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Abstract

Objective: To explore the therapeutic effect and mechanism of systemic administration of N-acetyl-
cysteine on autism. Methods: Pregnant rats were intraperitoneally injected with 500 mg/kg
valproic acid at 12.5 days of pregnancy. On the 21st day of birth, the offspring male rats were given
behavioral tests, including the social behavior test (SI), open field behavior test (OF), and elevated
plus maze test (EPM). After the test, N-acetylcysteine 150 mg/kg or physiological salt water was
injected intraperitoneally once a day for seven days. The rats were given the same behavioral test
seven days later. Twenty four hours later, rats were Kkilled and electrophysiological records were
made. Results: after chronic administration of levulinic acid and N-acetylcysteine, the time and fre-
quency of social recovery and the effect of relieving anxiety behavior were achieved. In amygdala
brain slices, valproic acid progeny showed a high frequency of mEPSCs and a low PPF ratio, which
recovered after treatment with NAC. Conclusions: after the treatment with acetylcysteine, the social
disorder, excessive anxiety and enhanced presynaptic excitatory nerve conduction of valproate off-
spring can be improved.
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AR, [ HEG BRI, BRI A MR, # R aekehl s, bR
TFREREIR, HEIA R E IR T R “Ieltth 3 BORBE LA MM LU, 22
Bl ARG, TR T 2 WK S A ASIE Bh 2] 3o 26 (0B 50 1. % B 7 J 6 (Valproate, VPA) i 5
F 1 PRS2 28 1 DA AT A9 SR A 0 X D4 P P i B S D3] EhE el i, D ek
S ST 2 £ 1 AR b4 5 B 1 £ €. NAC (N-acetyleysteine, 2B Dt ZURR) /& — Fi C 2 AE I A A
(2%, BT LB 1L mGIUR2/3 SR MR, WA A A P L 4] DRI AR SE 4 R
NAC B0 2 e V0 4 L AL 75 0 11 PR SRR, 0 — 25 L P LR 6 3k 72 2 25 T 4 T
L.

2. 8
2.1. SEXR
Z)#)(Sprague-Dawley K [ ) & T-4ERF 24 CIEIR LM BUE, B HERAE &% 5K, EER 4R 12:12
OIS R . K A BRCS BERUBCE T AC I A B s S
2.2. BiERKIR
Sodium valproate (ZE 7= #t5: V5012; #ik%: 100 mg), N-acetyl-L-cysteine (ZE7=#it5: A9165; Hi%:

250)J H T Sigma (Sigma, U.S.A.)A#]. LY341495 (4:/=#t5: 120/97; #4%: 10 mg), Bicuculline metho-
bromide (4= /=#t5: B7561; #A%: 25 mg), Tetradotoxin citrate (ZE/=#t5: T8024; Hik%: 1 mg)H T
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Tocris (Tocris, U.K.) A,
2.3. EWHE

2.3.1. BFERRITAHERENL

VIR IR AR T 456 12.5 RIVHARER, FATF= N 2 TS HIERL B PRE 2 AT 9 (#1538 AT B K
FERR) . ASLES R b E AT AR, SRR T EA B WARERAT N, DAL E FRE R R AT s
IEESL . R RAEFEE O OB SRR ZE A M2 2R 0.5 K, TEMALES 12,5 RIS, PAIRERIGMAZ2RE R LA
JE i 7 56 457 500 mg/kg (T TRR(ZE b5 : V5012; #iA%: 100 mg), 2 4L PR Z BE 5N DLAE e v
BT A AR ER 1 0.9% S IR . & KR A BER 0 B E T sl iR e, B3~ TR, EEFARHAE
JE 5 21 REATWL, TAVNRARIBYERIEE 3~4 Roy—%8, JA® 3 R 347 34T ok sz 56 .

TEARWEFCA, PIIRIR AR R akd hil 4 FARTE A J5 28 21 Ry Ja BRI vE 51 45 7 NAC (150 mg/kgs
RS A9165; FilAg: 25 g)ElisE3EEh K (Saline), FER—IR, AT R, DLRAEAT AMNEET /N %
25T —5FI NAC, T2 8 RIFATAT AR SEEE o Rk, S8 20 5l 43 ) 4 il 28 74/ 4 £ 257K (Saline/saline)
FEHIZHFAR/NAC (Saline/NAC), TR IR F1C/2E # h /K (VPA/saline), T4 4R T fR/NAC (VPA/NAC) 4 41K

2.3.2. #3217 AR

1T T R M 2B BT R B TR R AL ) AN 45 A B 2R /K P2 R 2 AR (3% il 4L ) el e
fE—AN R0 4 58 JJ4E (50 cm x 50 cm x 40 cm) 1, A H H GRS, AR 20 28R 4
S C 7 TR DR B F 1) 4K SR AT R s AR S AT R (A MR 7 (0 SR B AR A B . X TR BEIEAE KT
J5 5 b B BRAE L5 5 555 ) BT AR 3% (R 8] 5 8

2.3.3. FHZEITRWK

BT PR b B PRE 5 B AR R PR 17 28 S S, R A R P 2 B XA 9 I s Ak DL 5% 3 PR 55 e 7 1T 4
RIF AR R R, HBEAT R RGER AIR,  32 RO IVEE I8 OB, A N B =y X
W TIRER, R 8 2 RAETF S 6] R B G 15 2% BIRS oh A B B A E N rpr e [X 85k frg B ) 7 43 L o
W A5 AR 022 B VR ON — AP AS 18] (50 cm x 50 cm x 40 cm)H, {3 E HiEsh 15 408k . iEatE
BEE N Fp e DX I 18] 77 20 B S AE TGRS () A s SRR o o s X2 o5 B THIB) 25%.
2.34. BRATFREUR

(7 F 1) FH 2 B v DA RS T R B 0 A 1 AT AR R I M S R A, EAT = 28+ 1R VAL AR R
TN, B2 R HMEBEERTES, EASENTF BT IRER . R0 BURE L PR E R+
X 35 cm x 5 em) i 1A TP, AEH B AT E 5 208 mAE bk S DY 43 i B AT 8 I T80 (50 em
x 5 cm x 40 cm) J 5 P 5i5(50 cm x 5 cm x 40 em) FirAa i, IREEE BRsE N T e BRI TR R 4 b, S5 R E)
(TBE 5

2.4. B¥IFZ#HE

PR BRAEAT RIS 1) 24 /N P ARBERIVERN Fr o B ORI 2 ZI02 0 T 95% 02/5% CO» ik
AR N T A BE (ACSF (mM): NaCl (117), KCI (4.7), CaCl; (2.5), MgCl, (1.2), NaH:PO4 (1.2),
NaHCO3 (25), Glucose (11))H, Ff##51 715 78 Ji st b i i ik FR) 565 — 43 S 8 i s i e ik Py e 5 93 SR 1) —
T3, WU 2 5 T U1 R HURE 6 b R I R 170 1 )5 B2 24 300 um A AZIX U1 Fr s e Jefs
XY Fr BT %R ACSF ISR, FFA WA 95% 04/5% CO, TR &k .
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25 YRR HEHIREEBLERE

¥4 300 um (T iy R R U A A KRR 2 i, T T2 ACSF W et FEASBIAE A 95%
02/5% CO, IR & UM, HAI A AMIR ARG M 19 ACSF R 4ERF T 32°C £2°C 20 7l 4T
oA B A SRR CE T =R R B0/ TESEIR N B )R ON 20 S v DLJE e R [ s IR
T ACSF w, DABEor%h 2~3 ml (AT . 0 MBS A AME N 1.5 mm, A2k 0.75mm, DL
B T B AT 2 AN S, T 78 B (K *-based internal solution (mM): K-gluconate (128), NaCl (20),
MgCl (1), EGTA (1), CaCl, (0.3), HEPES (10), Na-ATP (2), Na-GTP (0.3), pH 7.3, 290~300 Osm), i FHifl
ZUTE 3~5 MQ, N2 200 it P 0 A T 4 200 B Ly T ok 20 %

T ) HLIE RS Axopatch 7008 R A HHBOR 38 I BABCK, i 1440 A S/ 84685 (10 4
S AR E, HEATEA . 8 AxoGraph X #4443 mEPSC RS If1 3 B J S . Bipolar 5l F ik
JECE T WAl N AL LA (h AL 404, 351 R K A7 (eEPSCs), xR E T LA X
SR AR AN, 7 R AT R A AR 4R T 70 mV B A% X o 4 G LA A evoked AMPAR-medi-
ated EPSC.

2.6. Gt

BT St 45 B DO IME £ TR % (mean £ S.EIM)ERIR, TSLI6 X ELA n &7, Saline 5 VPA
MIBNAT N UL t BB TH P I A 2 R ) 22 57 o FRLAR A4S PPF LA repeated measurement two-way ANOVA
5 Bonferroni post-hoc iH&FI{E A1 % . £ T NAC J5 4 ZH(saline/saline, saline/NAC, VPA/saline,
VPA/NAC)H EL 2 AU & 75 20 #r 5 Bonferroni post-hoc i+ FIME 2 (M2 5%, 24 p /M T 0.05
B, RN EE S EREER.

3. SLIRGER
3.1. 3 BAMA KRB FREBSXNEFAETA

M1 H FEAE AR = FT BT SLi2 W IR AR SR 25 T N R4 =R 2 ea
BUEALE APERIAT N, T UM A S AT I T s 285k IS = 3 K i 7AR
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Figure 1. The social behavior test results of VPA offspring (" p < 0.001 (saline group; VPA, Valproic acid group))
1. VPA FRE#E 31T MR EE R ("p < 0.001 (saline, EIEEL7KLH; VPA, AKELRE))
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3.11. AKBRFREFHIZITHIER

BT PAAE 1) e B R PR SR IO A A8 AT RS DRI FH A 22 AT R R W 5% 22 SR EAT 4R 22 AT I i
)5 K. TRRER B AR HEATHE A AT N AT AE 9 B 1] (100.5 + 14.15, N = 55)%54% #1141, (296.3 + 20.16, N =
26)4ii %5 (p < 0.0001) (] 1(A)). HEATHEATAT NI IR AL, NI IF§-4X(20.84 + 1.470, N = 55) 4425 il 2H.(49.73
+2.370, N = 26)##/>(p <0.0001) (& 1(B)). &M iEow, WK TFARIER X 55— HFEAMIMRERE, TR
AT A2 AT A B 18] 5 I B D s R TR R TARE I A A2 AT B
3.1.2. AKBFREFEREREE

W82 BRAETT I 18] v [ B350 15 23 Bl R R 3 s 0 8 R 3E N rb e XSS P ek ) 77 2 B (1 2(A)). B
BIMFEE, NI T1R(2954 + 133.9, N = 55) 45 il 41 24 B (3406 + 209.2, N = 26)Ff 70 1. 3% % 7 (p > 0.05)
(& 2(C)), HEA R X I IR 18] & 43 B AE P4 TR 2H 1-4X(0.8810 + 0.1207, N = 55)%5 4= il 4H(2.070 + 0.3181,
N = 26)Jk/> (p < 0.001) (&l 2(B)). &5HR TR, WIRIRESEHIHFRIEZ S ThEEA R ZE R, (NIRRT
AHEN A S X I RS, SR T R AR A R R 4 R
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Figure 2. Open space testing results of VPA offspring (" p < 0.001 (saline, saline group; VPA, Valproic acid group))
B 2. VPA FREFBR = EMIREE R (" < 0.001 (saline, EIRHKLE; VPA, AKERLA))

3.13. AERTFRENRG, AKEBHARFRAGEERNEE

WG AL R 28T ok B B R N P s R TR (] 3(A)). TER BN REEE |, il
(994.1 + 55.84, N = 26) 75 X2 T-1%(969.9 + 38.73, N = 55) A5 HL A5 2. % F(p > 0.05) (& 3(C)). fEFATIF
T AR TR T 43 B, P R T4R(6.913 + 1.324, N = 55)5 % il 41718(23.22 + 5.130, N = 26)3#E N A A1 (p
<0.001) (& 3(B)). Z5H&on, LA IR 64 % RAEZsh Thag b —8uw, ik i RSN TF
TR AT R R B T, SR BRI .
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Figure 3. The elevated cross maze test results of VPA offspring (" p < 0.001 (saline, saline group; VPA, Valproic acid group))
3. VPA FRIGSE+FEEMIRER(p < 0.001 (saline, HIBEh/KH; VPA, AIKELA))

3.2. NAC I ER KB F Rt ZERSH LCERXMEXITA

3.2.1. NAC AIAER KEEFRAOMIZITH

SERURBUEAL S BT T, TR IR TARINAC 215 T4 TR 1R/ A8 3 3h /K 4 AL A 153 1 22 5+ (p < 0.001)
(14 4(B)). 17 #LAZ I 1) 77 T B 3K A5 AR AL 45 5 (p < 0.001) (1] 4(A)) . T HE I 20 T4/ A 3R 3h /K 20 5 7 TR
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Figure 4. The social behavior test results of VPA offspring after NAC treatment (" p < 0.001 (saline group; VPA, Valproic
acid group; NAC, Acetylcysteine))

[ 4. NAC j&77 R VPA FREVHE AT HMIREER (" < 0.001 (saline, HEIBERIKLE; VPA, FIKERLE; NAC, ZHt¥
Bt EER))
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Figure 5. The elevated cross maze test results of VPA offspring after NAC treatment (" p < 0.001 (saline group; VPA,
Valproic acid group; NAC, Acetylcysteine))
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Figure 6. The open space behavior test results of VPA offspring after NAC treatment (""p < 0.001 (saline group; VPA,
Valproic acid group; NAC, Acetylcysteine))

[ 6. NAC ;8975 VPA FHRIFMZEIT MR R(™p <0.001 (saline, HHEEI/KLE; VPA, AIKERZ; NAC, &
Bt Bt EER))
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3.2.2. NAC I ERA KB TREEAIELE

FE R 28Tk B B (] 5(A), SRR EAT 7 BE 12 77 TH DY 20 2 1] 76 $e 3% 22 53¢ (p > 0.05) (K] 5(C))-
TIAEHE N TFC FI 18] 7 73 EE, PIRIR TAU/NAC 415 7 R 104 B 8L /K 4L B A 8525 1) % 57 (p < 0.001)
(¥ 5(B)). il F AR B /K H 5 KA FAUNAC A B G5 2 5 . (HR N R TR/ B 2K
A5 P I AR A B R K 4 A Goih 7% (P < 0.05) /R4 T NAC Ja 1] LD T R T AR AR AT .
EARMKE 258 & 1EH K.

FETF IR AT 9Bt AR NAC 380 P IR AR SR X IR 2R (I 1], (EZ2 5 AT Ik B G it
B((H 6).

3.3. NAC iFZ R KB F R = a0 28l

BT RN G SR RICIL, HS 5T 8T, mIN gt th kA AR B FAE
NP R EERIEAL, A Zsee s sl R AL, PIRIR TACRIA A MR A 3o B2 i A A 5% A A
[5]. AIULAESRARRI A B E B A i o, BRI IRIR T RAELR T NAC 8T Ja LA AR A 4 ol i 5 R
fREE R R E T AR R?

3.3.1. NAC I ER KB FRE &M (Lateral Amygdala) PRI FM4MEES
(A)
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Figure 7. Excitatory nerve conduction frequency and amplitude in the amygdala lateral nucleus of offspring of valproic acid
treated with NAC (("p < 0.05) Saline, physiological saline group; VPA, Valproic acid group; NAC, Acetylcysteine))

7.NAC AT R KB FRECENZ PR EEMEESINESIRIB(p <0.05 (saline, EMHEIKE; VPA, AKX
BR4H; NAC, ZEtHBtEER))

FATERTHIBE T SR, P IR AU o R R A i FL UL (MEPSCs) MM & . 7E1C 3k mEPSCs
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PHIBTF TTX (0.5 uM; A= 7=dtks: T8024; Hi%: 1mg), il H R ESIIE A=A, PAiII A4t AR
Uiy BB B 2 AL SR R F () 7(A)) - 45 RAZH145 T NAC 174 6 T-18 mEPSC 4% (11.56 + 0.9930,
N = 6)F4% T saline )74 [ T-4%(18.99 + 2.544, N = 8){k(p < 0.05), 5 ¥ saline #5241 718(9.715 +
1.00,N=6)ANEAFEEMEZR. Hoh, #T saline KR 14X mEPSC 4% (18.99 + 2.544, N = 8)%:#% T
saline F4% 1 41-74%(9.715 £ 1.008, N = 6) =i (p < 0.05) (&l 7(B)), EnHRIR TA B Mt & X dtk, H
4 #f[8) mEPSCs ¥z 1) 2 5 A 53 (K 7(C)). VL R4S RFoR, W FARE A Mt (BT
457 NAC Z & nl DMK S [E] K

3.3.2. NAC AIXERARBFRECENZDHBZESYRBRE
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Figure 8. The release of neurotransmitters in the amygdala lateral nucleus of offspring of valproic acid after NAC treatment
(("p < 0.05) Saline, physiological saline group; VPA, Valproic acid group; NAC, Acetylcysteine))

8. NAC AT R KB FRECZMZ DS ESYRBEME(p < 0.05 (saline, EIBHIKA; VPA, RIKERAE;
NAC, ZBEt¥RtEER))

HE— AR B A IR 1 A AT A 0 FE B 1 15 5 S Al i B S Al 5 4 48 A% 08 XU A O 2 Uk &
{¥.(paired-pulse facilitation, PPF) ] AVEAR kG A i o fim] 3844, #E DL 1 R Bi T 8E, BT PPF e 5
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KL NAC BGEEX A VEANSIE 4T, I AT A ARSRIBEAT IR B ARE 20T I 25 .

ITAER, HTESWEORIRTE, a2 Wi S E e N B S, EIRATXS B PR AN BN
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