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Effect of acupuncture on astrocyte-associated markers in insomnia-induced rats

LI Wenjing, ZHU Zhou, WU Xuefen

College of Acupuncture and Massage , Guizhou University of Chinese Medicine , Guiyang, Guizhou 550025, China

Abstract: Objective To observe the effect of acupuncture on astrocyte-associated markers in the basal forebrain of insomnia-model rats and explore
its therapeutic mechanism in improving insomnia. Methods Sixty Sprague-Dawley rats were randomly divided into five experimental groups: blank
control (BC), model (M), sham acupuncture (SA), acupuncture (A), and Western medication (WM). Insomnia was induced via intraperitoneal
injection of p-chlorophenylalanine (PCPA). Interventions were administered accordingly. Sleep duration and latency were assessed using a
pentobarbital sodium-induced righting reflex test. Plasma levels of glial fibrillary acidic protein (GFAP), S100 calcium-binding protein B (S100B) ,
brain-derived neurotrophic factor (BDNF) , and hippocampal glial cell line-derived neurotrophic factor (GDNF) were measured by enzyme-linked
immunosorbent assay (ELISA). GFAP and S100B protein expression in the basal forebrain was examined using immunohistochemical analysis.
Results (D Post-modeling, M group rats exhibited significantly prolonged sleep latency and shortened sleep duration compared with the BC group
(P<0.01). Acupuncture treatment significantly reduced sleep latency and increased sleep duration (P<0.01). @) Plasma GFAP and S100B levels, as
well as basal forebrain GFAP*, S100B* expression, were significantly elevated in M and SA groups compared with BC (P<0.01), while plasma BDNF
and hippocampal GDNF levels were decreased (P<0.05 or P<0.01). Conversely, A and WM groups showed reduced plasma GFAP, S100B and basal
forebrain GFAP*, S100B* expression (P<0.05 or P<0.01), and increased plasma BDNF, hippocampal GDNF levels compared with the M group (P<
0.05 or P<0.01). Conclusions Acupuncture improves sleep by shortening latency and extending duration. This effect may be mediated through
modulating the expression of astrocyte-associated markers (GFAP, S100B, BDNF, GDNF) in the basal forebrain of PCPA-induced insomnia rats.

Keywords: insomnia; sleep disorder; acupuncture; astrocytes;

mechanism of action; rat model

[FEa0H ] 5 A R A R DL N 2R3t Rl 1 5 (520241066
21571) 5 SN A FERE AT 1R (B SRR BB B (AR5 2
fili-ZK (2023 ) —f$ 423) ; SN A R 254 BUR R 25 | R R 24
Bl2F AR 9T B H (QZYY-2024-033)

(MEH A ] 22588, 0, AR, B NEE RIBTTROM S AEH]
BB

AR | RETE, PR, A5 A il 5

E-mail : 1481983868@qq.com

2R MR 8 X LA TR A T A4 45 B MR, 2 (ol A8 5 4
SUIRESZ B, il B AR SR BN E A 5 AL T 5
S TR EAT 45.4% MPORAF RS £ 1A RS &
D AR R2 B B SR HIS AR T, H R 25 16T HBER T
RIRBYRINGYT , B R HIAT — & R KU = IR



+ 10 -

iR 22 2025 AR5 59 4555 9 W] Shanghai J Tradit Chin Med, Vol.59,No.9,Sept. 2025

R B AF R 24, BRI . O W
PV R 22 2 R 2 845 W 48 By e R 2, H R o B A
AL PEISFE B AR R AL R SR K A
B T DX 358 5 R IR DX 358 22 ) 19 P-4 24 3K — - £
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1.1 M
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IR E R K o AR SE56 T 58 Tl ik B M R 2 K2
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2 s A AR B0 A BR 23 B 5 X SR S &2 (PCPA)
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(GFAP) —¥HT (L5 : GB11096) . Ft S100 45454 FE 1 B
(S100B)—4L (3t 5 : GB11359) iR it E AL ¥l (HRP)
Fric Il EPT R R A ZEERH 1 G (1gG) (k5 : GB23302) ,
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P2 B FR T (BDNF) | h 15 5 200 A 5P o 288 72 1A
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TG B ASWT 0 A 55 o o B A R P AR
1.3 Tz & EBEAE, T 2 IE S PCPA 1Y
Ud e, AT T WHRAE , vk an s G ) MR 5 245 A
A5 ) ARYECT WA T ) I E M e (E 2T T
TE A BT T P9 A SR B i k5 AR
JE B BRAR T 10 mm) o 25 (A ANUEAT LG b B
AR SR SE 7 d ANIRYT LRSS 1 K/d, 30 min/ik o
BRI - 223097 7 d, 30 85 B i e A, S B Bk
T HEGHEE BRI E 27 (30" RHRHEE 2 ~ 3 mm,
BE S T 1) 1A T 1)) LR TT T OB o B 1~
2mm) =B AR OB IR B2 1 9 2% 747 it 4 3 ~
4 mm) , A5 F AEAMNE T8 B E 30 min, £ 1 ¥R/d.
REF RN ESRYT 7 d FEEH &7 M o) =

B AL 2 85 6 U, TE] B 5 min/iK . PE 254 < i LRIR YT
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IR [ < B T o 2] 5 32 2 A B I 2 A It B) 224 3
X HOASE AR R B 55 25 1 20 O B B v R S0 e I A [
P22 5 A TR . 25 5 i 2 AR TR A2 T )
1.43 GFAP.S100B.BDNF ¥ ¥ % GDNF ¢ & K H
Tt E6% £ 28 W B 3 B (ELISA) 36 6 I K BRI 3% GFAP
S100B . BDNF A i & GDNF & . AR5 & Ui i
HEAT ELISA H2 AR FEAE B 758 0 A A 52 A 1004 B bt 44
(GFAP.S100B .BDNF K GDNF $i44) (LR , Bl 5
TIARRAE & B HRP AR iC A BT IR 5 & 5 Pk PR Ak
gAY . TMBURY)) 76 HRP i 4k A= il ik 6 A AL
Y, e AGRRRZ LR R LR R A, Bk
J¥ 55 450 nm A AEOEBE(E 2 EARSC . BRI
MBS, BEFE 450 nm P, R FLIOG RE (A .

1.4.4 GFAP.S100B [t &3k RSB H S b g
0, 5 A ) K B JTS B GFAP . S100B A #3511
H LU BEIR 2% vh L (PBS) Ik I , HEA T K A i 4
U H YR, U0 R S B KA IS, K PR P 4k
WG 6 1 03 B A REAS o REAS SR I GFAP — 47t
(1:3 000) \S100B —HL 5 A vK4H (4 °C) , ¥ H H] PBS
B BETH PE 3 UK I I HRPARiE i, 7E 22 °C ~ 25 “CIH &R
WBE TN AT 50 min RELE A RV . Zead Ik L
B LT A T R IR (DAB) & (AU, 7662
B WS bR . 2 H bR X I A DIERT
R[22 FH S04 ZE AR K PR 2 I T AR R N o IR K Aef 2t
Pk, LK E R 7RG E WU T SR A, GFAP,
S100B BH 1 & 35 F 07 52 BAS ¥ €0, MR 4l e €20 5% J35 1 B
P 28 55 X 4 SR R AT 3 AT o SR HH Aipathwell #24F if
TR o b, e B I EAGR PR R b | W 2 1E
X

1.5 itk 1] SPSS26.0 B A4/ B S2 1 B
A IEZS 0 A7 FR i 2278 4 D s FE78 o 45 1 2 1E 25
F 7 22 FEPERG 50 0 BCHl , D) R FH B0 R 38 7 22 4317 (One-
way ANOVA) K 35 45 2l 0] 22 5, R LSD Ik 2 & Lk
B 7B T 255 MR, 20 Tamhane T2 #5565, LA
P<0.05 B2 5 BA G2 L.

2 %R

20 KRA—f&HEL B H G4 KA R T
WA RS BB BRI I T HALR R, 2
L8 B e 2 R IEREAT O (i s Bl etk B e ) K%
BERAIREEA (BETA o ENIOEPE) o AR TR
2, A 2H -5 7Y 25 2R ORS FICIR 25 2 2 TIUAEIR A 24
o AR BB B T N R R AP AR G

BJG 25 A B A 28 A A BT & B I . JRIT AR
J& 528 AL R, B 4 1R 5T 6 2 AR (P<0.01)
SRRV LA, B 4 5 0 24 2 A T R 4 in (P<0.05) .
k1,

F1 BAXRARE LK (n=12,745,g)
I R IR

215 PNE L) | FE SRS VWIT ARG
ZH4 214.68+3.00  243.13+7.11 270.24+7.48  291.54+12.76
T2 213.4044.02  239.12+6.31 242.77+5.76" 246.45+6.39™
RAEFHIZ]  213.9124.71  242.43+7.75 245.28+6.45" 253.81+7.56
Ll 211.9942.19  240.53+7.62 243.17+8.01" 268.78+18.25"
TE254 215.69+5.02  243.63+7.07 248.29+9.26" 260.02+11.22%

0 528 H4L AL, ##P<0.01 ; SRR AL, #P<0.05,

22 REEFMEETIHLER L PCPA THUGHIK
B R S8 B G o A R I, (0 5% B IR AR 0 S 4
e FIR: Fsf 1) 47 J8E (P<0.01) , s B D gl 57 R BR B AL . T
A5 AR T RIAUZE (Bt I 2H B 40 e v 25 40
K B 4y S T MG 5 R 309 4 i, B MRS i [] 34 M (P<0.01)
et ) 2E RN VG 24 2 7 AR e I A O R e R e ] 24008 1
I A (P<0.01) o I 20 5 78 24 21 7 R AR v ER 100 K
B H) 22 F e L(P>0.05) ., WL 2,

K2 B4 K R EEAR AR B Ao ik R AT 9] bR 4R (n=12, X%s )

R B RUR

21 51 e HIRS i R A HE HIRG
RIS Fif ] /min PRI /s Bsf 18] /min

176.42+10.87 230.75+6.28  177.83+7.98 244.33+6.17

i
BRI, 356.58+9.73"
BEFAI4H 353.83+9.38”
FHfu 2
iR

TE 52 AL, #4P<0.01; ST A0 L 4, ##P<0.01 5 5 BT ) 4
F#, A AP<0.01,

78.17+5.83" 310.67+6.87"" 91.50+5.11""

78.17+8.18™ 300.17+9.60"*  97.83+5.80"*

354.58+8.60" 75.17+5.46" 225.75+7.17"4% 180.25+4.25"44

354.50£6.67" 75.17+6.82"" 227.92+8.37"4% 184.17+4.95"44

2.3 KA 2% GFAP .S100B.BDNF & % & GDNF 4
W Hra S5 HA IR BRI GFAP S100B &
HHI (P<0.01) , Il 3% BDNF FlifE T GDNF & & F [
(P<0.01) , B %t ) 40 1M 2% GFAP . S100B 7 & 54 fin (P<
0.01), Ifi. 3% BDNF & & T [ (P<0.01) , ¥ 5 GDNF & &
T (P<0.05) o BFHI 4L PG 25 AR TSR AL, o 2%
GFAP . S100B 7 A (P<0.01) , IfiL 3¢ BDNF & & Jh 5
(P<0.01) , ¥ 5 GDNF % i 7t 55 (P<0.05) o FF il 4 AH %
TR I, 12 GFAP . S100B 5 F & (P<0.01) , IfiL
J BDNF Jiff B GDNF & 5 J6 B B A8 1k (P>0.05) ; P5 24
I HK GFAP.S100B % 7 T F# (P<0.01) , Ifil 32 BDNF &
H It (P<0.05) , ¥ & GDNF & & J W W 28 1k (P>
0.05) . FHRIA 5V H K Fe0R 22 5 g it 22 2 X (P>
0.05), W33,
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F=3 ARk RmFE GFAP.S100B.BDNF Z & & GDNF

22 4 (n=12,x+s,ng/L)

215 GFAP S100B

BDNF GDNF

EHAH 926.230101.700 128.597+22.959
A ZH 1211.134£149.069™ 244.729+24.336™
gk 1296.040+80.851" 225.406+34.829"
B2 1037.703£173.823"42 169.379+29.816"44
azhdl 1055.840+117.401%44 166.781+21.586%4 4

847.572+49.270 921.302+229.924

655.137+81.688" 733.428+109.734™
684.701+62.376" 767.431£152.567"
726.898+51.911% 874.633+125.944"

751.629+72.128%4 872.842+136.222"

T : GFAP O Jie 5T JR 47 2 R PR 26 11, S100B 2 S100 4545 5 25 11 B, BDNF S i P 1 i 288 5% [ 7, GDNF it T i B 4 p IR Pk p 2 B 52 IR . 51
ZHH#E, #P<0.05, *#P<0.01; SHRIZH IR, #P<0.05, ##P<0.01; 54 HIZH ik, AP<0.05, A AP<0.01,

2.4 KR JK AT E GFAP . S100B & & & ik 49 % v
RERUZ AT AR 38 T 25 AL, SR I GFAP
S100B & 1 3R I8 -0 % FEAE IS n (P<0.01) . MET
BRI, B4 T 20 3L RS BT AN GFAP .S100B £ [ #6351
6 B TG 3548 Ak (P>0.05) . SR ZH AR [, S 0
20 J% 74 24 4 R JRE R K P GFAP 5 11 383K 1 38 PR AR (P<
0.01) , S100B & H & ik i 3 B I (P<0.05) , 75 41 (1]
GFAP . S100B &5 [ 3351 ¥ % B2 A LB o] b 4t
THE 22 5 (P>0.05) o BHI4L 575 25 20 (9 2 1 3R A - 1
HEEMEMNZEF TG FE L (P>0.05), K4, %
ZH K B L JE BTl GFAP ., S100B 40 %3 2 414k 2 e (3,
UL 5,
3 iTig
JMR, R FRZ A AR AR AL .
B NH TR YT O IR AR R A TR A ) S AR TR
SR L BRGS0, SO ZR U, W A SR S R RS
SFRE WAL A IR, NA R IR AR 25 TUERE <7
PR T 37, 5RO BRURSARLE , 00 oA 7, WERSE Z
JE(E 23 o LA IR i AR 28 (W00 28) Z2 SR it
17 DA KB Bk 2 B 27 LGB R A, HLAS G ST

500 pin 3 500 um \ 500 um

S100B~

500/t m 500 ptn 500 pin

GFAP”

20 um 20, jom_ 4 5 020 wimty T oee

HRIZH

¥
iy
HI?

F4 BB KK AR EGFAP.S100B M &k
(F¥ 058 BEAL) iR (n=12, x+s)

251 GFAP S100B
ZEHA 0.430+0.015 0.498+0.022
I 0.461+0.011" 0.536£0.038"

A il 4 0.449+0.022" 0.525+0.018"
L IE: 0.441+0.016" 0.514+0.019*
i 0.440+0.021" 0.5130.031*

I
B 5 HAJEHE GFAP.S100B fFaE & ik

T : GFAP AR5t 4T AR ML 2K 11, S100B S SI004545 5 8 1 B . 548
I LLEL, #P<0.05,##P<0.01; SR LLAL, #P<0.05, ##P<0.01.

B =R DIAROC , PR RSB (9 = AR A k2 A8 &
=R RS R R TE S B R R
A A i Z 5 IR JE R ZAS Az 5 BT LA 9 L
B =E, DA =B A I A B BE R B 25 SR L
ZY.

HE IR e — 0 S R 2 X B2 it B . RIS
A2 T DR G > 3K T Be 0 A, 49 Sy i 1A DG B 4
*ﬁihu%@{’ﬁﬁﬁ Z G HERR (2= 2] 0 S AF T B I

VO E SRR A SO Bl (1% DG EHEAN X, B AR R
f:%ﬁl%‘{ﬁﬁ AR i v SR 2T AN L

PERE TR B XA 2] LA T RE T AR SRR R
il LEEH
(AR FRE)
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AC & —Fh KR X A 28 Ji T 40 B , 2 TP A ph 22 R G v
HRIZ 5% . R R, ACKE B I 4%
MU i B, F 2 SCN S 5T . K HRAE
JEFEAE R MROIRAS R, DA 2 40 i 5 2 X4 A i 1 A 2 Ay
BEPEVE I, S5 H AR b 25 40 B 32 52 110 5 | A Y — F e 22
PTG . Sk R A A 8 R G 05 LBal Be b 2R A T
PRSI I AC Y BN 2 7Y, AR AR A2 i 2 11 3R 3B 7K
A AR 2T R OIR S . L, AT B TR AT
AT I B 55 5 H R S0 S ACAH AR B Rk 2
[ ) A S

ST100B FE 357K 12 F e AC H5 407 ™ 2 78 B (1 b 2844
{1k F8 5 , GFAP . BDNF . GDNF # ik N & B E Y AC )
PR, S100B B 2570 Wb ek [ 43 W7 A= 48 AC ZE i,
FEAAET ACH PR iR F & S100 AR
T R B, 2 i 45347 R I ik 5 B e R R b R, LA
R 2 RGBT UM, GFAPJZ ACTH
TR B bR W, 6 AC 51 28 0 2 1) 25 3 2 A0 1 35 1
ARG INERE ACTHILRR R &, B4
JCAL T R IRAS T B —Fh %8 . BDNF 2S5
X 28 22 B8 AR S A K 7, ORIk K - RS
2 IR A 3 3 ORI 2% O I IS Jo5 et 25 B4 AH € . GDNTF
LA R N R b 22 1 v AR Tl BE L 7R NS R ) B &
FEEEAE

WF9E > 8o, I35 GFAP K TH = 54532 Tl
SEOHI T R R AT A 1) 2 RS iR AR AR 0T 4 (MMSE)
A Ko MR GFAP M BE T s AN AULE Bl R 9% it 3R v
ML F], 7845 HAh 45 2 ph 2R 47 M A E P 28R 170
PP, BRI GFAP MR THi >, EHER
J&, BEA WP K& B Ramelteon (— Ff 4 DA 2 A2 (K i
s, B HE TR 7 IR BEAK T GFAP B3k .
AT EE R T, L HRRYT S, R IRK B GFAP
SR LR IN GFAP 8 [ BH M kb, xf
PRI U, HLA B 1 AR T A

W5 R B, AC 38 5 B S100B 2 5 1 15 B ARG .
8 BT IR ¢ 1 BRI L g 2 e 4 v R M 28 R R
2T B AC B S100B Iy, A 1L 7
HS100B 7K F-FHR 20 Park 257 JIE 52 7E XA 0 B A
FIT R ST00B 7K EAF 10 7 VR F o i oA 40 e A
IS MRAE (A PR REAE R 2 — o A — Tl RAF 55 2y, i
T 22 BRSMEFR O HETF A S 12 h L3 S100B>0.3 pg/L
B 2 (R 95 20 ) A1 23 3] 1L 7 S100B<0.3 pe/L 1) B &
O HEZH) (ot I T AR 52 i 25 5 %) B IR RRAE ) 0 o 2 W00
i RS 00 30T At (T TR A T PE A, A2 B S100B B T i 1 AR 2%
TE L HEF ARG HE ST00B {H 1E # B £ 25 5 BLIE AR
%, PRI, ¥ S100B ] GEA F T % B AE 25 # 28 &
GAHKBIRIIRIT AW ES LM, 24 EYT )5,

MR BRI S100B 5 F 9870, BN HIT Al S100B 2 1 FH
PR RIS o A i AR LA U A A

BDNF 7K - 8% 1A by J& V8 7 19 FH 2R IR 2 W i T
FLT S HRE R ™ F, I3 Y BDNF &5 i, HL7E
I s (0] 650 Rt 11 2 IRORE: A8 v, 1 J8] BDNF 998020 FT i
ST 200 R I 1Y) 32 5 (AL T A 0 25 )i
10 2S5 BT IS E P T e R e R )
GDNF 7 BN KM i BAT VAR i b 2R3 A T, 5
WY I3 GDNF ¥ B A 5 2 IR AR 5 H AR HU31E 12
(OReM) AN LA 5, ¥ 5 AC 1 GDNF 8 63k 1] B IA
HIZ AR K B 25 NI RE F7 o ASBF SR 45 S 0, &1 3fl
JRIT AT TH O IR K BRI BDNF K i &5 GDNF 5 2, J
VR T2 20 GDNF mRNA ik (R 2o Thfe .

L5 IR AHIF ST 45 S A I ) AT AT R R R
IM.%% S100B . GFAP 7 2 J 5L i Hif ix S100B . GFAP & H
FRAPEZR X, 45 = 102 BDNF Al 5 GDNF & &t [R] i 4iE
e K BB B 1], 45 ot A R VS AR 0D 3k s s R 0 110 3
KA, ST AC TE S B 25 R AR R A5 (9 D BEAE T
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