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WE  HY BERREEENREE FIILERRE TR (EGCG) XN (VPA) FEFIMIE (ASD) /MR
/NIRRT S 00 A e AR S 2 kS e A A B N /N BRI AR 20 AR AT L i Bh bR S A R e T TR .
P M VPA S ASD /NRUBLEY, 20 BIRME RS 25 me/kg A1 50 me/kg EGCG, g AT h2f0rsk (BRI . AFRK
BHSTES  EFERE SIS . SEATAR SIS ) WELIERW X IR (CON) 4H. VPA 4. VPA+25 mg/kg EGCG £H il VPA+50 mg/kg
EGCG #I/NRAEEL ZINRAT R . Bl 5 g2z 5 #id A0 8 CON 41, VPA 41, VPA+25 mg/kg
EGCG 41 VPA+50 mg/kg EGCG 4/ B/ INIBivi 15 B 40 B 24 7 1 AR 300 ) 4 28 Ak v M (0 il o 5 2R BRSCS AN A FR Bl
SIS 50 mg/kg EGCG T Hin] i k4 VPA 55 ASD /NRE B ZIARAT N 5 s % #2480 AP AR S2 80 50 mg/kg
EGCG T & 3% VPA 553 ASD /NRUZ S IR AT RE 7 5 420 B RS B o Sl 5 7 4 L b A PR A, 38
it 50 mg/kg EGCG T HIn] B Wit VPA 155 ASD /INEU/INIG I 15 7 20 i 24 7 P B4R AT RR 400 16 44k 58 Ak v R RIS . 508
EGCG BEWSHI B KIS VPA 155 ASD /INBU/ MR 15 57 240 S 24 A5 P A0 il o 28 il 06 M 9 i A8, AT el VPA 55
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EGCG modulates cerebellar Purkinje cell excitability to ameliorate VPA -induced
behavioral deficits in mice
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CHU Erfu’, YANG Hemin?**
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Abstract Objective To investigate the effects of epigallocatechin-3-gallate (EGCG) administration on cerebellar Purkinje
cell excitability and inhibitory synaptic activity in valproic acid (VPA)-induced autism spectrum disorder (ASD) mice, as well
as its effects on autism-like stereotyped behaviors and motor coordination/balance deficits. Methods A VPA-induced ASD
mouse model was established via intraperitoneal injections of EGCG (25 mg/kg and 50 mg/kg). Behavioral tests, including
marble burying, self-grooming, accelerating rotarod, and balance beam tests, were used to assess repetitive stereotyped
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behaviors and motor coordination/balance among four groups: normal control, VPA, VPA+25 mg/kg EGCG, and VPA+50
mg/kg EGCG. Electrophysiological recordings were used to investigate alterations in both excitatory and inhibitory synaptic
activity of cerebellar Purkinje cells across these groups. Results In the marble burying and self-grooming tests, 50 mg/kg EGCG
significantly alleviated repetitive stereotyped behaviors in VPA-induced ASD mice. In the accelerated rotarod and balance beam
tests, 50 mg/kg EGCG markedly improved motor coordination and balance abilities in VPA-induced ASD mice. Whole-cell
patch-clamp recordings demonstrated that 50 mg/kg EGCG effectively ameliorated VPA-induced reductions in both cerebellar
Purkinje cell excitability and inhibitory synaptic activity. Conclusions EGCG dose-dependently modulated the altered
excitability and inhibitory synaptic activity of cerebellar Purkinje cells, thereby ameliorating autism-like stereotyped behaviors
and motor coordination and balance impairments in VPA-induced ASD mice.

Key words Autism spectrum disorder; Epigallocatechin gallate; Cerebellum; Purkinje cells; Behavioral tests

POMURE 1 & 65 Cautism spectrum disorder, ASD) & —Ff i B S Joi M R0 & 2 M 0, DA K%
WO REIR NHFAE . AT R D al g s 30 5 5 A2 IR DL K 4t 2 V8 38 A H. 5 7 THI 1) 4 R e B 121 AR AR
2 [H i 2 A5 5 0 Ccenters for disease control, CDC) i #ids Bon, 4t 5if 44 L4 )L E DY
A 1 402 ASDEL, JE4RiE, PR (valproic acid, VPA) & —Fiiiin FReR B R 2264, I
ORI VPA BRESEERFEERRAEERGRERE ., INNEBTIRE K E ASD XM, If K7t %
B, ASD HHMMINAEM B AAAE R E TR, WA, WD, NN IX g mAERER s, Hd
NI PN R B B L R B B CAn R AU . TR M IhREIERE R ELTTRE S ASD A MIZIMRAT N
28 H. Bl BB I8 B w5 DA 5B

I PRAE 0 R B, /DN A2 1 PALAE F 5 5 DOL 4) S i X 2 — (80, ol S 00 M A g /0 i M — (190 4% HE Ao 25
TG, R ARG 5 A R R % B U ARG, R BRI IR T IR R, BT RE S| K ASD
FEAT ARDL, WZIRE LT N +E8 H 33240 LA o AR s ke e 20, wF e 3R 0H, 3R 47 M LR 228
Sk s /NG T A AR AT I R RS MEBRAR 2 B y - R T RRAEAL B T RE A2, AR IR /N i g
o R 4% () B A ) T 4%, (R B R AE ORI AT R AE SRR ZE RAE) 1) 5 B e,

KB ETILLERKE TS (epigallocatechin gallate, EGCG) &S ERFE TR Z MBS
Y, MWIESRIASBIAER], EGCG w] LLZF L i 45 A0 I v B fa ), bk ik 2 (iE 4 £ W) EGCG 7 T b A1
BITAHAE RGP, WIBT R 20U BRI« E 4 A 93 A0 R PG 25 6 R S5 1 3 1A ¥R 7 s Ay 10 A5 g 9 4
th, EGCG Her &4y 2 75 5| L 1 5 #h 48 JO B SR T 1, MTT 5078 G Rl 2k e R 98 0 42 AR B A
12, EGCG i REHEIE T AT Dyrk1A B5IEPR /N R A S y- 2025 T IR e A1 4 0 IR BE JE B 1) 1
gy, FEEGEM AT NEREIS, SRITT, EGCG £ ASD T\ Tilh ity JUREEERIE . Bk, AR E
TEFR I EGCG X VPA 755 ASD  /IN B /0N A Vi H M7 248 i M A 0 000 s 2 8 7 12k P 2 ) R 6 /) BRL AT
SEREZIARAT N 32 ) P i 5 ~F i B 5 1 TR

1 #MEFFEE

1.1 KIeE

e 5% 6~8 JE WS HEPE C57BL/GI /MR 10 K, i 22~25 g, 6~8 JAdHEYE C57BL/6I /MR 20 H,
i 20~23 g, W HEIZTKAEEDHEHARBMA R A7 [SCXK (iL) 2025-0001]1 . 1837 T 555 /K
2B i s [SYXK (H) 2021-013) , W =E AR (2242) °C, BN 55%+5%, [HH
T oK. BT S50 3538 I 55 55 05 K B 25 Bt B I 58 — 12 Bt S 56 3 0 48 A AG BE 5 L 2 ikl ( AECC-
2022-007) , SZEG I FEIEAE 3R M.
1.2 FERKFESME

VPA (EI[H Sigma-Aldrich A&, %%5: P4543) . EGCG ( LR T AL BH B0 A BR A &
Tt5: E107403) , 0.9% NaCL ¥R (R M AR AR, EZfET: H37022337) . NaCl (1%
5. S5886) , KCL (#%%5: P5405) , MgCL,6H,0 (%5 : M2670) , NaH,PO4 (f%5: $S8282) ,
NaHCOs; (%5 : S5761) , D-(+)-%i#%# (D-(+)-Glucose, D-Glc, f&%5: G7021) , CaCL,2H.0
5. C7902) , 4-(2-¥2 £ %:)-1-URkW: 2 k8  (4-(2-Hydroxyethyl)piperazine-1-ethanesulfonic acid,
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HEPES, f%%5: V900477) , & —JEWt %V 2R (Ethylene glycol-bis(2-aminoethylether)-N,N,N’,N’-
tetraacetic acid, EGTA, fi'5: E4378) , # 5 -—#MR —##h/KE54) (Adenosine 5’-triphosphate
disodium salt hydrate, Na,ATP, Ti5: A2383) , ¥ 5  -_fffR# £ (Guanosine 5°-diphosphate
sodium salt, Na,GTP, ft'5: G7127) , H&FEFRFH (Potassium gluconate, K-Glu, 17i%5: P1847) ,
YL E (Biocytin, Bio, 17'5: B4261) ¥ H3EE Sigma-Aldrich A&l . /MR E (b
ARSI R R R E R T AR, B5: ZS-KC) , /NREEENEST A b A R R B A R 5
fEAT, B5: ZS-QDM-XS) , /PMR-AFEARSZ R E (bt QIR K A IR ST A A, B
T ZS-P-1) , FWAT AT AT (B At G R R R AR TTAE AR, 5. Labmaze) ,
Frf i K #% (3£ H Molecular Devices, %5 : Axopatch700B ) , ¥ RESH st (£H
Molecular Devices, %5 : Clampex 10.4) , HB/ A #4248 (3£ [EH Molecular Devices, 5.
Digidata 1550AD/DA) , E&IAHL (FEE Leica, 5. VT12008) , &4 (HA Nikon, A&
Eclipse FN1) .
1.3 ZEWHE
131 ASD/IMRIEBEMENSSAE
LR B E C57BLI6I HEME AU/ . RAE AN 73 4 4H: IEHXH (CON) 4. VPA
H. VPA+25 mg/kg EGCG 41. VPA+50 mg/kg EGCG 41, &4 8 H/Ni. FARH ki T: % 6~8
JE e HEVE C57BL/6I /N R S MENE CE57BL/6J /N 4% HEMERRE LE 2:1 7E 20:00 HEAT & 28 I i S Ml B 4457 &,
H 8:00 K hf B4, AW BB 11 AL 75 T BT A o o A WU A 9 A B9 T 1 5K T R A B 4R 2R
0.5 K. YRS 12.5 XXF VPA 41, VPA+25 mg/kg EGCG #41. VPA+50 mg/kg EGCG 4H 35042 B i
JiE v 55 500 mg/kg VPA, CON ZH 1) 5 A 42 bt 72 AH 7] Isf 8] i Jis v S5 25 AR A 0.9% NaCL i . ¢ 74K/ B
AR S 21 RIS BERR S AN R B 7%, BOLHEME A/ BR 4k 2210 5% 52 8~10 J&], {4 it ik 3] 22~25
g Ja F TAT 9 5% S50 A0 e A B 5% o
1.3.2 EGCG#A#HAR
RN G S 21 RIFGRIE TS 45 25 EGCG, EGCG #% T 0.9% NaCL ¥, 4525725
%124 25 mg/kg F1 50 mg/kg, K 1R, FrsE4525 3 . CON ZLA VPA ZLLE AR 7 I 1] JI5 s v 56 25 44 AR
0.9% NaCL ¥ - A7 25256 A e AR B0 S AE T/ R A2 J5 1) 8~10 JA k47
133 1TAHZIH
(1) HERSZE
BB ERF B, PRI BRI E A R HE RS 2 do R B, MY B, AR EORL
F/NEREIRES, AERGRIERN FIE 12 Wik, A 4 Ay, BN KRZAME 4 om, Jt 3 . R 30
min, 1c3% 4 4/ RIS ER PR, 8 M BRI AN HOR R YA s . B RN R e RS
FH 75% < BE X 2% B AT )G B, el AT N — AR
(2) HIRHHE L
BRI RN R B T 258, i 30 min, i85 4 4/ R BRI R . 5 — AR B VS AR
| B H/ANRMRTER)GE, H 75% 4 BE%] 3& 8 31T S5 2, ﬁTlﬁﬁTﬂéﬂp&m
(3) Tor ik 2 s S B
—Mr B @GN B, BRI RN B TR L, RFENRCET, WIGRE SN 4 rimin, SN
Eﬂﬁji FE 40 rimin, & H/NRIESEUIZE 5d, BERINZ 3 K, AP IRIIZR ARG A>T 30 min, 1f
Bf 5 min. 55 BB IR B, tHES 5 min, 18R/ REFERS TR COF 06 e 5 22 /0 B 359 1Y) B
B« /N BAE A BB S B b P B e . B RN BRI S S , D 75% e 3 B AT ARIE B, O
AlEAT N — 2S5 .
(4) P47 AR S
SB B ENBYEG BRI N B TR 100 cm, K 100 cm, % 1.5 cm IR, RERS
BT, — AR A i 5 LA /0 B H R SR SRR IR 51N BREN t/\/J\uﬁE £l 2.d, BRI
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25 3K, AHABPE NI ZRIE] B A DT 10 mine 25 BB MR B, A R NEREAT 3 MRS, 12
KA I R AR B E . B RN RINATE RS, H 7T5% S BN B B AT ARG, J7 AT T
—ZHSEE
1.3.4 HBAIEIER

RN R LR R R i U0 F, WIS /) ok v B, JERESN 250 ume BESS, HUITHE
THESEEN 95% O, Fll 5% CO2. N 34 CHMAN TRCEH G 20—/ RALAMNEIHAEZT
S RUBE W /0N B VR T A M AP B S A PR B R AT A A B A id sk . A Clampex 10.1 B AN
Axon 700B fi& Jr 8 K #H il KA HAE 5 . APEAGBIEHLAL C(action potential, AP) AN, 1 HI
B S5 T R A B A R A I e ER S AL (60 mV) FRZS . BEFE 400 ms N 1 VOESLRIHITEN, M
0~400 pA, REXILEIE 20 pA, ME AP E . NP H KM ME MR il 5 IR (spontaneous excitatory
postsynaptic current, sEPSC ) I 4 i % 2% fik 5 F2 Jit ( spontaneous inhibitory postsynaptic currents,
SIPSC) , MHATUHAERFE-T0 mV [{RFFHAL, 7EREEIE N AN sEPSC, B, 4ol 4t +F
16 0 mV IERFF AL, 76 R B R AL sIPSC.

N TGRS H] . s : F3 %N 118 NaCl, 3 KCI, 1 MgCl, 6H,0, 1 NaH,PO4; 2H,0,
25 NaHCOs, 10 D-Glc, 2 CaCly, A nmol/L, pH: 7.3~7.4, 5% E: 290~300 mOsm. 4 i N 5 «
FE 4~ 120 K-Glu. 10 HEPES. 1 EGTA. 5 KCI, 3.5 MgCL,, 4 NaCl, 8 Bio, 4 Na,ATP, 0.2
Na,GTP, H¥.f7: nmol/L, pH: 7.3; Bi&E/E: 300 mOsm.
14 HitEHRZE

K H] GraphPad Prism 8.0 i it AT Ge it 2 0 M. SRR & R ULCP B nilE % (Xas) Rom., &
2 TR B R B R R 5 200, PR EL AR Tukey #8506, AN /2 IE A0 AR AL HE, 75 41 18] BEAS B 45
K H Mann-Whitney U #:536, 2 M FEA LB KA Kruskal-Wallis H A5, 21 8] 59 P9 A A< b 538K H
Dunn’s #5156 . #2368 /K#E 0=0.05, Ll P<0.05 RnZEREFHIEE Lo

2 #R

2.1 EGCG B3 VPAES ASD /NREEXIRITH

T R ST IG AT I R B E ZIRAT N, SR WK 1 B, 78 30 min fUERSELGH, VPA 4/
IR E W B & T CON 4/hEl (P<0.01, K 1B) , #/~ VPA %S ASD /MR L EE I AT
N. L EEES EGCG 5, 5 VPA M LLE:, VPA+25 mg/kg EGCG ZHAil VPA+50 mg/kg EGCG 4
N ER BRI TR, Hid VPA+50 mg/kg EGCG 4/ R ER B8 B E AL, B2 9A %t
23 Y (P<0.01, 1B) , &/~ EGCG *f VPA 55 ASD /NREEZIWRAT NEA —EHSGEER,
H. 50 mg/kg EGCG 7| & R 5 5. 2% .
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ISPy VPAZL VPA+25 mg/kg EGCGA VPA+50 mg/kg EGCGZ
CON group VPA group _VPA+25 mg/kg EGCG group  VPA+50 mg/kg EGCG group

B #t
*% ns

IEF X R 2

CON group

VPAZ
VPA group

VPA+25 mg/kg EGCG#41
VPA+ 25 mg/kg EGCG group

VPA+50 mg/kg EGCG4L
VPA+ 50 mg/kg EGCG group

B A1) 50 s U
Total numbers of marbles buried/n

E: A BIERSLIRATAUREEL B: HGRARERE . SIERX AL, TP<0.01; 5 VPA AMEL, *P<0.01.

1 HERsEgn 45 R
Note. A, Schematic diagram of the marbles buried test. B, Total numbers of arbles buried. Compared with CON group, “"P<0.01. Compared
with VPA group, *P<0.01.

Figure 1 Results from the marbles buried test

T A B S AS N R 2R AT R, SR 2 Fron, 7E 30 min (1 H AR E SIS, VPA A
/ANERE AR (B (P<0.01, B 2B) , HXRAEEAN (P<0.01, & 2C) 5 CON HAHLLA &7
S i EEES EGCG 5, 5 VPA ML, VPA+25 mg/kg EGCG 411 VPA+50 mg/kg EGCG 41
N A RN A T, Hb VPA+50 mglkg EGCG 41/) B oAt B A B E PR, HZERA
it & X (P<0.01, KB 2B) . VPA+25 mg/kg EGCG 4141 VPA+50 mg/kg EGCG 4H /) B 1 ki FH s
RIART A AE K, Hod VPA+50 mg/kg EGCG ZH /N o R B B AR I () & 3 0, B ER A SR
X (P<0.01, K 2C) . #&7, 50 mg/kg EGCG T ¥l i] & % VPA 5% ASD /MR ZIBRAT A, H 50
mg/kg EGCG FIH AR % .

A B »
*k
*% ns
#H
© - - R A
o = 2 CON group
8 g g
:!-'E g % ‘_c';) ] VPAZL
B =S ns VPA group
i HE
= > ¥ g
®0o =8 VPA+25 mglkg EGCG4L
an e VPA+25 mg/kg EGCG group
—@ T VPA+50 mg/kg EGCG41
VPA+ 50 mg/kg EGCG group

tt, *#P<0.01.

2 B3R st gt
Note. A, Schematic diagram of the self-grooming test. B, Durations of Self-grooming time. C, Latency of the first Self-grooming. Compared
with CON group, "P<0.01. Compared with VPA group, #P<0.01.

Figure 2 Results from the self-grooming test
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2.2 EGCG ¥ # VPAiES ASD /MNRIZBF AL L &ERS

JE I 0 T A S B AR I N SR sh PR AN T RE D, S5 R 3 B, fEINE SIS, VPA 4
INERIEREITIA] (P<0.01, & 3B) . M #:[E % (P<0.01, & 3C) Mkt ## (P<0.01, & 3D) B
/bF CON /MR, #2278 VPA %S ASD /N2 3l il AP fg 719855 . £ st EGCG 5, 5
VPA 41 ELH, VPA+25 mg/kg EGCG #41A1 VPA+50 mg/kg EGCG £H /N FR A AR I [a) . 5 ks B B R 4 7%
AL S B, Hoh VPA+50 mg/kg EGCG 4H /) f B M I) 1A] (P<0.01, B 3B) . ¥R
(P<0.01, ¥ 3C) M5 #53# (P<0.01, K 3D) ¥WEEMN, HERASIT¥E X, #x EGCG fiE
% 2 2% 1038 VPA 755 ASD /N3N 5 A7 EeS,  H 50 mg/kg EGCG & T T R &5 .

A B *k #H
ns
w
3
£ o
I
= ©
# 8
g
|_
C D SN
*%k #it EH T R
ns CON group
VPAY
ns
. VPA group

VPA+25 mg/kg EGCG4H
VPA+ 25 mg/kg EGCG group

TE MR I 14U (r/min)
Fall speed/ (r/min)

VPA+50 mg/kg EGCG4H
VVPA+ 50 mg/kg EGCG group

e P A
Number of revolutions/lap

e A INEFERKOR K B BARRE; C. RHEEY: D VEHHEE. SEEXNBAML, "P<0.01; 5 VPA 44
tt, #P<0.01.

3 i A S g 4
Note. A, Schematic diagram of the accelerated rotarod test. B, Time on rotarod. C, Number of revolutions. D, Rotation speed at fall.
Compared with CON group, ““P<0.01. Compared with VPA group, #P<0.01.
Figure 3 Results from the accelerated rotarod test

T I P R S A /N B R E B B AT ST RE D, A5 R 4 s, FESPETR SRR, VPA )
B 78 4z il It PRI B (P<0.01, E14B) W& £ T CON A/, #7 VPA 4/NRIZ3) Ih il 5 P he
J10RE5 . L MEEEN EGCG 5, 5 VPAAMLLE:, VPA+25mg/kg EGCG 411 VPA+50 mg/kg EGCG
/) BRI 58 4 P TR B I RN B4k, ot VPA+50 mglkg EGCG 4/ B 76 4 it 1 - i A I
] (P<0.01, K 4B) B/, HERALIHEN, $#5 EGCG REW % M35 VPA 55 ASD /)
Rizzhthi 5 T Hrkefs, H 50 mg/kg EGCG Fl & B /EH W% .
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#i#
A B *% ns

IEH X 2H
CON group

[ VPAZ
VPA group

~ . VPA+25 mg/kg EGCG#41
VPA+ 25 mg/kg EGCG group

VPA+50 mg/kg EGCG4L
VPA+ 50 mg/kg EGCG group

E: A PHIARSRIRER, B: M THORN . SIEWMIRAMIL, “P<0.01; 5 VPA AL, *P<0.01 .

K4 P A sz g5 R
Note. A, Schematic diagram of the balance beam test. B, Time on balance beam. Compared with CON group, “P<0.01. Compared with VPA
group, #P<0.01.

NS
Time /s

Figure 4 Results from the balance beam test

2.3 EGCG ¥ # VPA iE5 ASD /IR /N B BF 4R B S B 1 PR R

Nit— BRI EGCG X VPA %S 18 ASD /R /Nl B BF A0 X s s, 45 a5 fr
AN, N A G A S B SN B4R AP R JIUE L, WEE AP SE. 5 CON 41/,
VPA 2 /)N 570N i VR H BT 40 PR F A 3 B R PR AR, M ms PEIRES (P<0.01, & 5B) , &S 50
mg/kg EGCG /&, VPA+50 mg/kg EGCG ZH/)N /N i 5 B 4 M il e 7 Pk &2 (P<0.01, K1 5B) , 42
7~ EGCG e i 3% 3% VPA 55 ASD /I B /NI vt H 5 400 0 i mL A0 36 9 2> B 2% 7 M BRI o

IEH XA
CON group
VPAZ
A NP B - VPA group
T HE A —&— VPA+50 mg/kg EGCGH
CON group VPA+ 50 mg/kg EGCG group
< *%
<3 ]#]
18 =
VPAZL = F
VPA group = "é
" o
VPA+50 mg/kg EGCG4L k=
VPA+50 mg/kg EGCG group
20 mv | 200 pA
N I HLTE N PA

100 ms Current injection/pA

W A MR ETME AP REE; B: APE. SIEWMBAME, “P<0.01; 5 VPA AL, *P<0.05.

B 5 /N B AN AP S a6 4 R
Note. A, Schematic diagram of the APs in Purkinje cells. B, Number of spikes in Purkinje cells. Compared with CON group, “P<0.01.
Compared with VPA group, *P<0.05.

Figure 5 Results from the APs in cerebellum Purkinje cells
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Figure 6 Results from the SEPSC and sIPSC in cerebellar Purkinje cells
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