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Spectrum-effect relationship study on parched Ziziphi Spinosae Semen for its
sedative and hypnotic effects based on gray correlation analysis
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Abstract: Objective To find out the main chemical materials for sedative and hypnotic effects in parched Suanzaoren (Ziziphi
Spinosae Semen, ZSS) decoction using spectrum-effect relationship based on gray correlation analysis. Methods The model of
insomnia rats was established by intraperitoneal injection of p-chlorophenylalanine. After molding, decoction of parched ZSS was
given by ig administration. The cerebral cortex, hypothalamus and plasma samples of rats in each group were collected, to be used for
determination of pharmacodynamic indexes. The pharmacodynamic efficacy-time curves were established. Meanwhile, the chemical
constituents were detected by UHPLC-Q-TOF-MS method, in which way the intensity-time curves of chemicals were obtained. The
efficacy-time curves and intensity-time curves were finally fitted by gray correlation analysis. The correlation degree between each
component and pharmacodynamic index was calculated and sorted, so as to reflect the dynamic development process of each
component and pharmacodynamic index objectively. Results A total of 23 chemical constituents were found in cerebral cortex,

hypothalamus and plasma in all, among which seven were prototype components and 16 were metabolites. The results of gray
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correlation analysis showed that the correlation coefficients of spinosin, camelliaside B, 6"-feruloylspinosin, vicenin-2, lotusine,

norisocorydine, sanjoinine F, and betulinic acid were relatively higher. Conclusion It was speculated that spinosin, camelliaside B,

6'"-feruloylspinosin, vicenin-2, lotusine, norisocorydine, sanjoinine F and betulinic acid might be the main chemical materials in

parched ZSS to exert sedative and hypnotic effects.

Key words: Ziziphi Spinosae Semen; stir-frying; sedative and hypnotic effects; spectrum-effect correlation; gray correlation analysis;
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TN R ZERVRBEMIR A Ziziphus jujuba
Mill. var. spinosa (Bge.) Hu ex H. F. Chou )5 it 24
Mo, WHBER. TP, 5O, L BE, 3T (b
RAFZY, FN Es, BAFRORN. 28, St
Z D21, AT L 2 gy NIRRT
TR = AEm. IRl AR, 2R
RN UK. U o O LB L
RSP RIPIPE RGO, TR MY
P2 gy, IR REPHIAR, R4
IO JE HAE TR A7 1oy BRI
LU A IR, B ER R Rt
A B Gr JA RRAL ) & B A6 F R A — A
1191, BT, O B R HIAE S 58 % [
GRAE LRI, TR R R B o AR A i
B AR IE H 3 A R

H 24 Al S L B AR AN B e R R 2
RN B AR RO BRI M e T AT SR, R
b A3 A 24 vh B RO I LB D R v 245 1) i
RN R 2GR U AR ) — KRR S RROR RV
TR R 22 i) “ig” 5 2impRIER
()« a7 ORI 245 25 80 o BE il . ke
2 NAET ST PP I VA1 Her Ak S B gy )
U8 2 TR SUEE BRI B, B AR A
PERF AL R0 ZRFERE AR D 2 25 4R bR, [F]
I8 H A% 22 i AT R BRAE, DAtdE T 59
HIEE S A R T BEE S v 77k i, TR “ 3t ”
“R ORI B LAY 0214

HHT, 15RO SR AE 24546 280853 (A 78 v e
K H WAL BTV EA A G BUE . A
TAREMZE i BT BB, IKEK
WRFE M4, b R B SCHREE 40t 2 H TR BN
I A AL B T VAN ST

N T BRI IR AT b S AR % A
KA EER, BERERSSIRIR A2 5250
AR, AHEFUIT KPR EAT K BB X SR TN
&R (p-chlorophenylalanine, PCPA) 7! K f{ A
AR AE F B 25 300F o, [RIBS 2% T UHPLC-Q-TOF-

MS Z3 b ARG K B B2 2 B B Ifn 2% He
UM O AR, R T IR (0 DR BR FE 4 i
T3V RV ROFH v R R R A b i) i 11 24 55
it
1 U5
1.1 Y&5

UHPLC-Q-TOF-MS i Bt &4i: Shimadzu
30AD R BORAR (i 248, Shimadzu LC20ADXR
PUt%E, SIL20ACXR HzhiEFERS, CT020AC H:if
i, HARHEAT; Q-TOF-MS/MS 5600+ i1y,
ESI 5175, Z£E AB Sciex A F]; Micro B4 2081,
2&[E Thermo Fisher 2 7] ; Milli Q 4li7/K{%, 3 [ Merk
ANl HEE. O, UHPLC-MS 2%, f#[E Merk 24
Al Edik, Afl; R, UHPLC-MS 2%, £E ACS
BARMEZRF AR A .
1.2 754

S AR IR, frahEE
KELVLHAE T 250 5 T B R R B E e N
B, R AR B IR & Z. jujuba Mill. var.
spinosa (Bunge) Hu ex H. F. Chou )1 a4 F4 1o

PCPA, #lt'5 AK-80383, 3[E Ark Pharm A #];
IR Eh 52 i (PBS), GE Healthcare Life Sciences,
fIt5 SH30256.01.

5-¥2thfi% (5-hydroxytryptamine, 5-HT) Bk
MR A (S YFXER00123). y-Z & T B (y-
aminobutyric acid, GABA) BBkl & (it
YFXER00887). % B f% (dopamine, DA) BIEAS I
KA & (S YFXER00053). ZHE L R%
( norepinephrine, NE) Fg k& il ol 77 & (#t 5
YFXER00023). H4HHIN%-1B C(interleukin-1B, IL-
1B) A& (kS YFXER00022),
1.3 4

HEME SD KR 66 R, &FiE (200£20) g, H
A BSELR S A R A RS, A IEg T
No. 311620400011760, &M EFE 7d, AFRHER
FERE RO, RE. YWOKBEB. FrA3s)
V) S5 A B T v R 25 R A SRS R A BRI



FED 20214E9 7 $52% B 178 Chinese Traditional and Herbal Drugs 2021 September Vol. 52 No. 17

* 5269 »

FAIELE, 7546 3R SR,
2 7k
2.1 X RIREURAEIE

BUERR AR i& &, BIOHIAEN, S0
B, MR E25i%, REFAIER N 130~
150 C, Kb EZN 7 min EEGE, AMARE,
HCH, s sl, S A O ik (24 )
2020 R “EREAT” TR TR, HrhK g
R B4 A ST IR S EINFAER.

FREUC RS R R G 60 H i), A 10 {5 &
KR 15 min J5, EKE SR 2 A KRR
FIZE 1h, 2 EOMIEHAHR, RRAGEMA 8 i
KHEIE 1 h, 2 JZDAMIEHRZ, T 60 CHRAMF K
JREGE, P25 4E 2 2.00 g/mLI,
2.2 KE9ES PCPA KIRIEREST

REGEMNMEMESE 7d 5, K 66 RN SD KR
BEAL N 11, BH e X, 2Rl 1~11 4,
R KRG ip PCPA (350 mg/kg) #0211, F-4f
K 8:00~9:00 BfyE5F, ES:2d, MEEKR GBI
BN, BRBGE, [RGB A AR I
T 8 IE AT 15 78 o
23 KRAEHSEM

TR S R 55 1K 9:00 42218 K SR A4 B
ST 4 A RR ig 4 FIOIRAA KB (15
g/kg), HFTHZE 05, 1. 2. 4. 8h, X251~
5 PR R TIR R E KA RUm, BUifE, #KR
FEERALSE, FEF UK R ECH T . K2 .
WEES: 6 d, FFK 9:00 B X4 6~11 41k flitt
iTig IETH 2. 3. 4. 5. 6. 7 K425 30 min J5 it
A7 IR JE K A B RN R Fefibi s i B2 2 UM .
AN IS B] A T AR AR IR e o DR B 2= R A
F—80 CHE.
24 HEEE

KGR JE R Fefio J I 284 R FH B 0T iE v
BEATALFE . B ZHZURE S A PBS (0.01 mol/L, pH7.4)
MR BRR AR MR S 2, FRE i, o3k
JEBIRE, AU RS PBS AL 109 i T
A1 PBS 219%,4 ‘C2AFF 5000 r/min &0 10 min,
B EIE 2 mL N 5 A5 &R, W€ 5 min, 12 000
t/min &0 10 min, B 50 CARIFE R 2% A 0 5
min, FiHEBAFET 4 CHH; B 100 uL M4 5
F2mL EOEH, NS EEHRE, JWIES min,
12 000 r/min 250> 10 min, BL_F 3757 DA ERE (0 2614

FRE0 Smin, BIEHRAAFT 4 C&H.
25 REEIEEY

3% 42 Waters Cig SOAH 3% 44 (Acquity UPLC
BEH Ci5, 100 mm X 2.1 mm, 1.7 pm), NN 0.1%
RIS - NG, BEEEBEMARF: 0~1min, 5%~
45% .5 1~20 min, 45%~95%Z./§; 20~22 min,
95%~100%ZE; 22~23 min, 100%Z.ME; RN
IR, AFRE 0.3 mL/min; HEFEE 3 pl.
2.6 FRIEEMG

B AR A IR, BT AT . W54
BAR: F46R (Gas1) 379.21kPa (55psi); 4fiBh
In#AEE (Gas2) 379.21kPa (55psi); AT 241.32
kPa (35 psi); ST 550 C; BFMiZ &
(ISVF): +4500 V/=4500 V; 2 /% H £ (DP)+60 V/~60
V: fiffERERE (CE) +60V/—60 V; TOF MS $347l
m/z 100~2000; TOF MS/MS F##i7u [ m/z 50~
1500,
2.7 HUBRALIE

Analyst TF 1.6 #fFR4EH 43 UHPLC-Q-
TOF-MS 32| 1 R a6 %4, WERAL & R B it [
PR, REAREE. “REERE R NG L%
FESHE B LT G A @ A 25 A HE T . i
¥ & CNKI. PubMed. ChemiBook. SciFinder Z5
2R A PSR B B R R A R B S, &
A EEER AR Tl mol 45ikEEE R
10 £ B 122 DAL J5 2 4k 2 4y 19 UG i 48 e B
Peakview 1.2 #fFFH LAMES RO TR %€, 5 0E
I RS — 2 R AR UL AL RN — R F S5 R UL AL
3 #R
3.1 FEANILAR P A X B I TR D e EE AL

For il T AS A IE L A AR KR ORI B2 2
T F K A 2 i 3 k& 6% B (base peak
chromatograms, BPC) LI 1. F|H Peakview # 1+
MetabolitePilot 2.0.2 KX AR it Hh 4k 2 B oy it
ITHEE, O H & T[] S35 A5 e 2 PR s 73 DAL 5 488
IR KBTS, Je%e il 23 FhEFRR A /KRIR
(A B3 B LA R BRAAR Y AR 4, 03 7 Fol
JFRAEME 16 MU=, Hd, KRR
JZ NI Rk 8. 94 14 M, BAKR(E
B 1~3.
3.2 T [ERTE R AMIERRE

PCPA RHRAIEN J5, AT WK B BT
R, ARMWIESIAE, EEERDEE, e



« 5270 « PER 2021498 B52% H178  Chinese Traditional and Herbal Drugs 2021 September Vol. 52 No. 17

ST EEF
A
b
‘ | |
JL J\Ji' Jj %_“U " Ml'“"‘ LM h’\ R M]‘V
T EET
B
|
A A LJLI(LI\ J\ — J\Hl\hhl' ‘ '\Jl‘l ‘ lu LM_N'\JLJIL.N'\—-—JL_L L
LR EBT
C

L T Il
J/\Ju frk_ A J A 'M "J ’J lU w Wumhw U\ L
0

5 10 15 20 15 20 25
t/mm

1 . ABFERATARAREE A TERK B). M (C) HRRILHEM BPC B

Fig. 1 BPC of rats cerebral cortex (A), hypothalamus (B), and plasma (C) samples detection under positive and negative ion

modes

#*1 ET UHPLC-Q-TOF-MS RGAMBEM AR AME EHHEXLERS
Table 1 Detection of chemical constituents in rat cerebral cortex by UHPLC-Q-TOF-MS system

i/ \ -
F5 w/min X5 TR Ms! X109 MS? JRA A RSN
1 08 Ml CiHigOs 315.081 6[M—H]” -85 135.0292,102.0558,78.960 1 F:HIFEH ERNH +REEL
096 M2 CyHnOis 611.1459[M—H]” 84 272.0897,179.0455, 143.0459 Hifiti% F5% CH K
1.84 Pl CyHnO1s 607.1752[M—H]" 3.6  607.1715,427.104 5,324.064 2 Hijiti&k -
200 M3 CxHnOis 607.1740[M—H]" 1.7  607.1715,427.104 5,324.064 2 6"-FIBEERT HikE T2k CioH100s

2
3
4
5 241 M4 CuHxOi 359073 1 [M—H]" -7.9 179.0356, 161.024 0, 133.028 8 1iZ4f B FE 5% Ci5Hz0s Al CeHi00s+ it L
6
7
8

741 P2 CwHuNOs 313.1683 [M—H]" 2.0 185.007 1,120.049 3, 100.933 5 &L ZE4H -
1277 P3  C3iHaNsOs 549.308 2 [M—H]™ 1.2  402.993 7,367.0172,284.270 5 B A0k F -
1406 P4 CyHsisO3 455353 1[M—H]” 5.7 4553543 FIHENRRR -
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Table 2 Detection of chemical constituents in rat hypothalamus by UHPLC-Q-TOF-MS system
o Tz \ o
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% 3 UHPLC-Q-TOF-MS RALZHMSE KR MR AU Em S
Table 3 Detection of chemical constituents in rat plasma by UHPLC-Q-TOF-MS system
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*4 BRUWAARKMEE. TEMEMEPAFIEARENER (n=06)

Table 4 Indicators of efficacy in rats cerebral cortex and hypothalamus of different groups after administration (n = 6)

5 5-HT/(ng'L™) GABA/(ng'mL™") DA/(ng-L™) NE/(ng-L™") IL-1B/(ng-L™")
Kz T Mk KkgZE Tk KigE Tl KikzE Tk KiEE Fok
1 413.89 - 276.91 27.19 - - 94.37 139.52 152.58 31.36 -
2 389.65 - 403.46 27.72 - - 92.27 131.33 146.02 31.85 -
3 409.82 - 440.46 29.01 - - 83.26 132.60 127.09 38.17 -
4 393.89 - 318.28 28.67 - - 100.04 134.50 129.13 34.67 -
5 387.10 - 332.88 27.87 - - 98.08 135.48 131.68 32.13 -
6 42797 - 376.20 27.61 - - 88.43 148.80 136.67 31.60 -
7 429.32 270.09 2531 105.47 132.08 143.99 33.12
8 359.81 - 410.28 30.09 - - 110.08 147.70 117.51 37.96 -
9 414.74 - 258.90 27.50 - - 99.19 137.61 148.75 34.62 -
10 388.46 - 278.37 25.29 - - 104.23 132.42 120.65 34.62 -
11 401.01 - 318.77 24.17 - - 112.52 138.94 119.36 36.86 -
“=7 RAkE]

“=” not detected
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AT /KRR R AR AE P I 24 35 o Bt 25
R 8.
4 g
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gy, ARG R AR N AR I R A o b, A
PR ZTSUER, 500k —#es2T, HEA
RN R AEACEE, FER ML M4, M6. M8, M10.
MI11. M12. MI13. MI16 2R =4 th 2B H B s
(A L2 B 6 -BBREEIT il 2. 4ER

R5 ARKRKES 8 MULFRS K EXKERHFER

Table 5 Grey correlation degrees and ranking results of 8 chemical components in cerebral cortex of rats

Fes oy BRI TEME | PSRy BRI FEME
5-HT GABA NE IL-1B 5-HT GABA NE IL-1B

1 M1 0.8529 0.8210 0.8374 0.8330 0.8361 5 M4 0.8754 0.8882 0.8833 0.8807 0.8819

2 M2 0.7002 0.6931 0.7024 0.6879 0.6959 6 P2 0.8944 0.8936 0.6504 09114 0.8375

3 Pl 08044 0.8181 0.8184 0.8251 0.8165 7 P3  0.8240 0.8264 0.8161 0.8139 0.8201

4 M3 0.7743 0.7734 0.7738 0.7806 0.7755 8 P4 0.7239 0.7283 0.7319 0.7330 0.7293

#6 KRTEMYIMULFERSREXKERHFER

Table 6 Grey correlation degrees and ranking results of nine chemical components in hypothalamus of rats

FPs oY  RETEE PHE | PSR  RETRE FEE | P sy _ KETRE P E
DA NE DA NE DA NE

1 M5 06142 06148 0.6145| 4 M7 07224 07181 07203 7 M9 0.6361 06120 0.6240

2 Pl 07661 07898 0.7779| 5 M8 08979 09185 09082| 8 P2 0.8664 0.8695 0.8679

3 M6 08440 08457 08448| 6 PS5 09367 09337 09352 9 P3 08622 0.8631 0.8627
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®7 ARMEF 14 FULFERSTS 5-HT K& KEKERH
FreER
Table 7 Grey correlation degrees and ranking results of 14

chemical components in plasma of rats

75 By 5-HT RESKIE |75 Bisr 5-HT RESCHE
1 MIO 0.853 6 8 MI3 0.800 8
2 P6 0.854 7 9 Ml4 0.783 6
3 P5 0.7379 10 MI5 0.7872
4 Mill 0.848 2 11 Ml6 0.8553
5 MI2 0.8300 12 P2 0.862 3
6 Pl 0.683 5 13 P3 0.883 0
7 P7 0.8300 14 P4 0.895 6
#*8 MWERECKFLAPUER DT EAHKKERHIFER

Table 8 Correlation coefficients and ranking results of

chemical constituents in decoction of parched ZSS

Frs % XA H4A
1 Wi e & 0.826 0 1
2 FE O ZER 0.4829 3
3 R F 03256 5
4 HIHERR TR 0.1919 6
5 TR E 0.479 6 4
6 D ) 0.074 3 8
7 IZE#H B 0.498 4 2
8 6"~ B BRIE 17 Bz v 2 0.1089 7

T2 BRI Sy, HAR AR L R A
SR RIS AR OCHE, B 2 AL 2R A
FEHENAR N R AR S R R E R, Xt
FMARITIIR . RIEZRI 2 S B A
o X T AR ST, BT HARX 707 B E RN,
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FHRERE R, R F R R B
HRAE FH I R v A 2 B A G, X R rh 2
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