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SEGIES B, Lo, WA, TR, MEATR AR, Br5EIrm . heh T A,

WE HM: BT SMT(S)EUE /N R IR K J IR B 1 4k & PR BE AT . f2 . @ (I8 W ERPLE . Jrik: WA
PCPA #37R MR/NR B AR, 38347 A2 S 88 LA RRGI 1 775 Hp il 28 88 T & 12, 5% SMIT(S) BB HIR 1 T LA B Bl 3%
FEIRAZE S ICIZRE 75 I NK A5 5230 R0 T bk B 4 M 5% fb 50 30 A il 38 5 e e D RE R BE 77, i Western Blotting
Rl PI3K/Akt {55 @M E I RIAM L. 458 SMT(s)maﬁ//"éEHE/J\ﬁﬁﬁ%*%*ﬁfﬁmﬂﬂﬂi %3 B B KO7 By
B, AR E A LR R R R B P S-HT SR LIEE/> DA Ml NE Y& hE; THE NK 4R 45
%&ME?H}H@WENE%% HinT PI3K. Akt. mTOR HHTERIK/DRMAL Py ERE. 45 SMT(S)ﬂﬁaﬂz%ﬁBﬁ%
, BB GE R RGN U 2 2T I B ) AR BRAE O, R RN e e Tige, HA AL S ET PI3K/AKt 55l
%*ﬁaé FW SMT(S)il i 1 PI3K/Akt {553 IR IT R IR KR IR B A 4k K VA S did . AR R . SR IR B1E
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Exploring the molecular mechanism of action of small molecule peptide-SMT(S)
to improve insomnia based on PI3K/Akt signaling pathway

LI Dian-yu!, FANG Xing-yu?, LI Hui?, LIU Jian!, AN Yu!, CAO Zhan-hong?, BAI Hao-nan!, YANG Qing?, LI Na!

(1. Jilin Ginseng Research Institute, Changchun University of Chinese Medicine, Jilin Changchun 130117, China; 2.General Surgery Department,
Jilin Qianwei Hospital, Jilin Changchun 130012, China)

Abstract OBJECTIVE To investigate the mechanism of action of SMT(S) in ameliorating insomnia and insomnia-induced
secondary cognitive impairment, anxiety, and immunodeficiency in mice. METHODS PCPA was applied to establish an
animal model of insomnia mice, and the sedative-hypnotic effect of SMT(S) as well as the improvement of anxiety and the
ability of learning and memory were investigated through behavioral experiments and the detection of neurotransmitter
content in serum; the ability to enhance immune function was detected through NK cell killing assay and T-lymphocyte
transformation assay, and Western Blotting was applied to detect the PI3K/Akt signaling pathway protein expression.
RESULTS SMT(S) reduced the residence time, distance traveled, and average speed of insomniac mice in the central
compartment of the open field, and shortened the latency to disembarkation and the total distance traveled in the water maze;
increased the serum levels of 5-HT as well as reduced the levels of DA and NE; elevated the rate of NK-cell killing and the
index of lymphocyte stimulation; and increased the expression of PI3K,Akt, and mTOR proteins in the brain tissues of
insomniac mice. CONCLUSION SMT(S) effectively prevented insomnia, significantly improved learning memory ability
and anxiety, and enhanced immune function in mice after insomnia, and its molecular mechanism was related to the regulation
of PI3K/AKkt signaling pathway. It suggests that SMT(S) treats insomnia and insomnia-induced secondary cognitive
impairment, anxiety, and immunocompromise by regulating the PI3K/Akt signaling pathway.
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KR E RN G IE T NME, BUNFENAE, BEIRA AR, 22%, PHEEMEAR. KR
FRWIHEIRA 2 5 INRIDIREREG . R TREE DI, KRS & B2 S0Km,
fis. FEEAEN, SMT(S)NUE T IR G EAAZN Y, RBKMREL 6-19 N IERRAL K /N Tk, AR R 43
TRRAC, AR, RUAE R POR, SRRz BT H AT A 2 R TR R kR
JRAE R BR BTG A iz R BY, EURCRAEUT, T R0 S FE DR A T A5 R

KIRMER LSS PIBKIAKL 15 5@ B % UIAH G . £E45 2 )5 Al 0% PIBK/AKt {5 Sl FAHSCE A
Uik, X PIBK/IAKt {5 5 IEERHEAT T, FIERIRIETC, (Riteh i =, IR SRR 51k [ 2 3] AN
23245, AT P53 B MR SR <5 BT B A RTBEA

AWtgtiEid PCPA AL KIR/NRAMIER, NH] SMT(S)FFIETT, Z&4T 8%, Afateds
KL, 5% SMT(S)f R MR T TS R HIR 51 A2 O 4k A M N B b . A& . SR I MIsEm . JNIT KR
SR R i M o 1) 24 B RO/ 1 AR 4t R0 ) S B S

1 #F#l

1.1 SCIg{U=s

InfiniteM200.PRO 451X (3iit: TECAN /A#]) ; 5428E03211859 &.La#l (fE[E eppendorf A
H) 3 ZS-001Morris KK E RG (RSZHEBIA D .
1.2 EIEKF

SMT(S) CHrImm AR CRIE) BAIRAF, #its BIN220001) ; y-EFETER CFMEHELEME
$, b5 SC10337172600130) ; L-4 EAEHNEAM (PCPA) (LilFFwmMAIREERAA, #t5
C15340402) ; /NRL 5-¥2{uiz (5-hydroxytryptamine, 5-HT) B¢ 28 W Bl 2 i ) (UL 75 il 4 S
WAHMRAR, #5 MM-0443M1) ; /N ZEE (dopamine, DA FEIE 4 W il 2 X 75 & (VT 75 il
RS ARAA, #its MM-0626M1) ; EH'E LJIRZE (norepinephrine, NE) I F0 72 W B il a2 X711
& LM RIERAR, #t5 MM-0627TM1) .
1.3 ZWhMEHRR

SPF 2% ICR /MR 50 K, 3-8 JH#, MEMERY, AFE (254.5) g, WHKEFELHLEINA R
NFE, B IE S SCXK () 2020-0002. FiA L4 K BE 2 K0 B & v
(e HEIHEHES . 20231500 o A JE/NH ANl 40 0 A549 (i B H [E Rl 2= Pt il g )
2 Hik
2.1 SMT(S)IE4L 14 Badd il
211 HERERZENE SMTS)ERS=

FEAFEE= ( (VI-V2) xCx0.014) / (mxV3/100) >Fx<100; V1: 4 #E i B2 i & W & #
(mL) 5 V2: FAMEFNERMNCBAER (mL) 3 V3: MR AIER (mL) ; C: MRFrERIKE
(mol-L?) 5 0.014:1.0mL MEEERARAER C WA LA RE (g0 5 m: WFEE (g0 ;5 F: RH
6.25 NEWH N E AR R,
2.1.2 SMT(S)&RKIEE o

#1145 SMT(S)FE: SMT(S)FREL 5 mg, HIA 0.1% =% L (TFA) /KiEW 1.5 mL, & Tk
EEAEHEEC 10 min J5, B0, B EiE. S0 S Ve 3T AR TR BORY R o B RS RSN
B AE N EEAT BR AR, SRR VR T R 1 2 BRI B R, R AR B VR A R TR OB R . R
EASY-nLC1000 8 = K99 F+ i Al il R g it 47 0 & - AR TE 0 W Ak b AT ik oy B, 8 A
DENOVO X Jsi i J&i 45 SC 14338 A7 30308 e A R ).
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50 R/NEL, J&ERMEMRSE S8 Excel MIBENLIIRERE N ERBENL 8 6 4, W4 10 R, i H
M. AV, PATEZGH. SMTSEFEL . SMTO)EAEH . FEHALIEMKIZ 10 mL-kg?* #H,
SMT(Sf&A &AL (33.6 mgkg?) « SMT(S)m7l &4l (268.8 mgkg?) FREHAZ 1 X, FHHEAH
YT y-EIE T BRI (65 mgkg™) WEE, ELLAZ 45d. A A HFE S IR E: K 10 mL-kg?,
HA R AT 255 40 KIS PCPA 300 mgkg L #4: 2 d, il 4 J< R/ B 3h iy s Ay 6]
221 TARSUEBREKHLE

RIRGES PCPA B G, ME/NRIEBRIIE. Bulite. BROGEESEIEFR LIS W & IR B
ISR bR e, AT AN WPE 20 R VF 20 /N BRI BERAE B0 o VEAM bt (L) R #OIRAS B0t 4h 51 i i
Ny (2) HRRSERZRAR %, WERESE; (3) M. HSFMAUN, (4 B8, Al EMEEERE; (5) KE
EBEFNEEE. G 5 NEGEATE, RS 5 4, REZEN L5, it 25 4400,
222 H3HEW

KA 37, HE/NREFEASY MBI EEFREE . BN RAR KB Oy 3546 e X 5,
IE RN A, e R 3 min (I3 R EE . PR Kb R X i sh e e, JF A
Tracking MasterV3.0 % {4 &2 il A 5. fr) 4 725 P 81
2.2.3  Morris 7K 5 216

K H Morris K& Sz8, MR/ RS I FHCAZ8E 7T KKt RDUA SR, AKInEHE T4 1
cm, KIRPREFFE (2631) °C. K% 4L/ B BEZ AN THNE G XM R IR, A% 5 3hic 36/ B0k 3% 7% R
W e b R s R e
224 [FSREHTE

KRG Ja, XN RBHAT RIS, 50N RARER AT B, BB i i ##E 1 h BL 3 000 rmin
B0 15 min 5B LI, K0 AL B T -80°CUKAE IR AE 4 FH o JFAE 4°CHR8E T ar B 4 H /N R
MG RS R RRIEAT MRS R RRE, T AR AR TR A . AR R M= (MEER R MAR D) <100%.
225 EBBEEERMENE 5-HT. DA, NE &£

BRI IS AN ) ELISA XA & B B AT 84E, 2 mlill e /MR IEH 5-HT. DAL NE
15 &, 1E 450 nm P K AR E # LI G E (OD) fH.
2.2.6 NK #BER{5 K50 5 E WL 2w

HU /I BT 6 £ B L 0 PR A M B V. P SRS ConA TILAR 100 pgemLt % FH o Ke B4 o ok
IONGH R 728 100 pL L, FAEM B AIFL I ConA 5% A549 20 pL &EFL. 85 IR BRURAE RS 77
FERREFE 48 h JFHUH N MTT, &fL 20 uL; 55577 4 h J50 DMSO, &:fL 25 uL. B FEEIK EHE2) 10
min 5l OD fH. NK A% (%) =[1-(SLIFL A {H-ZS 40 FL A {E)/SEA0 M FL A {E]><100%[8); T itk
EL 200 it ) B 250 (S1D) =ConA I i A R/ R 1 A R,
2.2.7 Western Blot #&il] PI3K, Akt, mMTOR EH&E

PEELAS A S 1) 0 B 3 JF I e B IR, B S%IR AR . 8% BIAR, I LFEE 20
ng, £ 200 mA fEHLJL. KB FHEE 70 min, WiRH MM E 5 h, P, B TFHNK—PF 4 °C
ST E L, WEIE, FAECHTEIREE 15 h, W, b ROGERRE, ) Imaged 20 b a4
ESNEAMNKEESGE, SRUHMNERY B-actin FIHLERR.
2.3 SZitFEaE

X Fl GraphPadPrism 8.0.1 Fll SPSS Statistics 21 % {4 % #4f it 47 22 7 M A pr AAE ], P<0.05 #AA
R AART ¥R L.

HR

31 HRERZENE SMTO)EASENE
ILIK & ZIE M E SMT(S)H 25 A & &N 96.25%, 3R 1 Ao,

w
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* 1 SMT(S)EHWKE
Tab 1 SMT(S) protein concentrations

b e e A e 7 FHAENIER NN RN
- SEIGRE TR THREI IR E e SSHHE)  BRAMETIORE N
Fh m/g A Vi/mL WEWAR e yaml OmolL! BEATR
V2/mL
SMT(S) 0.20 4.50 0.10 10.00 0.05 96.25

3.2 SMT(S)Z Rki&E 4 #h
i DENOVO ##E AT /08T, MILUEH 7 212 420k, HAEN 0 7R EF EEFLE 500-
2000, P 1; HEHERKE FELEPTE 6-19AA, K 2.
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Fig 1 Molecular weight distribution of peptides
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Fig 2 Distribution of peptide length

3.3 SMT(S)%t RER/INR — M 1T A F B &2

FRWKES PCPA J5, AR /NRIRSA %, MEIRK R/, E, AREEMnEE, £k
HZE NP 3A B, UEEHALALN R BT RHRIER . SMT(S)XH /N R AMIIE 4> WK 3B, SMT(S)4A 24
AT AN T ) B TR, E B SMT(S) ) 2 IR 5 /N B — R 8 BT ik 3t «
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A: SMT(S)XH/NRAK M Z 52 (effect of SMT(S) on the growth curve of mice) ; B: SMT(S)X} 2k MR/ B AU #F AL 1F 43 (appearance

scoring of insomniac mice by SMT(S)) ;

B 3 SMT(S)x JRHR/N B — BOIRZ& BRI

Fig 3 Effects of SMT(S) on the general state of insomniac mice

1 (note) : HZEAAMLEL (vs.control group) , *P<0.05; H#EAIZAHLL (vs.model group) , °P<0.05

3.4 SMT(S)*F 5 AR /N ER B8535 #1922 T
Wk 2 s, SEAHMMERAEAREHTRE, SEAAMISSAANRRREAEEAS

(P<0.05) . SZER45 R KB SMT(S) R T Bs 2k AR /N BT i B e g2 4 B 2245 -
%2 BUSRBERHES (X 35, n=10)
Tab 2 Organ index of mice in each group ( X +5,n=10)
BT/ 2 R ¥y s y
5 B PURE i 4 Wl e Wt e
mg-kg!-d!) I
2314 10
ZRA — 1.71+0.21 0.20+0.06 0.41+0.07
i 4 10
REd 300 1.48+0.13? 0.1340.04* 0.31+£0.072
254 65 10
254 1.65+0.14° 0.19+0.07° 0.40+0.08°
& 33.6 10
SMT(S) kR4 1.69+0.20° 0.18+0.04° 0.38+0.05°
EREY 268.8
SMT(S) R AL 10 1.69+0.17° 0.19+0.04° 0.41+0.07°
V£ (note) : H2HAML (vs. control group) , #P<0.05; SHEAIHAAMLL (vs.model group) , °P<0.05

3.5 SMT(S)%t 5k AR /MR ML i Hp #8122 33 Jo 7k T

w4 s, 5=

=20

FIZH BB AR A/ BRI VS o 5-HT A3

EEEC (P<0.01) . DA & NE & &7F5

(P<0.05) , #57F SMT(S) &3 A m B8/ B 1) 5-HT & & (P<0.05) , [%{k DA (P<0.05) X
NE (P<0.05) & . FUIHRMREAS] & oh H SMT(S)BE T B g B A b 2858 57 (R 52, 7] 2 3 2 R /)
B 22 38 I3 B ZKF
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A: &S 5-HT & & (serum 5-HT content) ; B: IfiLi&E" DA & & (serum DA content) ; C: IfiLiE NA & & (serum NA content)
4 SMT(S)Xf 2l /N B 4838 K P B2 (pgeml)

Fig4 Effect of SMT(S) on neurotransmitter levels in insomniac mice Jpg-ml-'[J

i (note) : HZEALAMLEL (vs. control group) , #P<0.05, °P<0.01; S#EAIZAHLL (vs.model
group) , °P<0.05, 9P<0.01, °P<0.001

3.6 SMT(S)xt kR BR/MNRE B RHI M

W 5 fron, SEA4ME, BEHEANRESY SR E R, B3l EsgE; SHEHNA
FHEG, SMT(S)A /N R IZBNFEM BT, HAEH J XA B0 (0] 32 20 2R R B 7 35 B i Y 4 (2 35 B
it (P<0.05) . FRHRIR/NRAEZY I EEREEIEIN, SMT(S) AT TR SR/ 6 1) £ FE A Il

Bl 5 SMT(S)RT /N R 2% IR 5 45 5E A7 100 1Y) 5 1)
A: ZSHNRIESHEE; B SFHNDRAEPRXZHENA, C: SFHNREVZIHBEEE, D S4/NREENTF 5,

Fig 5 Effect of SMT(S) on anxiety after insomnia in mice

A: the activity trajectory diagram of each group of mice; B the residence time of each group of mice in the central area; C: the total distance
moved by each group of mice in the open field; D: the average speed of the movement of each group of mice;

vE (note) : S5 H4IMEL (vs. control group) , 2P<0.05; SHAIAEL (vs.model group) , °P<0.05
3.7 SMT(S)¥t Sk HR/INER S AN FC 12 BE J1 RO 2 i
mE 6 Froa, 58 AW, BALAE /N RS SRR ALK (P<0.05) ; SHEAIZHM
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Eo, SMT(S)4H /N RIS R B35 /b (P<0.05) , MBRFEARSEL, 45 B E /D BAERIRES T2 Bl a3 a
FACIZINFNBERS, 22 SMT(S) TFil)5, Bl PA$E iy 2 Bk BRF) 2 ST Fd 12 s

K6 SMT(S)Xf /IR A IR J5 /1N BR 2 21 5 WA S E 0 ) 5
ABH ARSI E; B: BHNR LRERY; C. KA PRSI

Fig 6 Effect of SMT(S) on learning and cognitive ability of mice after insomnia in mice
A: activity trajectory diagram of mice in each group; B: latency to disembark in each group; C: total distance traveled by mice in each group;

v (note) : H5FAAAME (vs. control group) , 2P<0.05; SHIMBAAHEL (vs .model group) , "P<0.05

3.8 SMT(S)*t Sk HR/NR B ZRE HTBI R M
WHE 7, S=AHME, BRI NK 40055 5 5k g0 f i B Fe 20 A BTk (P<0.05) 5 5
BRI AL, & SMT(S) T T NK 4R & SI A AFEFEER TS, RE SMT(S) AT #4024k~

B FR) e BETh E
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A: SMT(S)% NK 40 A {5 RS20 ; B: SMT(S)XF T bk E 200 g o i i %5 () 52 i

Fig 7 Effect of SMT(S) on immune function in insomniac mice
A: Effect of SMT(S) on NK cell killing rate; B: Effect of SMT(S) on T lymphocyte stimulation index;
7 (note) : H5ZE4IMLIL (vs. control group) , *P<0.05; SR (vs .model group) , °P<0.05

3.9 SMT(S)FtkER/NRAMA L PISK/AKt S SEBEHRIEWEIT

wE 8 Frax, S EAMt, BAANRMNALRF PIBK. Akt. mTOR FKik & B & [ 1K
(P<0.05) ; SMT(S)JF%ﬁF/J\MuéH,AEP PI3K. Akt. mTOR Xk &I B & (P<0.05) . X
SMT(S) F] e A& il I PI3K/AKE 15 5 18 % 1 5 4 48 336 i By 76 2R IR o

& 8 SMT(S)*2HR/IN R PIBK/AKL 15 5 i % AH 5% 2 1 23 15 Wl i S il
A: BRI PSSR AREH: B: &4/ R H e E A RIE R

Fig 8 Effect of SMT(S) on the expression of proteins related to PI3K/Akt signaling pathway in insomniac mice

A: Expression of related proteins in the brain of mice in each group; B: Changes in relative expression of related proteins in the brains of
mice in each group;

7E (note) : 52 EH4MEL (vs. control group) , 2P<0.05, °P<0.01; S5#MM L (vs.model group) , °P<0.05, 9P<0.01
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2 B A2 IR 1 46 R R o R i A T, 300 A IR T 1 S BB AR A R 2B B TR 1 — B IR R A 25
JE, LML, F gl iR T2 R &R RS20, SMT(S) /& M i B AR sh ) SR 48 i/ o 1K
HEASEN 96.25%; KB FEAEDAE 500-2000. 6-19AA. I 5 75T PCPA &l kRN R34
B, MUNRITEH IR A 2. BAYGEE . R BT R ELER I I 455 8P
) s A A A o e Th A,

IR 22 52 Fo HH AR5 0 o0 440 356 IO 5 52 T 0 R B2 2 P2 AR 4l B 2 Ak o 5-HT BEMF 4 JT R R a3t T e i
AR KRR R, FE S NE. DA S v R, 75 KM NBERRCIR A0, 5
il -5 R S i A R 0 26 X S A 1) ) DA B3, Bk RS ) DA 2R shg e A Y, AT
WPELE R NE S RSB BEERr A ¢, M NE B & ol #ik h 488 I 5-HT #& o
05 NREM HER 3],

PREIB T I 5E S BB NBUE A HEEVINIKR, A SREH PIBKIAKt {55 18 B4 i 77
LY294002 FHWr PISK/AKkt 155 @, 40w 5-HT. NE ZE#h i i thil 2 o/b, F B PISK/Akt
YE ARG CHN N BB S S E I, AR 2 O 4 M TS P DL S IS 3k A 2 T 2 B 0 e 4 8 338 T 1) SR
KR, W IR G5 2 )5 B0 PISK/AKL {5 5@ Bk FAHSCE ARIRIZE, ST PIBK/AKt {5 5 il B 47
T, Ak ocis 2, mTOR & PISK {5 5@ Fifr T2 —, EEMIERLL TR, 64
MO W TR RIS . 2 REMIES B8 mTOR a] DLk A [H] 11 43 1 AL SR 52 i 22 ) fi
A7 BT e

ZE LR, SMT(S)/Nar T IR AT F B S HR J5 /N BRI RN BE /0 B DA S AE FE I I, FFRe Y 9 R IR S
N B RIS, HALR T Re @ Kb E S B ER. A2 REVFET 5-HT. DA, NE 4 a4k
MEM T PISK/IAKE 5 S, MIMTEGE T RIRIER . BEHF 70N SMT(S)TETF & AR 8 BR 1B ¥ S HR 1)
PRAZE i S SR AL S 00 = ) BRI LAl

SE Wk
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