apollo-C¢(250 mm>4.6 mm, 5 pm)
HSCHIT Bz v 22 0T B A o, RS B PR, i HE s e g
1 mL ¥ 0.1 mg WIHUE, RP1S-HT B2 i AR ME LS o
PR S FHEEUAS 1 g, A ELIEHETE I, K
2 50 mL o3 H i ACEETE O, #E  Ab B
30 min J&5, FHH EERME . WHC 1 mL, HH 0.22 um %
FLAEIT Uk, RIS A S M o 5 0 DH 438 1 HSOXs L
PRI ER A 10 pL, FHEABRAR QI 02 25 FE 5
BREIYa7 0 e
1.2.3 PrEALBE e FES TN 53 5B
BRI 02,04, 0.6, 0.8, 1.0, 1.2 mg, T 1 mL &1
sk, 75 30 min, 12000 r/min 5.0 10 min, B i
WA E R AF IS R
1.2.3.1 HEBAEFIEFRRNE RASBE =M% A
SEAIENS Tris-HC1(50 mmol/L, pH8.2) FIARHE = M
W (AR 6 mmol/L) T 25 °C Tl 20 min, 7E
96 FLA AT A 150 pL Tris-HCI. 30 pL &£ W .
30 pL THAGT LRZR =13, 25 °C £Rik 4 min, il 20 pL
HeER TR, T 420 nm ALMZE W SCEE Ao PAZEIRIK
BACEES IR E R Ao DAZEIRARACERSIZE = E R
PSRRI AL e T 2 H 50 B B T R R
THERE(%) = (Ag— A, +A,)/A, x 100

1.2.3.2 FREHHEGERRNE  RHAKGEREM
M X R ) E BRI AVE T, B 96 FLAR, Bl B
A 50 pL 4L 50 L R 2 IV 2K % WK (6 mmol/L) |
50 puL i &AL & (6 mmol/L), T+ 37 °C 8 J& hn
10 min J§ MM 50 puL 7K (6 mmol/L), F 37 °C
TEAR I 30 min JGLE 510 nm A E OGRS Ao
DAZEVBARAIERE SRR, MIE RO GEE . Ay LA 1 mL 28
AR T E AL SRR, MBI CEEE A, FRFEEH

SRR A A=A 1.2.3.1,

1.2.3.3 DPPH HHAHERRMNE S HERRVKS R
MY SEES T, 78 96 FL T, LA 100 pL #2857k
W, 100 uL DPPH % ¥k, T I %8 /2 V. 30 min, 7E
517 nm ABMEWSEREE A5 AR B DPPH
VE IR ST RELH, P2 ORI AL; DAZEIR /KA AL
SR VRAE R 2S X BR L, I O {E Ay DPPH H

FH SRR AR 1.2.3.1,

1.2.3.4 ABTS'H HEIE BRI E ST HR
B SZ 87, ¥ 2 mL 7.4 mmol/L ABTS 445 5
35.2 uL 2.6 mmol/L K,S,0 1&%5), ##HE 12~16 h, Bt
% ABTS TAE# . B 1 mL ABTS T AR, / pH v
7.4 1Y) PBS WIS, BRAER IR 734 nm AL
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{H°~ 0.7£0.2. ¥ 0.2 mL ABTS T/E# 5 10 uL A~
R BERE SR A, H RGN 6 min, #£ 734 nm %
K G, AT 3 I ABTS A H ALVERREE
T

ABTS" H HEEIEFR (%) = [(Ag— A))/A,] X 100

b, A, NEESL+HABTS WO E(E, Ay N
PBS AW-+ABTS W WO CEE
1.2.3.5 Xt H,0, Tk SH-SY5Y 4ififs E Akt thifat
A T e =2 5K IR 4E P Jr vk, SR DME/F-12
1:1 5535 5 (10% FBS, 1% P/S) 1% 3% SH-SY5Y 41
i, OB AE K8 SH-SYSY 4 it L 5x10% /4L
Y53 T 96 FLAR R, FREdn i B S, S5 B9R W,
SyHIFREL S1. S2. S3. S4. S5, i TIEgndk, #ierk 2y
B EE N 1.2 g/, AR FEIEmREE 5. 10,
20. 40, 60 mg/L, FEFLLE24 10 pL. FHRRAY A E$2
BGH AL TUREY 6 h, -5 250 pL H,0, JL[FE
JHT SH-SY5Y 4ififikk 24 h Ji7, SRJH CCK-8 A&
ANAETE S7 o
1.3 B

{8 SPSS 22.0 Geit2# M4 X BRI T8
ST, T 280 BT L T i 2B R ST, LA P<0.05 (XYL
) R 22 AT G 24T o SR R SR E A TAH G
5381 32 SPSS 26.0 #E TR/ N3 )T 4387,
2 HBRESH
2.1 BRFCARMMEIAR S S EDTESR

PR AL Wi i 3R & il HPLC fa3i%
UL 1. & 20 R 1 A, 78RR AS [RIAR R AR B
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S
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Fig.1 High performance liquid chromatogram of jujuboside A
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Fig.2 High performance liquid chromatogram of spinozol

TR, SV SUETT . BT AL AR
S5 ZEBCGHBA B3 & A Er, 4302 (23.18+0.20) |
(21.62+0.23) . (0.3119+0.017) . (0.70:+£0.024) mg/g,
AR AR ALAAE 1 R, U8 BH R A H T S A 1 R B
2 BAFE | R R AL W R R w PR b P
GIE T B2 #5755 4, 7T B2 R A s ) ot T il
TEYI S IR . BN S1 ZEBGHAL A &
5, 439 (7.52+£0.09) . (17.40+0.47)mg/g, iR
AP TS AT IR . Z2 WIS A Y o R AR e
(RO B 4L, DX L) 5T T b ) i

2.2 BRECARRMEIAIEIEN

2.2.1 FRFEAARFEAEFRALXT DPPH H HZEATERR
VEM 3 2 AT, PR A AN [R AR PR 5 AT $ EL A 5o
DPPH H M ZIA —EMTERREETT . B W E Y
i, AR EHEECIXT DPPH [ HH 3 535 5 e i 5L
RAFIEMEIEAHDCOC R . TEAR IR BE N A [R5
%) DPPH H HHESEREE 1 R/ MBTF R V  >S5>S1>
S2>83>S4, FLAFEWRE N 1.2 mg/mL A, S5 ZEHGH
2% DPPH [ I BREE T /R, S 87.94%, H2iL
FRHMERT B Ve ITEBREE ST . X AT REJE: i T 7ERR
AT S5 FEPEHH AL R BEEZE  SR A TR
Sy E i, DPPH H B R A] 5 HAR G Hb2h &, Rtk
Xt DPPH H H3EMTEBRAE S 500 . g L S
PR B IS MU R AL TG PRI ST 45 TR —3K, HA —x2
Blogpk, RUIBRA, " S5 ZEHGERALXT DPPH H H A
A RGRITERRRE ]

2.2.2 FRAAANEIRCEEBAIXT ABTS H H JFEATERR
VER RN ABTS H I 38AM )5, ABTS”
FI R s S BB A ALy R A U, A g
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Table 1 Contents of components in different polar parts of Semen Ziziphi Spinosae
A~ EL
‘ &t (mg/g)
%
S2 S3 S4 S5 S1
SR 0.54+0.04" 0.7140.02 4.82+0.65™ 5.86+0.10" 7.52+0.09™
JEN=NER 0.32+0.06 0.23+0.03 2.75+0.06™ 21.62+0.23" 6.74+0.20™
JsE2 5.38+0.05 5.43+0.01 6.22+0.09° 11.49+0.32" 17.40+0.47"
ST 0.2240.01" 1.27+0.03 17.49+0.47" 23.18+0.20" 12.91£0.19"
RAY - BFFA 0.0827+0.0039 0.0932+0.0031 0.1259+0.0021° 0.3119+0.017" 0.1531+0.0036"
Wiz in & 0.14+0.012° 0.20+£0.016 0.63£0.013™ 0.70+0.024™ 0.58+0.029"
TE: S3MLL, #2250 L3, P<0.05; ** 22 5l T3, P<0.01; %2~4K50
£2 BER{ORRFIRPERAT DPPH B 2GR AE
Table 2  Ability of different polar parts of Semen Ziziphi Spinosae to remove DPPH free radicals
\ DPPH [ i ZE R (%)
e (mg/mL)
S2 S3 S4 S5 S1 Ve
0.2 7.49£0.35™ 4.45+0.31 4.97+0.55 25.29+0.58" 12.08+0.15" 76.90+0.75"
0.4 11.92+0.18" 10.44+0.27 9.5740.50° 38.03+£0.14" 22.17+0.53" 82.50+0.46"
0.6 12.7040.45 16.34+0.25 14.58+0.46" 63.86£0.40" 45.00+0.61" 85.68+0.82"
0.8 13.37+0.29" 25.44+0.38 23.86+£0.57" 73.82+0.47" 52.43+0.43" 90.56+0.67"
1.0 15.76+0.56" 46.82+0.30 38.87+0.77" 85.95+0.52" 65.51+0.45" 93.75+0.42"
12 23.22+0.16° 58.50+0.25 55.30+0.83" 87.94+0.20" 74.87+0.64" 94.04+0.31"
ELEY), AR, Ui A VS BR 8 k- b & fe HA S5 AEHGHI H A BRI ABTS' H FHILIEEREE ST,

PR P e 3 AT, R AR IR R A $
st ABTS H H 5L 3446 45 i W BB, BLEE
0.2~1.2 mg/mL YE BN E], PR3 A [RIH P30 S B
Yt ABTS" [ FH LI B 16 P B I v S5 ey g g 1
SR FEAHIFIRE T AS R PEFB AL ABTS' [ H 50
R BE 1 I/ NITUF A V>S5>S1>S4>83>S2, Hir ik
FER 1.2 mg/mL A, S5 ZEBGHRA X ABTS' H | 3EH
R g, M 93.25%+0.74%, 35T T Vi brifEdh. 2

Al DAgE— T I 4 o

2.2.3  PRAATAS IR A A X A B 25 E e R
WESVE B3 4 AT, 78 0.2~1.2 mg/mL Y5 FIA,
B A AN R B M B S R B X R A B 3 FR R
B3 5 HoHk B SR AR AP TEAH DG OC R . Hirr, S5 25 HY
YRERREE S Bm, FEIEIHEE N LT SO EE I, S
WBEIAF] 1.2 mg/mL B B B s i BRIE T, 15 R
S 64.27%+0.31%; X8 BB H 2RI BREE 138

F# 3 RACRFENRMERRALY ABTS [ iy BE 5 BRAE
Table 3 Ability of different polar parts of Semen Ziziphi Spinosae to remove ABTS" free radicals

ABTS"H H3EBRE (%)

] (mg/ml.) S2 S3 S4 S5 S1 Ve
0.2 3.78+0.17 4.02+0.34 10.52+0.12" 26.14+0.57" 15.69+0.52" 72.87+0.72"
0.4 7.13+0.20° 11.82+0.30 15.59+0.25" 41.41+£0.37" 24.92+0.31" 78.84+0.66™
0.6 12.29+0.43" 15.23+0.21 24.924+0.54" 52.26+0.66" 32.34+0.41" 86.94+0.42"
0.8 14.73+0.55" 21.42+0.61 29.15+0.28" 64.29+0.71" 39.14+0.42" 89.98+0.37""
1.0 21.84+0.59" 25.73+0.23 47.28+0.61" 93.37+0.15™ 67.07+0.38" 92.70+0.86™
12 24.84+0.26 29.46+0.45 78.41+0.81"" 93.25+0.74" 82.38+0.36™ 95.51£0.57"

*4

PR A IR A S X S BT 1 1 P T BRBE T

Table 4 Removal ability of superoxide anion free radicals in different polar parts of Semen Ziziphi Spinosae

AR TR (%)

e ¥ (mg/mL)
S2 S3 S4 S5 S1 Ve
0.2 7.69+0.43" 16.97£0.50 15.01£0.26" 20.59+0.35™ 10.39+0.51" 71.85+0.54"
0.4 13.89+0.40" 24.88+0.36 26.44+0.46" 32.79+0.44™ 17.21£0.53" 73.37£0.33"
0.6 19.17+0.53" 29.21£0.50 29.45+0.41 37.93+0.317 20.86+0.45" 81.58+0.26™
0.8 24.68+0.92" 31.66+0.4 34.45+0.62" 43.78+0.55™ 31.25+0.49 89.47+0.85"
1.0 31.61£0.12" 35.78+0.20 45.78+0.24™ 47.03+0.44™ 40.95+0.35™ 91.95+0.34"
1.2 36.43+0.20" 42.11£0.25 51.26£0.29™ 64.27+0.31" / 93.87+0.28"
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ZHIN S2 5 S1, 7EME 1.2 mg/mL B 524 K
36.43%+0.20%. 55.33%+0.52%, iZ4&5H 0] fE 5 1E
TEEAE A P A SN B TR R I R L, 7R
FITEME H HEERT, Sk Kt By A, BoAA HEE
TR KE AR B B A 3. HL,0, ST
A A R IEEMVE A P,

2.2.4 FRAMAR[EIMEEBAL SR B B RS as R
FH# 5 T, TR AR MRS 2 B X 236 A
3 R AE R BE 7, HAE 0.2~1.2 mg/mL JE [ 14,
Wit IO v B B IS R BE i b 5 . FEAH Rk
BE AR PRI ¥R 5k [ i 35 BRAE 1 R/ Ml
H: Ve>S5>S1>84>S3>S82, Hort, £ 1.2 mg/mL A,
S5 Wy ¥ 5 BE J1 B i, A 78.86%+0.45%, £2iT T
Ve brtfidt e LA ARG as IR0, B A IR ARe PR 51
IR —E i EEak A i 3RERAE ), o S5 2K
TSR BT

2.2.5 RFATAFERAEFALE R A 3L 1C, ([EHT
ZE Nk 6 AT RERA A R PEF s 75 4 A Hh 3
M 1Cso fH T 1, S5CIE T EEHFR ) X DPPH H H 4|
ZILA M. ABTS A HEMEAHE T H R A
TR 1C 5 IR T HABTBA ) 1C s, 8, 5%
AR A IE T B BAT B s T s e 4

2.2.6 FRAAAS[EIM IR0 M E AL AR R
ATt O S Y O N W N i Y E e S VE I = R
FIHEATINRE S, ASHIFFE 8 0 AN [ 45 245 ZH e 4l AR
X6 77, A B B AN R A R R %) HL,O0, AT EK
SH-SYS5Y 4S8t ae Ik, BFEE
P A % S A A 405 4 B PR AP i) e AR TS PR AL . AN
B 3 s, AHEE AR RIZH, SH-SYSY 42 12
TE R W BERAS T 52 b B R, A5 0 il o 2B A, e A
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Fig.3 Comparison of the protection ability of SH-SYS5Y cells
caused by H,0, in different polar parts of
Semen Ziziphi Spinosae

Ko N H,0, 75 i )5, 4iE 548 RAZ [,
FERATEW . 425, BT WANME ST Tk

# 5  ERE RTINS A hHELE R EE
Table 5 Removal ability of hydroxyl radicals in different polar parts of Semen Ziziphi Spinosae
. FREE A SRR (%)
e (mg/mL)
S2 S3 S4 S5 S1 Ve
0.2 8.77+0.117 13.76+0.20 13.46+0.53 11.57+0.51 10.77+0.47" 64.30+0.23"
0.4 15.52+0.51" 25.70£0.17 19.69+0.55" 28.16+0.50" 19.77+0.42" 78.18+0.45™
0.6 23.46+0.54" 29.93+0.26 25.70+0.16" 31.11£0.52" 21.95+0.26" 83.32+0.67""
0.8 29.70+0.29 31.35+1.25 28.28+0.80" 42.75+0.64" 43.71+0.63 89.47+0.92™
1.0 32.63+0.68" 41.50£0.71 34.46+0.53" 67.06+0.31" 57.51£0.10" 92.14+0.73"
1.2 40.52+0.24" 45.49+0.44 43.36+0.28" 78.86+0.45" 60.32+0.33" 94.62+0.58""
F 6 MRA{ AT A AIEE IC,, [
Table 6 1Cs, value of antioxidant activity of different polar parts of Semen Ziziphi Spinosae
4 YA DPPH (mg/mL) ABTS™(mg/mL) ‘OH(mg/mL) -0, (mg/mL)

S2 347 235 235 1.66

S3 1.11 1.98 1.98 1.57

S4 1.21 0.95 0.95 1.17

S5 0.51 0.54 0.54 0.93

S1 0.77 0.80 0.80 1.17

Ve 0.13 0.14 0.16 0.14
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FORAS . e 7 TR, A AR R A H,0,
7 S0 SH-SYSY AN S i P fiE Sy . 5h
LI LL, 45 2R i e T AT s e, R, ik
(AR R A SE B3 7] LA ek 3% H,0, 15 S 41
EULIW, Horh S5 LA AN LB R fE
S AAR R, T S2 AL

23 BREFICARRMEEAIMELEFE RS S EHEX

Hohes
2.3.1 PRATAS[EIR R AL A TS FRAH A Bl

e BIRIEMHIC R JEHAR 2 A AR LRI R
LA, AR X OH Y 2 A AR S R Y
S50, HUEA-F-1 5 1 Zm, — B » 2o, Bk
B B MR, 3 8 nIAl, R 6 1>
TEEELH B RN 4 DPUEARTE TR bR L S AP S Ak
Wi 4% 41 L G 71 Z IRIAF 7 R4 1 £ P AH D6, Hop
ABTS" 1 FH L 1C, 115 AR | A4 2T 52 v L e
TAAHDE L 35 (P<0.05), ST Rz 38 & i i g
A 5 HAR B35 (P<0.01), #3356 R 5045351 °M 0.938,
0.950. 0.982; A 1 H 5 1C,, (5 5 SR 2
LR PE T HE 35 (P<0.05), 5 A H R | Hr e ity
RO R R U DG H 35 (P<0.01), AHEC R
Beoy50k 0.884. 0.983 ., 0.982; 153 &AL %5 4R it e
0755 BEER | T B v 3 AR v AR TEAH DG HAK

#£17

2 (P<0.01), FHCREUT I 0.995. 0.961, iR
e gs M, IR b 6 Mz S5 44
PUAEAFE PRI LR AR DCOC R, HEM el Sr 8 B
R4 rde A Abys v, Horp B . Wiz R S5PiEfk
W HEFE bR AR S AL G AN B ) Z It e R i
2, X A] e R R AN | Wi R R
YUEAL G PESRAL o
2.3.2 MRAAAFE I AA TS RS T RE Ay
Prdne/ N A5 Ar 45 3 PLS Jridkevh, il i o
AR P 5 TSR AR (VIP) P SR 44 1045 3t o)
P ATR HEFR PRI RERE T RN, HAE BB 12 A
A g ot PR AR B 00 ff R RE B, 3T VIP X 45 al gy
ErE P TR S PSR A PLS @, f3% 9 Al
B BRI | W A R AR B E SRR, TR R AR
Y BFEAT O s SR A R i
{HERN

SR FH A e/ )> —2fe [B1H 43- B3, X R AL A [A] A%
PERBO BT AT PEFEA T 43T, IR A AN RIS
DR B e H AR R X, Hir X, o B R
X, AR X, MRS R X, NS
X MR R SR X MR BT A, Hbt
EALFERE MR AS B, Hovp Y 1 o5 DPPH [ Hi ki
BrE. Y 1129 ABTS™H fHZEERR2. YT A2 A R

A AN IR A S 2 A A AR X

Table 7 Relative cell viability of different polar parts of Semen Ziziphi Spinosae

ABARRSIE F1 (%)

e (mg/L)
S2 S3 S4 S5 S1

HERIL 53.96+1.27 56.77+1.34 53.63+0.45 52.97+0.27 56.47+0.51
5 54.65+0.81 58.09+2.21" 56.16+1.35" 61.41+0.66" 59.72+0.69"
10 57.88+0.62 61.43+£3.24 62.42+2.41" 73.75+0.75"™ 66.15+2.28"
20 59.91+1.51" 65.27+1.61" 69.73+3.34" 82.04+2.43" 74.89+2.33"
40 63.36+1.57" 72.82+1.82" 84.37+2.73" 96.41+1.82" 81.45+1.50"
60 69.79+2.01"" 78.93+1.41" 90.98+1.40" 119.51+1.57" 103.53+2.65™

i SR ML, %2557 83, P<0.05; #*22 74 B3, P<0.01,

8 PRA R RIRR A B4 WA IR (4 Bz R M DG R BB HAH DGR 0 25
Table 8 Pearson correlation coefficients and correlation test results of different polar parts of Semen Ziziphi Spinosae
gt E'A@ﬁzj& féf&jt E’\A‘iﬂ? EAEH P&@L*E Hﬁ%mj# DPPH- ABTS™  -OH ‘0, %}F’ﬁi{fﬁ 15
it it it Stk HFAGH it ICs,fti  ICfH  IC,fli  IC4fH gl1)iiakai

SR A - - - - - - — — _ _ _
A 0.602 - - - - - - - - - -
JSE~; a2 0.856 0.507 - - - - - - - - -
ST 0.830 0.792 0.489 - - - - - - - -
RARRTFATE 0613 09967 0.482 0.825 - - - - - - -
Wit R o i 0910  0.711 0591 09817 0.744 - - - - - -
DPPH:- IC5ff —0.691 —0.558 —0.542  —0.666 —0.603 -0.713 - - - - -
ABTS" IC,,fH -0.938"  -0.737 —0.684 —0.950"  —0.768 -0.982"  0.810 - - - -
“OH ICft —-0.696 —0.860 —0.803  —0.604 —0.842 —0.603 0.683 0.71 - - -
‘0, ICyfH -0.884"  -0.820 —0.607 —0.983"  —0.849 —0.982" 0.767  0.985"  0.717 - -
B BGAE 0775 0.782 0407 09957 0.817 09617  —0.608 —0.914" —0.545 —0.960" -

TE: * R 3, P<0.05; ** R MO B3, P<0.01,
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Table 9 Summary of independent variable VIP (emportance of cumulative projection)

A DPPH: IC,,fHi ABTS" ICy,fH -OH IC,, A -0, IC,,fA {’T‘szﬁ?ﬁm
SR 0.968 0.947 0.954 0.969 0.969
MR 1.029 0.971 0.973 0.919 0.919
MR 0.776 0.912 0.917 0.869 0.869
SE B i 1.092 1.096 1.088 1.102 1.102

Wi R & 1.101 1.099 1.092 1.078 1.078
AR BFAY & 0.999 0.959 0.962 1.041 1.041

R0 BRI AL TR AT V-5 o3 B /N R A BT A R

Table 10 Results of the partial least squares regression analysis of antioxidant activity and ingredient content in different polar parts of

Semen Ziziphi Spinosae

Jitk ] 75 7
I Y=—25.931-2.78X,—19.944X,+7.702X,+4.914X,,~5.822X,~2.964X,,
11 Y=2.014-0.419X,~3.103X,+1.161X,+0.704X ,0.9X —0.457X,
1 Y=-0.595-0.248X,~1.533X,+0.564X,+0.393X ,~0.447X,~0.228X,
v Y=0.538-0.112X,—0.789X,+0.298X+0.171X,~0.229X—0.1 16X
v Y=—50.832-0.634X,-4.622X,+1.714X,+1.574X,~1.357X,~0.695X,,

FE R YIV A BT FIERR . YV R4
AR ANIEEE T . A5 JA3% 10 UoR 5, h3E 10
AL [BHERBIE . AR XA LR 1Y
IEAHSCER fAE S, [BIS R EL X HE S, FeiHiZ [ AR
HXHPUEALRE J15E B . F R T R AL R HE R
/NHERE, AT A4 5 DPPH H 2%, ATBS'H
Pk 33 A B R RE 1 L R AR P S ki g dn i
B J1 52 i) F R B/ INE 2 X >X > X >X > X > X,
IZEE RSG5 0 S5, DB A TR . R B
Jil . T R U 2R A R A R AP AR A RE T M Ak
WL AN Ay RE F1 Rk
3 kS

A LI AR AP A AR TS P B H,0, I SH-
SYSY 4UEI iR P BE 1 455 R A R A
HEARERAZ IR A iR ) SRR A AN R S
MG FR, BRI A R AU R A E ) o S, 2%
R AR AR AR B AT R A mda fhid
PE, (BPA AL RE I 5R 55 I A —3, Hodh S5 ZEBGHR
BT PR T HAFRA, PRI T AL B
RS P FEEEE M . SRIHEA Ny
YR, HPLC yME T A AN [R] 2L BB o3
Trim, KB S5 FRALEVEEER . SR A R, A
iR . B AR FEIE T WS T T E 4. MY
RS B TS 2R IR 2 R R, SRR
RARIPTEACTE P I, A g R H A 24
FULRLAEE e, H B AW B s S5 i 2218
WEPEHRL, HASE PTG TR, PR, MR
$E B P AU T TR BR IR S L R 2 A e A
Ko HARRIM AR B AT R i AR A 3 5 HL
HER SR S R Sk, DR R L R
AT BE R R AU A A E T B e ) ot

FeAilh o
K PLS AHRIMTHRTEAE RO S i S
PUEAFEPRIORT NV OC R, BT8R G 2 LH O BEATAROG
PEST BT, 2% 06 B AL B> % B X DPPH H i 2 |
ABTS" H th k| B2 [ i BLEERBE 1 LU ARG &1k
TIMBAE 1 0 BN B SN s XXX X >
X=X o MR BRSO | i 2R & i
XPRAA AP RE T S A A s A i g g
MR . AHICHE I AT S5 AR R B, AN [R) i35 2 1]
AAAERE BARSE . ARG OC R, SIS B
S R AT B S ECH AL L5 B S PR
FHRE T AR Ams /D 3 BRI 43 HrAf o8 IR SR VTR
AT BT | U R S o AR R
FIFENaER I . PRI, ASBFFEACM E T RR A F2 2L
G0 E L, T HL T A E O R R R
W], AT Ay P A A R B A5 D TT A T R B3
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