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Mechanism of raw and fried Ziziphi Spinosae Semen in improving learning and
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Abstract: Objective To explore the effects of Suanzaoren (Ziziphi Spinosae Semen, ZSS) and fried Ziziphi Spinosae Semen (FZSS)
on endogenous metabolites in insomnia rats using metabolomics technology. In addition, the potential improvement effect and its

mechanism on learning and memory function were further analyzed. Methods The rat insomnia model was induced by p-
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chlorophenylalanine (PCPA), ZSS and FZSS were given for 7 d. The learning behavior of rats was evaluated by open field test and
Morris water maze test; The levels of 5-hydroxytryptamine (5-HT), y-aminobutyric acid (GABA), nitric oxide (NO) in hippocampus
and interleukin-6 (IL-6), tumor necrosis factor-o. (TNF-a), IL-13, melatonin (MT), and glutamic acid (Glu) in serum were measured
by ELISA. Ultra-performance liquid chromatography-tandem mass spectrometry (UPLC-Orbitrap-MS/MS) was used to analyze the
metabolic profiles of rat hippocampus and serum samples in detail, and multivariate statistical methods were used to screen out
differential metabolites. The metabolic pathway and network were analyzed by MetaboAnalyst 5.0 database to explore the metabolic
characteristics and mechanism of ZSS and FZSS in improving learning and memory function from multiple perspectives. Results
Compared with model group, rats in ZSS and FZSS groups showed significantly improved learning and memory performance. In the
Morris water maze test, time spent in the target quadrant, number of platform crossings and total path length were significantly increased
(P <0.05,0.01), levels of 5-HT, GABA and NO in hippocampal tissue were significantly increased (P < 0.05, 0.01, 0.001), with FZSS
demonstrating a more significant restorative effect on GABA level; The levels of IL-6, TNF-a and Glu in serum were significantly
decreased (P < 0.05, 0.01, 0.001), levels of IL-1p and MT were significantly increased (P < 0.05, 0.01), pathological damage such as
neuronal vacuolation in hippocampus was ameliorated. ZSS and FZSS significantly restored 34 relevant metabolites in hippocampus
and 22 relevant metabolites in serum, primarily regulated three metabolic pathways, which are phenylalanine, tyrosine, and tryptophan
biosynthesis and metabolism. Notably, FZSS specifically regulated the sphingolipid metabolism pathway, while ZSS specifically
regulated the arachidonic acid metabolism pathway. Conclusion ZSS and FZSS significantly ameliorate learning and memory
impairments induced by PCPA insomnia through regulating endogenous metabolites in hippocampus and serum, particularly within
the phenylalanine, tyrosine, and tryptophan pathways. The stir-frying process increased the contents of active components such as
magnoflorine, spinosin and jujuboside A in FZSS, which enhanced its regulatory effect on sphingolipid metabolism and its restorative
capacity on GABA level. Consequently, FZSS demonstrates superior efficacy over the raw ZSS in improving cognitive impairment.
This study provides a scientific basis at the metabolic level for using ZSS and its processed product (FZSS) to treat insomnia-related
cognitive disorders and offers a novel therapeutic strategy for clinical application.

Key word: Ziziphi Spinosae Semen; fried Ziziphi Spinosae Semen; metabolomics; learning and memory function; endogenous
metabolites; coclaurine; magnoflorine; vicenin; spinosyn; 6'"-feruloylspinosin; jujuboside A; jujuboside A; phenylalanine, tyrosine,

and tryptophan pathways

AR R 2 S 80O A5/, A4S IR 013 2E
Z e/, CAT XA S 3 T FR 1L J2 CA3 [X

PR AR R RHEYIBR & Ziziphus jujuba Mill.
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tL A BR A~ (Ziziphi Spinosae Semen, ZSS), IPIRAE
i~ (fried Ziziphi Spinosae Semen, FZSS) 11 &
VIR A S RS RN, 8 L
LR LR R LRy E 32Tt o
I AR PR G AN 240 5 2 ST 1S A2 BT RG]

IR RE 51 R1E S BEAG A 2 ORGP AR R I /L, S A
PRI H ARSI TAERE 1. 20T AR, KIREL

IR 5 FERRAIRP); MR id ot 22 40 BB B 2k 1 00T,
RIYUNB ARG TN . GABA ThREHIHI. 5-HT 7K
PR B DL R R T e PR M
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Jujuba Mill. var. spinosa (Bunge) Hu ex H. F. Chou

x1 10 HEFRER
Table 1 Information of 10 batches of Ziziphi Spinosae

Semen
Ff b g5 FeHb fit5 ]
S1 LR 201910 SXTCM-ZH-NZJ-001
S2 LR 201907 SXTCM-ZH-NZJ-002
S3 FIEE 201908 SXTCM-ZH-NZJ-003
S4 LR 201910 SXTCM-ZH-NZJ-004
S5 LR 201909 SXTCM-ZH-NZJ-005
S6 IR A 201901 SXTCM-LS-NZJ-001
S7 IR A 201911  SXTCM-LS-NZJ-002
S8 IR A 201908 SXTCM-LS-NZJ-003
S9 Bepikadk 201913  SXTCM-YL-NZJ-001
S10 Bepikadk 201901  SXTCM-YL-NZJ-002

TR TN, FESBRAORAE T LG PR 24K
HRJHE B E. BELCARBRTESRE (F
[E 245818 2025 SER—HAE -

FREL ZSS 50 g, HRiREE N 170 C, F5E 10
min &G BR &P TRR, AW, 126 S min
JEHUH, R, BITS FZSSIOl,

1.3 ZR5F

SHE S 22500 (LS HR21517W4), Hi i &
(#£'5 72063-39-9) K 2= AL (4L 5 HA061308198)
KT (LS wkg19061803 ) 6"'-Fi Rk b jz %5 =
(fit 5 HF173829198). MRE{- B2 H B ({HIt5
PS010872). FRE/-EFH A (L5 20160315) Iy
H FE A RICAEVBH A BRA ], & 535035 >98%:
REHZE GIES P11011) 1 = EER e A
ParE (5 220803) W H WL ARFIE B 256 R A ]
5-HT il & (5 202311100, GABA & (it
5202311100 Wy B gQ B SEAEMRHE A R A #l
NO #& (5 112223240529) WH FEgHA K
EMEARBGERAR L LK (HS
F2403M201). HEE (fit'5 F2401H202) 1 H 3% H
Thermo Fisher Scientific /A #]; PCPA (i 74>
98%, fit'5 C13205137) WA Lifgd o kB LR
Bt BB AF; AU/ %-6 (interleukin-6, 1L-6)
ELISA i{#& (L5 20211105). MIRHAIEH T--a
(tumor necrosis factor-a, TNF-0) ELISA 7 & (it
5 20211105 ) . IL-1p ELISA k7 & (it 5
20211105). #EZEZ (melatonin, MT) ELISA &7
& (5 202111200 BEMR (glutamic acid, Glu)
ELISA 78 (L5 20211105) 0 [ 500 UL B 3¢
AR IRA A .

1.4 X5
U3000 %Y & 20 AE 1% A . Exactive™
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Orbitrap JF i {X . DNA120-230 g0k 4543 (3£ [H
Thermo Fisher Scientific A ] ); CPA225D ®+ 7543
Z R (JEE Sartorius AT ); MMT-200 %Y
KKK B R L OFT-100 %Y [ 3= 3% 3h il (g
AP ARAFD.

2 FE

2.1 7SS. FZSS EEHI8HI&

FE R E 2SS Bk FZSS &tk 50 g, M G 1
S, 10 fAEK, R 30min, FHRIZEREUK
INAE Z Wb 5 SOk AL 30 min, JE; BEEN 8 £
BK, AR IRE 20 min, BERE, SIFUEML W
JER4EZE 1 g/mL (LLAEZ R, Bi5T 1, 18 ZSS
oY% FZSS $#EH), 4 CARA&H. SR REAH
() HPLC-UV-ELSD 7%, Fill ZSS. FZSS $&H4)
WL PR AR EAERR . 4ER T BT 6 R R
Wik, R BH A B BHB WS E.
2.2 ZSS.FZSS WEKRBRARE JILIZHAEYE
M
221 CRERER ST SRR 84 H
SD KR AXTIBA (n=12) FLEMH (n=72),
PL 0.5%% F L4 ok R Al AE 3 R KA (pH 7~8)
NEF, ¥ PCPA MR &EZ UM, HAWHH:,
VKGR, i B S FE Y 40 mg/mL ] PCPA &
TR WTRRZH L IR, G RIHES: 4 d ip PCPA
(400 mg/kg) FALKRHRAAL. TG 3 R, &4
BEALEL 6 HK R, 8 LTk R i 22 B HIE i ik MR I
S MFEA 4 CHE 30 min &L, 3 500 r/min 250
10 min 73 & 137, 77 255 T80 CIR1F. 1% ELISA
BT & 15 B R A KRR S 3 A S K BRI
5-HT K, TR, SXRAIE, EEAH KR
Mg 5-HT KFREREL (P<0.001).

222 HE ety 72 RISEESIIE KR EENL
JURERIZH . HPERE (0.92 mg/kg) 41K ZSS K. H
#E (10, 20 g/kg) 410 FZSS 1. =& (10,
20 g/kg) 4, 4 12 Ko 0 ilH S5 kiR ZSS. FZSS
PEEUIEC AR 1.14. 2.29 g/mL [F¥EW, FIT ZSS.
FZSS &, =il Eadlss2h. & H 8:00—9: 00 %45
254 ig AN 259, S IRALRIBE A A ig ZEARRK,
1R, L7 ds

223 WIS SRZGEE 3 RIHTH I55LE, R
100 cmX 100 cm X 40 cm (KX 3 X &) U igsLis
., WEEIRE, JRIT55 89 9 A 30 cmX 30 cm /)
Tk, XSGl NV A DU R g X ek, s2E

TELZFIIAEE N TS, W K BB N 1T
O XK, IR R SR R, IR
TERNARUE P E] fE, RPT 438, WS A] %
SEN 6 min, A 1 min &N b 2HERIED,
IG5 min KR B T35 s S B REATLG X {5
I 6] o 7E£524 30 min K BRUBCE T A O XK adh 47
D, WG FHac 5K B o e X34 B It 1) LA B
SN f Yy
2.2.4 Morris KR E LI L2 4 RidkT
Morris 7K 2K B 52060 . SLIRTE 2 (0 N BE 1) 5 T Kt
AT, KIWEE N 4 DRIR CPIEMALIR R
(RS FI N BT RIS 1 4 NI, A EIIFRCNER 1
RIR, 2 ERRRONES 2 RIR, 2 NHIPRNE 3 RIR,
FH RIS 4 IR, HIRFEATE 4 ZIRK
MK 1 em. KiRfERZE (22+£2) C, KHLBILE
Mo SEUSIEFE R AR R A RGBT IE %

(1) EALRATIRY: SEEUIZRK RAE R K it
PR BRI & AKIMIRE 30 cm, EL4% 100 cm,
IKIRAERFAE 24~26 Co YNZRHPE KRB RN K
o, BARKILNEE, RVTFHEME TG, 0R%
KRR R L B AR G158 15s BT
B ], B K SR B S R . 5 K RAE 60s A
HKEIHbP S, WXHE TS, HEFE HMEE
15s, P KBRERIZ 2K, F#2:3d.

(2) FERRLLR: MEPE, BEHRKRAE
I] — 7 B T )t Y BTN K R, 83 K BRAE 60s Y
ITBNPIEE] . T35 FE R I 28 o H b G SR PR B
WA, A
22,5 REIMEAE Kk4G251h 5, SHK
BN SRR 46T, BRI [A] 3~4 min, £F
FRIEAROE Jo, BUH KRR, IERE R I &, FTIFIE N,
TG EFNK, TSR PUEE I S 2R IR - F K
PEM, B0, BCEIEW, %, T80 CHH.
Wk, ZfiATIEH Bk, BIAE, fEKE
EHCR RN Z, RS, BN 4% 2 5 H L
SER, M43 . AT e T IR K-
(HE) #fty, 7E)625 R T A 5 40 2k 17 3
ML RERG . MAHARRIEBLHAL, Kefi=
JEMA 10 fEEAEK, 4 CHHK 180 s, 3 000
r/min 250 15 min, YA FiEWR, %M ELISA 7
UL ERIE DAL H 5S-HT. GABA 1 NO 7K
o I SZIGRTTUK AR, 1% 08 ELISA {75 & i
B35 IL-6. TNF-a. IL-1B. MT. Glu 7KF.
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(1) WGBS A RSB RRES 2K R
WA 30 mg, I 300 pL FA RIS 0.1%H 2
(BT, 4 CA1%% 3 min (B 60 Hz), 4 C
B0 10 min, HUEJET 250 pL B T B ORI
WAEZET. NN 100 uL 70% 1 EE K ISR Z 5, iR iE
fEH 524V, 4 ‘C. 13000 r/min &0 5 min, L
THERIL 0.22 pm AL IEREREAT 70 H7

(2) MBI AL B s B 4H K BRI A & 100
ul, VK MR 30 min, JIATA T 300 uL HEE-2
i (1:1), #%jig 3min, 4 ‘C. 13000 r/min 50> 10
min, B{_EIE R 400 pL B T B OIRGEICHIRGE 2T -
10200 uL 70% H BRI %, i€ 3 min, 4 C.
13 000 r/min 50> 10 min, HL_EIERHEAT T
232 JEAESALEE BT A fRIAE S A EL 20
ul, JREEEREFES . MRS T I8, 18
1T 6 NMREEFES . I FEMTEB T 200 WE (&
AT VAR, HA 1 EREEAR) figirz fEit
¥E, LS UPLC-Q-Orbitrap-MS #AN 7 Hrid £ 1)
Fase R E S .

233 @miELt;

(D) W SHLFEAR AL %M Acquity UPLC®
HSS T3 #: (150 mm X 2.1 mm, 1.8 um), ¥Eif 50 C;
WBIAHR 0.1% FERKIEW (A) -2 (B), BhEEDE
it: 0~3 min, 15%~60% B; 3~15 min, 60%~
100% B; 15~18 min, 100% B; 18~20 min, 100%~
15% B; 20~23 min, 15% B. fAFHiA & 0.35 mL/min;
HEAETE 5 ul.

(2) MiEFEA G Y UPLC® HSS T3 £
(100 mmX2.1 mm, 1.8 um), FEiF 50 C; izt
N 01%FHER KB (A) -2 (B), BEEEREH: 0~
1 min, 2%B; 1~3min, 2%~50% B;
50%~60% B; 14~ 18 min, 60~90% B; 18~19 min,
90%~100% B; 19~20min, 100% B; 20~22 min,
100%~2% B. AFR i & 0.35 mL/min; #FFEE 2 pl.

3~14 min,

234 JRiIG KM WIS E YR Celectrospray
ionization, ESD); 1E. 7B #0504 L
PEREACN Full MS/dd ms?; B SIAFAIR & 35 arb: 4
By SRR E 10 arbs W55 HLIE 3.5kV (ESIP). 2.5
KV (ESI"); BB E 320 °C; B TR 350 C
(ESI". 300 ‘C (ESI): —Z443#i7r #% 70 000
FWHM, 233443 #E% 17 500 FWHM, Jifi fif bb 7
CV5E A miz 2.05 35 m/z 100~1 5005 #hEs
HEBRFFLEMSE] 8 55 Al BER 30 eV
2.3.5 REALASIE AR UPLC-MS Bdmicd: s
g, T raw #2050, SR A Compound Discoverer
3.3 AT EIE X LU B R M SRR —
SRR, S esv R 4EBIEAERE,
BFE m/z. RIS EANETAR . {8 SIMCA-P 14.1
B SF A B R AR AT B 3 B (principal
component analysis, PCA) . 15 ffifx /> — 3fe- 1 71 73
M1 C orthogonal partial least squares-discriminant
analysis, OPLS-DA), Hi #5740 & & E 4% 5% (variable
importance projection, VIP) >1 & P<<0.05 §ii%k
TETERUFRICA, 401k 1) 2 AR 5\ Metabo
Analyst 5.0 45 P47 a8 A QU g 24 .
2.4 GEtESHh

Ji 45 $dE %/ GraphPad Prism 9.5.1 #4H-E K,
Hf DA X £ 5 38R, 4 A 22 57 S8 35 PR 2 B RO R A
¢ #:96 F1 One-way ANOVA 73 #7
3 #R
3.1 ZSS. FZSS ¥ 7 MLER M2

% FH W R 2H 2 57 () HPLC-UV-ELSD 3161, il 15
ZSS. FZSS 7 Mt g oy i & & (B2 R,
SR 2.
3.2 ZSS. FZSS AT kIR KR BVZABEFEITEN
321 SHRBMARELN WE 1-A s, 5XF
HEZH L2, Y 2H K B AR o 1 Vi 2 PRI (P<<0.0011)
ERRA L, SAEAHRRERERE S (P<
0.05. 0.01. 0.001).
322 WssiR Wl 1-B. C B, H5XE

2 ZSS. FZSS 1 7TMUZEHAMEE (X£s,n=3)
Table 2 Contents of seven chemical components in ZSS and FZSS (X £s,n=3)

. 5 2578/  N=YIR ] eRTI HER 6-MIEEBE R R/ BRACRTEA R BIB/
2H 51 -1 -1 -1 -1 -1 -1 -1
(mg-g") (mg-g™") (mg-g™") (mg-g™) (mg-g™) (mg-g™) (mg-g™)
7SS 0.3640.04 0.1340.01 0.054+0.00 0.7140.01 0.56+0.01 0.5240.01 0.3940.01
FZSS  0.44+0.04* 0.3340.01"  0.06+0.00 0.794+0.01 0.65+0.01* 0.59+0.02" 0.3440.02"

5 78S He#: *P<0.05 *P<0.01.
*P<0.05 **P<0.01vsZSS.



« 8206 PED 202511 5 B56% $ 228 Chinese Traditional and Herbal Drugs 2025 November Vol. 56 No. 22
A 400 ? 2500 ¢ =
Hit 200 - | ki
2000 - i sk Kk
o 3004 g ok kEE P g * :E 150 T
g} E\ﬁ 1500 sk KF¥ gg:
= 200 & *okok ik 100 Hith
® 4 1000 = ook &
I
1004 500 4 .fi 50
0 T ] T 1 T 1 1 0 1 1 I I I 1 I 0 T 1 T T T T T
XHE AL P10 20 10 20 SRR AR HhPERE 10 20 10 20 SR AL P10 20 10 20

7SS/(gkg™) FZSS/(gkg™)

x4 *P<<0.05 #P<<0.01 ##P<0.001; SHEBALLE: P<0.05

44p<0.01, THEIF.
P<0.05 #P<0.01 *P<0.001 vs control group; "P < 0.05

group, same as below figures.

ZSS/(g'kg™!) FZSS/(gke™)

P <0.01

ZSSKgkg™) FZSS/gkg™)

“P<0.01 *P<0.001; SARFEFIER ZSS Atk *P<0.05

**P < 0.001 vs model group; *P<0.05 **P<0.01 vs ZSS same dose

E1 BAKRAERE A) RAIHLE B. C) &R (X£s,n=06)

Fig.1 Body weight (A) and open field test (B,

AL, RV K BRI 310 B 35 3 0 B AR 2 25
I (P<0.001), fEB™ i H0 X 5 81 I [a] St 2 a2
(P<<0.001); SEERIALLE:, KHZHRKRI 1
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Fig.5 Pathological changes in hippocampal tissue of rats in each group (HE, x 200)
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