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1. PE ARG E R, Jbat e X E 24285, 100853; 2. PE A RMME S ERSEANE:PO; 30 P EARBIE
TRl e 7R PR AT I e

(=] B ML E# (SCN) F528 (Glu) /y-2 A& TEH (GABA)-5&ABM: (Gln) FAIFRE T F
B %AV 7 0697 R IR T RRAE A AL . FiE 60 RAEMESD K R KA Ay S xR 20 REAIRF R4 3 8]
S f B EAFAK, P BRI A, FHI0R, REFSRBA, EAZEKXIRKAMEESTAER
RBREM A KRR RABEA . KRR G EF A BAFe B A 2 B LL T 10 ml/kg £ 22 REF, Lt
F0.33mg/ (kg-d) AL HRET, PHEAFTIK, . SHABTLAL>HNT 1. 2. 4 g/mlFKE WA F ib
FHBRAIOm/g#EE, HHEB 1R, #87TR, REHRALEXA—REAFERCEIARAE. BEHLE
J& K R B SN P B 92 BT sk KR B IR K ) Ao BB AR BT ], SR Western Blot & Fe %, 0% 32 SRk AA M KR
SCN ¥ Glu/GABA-GIn 75 3R 48 X B [ 5 RBABLZ BE (GAD) . v-R A TER 4 &8 (GABA-T). & & Bt B
(PAG). B-R&BthcA B (GS) | B [y-RATEIEEZRL (GAT-1), y-RATEIEEHR3 (GAT-3),
LR BEEER] (EAATL) ., SR #1E4K2 (EAAT2) | ¢9&GKR-F, SR LEFaBaE e s, 4
AAF AL H 1—T R EHEK (P<0.01), HERFRAR L, 4555, 6. TR, L F
w5 A A P A FAKRREAZ (P<0.01), 53X MBI HELE, Fo § %AhF KA &
5% 6 R EHAK (P<0.05), 5 B sl bER, A M8 L0 n R AR B0 38 e | BBAREY 19 4542, SCN P
GAD. EAATI. EAAT2 & & K- B 3 5% 44, GAT-1. GAT-3. GABA-T. PAG. GS & & K-F & % kik
EAE (P<0.01), HEATRARE, &5y T RARKSKRN G/, IR EE M, Lkl f
B g Ao bR &I K E (P<0.05KP<0.01), HXawktias, i iik, F. &7
SAREIRAT Bl 4542, A0 F A5 IKH FH GAD. EAATI. EAAT2 & &G K-F B4, GAT-1% G KPR LEE
&, FoBGAvF b A BLAEAATI & @ KFHAL (P<0.05% P<0.01), 548 Zivs &AMk, §
A T AR F LR IR AT R 45 42, GAD. EAAT2 & @ K-FHAK, GAT-1 &G KRFREZRZEIFE (P<0.01),
i Ao F A F TR AR E R RAEA K R ey RIRIR A, E AR AU T4 5 A SCN ¥ Glu/GABA-Gln /% 2R 48
(5 ERT A, AASHA SRR ZM4.
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W) “RhEE” TOCRRE” L, B RS Z R TIRIT R
B L EL IS RAFIG Rr8 . HRTHFREIESE , L
LY A% (SCN) T BE AT 5 A HR DA O s
LA 2 TR E R (Glu) S o 222256 o
v-RIE TR (GABA) X2 F5 1 & (1) MR AR 15 4 LA
S SCN Dy gg + 43 HEZE, 1 Glu/GABA- % & Mk e
(Gln) FEIE Ry 2 F5 24 A 5 40 7 1 A% 00 301
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HAH Il 58 R LS B S5 GABA M Glu 1)
KEJAE 7 TR SR, RS e p AT ek
2 I RS 7R R R A 2R HRCR 25 LI 39 KRR e i
Glu 5 GABA By 7/KF-, (B E A AE T A5 0 A W
R, ZAHF5E A SCN N Glu/GABA-Gln 715 PR HH 5 il
5l ia A BE PRI RN B 2 7 V8T IR 1 W] REAE
BUL, S R PR B R . A5 O i v [
N B ZEZE R 22 Bt B R AR B AR P 2 5y 2%
. (S IACUC-DWZX-2025-544) .
1 #MRS5H®
1.1 4%

SPF 2% filt FRE Mt 1 SD K ER 60 1, 6 A%, 1AL
i (200£10) g, MBI LR AYEARAGRA
AR AL, ST S W) A A% IE S - SCXK (5 ) 20190010,
WA KBS T 12 h I R i s v Ak 3 40
WA, IR (25+2) °C, MIXTIRIE (45+5) %,
H ARk
1.2 %4

MEZMTHAR: £FE10g, B 15,
HAR15 g, Ph#15g, A EWM15g, Ml 15 g,
WA 15g, T 15g, HHESg, FiRRA g
A E R S BB 25 s, SEE AT 2 R
G AR K BB R A i S A2 1, 20 4 g/ml
WG, BG4 CHRRTA R . SCRIm¢
A G5 230520, A% 1 mg/F), LI ARASTE T 25
FIRAT], il A 0. 033 mg/ml iYL 7 Me 4> 25
W, 4 CURFETRAT# o
1.3 EZ&EXAE5E

XK &AM (PCPA, %5 . €6506-25g) ,
Sigma/AH]; JGELLLZEN (5255 AM00469), dtit
22 R AR 4% Z B W EE (184 . G1101L) |
BCA £ [ 50 B I o2 127 5 (9545 : G2026-1000T)
Servicebio 23 F] s RIPA S8 AR (155 : BL504A) ,
Biosharp A vl ; HEARAMRMNIRE (GAD) ik
P45 . ab183999) . H 4l y- & I T W A il
(GABA-T) #ifk (185 . ab216465) . 44 % Bt
el (PAG) $ifk (555 : ab317032) . HAHKZA
2% is K 1 (EAATL) Hifk (525 : ab181036) .
EHBS AR EER 2 (EAAT2) bilk (5.
ab313454) . A @AM A R (GS) itk (185
ab64613) , Abcam A W) ; y-Z K T R s K 1
(GAT-1) ZwiBEHiilk (9245 : PA5-85766) . y-%
HTREIZIR3 (GAT-3) ZrifEHilk (175 .
PA5-104150), Invitrogen /A ) ; HRPFRIC L0

P85 5220-0336) . HRPARICILIZEPI/MR (585
5220-0341) , Seracare 2~ &) ; & Hz-CY3 (1% 5 .
B5014-1) ., DAPI (%85 B0OO11), i EATE A
/NG

AL (B95. JB-PS), RIURASH FABRL
Al ARBEOI (A5, TGL-16¢), L4 5F
FANER) s HUKAY (BUS. SVE-2), ServicebioA ],
1.4 FHhhomhdp

K B HLEL 7 26 oK 60 HK BRLA3 0 1E % 8
. BRI REAL . SCR] gl 5 R iR
Lo EAlEA, F410 5. BRIEFE XA, H
A5 R BUR F G I 1 45 PCPA E AT A 0 f¢
500 mg/kg 1A Ji T4 K 8: 00—9: 00 [ I 7 5
PCPA; IE & X #8418 1 1 5 10 mi/kg A48 FLER K,
R IR, #22 K, BIEES PCPAZ 24 h5,
KEH B S p A AL, Hahtgss, BAK
G, ST b, SRR 2, 26
ERRVE ; 454 M8 s 5T 48 h 5 B IE S 5t S2 56 245
AL T I 0 B2 R BR, A R A IR RS il 2
| REARE R g, EREAGIEE L,
PERTE BT
1.5 %4#%H5 X

JirA R RBER I 5, T45K 8:00—9:00
AR R THE S o RIE RS 60 kg IR
FH S5 RO IR AT B A, FNE R MoOr Ak,
EFIERH T 1. 20 4 o/ml YRR HIE L0072
W10 mU/kg HE S, Hod gl G RS 800 3L
Al 4T 0. 033 mg/ml 3 7] M 257 10 ml/kg
B, IR X R4 SRR A ZH T 10 mi/kg A B ER /K
HE . SHWBRESR LR, E8TX.
1.6 WEIGIRE 7k
1.6.1 XA—AHEIAIE RE R4S ALK
RABA ., e, 208, RGN, HRicaK
it
1.6.2 REWEHHFE LR KKAZKHIEK
5 2% % BV H Z 40 (35 mg/kg) 55 K BUBENR ,
I FH 380 I 2 AR A PP S AT AL U A
P25 e SR N TR ST A R ), R K RUE BN
5 PR T EMY, Eis =60 s TB¥E AT
YIS ARF ML DU 22 B E ST %, TE SR A
NI WS R G T S I B P i i o ]
BM, #5730 s NI IR M DU s e, i sk o
PSR R P R 0 e Sy B 48 B A A e 11 s 1]
(i) By, e B s [) A A R EF (1) 25 5 88 FsF i) (9% 437 2 i
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Ko YT, A LG TR R ZH K BRURTE HIR 75 AR
W94 . BRI R (R) 3% i RPAT ) 25 A W 2 ) B A S
RERIR Y7 3 o

1.6.3 Western Blot E 41 K & SCN P Glu/GABA-
GIn &340 X B 55 2532 KK & 7/K-F  GAD. GABA-T,
PAG. GS N Glu/GABA-Gln & ¥R #H 5 i}, GAT-1.,
GAT-3. EAATI, EAAT2 M Glu/GABA-GIn fFEFRHHIE
aaiR, U L2 DRR SER I H 25 AR BUR FHRE
PUB TR EE3 H, LL2% IR 240 (40 mg/kg)
JO s T SRR B, MBSk, PR, K Lo S
SCN, WAEZ, B A-80 CUKH ¥ HAAT & H .
FHT B PBS 22 bl vk 2 8 3 Wk, KBRIis, #
FAPRA T, AW, KIBBIESHK ., 4°C,
13 000 g B§.0> 15 min (B5.02E4R N 8 em), W4E I
I o BCA [ o vk B2 2 J5 i o A o, 95~
100 “CHl 7K 5 min, WRAFMES0 V. 3B 120 V i
PEEE YK, #2100 VIE R I R 5% 09 i A
AW ERIA L, ZJEREEME, 5500 m
—4t (GAD, GABA-THEELLHI A1 : 1000, GAT-1,
GAT-3. PAG. EAAT1., EAAT2. GS#i B L@ N
1:2000) 4 Citf. M—4t, FHTBSTH3 K, &
K5 mine IAAR Z4HT (FRELLHFIA 1 2 50 000),
FIRWFE 30 min, IR TBSTAEREIR [ PE4 K,
BFR 5 min, B ECLAYGIEATI . DA B-actin
NNSEH, HImage) 1. 8. 0840114k

1.6.4  S9% % kA m X & SCN ¥ Glu/GABA-GIn
VEFRAN X B i R A RT  BAFI A KERN
BEHLE 7R B3 2, 2% 1% B 240 (40 mg/kg)
JE R T S RIS, 4% Z2 WSO EVE T, Sk L
Mg, SEREMNALNE T 2R P R EE . PBSIHPEL
KoK G AT AR, ek B, HEHUSCN
YIR BisE I A TP R B 2, 455 PBSTEWE, A
3% MEAKIEW, ZEIRKBEIEE 25 min, PBSYE 3

W, FFRS5 ming AN 10% L1 F 00 28 607 75 30 min,
Wom—4t (GAD i B L5l b 1+ 400, GABA-T,
GAT-1, GAT-3, PAG, EAAT1., EAAT2. GSHikt
L1 2 200), 4 CEE IR, PBSTEMR3IIK, &
S mine EINARR Pt (FBELLBIM 1 2 400), it
HeEIRIFF 50 min, PBS VLS ANEIE-CY3 &R
% 20 min. FEUK PBS PEI4 S5 1 in DAPT e, it
JCEIRIFFE 10 mine H R JEH TS, IFRERITER.
i1 Image-Pro Plus 6. O K {4F 14T G 8 5 i o i
43T
1.7 %itFFiE

Xl GraphPad Prism 9. 5 Fl1SPSS 16. 0 8 ¢FE 17
Geit ot THEVORIN B IES s H o 2255, U
PIBhrifE 2 (xxs) Foom, AR ERHHRHE
Jr 2500, AP LR H LSD ik . DA P<
0.05 hZEREAGIFE L,
2 #R
2.1 BWMK R MR

IEF XTI KRB R . TR, ik
BIER, HREIDEEAT AN F, BRI E;
AU IR R BB A& FLICOGEE . /b H 28
T s, JEAERE H [R1E shocdt . BRI AL S
WESEREAT N ST R EA 4% D7 i )
AARRRENMNE, £ 1n, 5IE X BYLmE
Fes, AR X IR ZH 25 24 5 1—7 R R BRUAAR o i 1 %
ik (P<0.01). SACRIXERE 4L R a) Ho g, 452
5.6, TREAMCHSME M, @il
HARRIARTTREI TR, 255 7 KA a7 (IR
HAKRRMAFRET S (P<0.058P<0.01)., 5%
A2 R ) () LA, 2R 245 6 RS 48 iy IK
AR T REIR (P<0.05). F1H 2H 74 7 &
ZH [t T i e 2E et s 22 L (P>0. 05).

R ASUUIRBUAN R ) (AR5 b A

Table 1  Comparison of body weight in rats among different groups at various time points (g, x=s)
e ey 4heh W4y EaEa] e Eepa]
415 LAk " n n o . " .
EAPN EIVDN H3K EEDN HSK EPN EUPS
1EH X R4 10 258.72+5.18  267.73+8.95 274.81+6.40 282.97+6.44  294.04%6.02  299.67+6.42  303.32+6. 58
TR HE 20 10 231.69+12. 52" 227.35+8. 107 232.41+4. 87" 236.00+10. 86" 237.90+5.08"  246.90+4. 32" 255.20+8. 62"
SR 10 228.89+13.90 230.70+8.93 235.0749.42 243.43+7.58  253.2649. 15"  262.34+4.54” 275.08+10. 87"
AW EFIE4. 10 234.45+10.72  228.55+8.25  232.68+7.66  240.33+6.45  246.92+7.02  253.31x6.40" 267.42+9. 24
MU hRlEg 10 229.87+12.74  230.33+10.73 237.05+11.27 241.89+8.50  251.20+10. 48" 258.82+7.60" 269.96+10. 07"
B2 EFEA 10 230.82+13.71  233.00+10.48 238. 14+8.27  244.74+6.22  253.52+8.87"  260. 15+7. 95" 272. 10+6. 83"
F:oa) FIEFXH R T A, P<0.01; b) SEA6 AR A A, P<0.01; o) SEENIRALEIR] AL, P<0.05; d) 53X

W 2[RI ] g, P<<0. 05,
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2.2 BUMRBIRECILELMYFE E IR ik

F2n, HIEE XA eds, AR IR KR
M MR VR AR I 186 i, B RPN I 4 % (P<<0.01)., 5
BRI IREH LU, 45 2459 il 2 K e R AR 30 42
g5k, BERRETEE M (P<<0.055 P<<0.01). 53
Al LR, FTE M. L e ) A AR
B 4% (P<<0.01); SHE 20 &Rl a1t
5, IR 22 PR 4 B AR s (] 4554 (P<<0. 01) .

F2 ARG b ZZEh b ) S50 IR AR VA AR 15

T R [R] LA

Table 2 comparison of sleep latency and sleep duration in the

pentobarbital sodium-induced experiment among different groups

(min, Xx+s)

4151 A MEIRVER Hie IR 15 ]
TE X HR2H 10 4.84+0.48 55.11£3. 10
AN B 10 5.70+0.70"  33.40+5. 15"
S 2 10 4.59+0.33" 59744, 57"
ME T RFIEA 10 5.02+0.46”7  39.20£3.929
MEZWITPRES 10 4.9520.51°  48.02+3.96"
MMy EmAEA 10 4.8720.61"  51.98+5.26” ¢

Heoa) SIEWM R4 A, P<0.01; b) SHRX ML
B, P<0.01; ¢) 5HAIXIALE, P<0.05; d) SEAMKE
HIE, P<0.01; e) HFEZLMyEFIEALE, P<0.01,
2.3 A KR SCN R 3% Glu/GABA-Gln 48 2R 48 % By
5 a1k R G % bR E R

#3708, HIERARA A, BRI R4 GAD,
EAATI1, EAAT2EFZOGREREL, GAT-1. GAT-3,
GABA-T. PAG. GSHEMHZIEEET R (P<0.01),
SRR R LA, CRIMEC 2] SRS
EFIE41 GAD, EAATI. EAAT2 &9 GR TS,
GAT-1. GAT-3. GABA-T. PAG. GSZ& 15 :iR B

£33 FHAKRFESCNIXILGAD. GAT-1,

GAT-3. GABA-T. PAG. EAATI.

FEAk (P<<0. 058 P<<0.01); FI'E Zepfi )2l
GAD, EAAT@E%‘@@E%%, GAT-3. GABA-T,
PAG. GSEHYSEIREEREML (P<<0.055{ P<<0.01),
5 E ey R mal g, RS S g il
PRI GAT-1 8 PO EEREL (P<<0.01),
B K SCN X GAD, GAT-1. GAT-3, GABA-T.
PAG. EAATI, EAAT2, GSEMHPOCE WHHE (i
FIFA SC 4R R EL)

2.4 &K R SCN ¥ Glu/GABA-Gln /& 3148 % B 55
HIm KR G KT &

F4n, HIEF XA i, BT IR KR
GAD., EAATI, EAAT2EEFI/ICFREK, GAT-1, GAT-3,
GABA-T, PAG. GSHEHKFTE (P<0.01). 5
BEAUXTREA LA, 3 Al 2 55 R0 15 e pf oy v ) o
ZH GAD, EAAT1., EAAT2 E H/KFETHE, GAT-1,
GAT-3. GABA-T. PAG. GSZHE H/KFERML (P<
0.05 5 P<<0.01) ; HI'H % #f J7 v 5l £ 44 GAD.
EAAT2 & /K FTHE, GAT-1. GAT-3, GABA-T.
PAG. GSHE FHKFREAL (P<<0.05 5 P<<0.01) ;
FE Ze W (GRS 4L EAAT2 B KBTS, GAT-3,
GABA-T, PAG., GSHFH/KFFEAL (P<0.055 P<
0.01). HIRIMECA L, 1 4 w7 K5 = 41
GAD. EAATI. EAAT2 E /K FREK, GAT-1EEH
AOETEE, FIE L p Iy iR 4] EAAT & KR
it (P<<0.053%P<<0.01), 5H1E %7 & &4
He#e, FE L p 7 IRF 24 GAD,. EAAT2 & K
F[EAR, GAT-1 E A KF T+ (P<0.05 5 P<
0.01) ., £ 40 K Bl SCN ' GAD, GAT-1. GAT-3,
GABA-T. PAG., EAATI, EAAT2. GSZ# I H kA
WE T, 2,

EAAT2., GS#& DGR JE i

Table 3 Comparison of immunofluorescence intensity of GAD, GAT-1, GAT-3, GABA-T, PAG, EAATI1, EAAT2,
and GS proteins in the SCN of rats across different groups (x+s)
2H 51 Rk GAD GAT-1 GAT-3 GABA-T PAG EAATI EAAT2 GS
EH % IR 3 1.000.06  1.00+0.12 1.00£0.27  1.00£0.28  1.00£0.24  1.00+0.08  1.00+0.21  1.00+0.20
FER0 %of B 3 0.4220.107 1.98+0.05  2.27+0. 14" 2.29+0.48" 1.8520.12" 0.470.07* 0.41+0.08 2.13x0.18"
Bl 3 0.8720.09" 1.4620.29"” Y 1.2120. 14" 1.1220.19" 1.1620. 14" 0.95+0.26" 0.930. 12" 1.30+0. 14"
AELHEFEA 3 0.69+0. 187 1.94+0. 04 1.4320. 26" 1.4720.157 1.3220.16” 0.79+0.04° 0.67+0.20  1.44+0. 17"
MEZMITRREA 3 0.7620.077 1.5420.10"  1.47+0.10" 1.1920.38" 1.20+0.22" 0.80+0.08 0.89+0.08" 1.35+0.24"
MEZMITEAEA 3 0.7820. 14" 1.4420.07" Y 1.1220.24" 1.1120.25" 1.1320.19" 0.8620. 117 0.94=0. 11" 1.28=0. 28"

. SCN, AN L#; GAD, A& ; GAT-1,
A RN

fiti; PAG, HRMNENE; EAATI,
a) SIEE XA R, P<0.01;
P<0.01,

v-E I TR E ik 1
EAAT2, A2 2; GS,
b) SEORIXT AL R, P<0.01; ¢) SEORIXTHELL AR, P<0.05; d) S0 2o &Rl e,

GAT3, -2 T HRkiE Ak 3;
A NG A B o

GABA-T, v-23 TR 4
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F4 FHKRSCNH GAD, GAT-1. GAT-3., GABA-T., PAG. EAAT1, EAAT2, GSHEHKFEILE
Table 4 Comparison of relative protein expression levels of GAD, GAT-1, GAT-3, GABA-T, PAG, EAATI, EAAT2,

and GS in the SCN of rats among different groups (x+s)
2H 51 FE GAD GAT-1 GAT-3 GABA-T PAG EAATI EAAT2 GS

1E % IR 41 3 1.00£0.16  1.00£0.08  1.00+0.07 1.00£0.05 1.00£0.08 1.00+0.06 1.00+0. 03 1. 0020. 15
AL HE 2 30.57+0.10Y  2.340.43*  2.00+0.25" 1.91£0. 19" 1.69£0.08" 0.56=0.06" 0.59+0. 07" 1. 6020. 15
pranl S et] 30.940. 12" 1.180. 18"  1.24+0. 18" 1.23+0.20"” 1.11x0.11” 0.8420.07" 0. 87+0. 06" 1. 1720. 06"
MEZHITEAERE 3 0.64+0.08” " 2.00£0. 14V P 1.45+0.06° 1.330. 12" 1.27+0.18” 0.6620.04" 0.73+0.05" V¢ 1.300. 04"
MEZMITRREH 3 0.82+0.097  1.34+0.30"”  1.27+0. 18" 1.27#0.23" 1.16£0.19” 0.6120.09° 0. 85:0. 04" 1.2020. 12"
ME I EREE 3 0.92+0.06"  1.28+0.24"  1.210.27" 1.22+0.22" 1.10£0.22" 0.7520.07° 0.90+0. 06" 1. 1320. 04"

: SCN, Mz I#%; GAD, WRMMIARM; GAT-1, v-ZIL TR 1; GAT-3, v-ZE AL TMFLZ1A3; GABA-T, y-Z AT MiLa
fit; PAG, HEBLIEM; EAATL, REMILIEIR1; EAAT2, BREMRLZIR2; GS, W& R .

a) SIEWX A LR, P<0.01; b) SEIAIXFEA LA, P<0.01; ¢) SHEBXFMRALE, P<0.05; d) SXalmMSHLE, P<
0.05; e) HLwRIMCAIIE, P<0.01; f) SHIEZM I ERRALE, P<0.05; g) SMEZMEARLALE, P<0.01,

EEXRA BRI RA RS *?&i?%ff; ﬁti@% *;i@f; 3 iT‘H:E

SRR T AT LA I, 4 BRI S IR
oo (D SR G o s 100, ARBAIET S R
s — S — G e — 0, A% PEMSRIGRERRE, R IAIR SR
TCErSER . 7 R T A A M S R B
ors [ G S - —— 00 o BB SIS AN I S AL
GABAT/M s D S D S S SG (Do FHREMX AL . J R2ZA, ME AN, — &Rk
CHBTTALE) , B (RFema) [k, ks
poc | D D GO GNP QD WD g EEAR . DRE, I

IE: SCN, #ZEX L GAD, BHEMBRM; CAT-1, v-& BEKE, BIRE ., B ELAHL BAR AL

1AL, G, o MITRAES: GO M g kRS T, RS SN
R

VY i LR v 22 4 S

Bl #&4KESCNHGAD, GAT-1, GAT-3, GABA-T ERAE, LW%%;EfﬁE&§®%E: %EE

PP B WA W . B, ATk

Figure 1 Comparison of protein expression of GAD, GAT-1, L= I S T U S = B/ L

GAT-3, and GABA-T in SCN among different groups %*Eﬁé/ﬁlﬁ’f'{ﬁ)ﬁz\ B%iiﬂ:u[z, %&’fg%”ﬂ(@/ﬁ\ @

‘ N ‘ M, IR &R A, BRI | miE h AR DU

ERAAE ROARE LSO ENRE  TAE  SARE X E AR R BRI, Rz B, iR

(o, Wkl M FOem, AEwS RIS T
W, RSO A R (AR iz h
ooy | QD WSS G S — s oy S R M, ARG, &
U P —— A For L SRS NeR L TR L

I 2 T N £ B ISR 1 R e,
s [ 0 D B S . - B3 M s 5 POPA 4 i L
pocin| D D GHED GNP GNP WP oo (9SDRBURIREAL, ZiR R, AT IE R

21, MR RR LK FRUEIE 22 2 B I I 5 PCPA IS
B HRAEE, BRI IR 2L K

PAG ,‘g-—-ﬁnﬂwa

H: SCN, M X % PAG, ARELHNE; FAATI, SR
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Effect of Hewei Anshen Formula (#1'5%#%177) on the Glu/GABA-GIn Cycle in the Suprachiasmatic Nucleus
of Insomnia Model Rats
LIU Zihan', WANG Shuo', ZOU Tao', TIAN Chujiao', YU Hongyang', DI Ang', WANG Liang?, CHEN
Qi’, WANG Changzhen’, LI Shaodan®
1. PLA Medical School, Beijing, 100853; 2. Sixth Medical Center of the PLA General Hospital; 3. The Academy of Military
Medical Sciences, People’s Liberation Army Academy of Military Sciences
ABSTRACT Objective To explore the possible mechanism of Hewei Anshen Formula (F18 277, HAF) in the
treatment of insomnia by investigating the Glu/GABA-GIn cycle in the suprachiasmatic nucleus (SCN). Methods
Sixty male SD rats were randomly divided into normal control group, model control group, eszopiclone group, and
HAF low-, medium-, and high-dose group, with 10 rats in each group. Except for the normal control group, insom-
nia model rats were induced by intraperitoneal injection of para-chlorophenylalanine. After the model was estab-
lished, the normal and model control groups were given 10 ml/kg of normal saline by gastric gavage, while the eszopi-
clone group was given 0. 33 mg/(kg-d) of eszopiclone by gastric gavage, and the low-, medium-, and high-dose HAF
group was given 10 ml/kg of HAF by gastric gavage at concentrations of 1, 2, and 4 g/ml, respectively; all treatments
were administered once a day for 7 consecutive days. During the experiment, the general condition of the rats was
observed, and body weight was recorded daily. After the treatment, sleep latency and sleep duration were recorded
using a pentobarbital sodium-induced experiment. The protein levels of Glu/GABA-GIn cycle-related enzymes including
glutamic acid decarboxylase (GAD), y-aminobutyric acid transaminase (GABA-T), glutaminase (PAG), and gluta-
mine synthetase (GS), and the transporters including GABA transporter 1 (GAT-1), GABA transporter 3 (GAT-3),
glutamate transporter 1 (EAATI), and glutamate transporter 2 (EAAT2) ) in the SCN of the rats were measured using
Western Blot and immunofluorescence methods. Results Compared to the normal control group, the body weight of
the rats in the model control group decreased on day 1-7 of administration (P<<0. 01). Compared to the model control
group, the body weight of the rats in the eszopiclone group and the medium- and high-dose HAF groups increased on
day 5, 6, and 7 (P<<0.01). Compared to the eszopiclone group, the body weight of the rats in the low-dose HAF
group decreased on day 6 (P<<0.05). Compared to the normal control group, the model control group had an in-
creased sleep latency, shortened sleep duration, and decreased relative expression of GAD, EAATI, and EAAT?2 pro-
teins in the SCN, as well as increased expression of GAT-1, GAT-3, GABA-T, PAG, and GS proteins (P<<0.01).
Compared to the model control group, the sleep latency in all drug intervention groups was shortened, and sleep dura-
tion increased, with the eszopiclone group and the high-dose HAF group showing the most significant improvement (P<<
0. 05 or P<<0.01). Compared to the eszopiclone group, the sleep duration of all three HAF groups was shorter, with
the low-dose HAF group showing a decrease in GAD, EAATI, and EAAT2 protein expression, and an increase in
GAT-1 protein expression as well as decrease in EAAT1 protein relative expression in medium-dose HAF group (P<<
0.05 or P<<0.01). Compared to the high-dose HAF group, the low-dose group had a shorter sleep duration, de-
creased GAD and EAAT2 protein expression, and increased GAT-1 protein expression (P<<0.01). Conclusion
HAF can effectively improve the insomnia status in insomnia model rats. The mechanism of action may be related to
the regulation of Glu/GABA-GIn cycle-related enzymes and transporters in the SCN, with the high dose showing the
best effect.
Keywords insomnia; Hewei Anshen Formula (F1'%8 % #177 ) ; suprachiasmatic nucleus; glutamate; y-aminobutyric

acid; glutamine
(Uehs BB : 2025 -07 -31; EEIEHE: 2025 -09 -26)
(4. R 4]



