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Abstract: [ Objective] To investigate the mechanism of Sishencong electroacupuncture on preventing the apoptosis of
hippocampal neurons in rats with acute sleep deprivation and its effect on anxiety behavior.[ Methods] Adult Sprague—Daw-
ley (SD) rats were randomly divided into Sham group (control group) , SD group (sleep deprivation group), and EA+SD

group (eletroacupuncture group). Modified multiple platform method was used to induce sleep deprivation for 4 days. EA+
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SD group received Sishencong electroacupuncture in each day during sleep deprivation with 20 minutes needling for 4
days. The open field test was used to detect the exploration of rats to evaluate the degree of anxiety, and the co-labeling of
NeuN"and Cleaved Caspase=3 in different regions of the hippocampus was detected by immunofluorescence staining; the
astrocyte marker glial fibrillary acidic protein (GFAP) in the hippocampus was labeled by immunofluorescence. GFAP and
the morphological changes of astrocytes were analyzed by Sholl analysis, and the co-labeling with C3+ and S100A+ were
detected to analyze the A1 and A2 types of astrocytes in the hippocampus. [ Results] Open field test showed that the time
spent in the center of rats was increased in EA+SD group, but the movement speed was decreased compared with SD
group. Immunofluorescence staining confirmed that the expression of Cleaved caspase—3 on neurons in different regions of
the hippocampus (CA1, CA2, CA3, DG1, DG2) in the EA+SD group was lower than that of the SD group (P<0.05). The
number of intersections of astrocytes and concentric circles in the EA+SD group at 12 pm, 15 pm, 18 wm and 21 pwm were
higher than those of the SD group. Immunofluorescence showed that electroacupuncture could regulate the proportion of
C3"/GFAP" and S100A"/GFAP*in the hippocampus of rats during sleep deprivation. [Conclusion] : Electroacupuncture

could improve the exploration during sleep deprivation by reducing the apoptosis of neurons in the hippocampus, repairing

the morphological damage of astrocytes and balancing the proportion of A1 and A2 astrocytes in the hippocampus.
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A. The total distance of movement of each group in the open field test; B. Time spend in center of each group; C. Velocity in center of each group;

D. Representative tracks of movement patterns of rats in an open field box. Data are presented as the Means = SD. P < 0.05, P < 0.01; One-way ANO-
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Fig.1 The anxiety of rats in each group were compared by open field test
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A: The immunofluorescence image of Cleaved caspase—3 (red) , NeuN (green)and cell nucleus (blue) expression in different sub—regions of the

hippocampus, scale bar = 50 wm, magnified image bar= 10 wm; B: Schematic illustration of different regions of the hippocampus. Scale bar = 100 pwm.

C: The percentage of Cleaved caspase—3" NeuN/NeuN" in different zones of the hippocampus. VP <0.05, P <0.01 , P <0.001 CAl, CA2, CA3,

DG2; One-way ANOVA, n=5;DG1: Kruskal-Wallis test, n=5.
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Fig. 2 Neuronal apoptosis in different sub—regions of the hippocampus in each group
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A: Astrocyte skeleton diagram of each group; Sholl analysis of the morphology of astrocytes; 1)P < 0.05,2)P < 0.01,3)P < 0.001, Kruskal-Wallis
test n=5. B: The immunofluorescence image of astrocyte A1 (C3*"GFAPY/GFAP") and A2 (SI00A"GFAP"/GFAP") expression. Scale bar =50 pwm. Vp<
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Fig.3 Morphology and subtype ratio of astrocytes in the hippocampus region of rats in each group

ORE AR A, R AR 20 B P S
HH ORI R 5 AG 2 AR 980 3 7 2 IR 8 25 Vg 6 4o 22 fi
Pl 45 g A A BB e 5 A R S i/ N
A BIRE 1)  AS AN 0 V6 S5 4, 3 4 o) L 428 £
JEAT K P A 5 o AR R T W 3 S 5
WA LB X T P B RS <5 1 52 0, 4 2R R i
B 25 i AW 3 S 56, DR BT rhvo DI A5 B 1]
I/ A L DXIERS Sl R R R A6 ) TR A A
v L VU JI 5= B T AR I3 592 56 R L7 s DX s
157 B I ) AR SR BP0 R Bl R AR 1 T AR A
BB P AR AT Y 2 B e T ) rpol KT IR
TE 0 D5 B N TR) A o s AT DL B B 3 < T
B AR TR ARk, 10 DU A R B AT DL A
Rz BT % o

ML TR N T 4y N PR AR S AR M [ 3R AL
ToH 2 | caspase—3 il iE Lok IR iB12 BT 2 K&
A R 200 JY 5 P T 9K L 4 A S 0 UKL Bl B iR A S
SSELE bR weug S L SN =S O ey -9
TE R PR BT ST S - DO PR R B AT L

T By B A ) 25 5 S5O BRI T X b 28 T 3 1 R
PR T B4 [ R, fofi A5 1 X 2 S 24 ) e A2 S 45 R
TR BV AR R DU PR e R A
AIRFE B XS BT 1 X b 28 a1 R
T 7 X TSR]0 X2 A5 A AN [R5 [ AN T 4

AR I LS R TR AR A X (CAT
CA2.CA3.DG1.DG2)H, 2 e Hi %1 5 15 m) LA
Cleaved caspase-3 & ik & [ Ft, Ifii 76 CA1, CA2,
DG1.DG2 PUFfEE HL £ AT DARE IR R 55, {H7E CA3
DX AL 2 B B AR 4k, T RE A Sy CA3 X 2471 57 4w
B LIRS /NS Sy B ) 0 2 B S, 2 AR G
s FRR Y Y — e L i R
R FEVE R T DU R R B 1 S T BE A
PUAE QR P B R A 28 A DGR ) BRIk, A b
&5 SR 3 W U A R e B R SR X R CALLCA2,
DG1.DG2, I A nl figil i T 94 CA1.CA2.DG1,
DG2 #L[X ) Cleaved caspase—3 ik , Il /b 2 M I AR
2 T B S A S LR T, U U e 2T A7
P T A B R4 I AR 25 A VR



964 HlR AR 2 (R A2 ) 43 %

YA W5 3 B A 28 50— e I 40 i IR 24 155 2 110
PET R B EE AR EAARIE R AL S R
s AT AT, 2 30 T 1 X IR T Jo 4 i A5 A
AT PN N T T AR Y A A A
/NELAT BRI B 5T A0 L L 49138 1, PG VT AT A
A1 BIFRIC ) Y TR IR, Pl 28 T 58 il B 25 B 5
T R R P SN B A T S O S
YIAHOG A WF9¢ & B AT ] i o AP Sonn A D e &
2RI B AN M A 45005 , A 2 2 2 M o 4 e 1 3
FE? 38 3 sholl analysis & BE, i HIR 3 25 5 K BR
1 T X S8l R I o 400 i o3 S oD S8 AR L A2
FRE S AR, FUBE T LA Mt B IR <5 32 Y BB I
OB IR o BRIEAFE M LLAL , AP RN i 2
T I 5 40 - DAy 19 Ao LA 6 4 AH B P JB 1Y 2 vy
PEEIE I T 40 A, A1 R R T e 5 40 A 45 2k 2 1E
W BT AN S D BE I 7 ARl 2 TR L A2 B R E IR
oY O G E s Bt o PN R STl RV 2 NS &N
filfes 52, %k AR 8 R G B TR AT
HYBFFEEE R R, VPR B AT LR BRI 5T 4
M, A1 Y B T G o 4 B 36 38 1 i /b, A2 7Y
FIREIG 22, 300 I e MR R <5 00 2 A T I 4 L ) 52
Wa A I 4 L — A 287G I 24 R 8 118 %6 42 %) ol 28
R YIReAE R EE W R U T R I 5T 4
AT BT R 285 5 R A 20328 o i 4t L PR
R 1 P 22 T PR AR SO YL 2 2 i ik 28
FRYLYIN TR 2 OS2 B, BT R J5T 4 A T ] 32 45
P 22 T A% 358 D) g M 2R A 3 5 — 3R] LA 5 R
7 RATIE MR 250 b R i X 2o i
K RIC I B AR MR 2 3 BUYS AT 52 0 0 P 1 1Y)
BT VR AT RETE THE s BB I 4 i S5 ph & o0 2

S Sk

[1] Qiu H, Zhong R, Liu H, et al. Chronic sleep depriva-
tion exacerbates learning—memory disability and al-
zheimer’s disease—like pathologies in AbetaPP (swe)/
PS1 (DeltaE9) Mice [J].] Alzheimers Dis, 2016, 50
(3): 669-685.

(2] &0, 41 BENCR A OC MU AR W) A H8 bR e
PERE 1], o [ i 2R o B A% A, 2020, 46(6) -
376-379.

Yue YJ, Xu P. Research progress of blood biological in-
dexes related to sleep deprivation[J]. Chin J Nerv Ment
Dis, 2020, 46(6): 376-379.

[i] P4 V) 308 3% 422 | AR AP R 22 JT VR T, 28 T 2 it
U R IR 25 X6 £ R AT R R R )

FLET R AL et Fe 5 PR HL I BORA 45 A i 42
AR, IR Z 0 TR YT & R RS T i 4
JEFTINATR , AN JC AR | TATKE PR A B0 £ LR
o A5, HOA R 2w IR AT ET I I S R SRR IE
S gE A A N I ST 45 A R | R 1) Vg
I X R AT ) R EEHLH 2 — , WK R & 5T
W], BT B CFA KR 195 B AR OC £ B AT
h, T RES RN B CA 1. CA3 A DG X NPY fY
BE P 240 it 2 R A 50 5 S B T A BRI Ak B
AN]SR — 7 38 R S U R R T O R R B
W oA TEAE D, AT fE 5 LN B N aNOS [ 3R 1K
PEATARET

B AT UL, PO R R F BT AT BB S 5 B R I B2
M-t TT M 2 rh , CRAP BB ST B 2 15 5
I X R B A BT 25 1) A2 UL AL & 4578 FR i 22
FIVEF /0 AT RS ELTE e I A M B i A i B, O
I/ D DA e AR I T, DA T A B R i T X
P NTIRE . B TR RIGIT AL 5T
22 Al A6 RV PR ASCR URSE , W5% & B0 L
AYAYT AR IR | WA 35 HL LA ST 2 RE an £ B AL A
HREAG A5 o WS IR DO PR R T AT DA b 22
JTn 5-HT .GABA %5 (5, Il /038 T Ui IL-18 .
TNF-o 85 RAE H -1 387 . 1ERZ IR AR Y
WFFE R A X R 2T B IF ST, i E A nT 3 i a2
TGl Rl S, 9/ By e e TR T M AR H
R At J 5 240 i X6 v X 2R 4 % s A e 3] O
YEHT, BT B — 20 PR 5 F BT A i L 21 7 44
i Hp B A LA B A 30 15

[3] Zhao R, Zhang X, Fei N, et al. Decreased cortical and
subcortical response to inhibition control after sleep de-
privation [J]. Brain Imaging Behav, 2019, 13 (3) :
638-650.

(4] 14Y, Zhang W, Liu M, et al. Imbalance of autophagy
and apoptosis induced by oxidative stress may be in-
volved in thyroid damage caused by sleep deprivation
in rats [J]. Oxid Med Cell Longev, 2021, 2021:
5645090.

[5] Z=BE, PhEE IR . T E M EHEIRIT ) 2 R R
BT O S (). Rt SEBE 25, 2022, 18(1) -



o5 634

FEPHER , 55 . UM R L BT BT o P MBI 4 K B

g SR 22 TR T AL S0 B AT O R 965

91-93.

Li AH, Sun PY. Observation of “Tondu Tiaoshen"acu-
puncture therapy on general anxiety disorder [J]. Asia—
Pac Tradit Med, 2022, 18(1): 91-93.

XIHE . HUBE RS SR MO LA AR 2 S 32— b iy
BE R SR TE [D ] RS B 25 2%, 2014
38-40.

Liu P. Research on the effects of electric acupuncture
regulating the sympathetic adrenal medullary system
and anxiety, depression emotion of insomnia rats [D].
Chengdu Univ of Tradit Chin Med, 2014 :38-40.
SCERRE BRI = BIAE X CRH I I AR BR A
BUR B HPAA DI RERY S R WS¢ (D ]. sUHR rp BE 25 K
2%, 2016:52-54.

Wen PP. The research of on HPA axis function about
CRH injects model rats with electric acupuncture in
shenmen and sanyinjiao[D]. Chengdu Univ Chin Med,
2016:52-54.

Breesc, WiBRAE, BaOAR, 45 . R fRIB MR
BE5 5 RITB KAL) P EE &, 2006(03)
186-188.

Ruan JW, Hu YH, Rao ZD, et al. Effects of the de-
grees of anxiety and depression on the therapeutic ef-
fect of acupuncture in the patient of insomnia [J]. Chin
Acupunct & Moxibusion, 2006(03): 186-188.

JohE , AR AREY, VEMERS, S K IR A IR 0 R B
AT e A T X338 J5E B4 5 ) B D A RS r A Y )
ER D] Al R A2z 4 (B2 i) , 2018, 39(1)
54-60.

Gu Y, Li ZL, Wang YL, et al. Effects of long—term
sleep—deprivation on rats’ learning and memory behav-
ior and neurotransmitters in hippocampus and the ef-
fects of prevention of electro—acupuncture on the Sish-
encong acupoints [J]. J Sun Yat-sen Univ (Med Sci) ,
2018, 39(1): 54-60.

[10] Pei W, Meng F, Deng Q, et al. Electroacupuncture

promotes the survival and synaptic plasticity of hippo-
campal neurons and improvement of sleep deprivation—
induced spatial memory impairment[J]. CNS Neurosci
Ther, 2021,27(12): 1472-1482.
AT R RAEIM]. P E R 2 A, 2007
257-263.

Li ZR. Experimental acupuncture [M]. China Press of
Tradit Chin Med, 2007:257-263.

XA, FE, SRk, 55 . 24h 5% 4 R AR F X 7 4R
S U 4 AR R 57 A R [ ], AR B,
2020, 44(3): 215-218.

Liu JJ, Wang J, Guo L, et al. Effects of 24 hours of
total sleep deprivation on subjective emotional feelings

and fatigue in young males[J ]. Mil Med Sci, 2020, 44

(3): 215-218.
Micheli L, Ceccarelli M, D’Andrea G, et al. Depres-
sion and adult neurogenesis: positive effects of the an-

tidepressant fluoxetine and of physical exercise [J].

Brain Res Bull, 2018,143: 181-193.

[14] Jing W, Zhang T, LiuJ, et al. A circuit of COCH neu-

rons encodes social-stress—induced anxiety via MTF 1
activation of Cacnalh[J]. Cell Rep, 2021,37(13) :
110177.

[15] Jimenez JC, Su K, Goldberg AR, et al. Anxiety cells

in a hippocampal-hypothalamic Circuit [J]. Neuron,
2018,97(3):670-683.

Riemann D, Voderholzer U, Spiegelhalder K, et al.
Chronic insomnia and MRI-measured hippocampal
volumes: a pilot study [J]. Sleep, 2007, 30 (8) :
955-958.

FTF4, 1545 . Caspase-3 IIBFGTVERELT . = 40 A
R AR, 2020, 42(11) : 2072-2078.

Yu FM, Xu Y. Research progress of caspase—3 [J].
Chin J Cell Biol, 2020, 42(11): 2072-2078.
2P, By, £, SRR E R
AR R AR T RE B it B X pf 2 1 — A AL R G iR
KA ()], Hp [ R 2R s A 3, 2018, 44
(11): 662-667.

Li DD, Ma R, Wang SP, et al. Effect of early mater-
nal fetal separation on cognitive function and expres-
sion of neuronal nitric oxide synthase in hippocampus
of adult rats [J]. Chin J Nerv Ment Dis, 2018, 44
(11): 662-667.

Cao Y, Li Q, Liu L, et al. Modafinil protects hippo-
campal neurons by suppressing excessive autophagy
and apoptosis in mice with sleep deprivation[J]. Br J
Pharmacol, 2019,176(9): 1282-1297.

Rebola N, Carta M, Mulle C. Operation and plasticity
of hippocampal CA3 circuits: implications for memory
encoding [J]. Nat Rev Neurosci, 2017, 18 (4) :
208-220.

Prince L' Y, Bacon T, Humphries R, et al. Separable
actions of acetylcholine and noradrenaline on neuronal
ensemble formation in hippocampal CA3 circuits [J].
PLoS Comput Biol, 2021,17(10) : 1009435
IMERE, BRXA, 308, 55 . BLAT O R 7R (AT
Th A I i 48 5 2 PR B S [J]. BR A A,
2017, 27(6) : 29-34.

Sun QQ, Chen YS, Guo XY, et al Effect of elec-
troacupuncture on acute effect of long—term potentia-
tion of hippocampus in rats [J] J Rehabil, 2017, 27
(6):29-34.

Wabhis J, Baudon A, Althammer F, et al. Astrocytes

mediate the effect of oxytocin in the central amygdala



966

HlR AR 2 (R A2 )

5543 %

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

on neuronal activity and affective states in rodents [J1.
Nat Neurosci, 2021,24(4): 529-541.

Rapp M A, Schnaider—Beeri M, Grossman H T, et al.
Increased hippocampal plaques and tangles in patients
with Alzheimer disease with a lifetime history of major
depression [J]. Arch Gen Psychiatry, 2006, 63 (2) :
161-167.

2212 . NLRP3 JERE/MASTR 15 I ARAE Hh B2 T 6 5 20
M AT/A2 A4 AL BF 52 LD . m ot R 2
K, 2020:44-47.

Li SS. The role and mechanism of 11TLRP3 inflamma-
some in regulating the Al/A2 phenotype of astrocytes
in depression [(D]. Nanjing Univ Chin Med, 2020:
44-47.

M0, T, BENE, A5 LA U OGSO AR R LR
R IB IR BRANMIE SR ], A rh R 2 2,
2015,30(1): 216-218.

Jiang S, Huang B, Fan L, et al. Influence of electuo—
acupunctuue at Si—guan on the mouphology of hippo-
campal astrocytes in depressive rats [J]. China J Tra-
dit Chin Med Pharm, 2015, 30(1): 216-218.

VB BRI A B I B A e A R T e s
MAEEFE D ] M T B2 R, 2014:26-39.

Xiao Y. The research based on glutamate impact of as-
trocytes in rat after experimental depression of the acu-
puncture [(D]. Guangzhou Univ Chin Med, 2014:
26-39.

Zamanian J L, Xu L, Foo L C, et al. Genomic analy-
sis of reactive astrogliosis [J]. J Neurosci, 2012, 32
(18): 6391-6410.

Liddelow SA, Guttenplan KA, Clarke LE, et al. Neu-
rotoxic reactive astrocytes are induced by activated mi-
croglia[]]. Nature, 2017,541(7638): 481-487.
Casse F, Richetin K, Toni N. Astrocytes’ contribution
to adult neurogenesis in physiology and alzheimer’s
disease[ ] ]. Front Cell Neurosci, 2018, 12: 432.

LiuJ H, Zhang M, Wang Q, et al. Distinct roles of as-
troglia and neurons in synaptic plasticity and memory
[J]. Mol Psychiatry, 2022,27(2): 873-885.
Hayakawa K, Esposito E, Wang X, et al. Transfer of
mitochondria from astrocytes to neurons after stroke
[J]. Nature, 2016,535(7613) : 551-555.

FEFT, RFEEE, 230, 4 fHT] =B UL L
3 Ok MR E A8 AR OE IAIIR 2 - B BT B AF Y
[J]. hEE %, 2022,42(1): 13-17.

Du L, Song XJ, Li ZW, et al. Combined use of Shen-
men (HT 7) and Sanyinjiao (SP 6) to improve the

anxiety and depression in patients with insomnia: a

[34]

[35]

[36]

[37]

[38]

randomized controlled trial[ J]. Chin Acupunc & Mox-
ibusion, 2022,42(1): 13-17.
AR, TG, A A, SF . HL BT ORI R R
T S M I A O RS s ) ). s h E v
Z443,2021,42(10) : 64-68.
Dai AH, Feng SF, Pu JJ, et al. Effect of electroacu-
puncture stimulation on psychological state of patients
with peripheral facial paralysis in acute stage[J]. Yun-
nan J Tradit Chin Med and Mater Med, 2021, 42
(10): 64-68.
RS, EHORK, IR . B SR A B R
L Jee 6 2 £ P 4 PO 55 R E RS R [T ], o [
BEZPIEEAF | 2020,18(24) : 106-108.
Yu SL, Wang JB, Yang QT. Effect of electroacupunc-
ture at Huatuo Jiaji Point on anxiety and fatigue in pa-
tients with chronic low back pain [J] Chin Med Mod
Distance Educ China, 2020, 18 (24): 106—-108
MRE, &, BTE, & ds T IR I
oA S FL AR BT 26 5 1 TR [R) IX 4k GABA AR DG HL
B 5 [T]. @V B 25 K7 5 4, 2022, 46 (9) -
945-956.
Lin JY, He JX, Zheng QZ, et al. Mechanism of gam-
ma—aminobutyric acid in different hippocampal re-
gions and chronic inflammatory pain and relatedanxi-
ety by electroacupuncture intervention [J] J Zhejiang
Chin Med Univ, 2022,46 (9): 945-956.
RISt , Wkig e, 280, 55 | UBE XA ) i 72
JEREAT R Bl B 2 e A — AL ACE R 5
[J]. £ 5T, 2016,41(4): 308-313.
Wang TT, Geng TT, Jiang JF, et al. Effect of elec-
troacupuncture on hippocampal nNOS expression in
rats with anxiety like behavior [1] Acupunct Res,
2016,41 (4): 308-313
SRl . R TR X DR el e IR < B G i R A
B M AL B SR mE ST (D ] BRIV R 25K,
2008 :44-50.
Wu BF, Experimental research on electro—nape-acu-
puncture mechanism of sleep deprivation and it—in-
duced oxidative stress rat[ D ]. Heilongjiang Univ Chin
Med, 2008 :44-50.
FARYE . AL BT HTR Y RSO0 5 i 2T T S
L LA MAPK/ERK {5 %5 38 6 155 3 ¢ R 43 [D 1. o
I =R B, 2013 :48-58.
Wang JY. Analysis on interrelation between elec-
troacupuncture—induced cumulative analgesic effect
and neuronal plasticity and MAPK/ERK signal path-
way in the hippocampus [D]. China Academ Chin
Med Sci, 2013:48-58.

(%% AR B )



