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Effect and Mechanism of Combining Ziziphi spinosae Semen and Corydalis Rhizoma on Insomnia Mice
Model with Liver Depression Syndrome

WANG Tingting, HAO Lei, WANG Rui, ZHANG Yixin, WANG Xi, LIU Wenyu (Department of Pharmacy,
Hebei University of Traditional Chinese Medicine, Hebei Higher Education Institute Applied Technology Research
Center on TCM Formula Preparation, Shijiazhuang 050091 Hebei, China)

Abstract: Objective To explore the effect and mechanism of combination of Ziziphi spinosae semen and Corydalis
rhizoma on insomnia mice model with liver depression syndrome. Methods Firstly, ninety—six Kunming mice were

randomly divided into 4 groups: normal group, Ziziphi spinosae semen group (2.25 g-kg '), Corydalis rhizoma
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group (1.50 g-kg') and compatibility group of Ziziphi spinosae semen and Corydalis rhizoma (compatibility group
for short) (3.75 g-kg'). After 10 days of intragastric administration, we observed the sleep incidence of sodium
pentobarbital (subthreshold doses) and sleep latency and prolonged asleep time (superthreshold doses). Secondly,
sixty Kunming mice were randomly divided into 5 groups: normal group, model group, Ziziphi spinosae semen
group (2.25 g-kg'), Corydalis rhizoma group (1.50 g-kg™') and compatibility group (3.75 g-kg™'), 12 mice in
each group. The mouse model of insomnia was established by chronic stimulation of tail clipping and intraperitoneal
injection of PCPA (400 mg - kg '). After 14 days of intragastric administration, the contents of norepinephrine
(NE), dopamine (DA) and 5-hydroxytryptamine (5-HT) in serum were detected by enzyme—linked immunosorbent
assay (ELISA). The contents of pituitary corticotropin (ACTH) and hypothalamic corticotropin releasing hormone
(CRH) were detected by the same method. The protein expressions of pituitary ACTH and hippocampal 5-HT were
observed by immunohistochemistry, the expression of KCC2 mRNA and NKCC1 mRNA in brain tissue were detected
by qRT-PCR technique. Results Compared with the normal group, the incidence of sleep in the treated group was
higher, the sleep latency was significantly shortened and the sleep time was significantly prolonged (P < 0.01). The
contents of NE and DA in the serum of the model group were significantly increased (P < 0.01, P < 0.05), the
contents of 5—-HT was significantly decreased (P < 0.01), ACTH and CRH in the brain tissue of the model group
were significantly higher(P < 0.01), the expression of ACTH was significantly increased (P < 0.01), the expression
of 5—HT was significantly decreased (P < 0.01), the expression of KCC2 mRNA was significantly down—regulated
(P <0.01), and the expression of NKCC1 mRNA was significantly up—regulated (P < 0.01). Compared with the
model group, the compatibility group could significantly decrease the content of NE and DA in serum (P < 0.01),
increase the content of 5—-HT (P < 0.01), decrease the content of ACTH and CRH in brain tissue (P < 0.01),
decrease the expression of ACTH(P < 0.01) and increase the expression of 5-HT (P < 0.01). It could up—regulate
the expression of KCC2 mRNA (P<0.01) and down— regulate the expression of NKCC1 mRNA (P<0.01).
Conclusion The combination of Ziziphi spinosae semen and Corydalis rhizoma has a sleep— promoting effect on
insomnia mice model with liver depression syndrome, which may be related to the regulation of KCC2 and NKCC1
genes and inhibiting the activation of HPA axis, thus affecting the content of neurotransmitters.

Keywords: Ziziphi spinosae semen; Corydalis rhizoma; liver depression syndrome; insomnia; K'=CI cotransport-

er 2(KCC2) ; Na",K'-2Cl cotransporter 1(NKCC1); neurotransmitters; mice
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M4 12 h AT T RN, H R,
1.2 P Rk P RmRA (S 9070793) 15 g,
i AE R 2 (L5 . 9061383)10 g, LI H—Tihl2y
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H2 it R REEH RN 15 g BRIy
WRi+10 g SESA R AL k=25 ¢; HZHMA 100 C
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1001542324, 4 H e 0F s, FH 55 0 A B AR /K Bl
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4001/2) , [ Vector 28 ) ;3 5-HT L& (L5 .
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GoScript Reverse Transcription System (It : A5001)
GoTaq qPCR Master Mix(#It*5-: A6002), [ Promega
A
1.3 B UV-254 BRUSKHMEFHL, JeatghE &
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1.5.6 qRT-PCR 7&K 4141 KCC2, NKCC1 mRNA
Feik 1 Trizol 42 B 20 ZUAREAS 9 B0 RNA 3 HX
5 L RNA H 19%3 s AT LUK, DA RNA
I SERe P . LSRN . BUE RNA 2 pg, JB7ER
Oligo dT Primer. RandomPrimers FITR AW 70 °C
5 min AR RNA 2245, oK ERERH . HinA
RSN W, I FH Nuclease—Free Water £p Jit &
20 pL NIRRT, SRS EME &L, T PCR
25 °C, 5 min(iB k), 42 °C. 60 min(ZEfH),
70 °C. 15 min(ZR15), K E¥%AH, -20 CIRAAFE
Real time PCR JZ i : N WA N Ry, TAS T
95 °C. 10 min, #RJ5 40 MEIRNL: 95 C. 15 s,
60 C. 60 s, FIG5Eke, MR AFEAL H YRR
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Table 1  Primer sequence for qPCR

ElbZEAS Elb7lE2] K B bp

KCC2 Forward primer:5’ - ACCGTTGTCTTTGTGGGTGT-3 131
Reverse primer:5’— ATCGGGAAATTGGGTGGGTC-3’

NKCC1  Forward primer:5’ - TGAATGGAAGCTAGGGCGTG-3’ 198
Reverse primer:5’— CCCTGTTAGGTGCATCGAGA-3’

GAPHD  Forward primer:5’ - TGATGGGTGTGAACCACGAG-3’ 126

Reverse primer:5’~ GCCCTTCCACAATGCCAAAG-3’

1.6 Zil“#bPrjyik R SPSS 21.0 Geit ikt y
BT, THERRLIEL 2 frfEE (v 2 Fom; £
ZH 1] e A8k B R 2R 7 22 70 (One—way ANOVA) ,
Wi F &S] LSD K L P < 0.05 N2 R EA G

JLLVAES =N\
E -9

28R

2.1 PR -REHI KA R L Z0 R b BT
S D BUBTERIENIRTE T g w4550k 2, 5
IEE AL RS, g 2541/ RO B AR & A R B W R
R MR P[] 3 2 K (P < 0.01) 5 PRAY 41 S Bicfhid iy
B B VAR 00 S 5 40 0 (P < 0.01) o Z5 SRR, R
=S R B BRI = S T L2240 B R R s 1
/N BRI 2 A6 2%, 4 500 75 1 /) B B 7
PRI HE A LIRS 1]

®2 BEC-ZEHREENKBELEZWEHELE. BTHEES
NREFMEREANEMN (v £5, n=12)

Table 2 Effect of combination of Ziziphi spinosae semen and
Corydalis rhizoma with subthreshold or suprathreshold doses on
sedation and hypnosis of pentobarbital sodium induced mice

(x 5, n=12)
Fli/  ABER BEHRA A BEARIER A A s 1]/

)

(o-kg®) BUR H/min min
IEH 4 - 0 0 736 £0.80 4627 +4.17
FRA - 2.25 7 583 5.92+067 56.64%607
WHIRA 1.50 7 583 727+090 6236+9.30"
iRl 375 10 833  545+0.82" 58.00+4.45

Ve HIEWALE:, TP <001

2.2 EMARAETER  A5RIEE 3. BRSO
PE.ORMORZS RAr, Wgh, BEIR ., SR, ABiEIE
W, BROCEZM, MERTHEULE, RINERE
g, HIEWA L, BRRA/NRAETS PCPA 1 S
T U BRSO L 3 gl Rk L B RO
PELOMFEIRAN, S W R g e L
2 JEE B AL, XA SR A BN T AR s
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WS R, BRRE, BREME, RIAH
“BFRBUE” HEs; 26 3 RMAER AN A, K
ZERE, TSI B, KRR, BARBL
M . AU IRAA WY, R B BRI
(P <0.01), biRZEFFRBINFARABAL ST ) . 515
U LB, 4525 25 40 /N BROGHIRE | 7 08 ) 15 i 3 /0
THIATNEEARRIEG, MAHREM, BEAEE, K
BIEH, MENRYAEEALE, KRS & (P <
0.05, P<0.01), Z5RFEY, R -EHREEIGE
A RO T AR S RN B A MOIR S AT R R B, 42
e HAAR BT i

®3 BMEC-ZEAREEAMESERIBRBKRNMNREREN
M (x 5, n=12)

Table 3  Effect of compatibility of Ziziphi spinosae semen and
Corydalis rhizoma on body mass of pchlorophenylalanine induced

insomnia mice(x +s, n=12)

=R /o
13 bl ;/ \ A Miﬁm/g A
(g-kg')  HR HIKR P14 K EIDS
EHA - 21.88:138 3277145 3845:205 42.54+0.77
AL - 2147+1.00 29.11+145% 3273 +£3.28" 36.73 +2.00"

R4l 225 2162161 31.15+1.84 36.19+219  3847+0.70
EHZRA 150 2181+ 171 3119193 3584+084 38.90+0.86
fiefhal 375 2129£190 32.08=1.38 37.60+ 150" 40.61+1.14"

TE: SIEWALLEE, "P <0.01; SEBIHLE, P <005, P <001

2.3 BRARA{-HE SR B AT PCPA 8¢ MR/ B i i
NE. DA. 5-HT #gm 4580 E 4. 5IEW
A, BIRAL/N RIS ) NE. DA & &8 T &
(P<0.05, P<0.01), 5-HT &5 5 EEKP<0.01),
PER R IRBEA S W ey . SRERIA HhER, A Zhd
/NERIMTE 9 NE, DA & & B B AR (P<0.05, P<

F4 BEC-EPREANEEFTRIBB KRR MDF
NE. DA. 5-HT ZEHIHM (x 5, n=12)

Table 4  Effect of compatibility of Ziziphi spinosae semen and
Corydalis rhizoma on the contents of NE, DA and 5-HT in
serum of pchlorophenylalanine induced insomnia mice (x # s,

n=12)

N il . 4 A
451 (o-ke") NE/(pg-mL™) DA/(pg'mL")  5-HT/(ng'mL™")
2°Kg
IEF4 - 21596 + 1248 139.90 + 1024  295.09 = 34.86
AL - 250.20 + 13.97"  161.30 £ 17.03"  166.10 + 29.88"

FRAH 225 22178+2226 89.24+627  133.81+18.79
WHHRA 150 20924836 11296+ 1425 229.18 2333
T 375 207.52+15.117 87206827 329914240

e SEHEALE, P <005, "P<001; SHEBALE, P<
0.05, “P <001

0.01); HESHZAL K B A4 id /N BTG 5-HT 75 & 1]
BFFE(P<0.01), 45HREY, R - EHREMLGE
A7 35 2 3% PCPA B R Bk /N BRUIM 3 o1 9 NE . DA,
S—HT S5 2058 Ji & i

2.4 FRA-HE NI REALXT PCPA BRI BUIBA1Z
v ACTH. CRH #FHEm 580K S, SIER
g Hed, BIAVZ/N R AE{R ACTH A2 F Fefili CRH
TERIABTHE(P<0.01), SHEAA L, K425
/NER B SR ACTH K F Fefidi CRH 5 & B 5 FEAIX
(P<0.05, P<0.01), Z5FEH, RA-EHRAE
THREA R 5 PCPA UK BRI B2 20 b 258 S 1)
i,

*5 BEC-EHREEMESERSBBERNRKAR
ACTH, CRH &2/&M(x 5, n=6)

Table 5 Effect of compatibility of Ziziphi spinosae semen and

Corydalis rhizoma on the contents of ACTH and CRH in brain

tissue of pchlorophenylalanine induced insomnia mice(x +s, n=6)

ZH 5 FlE/(g-ke!)  ACTH/(pg-mg™) CRH/(pg-mg™)
Nkt . 235.50 + 26.83 1157.85 +37.01
FEIZ - 683.72 £ 102.10" 249525 + 96.01*
[l | 2.25 42137+28.18°  1376.46 116.00
SEFR AL 1.50 537.77+26.57 166328 +104.14
i ffigh 3.75 256.75+30.60  1299.97 + 104.77

Ve SIEWALILES, “P <0.01; SEIEAE, P <005, P <001

2.5 MRAC-HEW] AL YT PCPA 80 MR/ Bl i 4121
W ACTH. 5-HT Kikigm 258 WE 1. Kl 2,
+ 6o WAL YOG /N2 A,
5-HT } ACTH FHH:FRIR N w1, 20
AR A, SIEF A R, RN BN I A
ACTH AYFA B FIH(P < 0.01), 59 5-HT Ay
FIEUIR TP <0.01), SEBHIEK, &4H254
/NG FEEAR T ACTH BRI B R IH (P < 0.01), 1
i 5-HT By RE M E (P < 0.05, P<0.01),
GERY], PR -HEHR BN AT LA RO PCPA
MR/ B 2 2 b 2838 T Y 38

2.6 MRA—HEW EELALRT PCPA SR NR A BUINALZY
i KCC2. NKCC1 mRNA % ik 58 m 4558 L
*® 7, HIEWAE, BRI/ SUY KCC2
mRNA FA B R (P < 0.01), NKCCI mRNA #ik
W1 EJR(P < 0.01), SHERIHILE, #4254/
i 2140 KCC2 mRNA Fk#8 2 F il (P < 0.01),
NKCC1 mRNA FEHIHE T (P<0.01, P<0.05),
GERFEW], BRI SH R TR AT LIA SR 55 PCPA
LI/ ERZH LAY KCC2. NKCC1 mRNA %3k,
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b. HERIZH c. R4

d. IERIRA e. MCfhig

E1 BEC-ZHREENSERSBHKER/NRER ACTH RIZHIZIE (G2 H 1k, *x200)

Figure 1  Effect of compatibility of Ziziphi spinosae semen and Corydalis rhizoma on ACTH expression in pituitary of

pchlorophenylalanine induced insomnia mice(IHC, x200)

a. IEHH b. frﬁﬁ!ﬁ
B2 BFEC-ZRAREENEXREBIHKLRNRIED 5-HT RiZAIRM (k. x200)

Figure 2 Effect of compatibility of Ziziphi spinosae semen and Corydalis rhizoma on 5- HT expression in hippocampal of

pchlorophenylalanine induced insomnia mice(IHC, %200)

®6 BEC-ZHRREMAMEERNIBBELR/NREAR S
ACTH. 5-HT RiXHIHM (x 5, n=6)

Table 6 Effect of compatibility of Ziziphi spinosae semen and
Corydalis rhizoma on the expression of ACTH and 5—-HT in brain
tissue of pchlorophenylalanine induced insomnia mice (x * s,

n=6)

c. IRA{"H

d. FEHF e. HCfTigH

®7 BEC-ZHREANEERREBRBKR/DRAEHRA S
KCC2. NKCC1 mRNA RiAHHM(x +5, n=6)

Table 7  Effect of compatibility of Ziziphi spinosae semen and
Corydalis rhizoma on the expression of KCC2 and NKCCI
mRNA in brain tissue of pchlorophenylalanine induced insomnia

mice(x +5, n=6)

A ) ——— oD — ) ek KC(IJHZRNA fix Tﬁﬁim
EH A - 0.18 +0.02 0.19 £ 0.02 R - 1.18 £0.22 0.69 +0.14
iRk - 0.33 +0.04" 0.14 +0.01" AL - 0.60 +0.10" 1.36 +0.31"
A4l 225 028 +0.01" 0.19 £0.02" R4 2.25 1.16 £0.18" 0.90 +0.18"
AR FRAL 1.50 0.26 +0.01" 0.20 £ 0.03" TEHIRA 1.50 1.02£025" 1.01£0.13°
fitfhiZH 3.75 0.25+0.01" 0.24 001" T2 375 1.60 £0.35 0.84+0.17

*

e HIEWAE, P < 001; SEMALE, P <005, P<
0.01

3 it

JEJd R B R kAR E, R T
PAEH BRI, FECRIRGAAN @S AL EH Y, b
GRS IR i R L LA R MR IE T
HEZRMAL . IFe fFEAE, L, BA
ARmife e, Peshom, OMARLMBONR, B&
DLXELAARE, [8]W7 21, WS ANREFFME, R, £
AL B MIBROER", IR IR SAEBAMRRY L, [
ARSI T, DY EGOIFZ B, bR, IFRCE
AR AT A BT L . R A RO b

T HIEWAILE, P <001; SEBEIILE, P <005, TP<
0.01

IF, SESIRIF . M, A, AT, K
ARG T ARG R AT 2 3

BRI B2 R, TRAY R IR
WA PUARIE L PUIATR AT 2 B BA e 0 3
P o RATAT I AT LA 25 4 /D B B I R AR
SRR 2 B T/ SR BRI I E), AR —E Y
BHOCAR, HAPBRA R A MIRA R B bt
W ZF WD/ A S Bl ik n] R S 2 gk
R 2R A T SEH R A RS B B A
IR, HerP LISESI R QR A i ™ ABIETE4s
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R, RA - REUHAE S &G L L 240
TR T /N B IR A AR, S L 2
TR ST 04 /)N BB B VR ORI A0 K JFL B IR A [
A 4 ot e AR v AR 00 TR P o ALt 4
PR A~ — S ZR PC AT X DA IR 75 2 IR 8 2 A
(AR BRI AR FH

TSP IR , BRI —Fh A A 28 R G0y 1yt
FE, HokA S ph e i s-F @i (5-HT) . £
L (DA) . EHE FIRER (NE)FEBVIMIC, 5-HT
R—MESHEE . KR, MR-, B E
BRI 230 0T, LR PO o 2 2R G A 0
Zeib i, HAP AN FE BB T R G K2 J2 24 AN il 2y
AEAAEZREL, I T EUEAREE S, ™A, N
W 5-HT W22k 5 s ua i S IE ARG, B 5-HT /K
T A R T AERFEIRIRZS . NE, DA B RS
X4t PR 2RI T, KN DAL NE & &3 i,
AT DL 3 A X, B D . SRR . AR
R A5 AR, XSO N AR (PCPA) BUK IR
NS NE. DA S & BF e, i 5-HT &2
KRR 5-HT & R B IEAG, M4 254 REFRAIT
NE. DA &, FHE S-HT S EARE, HhiR
-GS R B A BRI o $ 7 R A - ZE A
REAL AT @5 NE. DA, 5-HT ZE 28 ik
ok &R IRVE R, ELVEF L rrak 2 i B 0
T — 2 PR A~ — A AN [R] T Eb )6 AR [
FEPR AT TR

R, RIRA AL S k- K- AR
(HPA) i 2, F Fefili == 553 4% & HPA $liiG sh i
B WAL, 2 H R BT R B (CRH) HH
T EMESS LT, 2R DR R R
(ACTH) 1 CRH 3 #h 22 3 AR 43 >, CRH — J5 T
Ve R B NE 245 548 5-HT &
GeiGYE, T3 — 5 IR B2 P o W S e I 2% A T
CRH 24, ALY HPA BishaE™, KIREHD
HPA flish e ok, ACTH RER & H v KM B o v ik
PR, R AR -0 A 45 e CEEE T . ACTH 7K
PR R IEASE, SHLAL T 0 BOR S
ACTH 7Ty, SR AL FREIRARASET, ACTH 7K
TFRRES, ARG BN, BRI/ B2
ACTH. CRH % &M B F&, ACTH FRik W EH 08 ;
Y REREAR ACTH., CRH &4, T ACTH %
Ko PEARFRAA "~ 1A Z LA 0T BB A £ 2 R AR 174 ] B

257 HPA flii%sh. [RIFF, HPA %52 5 2 6]
WAFTEE VIR . HPA I AE Uik al LUK 3h v 48 4%
5-HT1A ZRFR FE, 5T B S0 RBIHIER ,
HAER S-HTIA 2R A IR 24mE] 5S-HT RELT 4k
PO 5-HT ZiE 5, RBP4 RABUESE T 3% 5 .

PH S - Cl b ia A2 )2 s A fE AR & B T
AR 2 RE NI —2ENF Na*. KHI LG iE Y
s R, Hir, K-Cl bz ik 2(KCC2) A
ZARYPYERT, Na', K'=2CI HEFEE A& 1(NKCCT) il 5
Al = AR PR AR Y, AR PR B, NKCC1 Al
KCC2 FRik Ay MAE v] LIl i f20 CRH,  $ 5 K2 Bt 7K
S, PR HE HPA s, sEm S8R IR, AN
ZER N, FAIZ /N KCC2 mRNA 350 R,
NKCC1 mRNA F&k00 8 B, BRA - —SEH] R e AT
VLA R T PCPA B2k IR /N BURK 41 21 1) KCC2,
NKCC1 mRNA %ik,

ZE LT, R -IEE R ELHXT PCPA 75311
JHAR A BN BREL A PR BRAE T, HAE AL T RE S
JFE KCC2, NKCC1 R ik, i HPA B,
AT 315 i 222386 B K P A G o {H HAS RIS A B 4 %oF
LR IR 1 P L SR AN (] o 223 S ) o)1 R 8 A
PR SR ATESY ,  LhHIR I R $ 5 I iy e A L £51)
PR,
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