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Milk-derived Sleep-inducing Peptides with Extracts of Semen ziziphi
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spinosae and Bulbus lilii Improve Sleep in Rat Models of Insomnia
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Abstract: The effect and mechanism of action of a mixture of sleep-inducing peptides isolated from cow milk and Semen ziziphi spinosae and
Bulbus [ilii extracts on para-chlorophenylalanine-induced (PCPA-induced) insomnia in rat models were investigated. The sleep-inducing effect of the
mixture was evaluated by studying the behavioral changes of the ratsusingopen-field tests. By measuring the levels of neurotransmitters and metabolites
in the rat brains, the reaction pathway and sleep-inducing mechanism of the mixture were analyzed. There were significant differences between rats
treated with the mixture and those in which insomnia had been induced (p<0.05) but no significant differences between the treatment and control groups
(p>0.05). The number of stays in the central zone, the duration of the stays, and the total distances movedby the rats treated with the mixture were 11.00,
15.01 s, and 3309.71 cm, respectively. The concentrations of y-aminobutyric acid (GABA), glutamic acid (Glu), glycine (Gly), noradrenaline (NE),
dopamine (DA), and 5-hydroxytryptamine (5-HT) in the brains of the mixture-treated group were 94.96 pg/mL, 1508.42 pg/L, 74.59 ng/L, 37.36 ng/L,
1.76 pg/L, and 1.61 pg/L, respectively. In addition, the mixture-treated rats had significantly higher levels of hypothalamic inhibitory neurotransmitters,
namely GABA, than the rats with insomnia (p<0.05) but significantly lower levels of excitatory neurotransmitters, namely NE and DA (p<0.05). The
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results suggest that the mixture of cow-milk-derived sleep-inducing peptides and Semen ziziphi spinosae and Bulbus lilii extracts can regulate the release

of hypothalamic neurotransmittersand improve the behavior and sleep of rat models of insomnia.
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Table 1 Effect of compound on open field exercise of insomnia rats

20 3 biEE kS PRRIZGEES BEREATE/s i& 7 B34 A2 /cm
gy Ll 11.00+2.65" 15.01+11.68" 233.03+28.84  3309.71+1205.46"

K ARARA 20 18.67+1.53 37.88+12.36 222.68+31.49 5013.24+65.02
=@ 10.67+4.04" 13.28+10.24" 145.05+30.43  3819.99+732.16"

FeLpEs PR 2R 12.33+0.57" 18.04+1.86" 153.76+17.17 3588.40+19.24"

Er BRIRBA A, <005, "p<0.01; HEGUILE, *p<0.05, **p<0.01.
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Table 2 Effect of compound on neurotransmitters in hypothalamus of insomnia rats

ikl GABA/(ug/mL) Glu/(ug/L) Gly/ug/L)  NEAugll) DA/(ug/L) 5-HT/(ug/L)

S ota 94.96+6.51"  1508.42+193.34 74.59+2.46 37.36+529" 1.76£021"  1.61£0.15
KIRAEAIZE  78.54+13.75°  1514.56+12821 68.95+3.60 53.94+1.097 2.18+0.37°  1.42+0.26"
=E 98.4448.65"  1589.09+166.08 75.03£6.53 29.69+2.57" 1.72+0.07"  2.17+0.38"
PRI 101.7548.62%  1448.69+270.78  77.0249.49  39.42+1.65"  1.7240.24%  1.63+0.07"

7E: GABA (p-82ATH), Glu (588), Gly (H&RE), NE (HFF | Lg% ), DA ($88), 5-HT (AHEM). 5RRER
2BRER, "p<0.05, "p<0.01; HEGLILEL, *p<0.05, **p<0.0l. FAR.

22 A3 PCPA LABRAR T £ # 4

% I 19 %o
22.1 A44h3t PCPA B & IR K 2T Al b 4d
2% R %h

PCPA ZHAFRFALEF (TDH) HM5], 8t
FELMT 5-HT AL, SFEOREMA 5-HT 2K,
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FEA 5-HIAA &8 28.69 ug/L, SEAWH. F3LE
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HREZER (p<0.05),
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ELE T IE (p<0.05). UHIE SV [ 5-HT M
AU P AT 5 B
< 3 EE4YI% PCPA BARBR AR T EMX 5-HT, 5-HIAA HISNY
Table 3 Effect of complex on 5-HT and 5-HIAA in hypothalamus

of insomnia rats

40 5)| 5-HIAA/(ug/L) 5-HT/Aug/L)  5-HIAA/5-HT
A 11.85+2.17* 1.61%0.15 8.79+0.38"
KARAEA 14132171 1.42+0.26" 9.88+0.08"
FE 28.69+1.90  2.17+0.38" 13.06+0.50"
FRMETEBE 14.86+3.017 1.63£0.07 9.15+£0.41"

2222 BEEYX PCPA BURIR KK N kit GABA
S AU
4 EEYIXT PCPA BCERAFR T LA GABA. Glu HYFZMT
Table 4 Effects of compound on GABA and Glu in

hypothalamus of insomnia rats

28 %) GABA/(ug/mL) Glu/(ug/L) Glw/GABA
R 94.96+6.51%  1508.42+193.34  1.58+0.13
RERAZRIZE  78.54+13.75° 15145612821  1.93+0.23
TE 98.44+8.65°  1589.09+166.08  1.63+0.33
FRMEATEBZE 101.7548.62%  1448.69+270.78  1.45+0.45"

Glu B JE AR “¥4 GABA, GABA #iil N
EFIRAE RGP — P EZ IR 7 Glu
WU — A MAFPEA T . K R RIZFREIR S, RHR
YA GABA. Glu & 7054 78.54 pg/mL. 1514.56
ug/L. Glu 7ERIRIET A 525 (4 Al 2 6 B 35

(p>0.05), GABA 7ERNRERIZ 5745 B i BT
(p<0.05), L5 TPHIEZYI M E GG GABA S8
e Y . EAY4 GABA. Glu &5 75N
94.96 pg/mL. 1508.42 pg/L; BHMZ5¥)2H GABA. Glu
“E. Glu /GABA {H737)79 101.75 pg/mL. 1448.69
ng/L. 145, &4 Glw/GABA HUETE SAEARI4] ., =
HAHETL R Z R (p>0.05) . BHPEXHRZ Glu/GABA
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{ELAH B R AR ARG W358 (p<0.05), Ui BHPHEZ
Ykt GABA B HAUNEZAG M, H-EYIRERA K B
M GABA, EX ARG 500 .
2223 HAEYN PCPA BURIRKR T M+ DA J
HARU=4) DOPAC 152
DA A =48 DOPAC. HIF 5 A%, el

44 DA. DOPAC. DAPOC/DA 4354 2.18 ug/L.
66.96 pg/L. 31.79;: 5HHAMEL, KA KR
T s DOPAC & &8, ARARZFMEER

(p>0.05). E&Y4 DA. DOPAC. DAPOC/DA 43
BN 176 pg/L. 75.71 pg/L. 41.78; FHASEEY)
AL, N R DOPAC SETLEZEZE R (p>0.05),
FHEZ542H DOPAC & & AHX T2 H A PR (p<0.05).
FRE BRI DA S5, (A HAHE AT R
o (p>0.05).

5 S&1Y7T PCPA BIALAR AR T ELf%= DA\ DOPAC HUS4T

Table 5 Effect of compound on DA and DOPAC in
hypothalamus of insomnia rats

287 DA/(ug/L) DOPAC/(ug/L) DAPOC/DA
AA44m 176£021% 7571473 41.78+5.96
K RAEAIZE 2184037 66.96+3.45 31.79+9.68
TEH 1.7240.07" 77344505  44.86+2.78
PR ERLL 1.724024%  57.74+5.12°  33.49+5.87
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Yre] DL RIROK BRAE 37 h R R . ER AT
KR T EMF 5-HT 250 m, MartEta s
DA. NE, #ifiltE#Z585i GABA &85 (p<0.05),
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