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(CUMS+HLET4H), F:2H 10 K, CUMS41RT CUMS+ HL AT 2 44237 CUMS 1 8, iS4 SRR , 44 T X B4
CUMS /N RUBIE 7 d, 25T HUEFE I CUMS+ LA AL/NR 2/15 Hz, 1.0 mA BYHLEFHIIE 7 do BfF—IK
FHGE R 24 h)5 , W T AL AETE —80°C 2514 F %t /1N BRUBEAT WE 2 Dt 47 S 36 . 13 52 30 AP IR 30 k5
5o XF 440/ FEMEIETT 16S rDNA N FE , SRJTHRAE 732K B0 (0TU) 5 B HEAT o ZAEVER B ZHEME
I3 A ) A RS R 3 AT (LESSe) o K FH Spearman AH MR 23 MT /N BUAT N 43605 5 22 5 I BE 4R
HKOF-Z R A, S5R CUMSAL /N BRI 37 ot XS R 2 sk 8] 1 X B2 [ (22.058 + 4.148)s L
(37.864 + 4.407)s 1, A 7K J 1 A% T 5 BEZH [ (53.427 + 14.550)% H.(76.514 + 15.701)% 1, 5830 7 Kk A 50
A ] T B2 [ (82.599 + 32.369)s L1 (47.606 + 15.344)s 1, 22 A G0 it X (P < 0.01), CUMS+Hi4t
LN 37 0 IR R I 1R T CUMS 40 [ (30.604 + 6.060)s [ (22.058 + 4.148)s 1, Bk WiF3 & T
CUMSH [ (72.731 + 13.933)% H.(53.427 + 14.550)% 1, 5% 38 JiF Uk A 8l Bif (8] 45 F CUMS 21 [ (53.633 + 17.933)s
F(82.599 +32.369)s |, 2554 Gi it L (P < 0.05), CUMSZH/IN U 38 B #E) OTU 50 . ACE $5 %0/
Chao $88UIE TXT BB, 2R A G2 L (P < 0.05); {HCUMS+ HLEI 45 CUMS A HLds, 27 T8t i1
B X(P>0.05), Ruminococcaceae_UCG_002 J& . W %% 3 # J& (Lachnoclostridium) 1 Rikenellaceae_ RC9_
gut_group JETE CUMS L H & 4, H S5HARKES T 2 IEAH (P < 0.05); BRI | TR R 8 M ERAT R
Neibacterium J& . SUE AT @ A1 54T 7 & 76 B 4T A1 CUMS+ B 4T 4 i 45, H Y S5 9EREEAT 2 A 56
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[ Abstract] Objective To investigate the impact of electroacupuncture on behavior and the gut
microbiome in chronic unpredictable mild stress (CUMS) mouse model. Methods A total of 40 male C57BL/6
mice were randomly distributed into control group, electroacupuncture group, CUMS group and treatment group
(CUMS + electroacupuncture), with 10 mice in each group. CUMS group and CUMS + electroacupuncture group
accepted CUMS modeling. After the completion of modeling, mice in the control group and CUMS group were
given sham stimulation for 7 days, and mice in the electroacupuncture group and CUMS + electroacupuncture
group were given 2/15 Hz, 1.0 mA electroacupuncture stimulation for 7 days. 24 hours after the last intervention,
feces were collected and stored at —80°C. Sugar preference test, open field test and forced swimming test were

conducted on mice. 16S rDNA sequencing was performed on the feces of four groups of mice. a diversity,
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B diversity analysis and Linear Discriminant analysis Effect Size (LEfSe) were carried out by Operational
Taxonomic Units (OTU) information. Spearman correlation analysis of the correlation between the behavioral
indicators of mice and the enrichment levels of different bacterial populations. Results The time of exploring
the open field center area of CUMS group mice was shorter than that of the control group [ (22.058 +4.148) s
vs (37.864 + 4.407) s ], the sugar preference rate was lower than that of the control group [ (53.427 + 14.550)%
vs (76.514 + 15.701)% ], and the forced swimming immobility time was longer than that of the control group
[(82.599 + 32.369) s vs (47.606 + 15.344) s |, the difference was statistically significant (P <0.01). The time of
exploring the open field center area of CUMS + electroacupuncture group mice was longer than that of the CUMS
group [ (30.604 + 6.060) s vs (22.058 + 4.148) s ], the sugar preference rate was higher than that of the CUMS
group [(72.731 + 13.933)% vs (53.427 + 14.550)% ], and the forced swimming immobility time was shorter than
that of the CUMS group [ (53.633 £ 17.933) s vs (82.599 + 32.369) s |, the difference was statistically significant
(P < 0.05). The number of OTU, ACE index and Chao index of intestinal flora in CUMS group were lower
than those in the control group, and the difference was statistically significant (P < 0.05), but there was no
statistical significance in the difference between CUMS + electroacupuncture group and CUMS group (P > 0.05).
Ruminococcaceae_UCG-002, Lachnoclostridium and Rikenella ceae_RC9_gut_group were abundant in the
CUMS group, which were positively correlated with depressive-like behavior (P < 0.05). Phylum Actinobacteria
and genus Rikenella, Dubosiella, lleibacterium, Bifidobacterium and Allobaculum were enriched in the
electroacupuncture group and CUMS + electroacupuncture groups, all of which were negatively correlated with
depressive-like behaviors. Conclusions Electroacupuncture treatment can ameliorate depressive-like behavior
and regulate the composition of gut microbiota in CUMS-treated mice.
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AxyPrep DNA % i $2 HiUia{ 7] & (Axygen Biosciences,
2% [H); Quantus %€ Yt i (Promega, 3% [H); Illumina
MiSeq PE300F-4 .

3.5 5 i vt fE R TE B(E R 20~ 25°C, 1
50% ~ 55%) 55 SRR, B BREREFIROK,
12 h/12 h(8: 00—20: 00) B K& 45 4l . B e, K5 40 R
C57BL/6 /)N FRBEHL /A B2 BT ABERIZH (CUMS
2H) FE YT AL(CUMS+HL T 4D), 2110 Ko X R4
JINBUPE T R E R0 37 4 J5 5 CUMS 41 F1 CUMS+ HL &1
ZH 457 CUMS ¥ 1528 d, ¥ BEi4s )5, X PR ZH A1l
CUMS ZH/IN R 45 TR L AT i 7 dCRER ), AN SE H),
LT ZH R CUMSH L BT 2H/NFZA T 2/15 Hz, 1.0 mA f)
HLEF R 7 do TIRAES RIS 14 9: 00—11: 00,
e —IK TS 24 b, AR ZE M I 7E -80°C 2+ 4
ORAE, SRIGHEATAT R 2E IR, 22 )5 S B sEEh )

4. CUMSHE ALK . H% CUMS 41 Fl CUMS+ LT
ZH/INERBRIR) 35, IR AN [ A A FHE 5 V% i 2
/NERIEAT Z2 R HLEE A AS AT T 4 R U5 28 d,
SERGN Sy BEALUEA T, AR AR AR (1.5 h), EL IR
(12 h)EIZF ek (24 h), P FE A /NEUR]ZE (24 h)
PRRFRUEBRN300 |, 24 h), 5RIATFK(8°C, 5 min), iR
HRL (I ZEHP A 200 ml 7K, 24 h), 4°C¥ I 10 min,
CUMSHF2E 28 d, 4% LA F 5 BOfiEOT =X,
/N R BEAILHEAZ 2 B, ELAg T 7 P57 65 A5 40
W2 ~ 30 X B AR A2 7R 1E 3 5%
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6. 47 A2 s A RSB T, /N BRI S 5
PBEE N 2 /D 30 min, 7E 2K MHXZ 0], FH 75% &
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FA/NFERERSR, 45T 2MKIE R 24 h, R4 T
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4 B3 s IX SR 2 B Bk ) B s 0, (3) o
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B FEA 13 em B KQ5C) B BRIFEE (518 em,
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SEARAS IR B LA A N 2 ~ 6 min
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7. 16S rRNA S A 95 - (1) FEAE bR AR 4R
FEAT 9 W T 46 I 5 2 AT DA 4 2H vl B A A A
CHs /I B H 8 e T AR 8 v, R HLHEME S
TR /NG T ZEAE T W R AF S, A T
A)o (2)DNA 2, PCRY" Y K J7 51 43 #r o ML 3
fi, i E.Z.N.A. ZE 8 DNA R 77 & I 2 0l B 45 82
YEHEBCH DNA . il 4 Nanodrop 43 Y6 96 B 11 1 1%
T JIE B O M FL Uk W T DNA R B AR/, FH B
338F(5'-ACTCCTACGGGAGGCAGCAG-3") F1 806R
(5'-GGACTACHVGGGTWTCTAAT-3") #£ 17 PCR, ¥
WA ER 16S rRNAJEH [ V3 ~ VA ETAE X, ]\ 29 Bt
FWHEE i P2 L 1S+, JF(8 F AxyPrep DNA BEE
PG S T4k, £ Quantus " G ERIG,
4 Ak B9 4 14 78 Nlumina MiSeq PE300°F & | k47
SEEEIR R A, JT 4 B PR R I A B AR R R (h
1) A 1 R TS HETC X6 3l )7 (2 x 250 bp) o
USHLEF RCH 8.0 %t I 4 FASTQ S 32E 47 52 FH A1
Btttk , EFES < 50 bp, EBHHEAE > 0.1 54
I J5 <400 bp 19751 . i/ UPARSE(MIAS 7.1, http:
//driveS.com/uparse/) ¥l 4% 1) 5 0 i 7 51 SR S AR
A ij—ﬁ(operational taxonomic unit, OTU), #H{l #4
N 9% It KR PRI H 43245530 (http: //
rdp.cme.msu.edu/) ST 16S rRNA B[R FE ) 304745
H03 M. R FH Mothur v.1.39.5 347 o ZHREESHT,
A5 RE 7% 3 5 B 5 BU(ACE Fl1 Chao) FIEE T4 2 FEME
$&8%4 (Shannon I Simpson) (38 J; FKAIEH—4L OTU F &
FHQIME v.1.8.0 847 B ZHEME-Hr. ]
QIIME B9 & #2507 22431 (permutation multivariate
analysis of variance) TN HUEWINLE G FRAL AT S
B A YR T 2H S R AR e, SR et )
SISO i (LESSe) R 2% S A 0] i 4 22 53 O e ok
P25 s il BN B (a0 =0.05, B0 KN A
2.4) PATILSTHT
8. 4512k I SPSS 19.0 48R4 FI R #k
441 (http : //www.R—project.org/) #4788 43 ¥ 11
BOGORLR RIUELR R . AN R IE A 40 A 5l 25 5%
PRI T BT R 2 1] B #5CR F Kruskal-Wallis H
B, FFA IEA S 0 B BORER AL = dnifi 22
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(% +5) R, AR O AECR AP R J7 22 43 # {1
Bonferroni #1735 J5 K 5. R H Spearman £ &P 43
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RNE, T IR T R AR Bl s, A DG 19 246 [
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geiteE Lo
—_— /D

L. BT X CUMS /N R ARFEA T M 52« 47
SN ZE R N, 441/ BB K AR B
DX SR F I (] A WK S () oA, 22 57 3859F
GiiteFE X (P < 0.01), CUMS 4 B85 7K e 4 R A%
FXF R, 03 KB R A R8T X0 BE 4, 538
TEUKAS S RS X IR, 2R A G2 E (P <
0.01), CUMS+ HLEF L (R4 7K i 452 i T CUMS 41,
B3 0 X BRI (] T X6 B4 R CUMS 4., 8
SAWFTK A [E] /DT CUMS 4, Z R A% E X
(P<0.05), W1,

2.5 /N E D Z P E FIRRIE AR AL - K 40153
FAFREAI T 16S (RNA ZEFRN Y , M i 926 967 5774~
B AT 2 210 842 4™ /51 it & 11 16S rRNA FE [ ¥ 51,
U HT S R R, 6 B2 e H 493 3404751
F1780 4~ 4 Ff 9% OTU, H 1 20 3L % Hi 590 860 4~ ¥
H1F1776 4~ OTU, CUMS ZH 47 i1 494 205 4~ ¥ 51 Al
754 Fh 9 OTU, CUMS+ H &1 2H 2 Hi 632 4374~
JE 5 F1907 4~ OTU., 28 97% 1Y ¥ 5 AHBL 1 5 2 Ky
1 0684~ 0TU, VLA 1A, 441/ IE R RER OTU %k
m I, 258 %1% 2 L(H=11.103, P=0.011),
PO L4 5 B, CUMS 470N BB I 38 B OTU
BEDFXIA, ZRA%IT#ELP<0.01);
CUMS+ HL 441/ BRI 38 B B OTU % 5 CUMS 2
as, 2R I8 E X (P>0.05), WE 1B, o-
LR S R BN, 44 2 [B] /) ACE 8 5UF1 Chao
TRE R, 25 A %12 & L(H=10.999 ., 8.913;
P=0.012. 0.030); CUMS 2 ) ACE # Chao $§ $U ik T
YR, 22 54 %1 B (P <0.05); CUMS+H
£l 4H 5 CUMS4H A9 ACE Fll Chao ¥8 X L B2, 2 R TG

it B (P> 0.05), WIE1C, 1D, 420 Z &) i)
Shannon $5 ZUF Simpson $5 £t LA, 25257 LRI
(F=0.194. 1.457; P=0.900. 0.242), WL Kl 1E. 1F,
B TSR BN, 44/ NN IGIE R 2 R
s, Bray—Cmis(r2=0.426, P=0.001), unweighted UniFrac
("=0.397, P=0.001) #l weighted UniFrac(r’=0.314,
P=0.003), ZZF A GETH7 X
3. 44/ BRI 8 A W 2 R AR G T B 6
TH PR AR A BT e R B, 4 41/ R R Al
BAETT A9 B BT AR E B A AR, DL
B 20WAI 3 =) o FEI 1/KEJ7 T, W35 (Cyanobacteria)
FYE 1 P& (Verrucomicrobia) 7F X HE 2H & 48, 28 JE 1
(Patescibacteria) F1 7 2 I8 (Actinobacteria) 1F L& 20 &
4R, ZEJEAT TR (Proteobacteria) 75 CUMS+ HLATZH B 48 5 1
ATy a2 8 2 AT R (Melainabacteria) FITJE T
(Verrucomicrobiae) 7EXT FZH & 4 , Saccharimonadia . i
2% T (Actinobacteria) F1 32 i 7 (Erysipelotrichia) 7E Hi,
EF el 5 76 B K J5 1, 2182 5 (Rhodospirillales) |
DTUO14 ., Gastranaerophilales FIl JE i3 B8 78 %) I8 4 &
4E | Saccharimonadales . B 7 #F 7 (Bifidobacteriales) 1l
75 2 BR & (Erysipelotrichales) 7 B &1 4H & 45, (VA
I 75 [ B (Pasteurellales) £F CUMS 2 & 425 £ERLKF
75 M, Defluviitaleaceae . Marinifilaceae . i 7% = I B}
(Akkermansiaceae) F1 3% H7 7K [ 7 (Prevotellaceae) 7 X
HE2H & 4E , 55 BR 7 (Streptococcaceae) . Eggerthellaceae |
Saccharimonadaceae . XUE; # & (Bifidobacteriaceae) Fll
73 7% Bk B (Erysipelotrichaceae) 7E B &1 21 & 48, B30T
1[G F (Pasteurellaceae). Clostridiales_vadinBB60_
group F1 PR B [ (Rikenellaceae) 7£ CUMS 4H & 4, 1L
H Atopobiaceae 7 CUMS+ HLEF & 45 . A T TEAAHY
RILTERMEE IR Y Gy, 20 LA T R OKF
AR ROAR X R, 25 R AR, B 148
TEXT IR B4R, 10 B TE AT 5, 6 M RBTE
CUMSAL &4, 71 HJE £ CUMS+HLAT A B 4R, 32,
4. A2/ R B A Y RE SRR T Sy Z 811
AHFAE : Spearman FHICHE M2 R IR, /) FU5R A iF

R1 AQUNEAT AR R I R £ )

215 HEL BEK AR A2 (%) s s X IR E A E] (s) R 1A PEKAN B ] (s)
pogiskecl 10 76.514 = 15.701 37.864 + 4.407 47.606 + 15.344
R 10 70.543 + 13.021 35.804 + 6.695 47.367 +17.685
CUMS#H 10 53.427 + 14.550" 22.058 + 4.148" 82.599 + 32.369"
CUMS+ HLEF4 10 72731 + 13.933" 30.604 + 6.060° 53.633 + 17.933"
F{8 5.083 16.810 5.876
P 0.005 <0.001 0.002

T s CUMS PP T FER RN 3 5 5% BB ZH He 48, *P < 0.01, 'P << 0.05; 55 CUMS 4 Fb 4%, °P < 0.01, "P < 0.05
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E 2y 4 21/NEUW B 4= 49 Shannon {8 H#5 5 F 24 4 2/ BB IE HE 4 Simpson (B HL#E s OTU #4E 4325 505T ; CUMS 18PN T FURIIR R L
1 441/NRIEAEY OTU 41 AER o Z2FREEST T

VKA B[] 5 54T 5 & (Allobaculum)., Ileibacterium
J& . Ruminococcaceae_UCG_002 J& . Alloprevotella
J& . Gastranaerophilales_norank J& . ¥ 2f 3% & J&
(Lachnoclostridium) . SUE A & (Bifidobacterium) . 1[G
FT 7 J& (Dubosiella) . J& B #2 74 J& (Ruminiclostridium) , B
W F J& Rikenella). GCA-900066575 J& . Clostridiales_
vadinBB60_group_norank J& . & 12 & B K 0 K H
(Lachnospiraceae_unclassified), Rikenellaceae_RC9_
gut_group J& 1) - 2 A IE(P < 0.05), 594 B R
J& 9(Ruminiclostridium_9). % #F B J& (Enterorhabdus).
RR £ % [G TR & (Olsenella), DNFOO809 J& | 48 5 1
J& (Tyzzerella), Jii A% 9K B J& (Desulfovibrio), B 12 i€ P&l
J& (Oscillibacter), 73 45 147 J (Alistipes) . 120K 2 J AT T4
J& (ASF356). #61#T 14 J& (Bacteroides) , fi5 £ 51 it A= 4l
B J& (Candidatus_Saccharimonas) H1 Mollicutes. RF39_
norank J& I 3 B 52 IEAHOC(P < 0.05). /NRAED I
O X A 5 B 2R E B 1(Ruminococeus_1). TH
$E [ 54 & (Paraprevotella), Odoribacter J& . o =28 JE &
2K & 43 2 T (Alphaproteobacteria_unclassified), #2 1R 2
MEAFF & 1 (Clostridium_sensu_stricto_1). Clostridiales_
vadinBB60_group_norank J& . & 12 B B} K 7> K

(Lachnospiraceae_unclassiﬁed)\ Rikenellaceae_ RCO_gut_
group J& . Alloprevotella J& Fll Gastranaerophilales_norank
() 3= B 5 1E A D& (P < 0.05), 5168 3k 5 i A b v )
(Candidatus_Saccharimonas). ¥+ 5 J& (Bacteroides)., 14
MR HMUAT B (ASF356). 73 K & (Alistipes) , B e
& (Oscillibacter)., Y2412 /& (Helicobacter)., iR F &
(Desulfovibrio). ZRIFHH FH B (Tyzzere]la)\ DNF00809 J& .
R 7% FC R (Olsenella) , J7FT 7 & (Enterorhabdus) £
i R F B 9(Ruminiclostridium_9) 1) & )5 2 i AH 6
(P<0.05), Bikimirx5 Gastranaerophilales_norank
B = B 2 1E AH (P < 0.05), 5 muribaculace_norank .
DNF00809 J& FI¥& '8 12 74 J& 9(Ruminiclostridium_9) &
TAAHIC(P < 0.05). B IX L7 18 B REAY AT E S
PARREAT AR DG, B B BTIMARYE FH AT 5 X 2L T
P G, DL 3ULAIE =)

Wie  HHT, Bk - bz 8 e Ui fE S
TR R & M D R AN T A B 4%
A7 T Bl s e R S 4 T
AT U IR T ZAE S T AR Y
w2 RGP, 2 AR, R AT L s 3
Pl 28 2 G 1) R S8 2 2 TN 58 B 28 5 3 L B HPA
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