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Establishment and comparison of two different rat models of autism
Lei Yuxi,He Mulan,Lai Xt,Yang Ting,Chen Jie,Li Tingyu
(Children’s Nutrition Research Center ,Children’s Hospital of Chongqing Medical University ; Ministry of
Education Key Laboratory of Child Development and Disorders ; China International Science and Technology
Cooperation Base for Child Developmeni and Critical Disorders)
[ Abstract)Objective ; To establish and compare valproic acid(VPA) or lipopolysaccharide (LPS) induced rat model of autism,so as to
provide a scientific basis for the selection of animal models in autism research. Methods ; Rats were injected intraperitoneally with
500 mg/kg VPA or 100 pg/kg LPS on the gestational day 12.5 or day 9.5 to construct autism model in offspring rat(n=28). The pup’
s physical development was continuously monitored,and social interaction,communication ability, stereotype and repetitive patterns of
behaviors were detected in the pups. ELISA kits were used to determine the concentrations of plasma inflammatory cytokines (IL—6,
IL-1B,IFN—y and TNF-a) in the pups with or without LPS treatment. Levels of PTEN,p-Akt and p—mTOR protein expressions in
the prefrontal cortex of the pups in the present or absent of VPA treatment were confirmed by Western blot. Concentrations of 5—-HT
in the prefrontal cortex with or without VPA challenge were detected with high performance liquid chromatography (HPLC). Results .
Both of the two autism models displayed a developmental delay and autism related behavioral abnormality. Levels of 1L-6,1L-183,
IFN-vy and TNF-a were increased significantly in the rat offspring following LPS treatment(1=2.108,P=0.049;:=2.312,P=0.033 ;=
2.809,P=0.016;:=2.110,P=0.049). The VPA challenge significantly decreased the level of PTEN protein expression(:1=13.320,
P=0.006) ,and increased the expression levels of p—AKT and p—mTOR in the pups’ prefrontal cortex after the VPA treatment (¢=
4.633,P=0.044;1=7.984,P=0.015). The concentration of 5-HT in the prefrontal cortex was also statistically reduced by VPA treatment
(t=2.145,P=0.049). Conclusion : The both rat models with LPS

or VPA treatment lead to autism-like behavors,whereas there
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are different induce molecular mechanisms. Therefore ,we should
make reasonable choice on the basis of research objectives in
scientific study.
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PIIIE 1% 2R FA (autism spectrum disorder, ASD)
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PIARAE I HL A S 3677 vk BIRIESE AR JE aia b,
ST — RIS T B, 9l 2 ] T I A
BIWFSE . IR Z % (lipopolysaccharide, LPS) i 5 [ I
PREEAEAL NN I ER 4 (valproic acid, VPA )55 1 I
MAERIYIE H ATz 2 /Y 2 FhshPrsisd

VPA 755 B JIOpHAE A2 Y H Rif £ 5 AT 5E
RLECR Tz o AR —F T U 2, VPA /Y22
40 2 i RORAR v AR HIAAE B s IAURS: . i
VPA FEAMAE BORHLHRATIA 0G4 . ZTihE
FERW], PIBK/AKt {5 5B S 5 VPA (1 IVIUAE 5
TP, PI3K/Akt A3 i P45 T A 2 AL AR H (mam—
malian target of rapamycin, mTOR) i P4 |, 7F %8 filk &
Az G i ] SR K w2 T RE D T RS B AR Y, (]
ff, PI3BK/AKT/mTOR 15 5 i i 7l DL 5 % £ i
(5-hydroxytryptamine , 5—HT) A .5 #E5-9 1fif 5-HT
ThE 2 R IA R 2 — D IVIAE AR W) AR S, A7
WFFE W, JIOMAE L AR B Jot & Fe il 5-HT &
JS D | e IO AE AH CHEAR A I,

5 VPA AR, LPS R 2 1 e 5| i
FACIAAE i A 22 91 2% o TR e 18 AR R A
&, R LPS 15319 ASD A5 78 mT e 5 AT 5K A4 B
R SO IR M (A . LPS S5 2 BRI 4 M RE Y 3
BN, R BRAIIE S R i LPS Al LA BEAR 4
PERLI , BB 58 R 7 KA 53 . FHET YA
PR~ AT L Ao 36 28 5 B 1 AN U 38 , 6T 5 R I
JLBIMG & T 5 B AR AR IO, T 5 25
VPA 7531 ASD BEARUAH L, LPS i T 1) ASD %Y
T T8 PR 25 45 T AT MRS s i H AT 3T &
iR PRI AR BIFSE S0 3 X i 2 A s A
17 09757 B AR )2 b i M RO AS I, B0 2545 2 Fh
ASD B R E sk s K 2% A T RERIBOR L], N
PMAEBIR ST Sh PRI A e PSR BERL 2

1 #MR5FE
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TC4E5E I AR (specific pathogen free, SPF)ZK SD K Ul

FERERFRZESLR S oL EE R ERREM R LEE
B s b O R FE[SCXK (Yu)2012-0015], B shi 5286 a2
B R e N R VA W w7 (o8 L 7 g A T W O (o8 L
1.2 £ XA

PRI AN NS 20 (Sigma) ; RIPA 2L 0 F2 /R 1 8 ik
F & (AL BioTeke AEHHAR LS T]) ; SDS-PAGE BEIKAL 127
% (Bio-Rad) ; St PTEN P g BEHTIR St p-AKT 55
Pl Pl p-mTOR HFLREHLIAR (Cell Signaling Technology),
/NEBT B-actin BT FEHLIR (Santa) , HRP-ARIC AT LI 2 5T
IgG  HRP-ARIE B LIZEFT/INR 196 (ATGene) 5 14T 2R (in-
terleukin, IL) -6 IL-1B , T3 & (interferon, IFN) —y K JifJai PR
HE IR F- (tumour necrosis factor, TNF ) —o [ifEH G672 W 563328577 45
(VUIEAA)
1.3 7k
1.3.1 SEEshY o M AR MERER R 101 R8T,
55 2 RFPRK A FIBAR i BUC RZEE 1 K (G,) , FFEiin)
72, 2R BN 4 4 . VPA () (n=15)1E G s I 5T
500 mg/kg VPA (250 g/L), VPA (=) 4 (n=7)1E G s & JF 1 5t
L5 (19 PBS; LPS (+) 2H (n=6) 7E Gos JE I TE S 100 pe/kg
LPS (50 wg/mL),LPS (=) (n=6)1E G, I I 1 5 25 57 &
PBS, JifF=—F R BRI A I i A8 A B ot BEZH K B (=
28), & ZHAT- BULE A IS (postnatal day, PND)21~35 d I #EAT
TR
132 ABFREREWHEN 04 RAE 5 AR
T2 AT FUETRIE 2 PND, 5 14 51 5, T2 LT BUAR B F
FE K PND .y, IR B4, PEABR I - 15 AR 2 43, 1 1
IR 143, KR 0 43
133 =Hitkaescss (A A HE R =4 a1 d
PR A IR AGE B 5 min, TEHCE B 55 2 RIE
AR, ZEFERCA 1 R ) RIS O B, A7 AR A 1
ABLE R R B A H RIS, M S min, Any-maze
Bk R EHE R 40 A shic sk Hoz sh 3l K e =R nyista),
134 WSy A A S IE T8 B A EEHE (50 em x
50 cm x 45 em) , ACHBERE I K 3 K143 K 9 ANAHERIE )7 I X
LA, 8 A JA R X)), F4aR BRO ] XA i
3 10 min, Any-maze B X ELERAR R4 B g% 18H 1857
iz sh il B 2B AR FR R I s A ], WA SR
SR HKR A FREE A B ]
1.3.5 KRESRE SRR MWM KK A48 (SLY-WMS
2.0), fAFE—ETE AR (B2 130 cm, IR 45 cm) AP
ERRGE, KA 0 R R G [ DGR 1 A R g i
FEAR BYAS TRAR I . FEIRE IO JE A _L R [RDE AR bR IC L
1 Bh SIS SO T e 7 B FU AR Bhic s i
KB ATK A 20 $8 3057 15 91 F A B 18] B A K i A 7 i
B At 7 d, 508 3 AN BRI 2, 5 1 R IR .
SR —ZIRA KT, 1 min JFHUH KR, 55 2~6
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K ENHATINGR -5 2 7S =R R E P A & LT 7K
M1 em, FZK RIS ERRAEERE K TG, L8R
SN 4 SRR R4 s A K 3 : B N (north) , E (east) , S
(south) , W (west) , FAF 10 55 S0 BUAE 2K B NI s 30 | B
[EEE M 1 min, KFAE 1 min W EPEE 8405 s RiE
SE, TR RE I AR OIS ], 25 1 min AR BN, W
SR RGIFEEAG LIHRICNZ 20 s, 55 7 KAFEAHERN
T B B e S K B 1 min P ERIRET 55 T
BRI UK, FERaERE T RN R G T A B
1.3.6  EWIRRAR KR AE AL B KR 6 I B Bh ik
B, MARASLL 1000 g #5.0> 15 min, BUE I, % AF T-80 °C.,
UK TS BB A B T, URAE T80 G IR g
R 52 36 (ELISA ) A0 1l 3% TL-6 IL—1B IFN—y b2 TNF-a 7K
- I ZH SR AR 5 = ZE e R A P SR = 3 S0 (1
PG U GRT AR AT R Bt rh 5-HT By 5 ik,
1.3.7  Western blot £l PTEN, p—Akt & p-mTOR & 1 /Y
ik 1% PMSF (1) RIPA S £ 5N 20 2 i 4 - iz o
JBEEH,BCA &1 THE HT i, 8% SDS-PAGE B HLvkiE
TP M5 E, 100 V H R IR 200G 4y B B 4 B &5 PVDF fit
I, 5% BSA #HH 1 h J&7, 400 A—HUE 5 (PTEN, 1:10 000;
p—AKT,p-mTOR, B-actin, 1:1 000),4 Cid#, PBST ik 3
YR MAFHRL —H0(1:5 000) EHIFE 1 h,ECL B,
14 Gt

A e B A GraphPad Prism 5.0 G834 3E4743
Bt o TR BORER I8 + B2 (x £ 5) 378, 2 ZH (B LA
K ¢ R B LLBCR R R 5 AT RAK BT 2
e I HR R TF) B 7K ok B W FR ST A A0 SR FH T 5 0 B 4
E0HT, KK «=0.05,

2.1 FRASFE AFRET FERRIEGT F

VPA (+)H W22 BUAE B RN 33.3% 8T VPA(-)4HIH
85.7% , (H LG8 i1 2F 22 7+ (x¥*=3.352,P=0.067) , WL 3 1, [F] i}
VPA (+) A A7 BB T (17.07%) W] B & T VPA (=) 4
(1.75%) (x*=5.561,P=0.018) ; X VPA (+) ZH A [l F& 48 11 0L ey
e, HWHE 2R 87.8% , W 55 T VPA(-) 4 (x°=79.109, P=
0.000) (& 1), M LPS (=) J LPS(+)2 #2# flE T K H
100% , el ™= & 3 2 24T BIET 2R 5008 5.26%F1 1.75%, 76
it 255 (¥=0.259, P=0.611) (£ 2),
22 BRERRKEEF

A AR T R M 0 - 2 A B P A Jo o R R, 5 2R
Bl 2A Jii 7~ , VPA (+) AT BUPR BT i B @I F VPA (-) 4
(F=80.228,P=0.000) , £ i} 6] f5 22 F AT G it 22 B L (F=
2 972.047,P=0.000), H. 41 %I 5 B} [8] 25 (6] A 38 B AEH (F=
22.858,P=0.000) ; [FlH} , VPA (+) ZHAF LAY 2 K B i T

VPA(-)%H (F=89.083, P=0.000, || 2B) , #%- It ] 15 25 545 G it
25 L (F=3251.449, P=0.000) , 2H 31| 5 I} [6] 15, 18] 28 HAE
(F=42.911,P=0.000) ,#&75 VPA A W 5 S 2047 B 0 By e
JE . R, LPS(+) 41 B 3 T LPS(-) 4L (1 2C) , 4
(6] 25 AT Ge i 5 X (F=4.673, P=0.036) , £} ] 15 22 S 47 ¢
T2 L(F=1 659.917, P=0.000) , H 51| 5 I} 6] 5[] 45 228 A
JH (F=3.480,P=0.005) ; LPS (+) 4147 B i B K B 2 < F LPS
(=) (F 2D) , MR A5 E L (F=35.738,P=0.000),
RN E] 2 A B L (F=2 275.094, P=0.000) , H.20 51
IR A] S A 22 HAE ] (F=24.151,P=0.000)

F1 VPAREBARHEWMBHAZRETE,
FRIETEREDBREELE (n,%)

PR DR VPA(-) VPA(+) X1 PiE
HEEE 85.71(6/7)  33.33(5/15) 3352 0.067
fPEBET % 1.75(1/57) 17.07(7/41) 5561 0018
BRI R 0.00(0/57) 87.80(36/41) 79.109  0.000

®2 LPSHBARHEMBAZREFTREFRIETE
KERERELLE (n,%)

PN FEIR LPS(-) LPS(+) P (- -}

EEE 100.00 ( 6/6 ) 100.00 ( 6/6 ) - -

fFRBET R 5.26(3/57) 1.75(1/57) 0259  0.611

FERBIRIE % 0.00(0/57) 0.00(0/57) - -
18
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= 100
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A. VPA(=)4H R VPA(+) AT RAR B2 4k

15 a = VPA(-)

= VPA(+)
fg 10
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Q A N rfb ”56
SIS
B. VPA(-)41} VPA(+)4UTRUR KL
150 L > LPS(-)
N = LPS(+)
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i
£ 5
0 |l

NIRRT
&P FEFS
C. LPS(=)4H R LPS(+) 44T RUA T2 {k

o X~ LPS(-)

= LPS(+)
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JE 1K (em)

5

0

N
T
D. LPS(=)41 M LPS(+) AT R KAk

5% [ %R, a: P=0.000;b: P < 0.05

B2 BHAAREREREKNTHEDR

23 BRI

A7 BRA: Ja B IR B[R] 2k B W — N8 b, 4 iR 4 20
fFRUVE)R 14~17 d B IFHR IS A1 DLEAT T 8114041, VPA
(+) ZH W MR I [R]85 0 T° VPA (=) 8, B B Gi 28 3% X (F=
3.369,P=0.072) , £ I IA]EUH] 25 54 Ge i 2 5 X (#=243.003,
P=0.000) , 41 5] 5 Bsf [] 5 1] A8 BARE T (F=5.061, P=0.029) ;

1M LPS(+) 2H I AR A [R] B Sk g 1= LPS (- )40, 4 1a) 25 S LA 46
P2 X (F=9.366,P=0.003) , £ I} [a] 5. 22 578 e 124 5 X
(F=186.033,P=0.000) , 20 51| 15 B} (0] 55 0] 45 22 BAEH (F=
6.657,P=0.013), $&/RZ0 LPS ib P AT S350 {7 B R Asf ] £
E (£ 3),
24 =T

A SR K BT SR R I — s, A
3A BN, VPA(+) AT BUAE A A BRAR 9 s a1 B S /0 F VPA(-)
Z[(74.975 £22.486) s vs. (165373 + 15.188) s,1=3.442 P=
0.002], T 1 HUEAR BB R AI ] 2 F VPA (<) 4H[(141.442 =
22.890) s vs. (71.320 + 11.966)s,¢=2.877, P<0.008],2 ZH1T-Fd
b F i (B AR I R (R JE GE 1] 2% 25 5[ (83.617 +22.693) s vs.
(63.307 £ 10.316) s,1=0.873,P=0.391], [FE, LPS(+)4HAT-FU1E
B A= SR 1 s TR] UL B 16 F LPS (=) ZH[(77.050 = 17.886) s
vs.(145.120 £ 16.718) s,1=2.769, P=0.010], £ Bt ELAF it i) 17
BT LPS(=)4H[(176.900 + 19.444) s vs.(97.807 = 15.550) s,
1=3.221,P=0.004], T 7 )46 A B ] 5 LPS (- ) 44 4H L TG W
.22 5[(46.033 £7.678) s vs.(57.053 +£5.998) s,:=1.150, P=
0.261]( 3B), EiR¥dRERI, G2 VPA 552 LPS 2214tk
BRI A] AT B BE AR 1 B A SC HICEBEAIL

200 a  EBVPA(-)

150 EBVPA(+)

100

TEASARIYETR] ()

A.VPA (=) 4H 2 VPA (+ ) ATBL =40 520

a
200 E3LPS(-)
LPS
150 e LPS(+)

100

TEAAR T (s)

B.LPS (=) 4% LPS (+) 4UTFl = 465256
H& XL, a: P<0.01;b:P<0.05

B3 BHAXRE=FHEIEIEHFT AR IE

® 3 BAFRIGAREE LR

251 PND,, PNDs PND,, FAE P
VPA(-) 0.069 = 0.242 1.034 +0.906 1.966 + 0.186 2.000 + 0.000 3.369 0.072
VPA(+) 0.000 = 0.000 0.577 = 0.902 2.000 = 0.000 2.000 + 0.000
LPS(-) 0.179 = 0.476 1.429 + 0.836 1.893 +0.416 2.000 + 0.000 9.366 0.003
LPS(+) 0.033 £0.183 0.633 = 0.890 1.833 +0.531 1.967 +0.831
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25 UYERE

WSS e VAN S S AT S AR T AT RS
T 5B —FIrik, SRR 4 B, Ttz
VPA (+) 418 /& LPS (+) 21 94T BRAE W1 52 560 vh 5 4 50
AR T A A A AL HZH](39.330 + 6.850) ¥K vs. (61.470 =
8.258) ¥ ,1=2.073,P=0.046, [ 4A; (80.020 +7.763) K vs.
(105.600 +9.154) 7K ,1=2.134, P=0.036, [& 4D]; [Ali} VPA (+)
20 K LPS(+) ZHAT BRI BB (R 2 BH 0 s 0045 A v IRl
[(50.530 +7.823) s vs. (17.150 £4.115) s,:=3.339,P=0.002,
&l 4B; (50.820 + 4.871) s vs. (31.100 +5.307) s,1=2.718, P=
0.009, &l 4E]; VPA (+) 414 ] X 1 B i) B 81K+ VPA(-)
ZH[(2.009 +0.526) s vs. (5.818 +1.216) s,1=2.375,P=0.020,
& 4C], {H LPS (+) 44T BUAE ] IX g s ] 5 LPS (- ) 40 4H e
O 2% 574 (5.290 +0.844) s vs.(4.852 +0.820) s,:=0.368,
P=0.713, &l 4F], 2W] VPA 5§ LPS ZbIR (4 B B R &R
e IR, T BT & AT RE K
2.6 KikFEHE
[ 7 2% 2 EACRE T, BRI ER 1 R VPA (+) 4 5 LPS(+)
AT R 2 S B e LR A X IR T I B 25 5[ (13131 +
1.507) m vs.(13.410 £ 0.591) m,:=0.355,P=0.726, & 5A;
(13.662 +5.623) m vs.(12.270 £ 0.507) m,:=0.918,P=0.367,
& 5D, #2728 LPS K VPA AP B iE 3hfE 1 ) o
Wi, 26 2~6 RAGENIHUATINZR R | 4 4047 SR i ik v AR st
() 34578 AN IR 8 1) T R 3 (E VIPA (+) L8 R ) 565
3 RIFURHE VPA(-) FREREEINEE , 155 5 KA VPA(-)
200 N (1 5C) , IR 22 S A et 78 L (F=5.458 ,P=
0.028) , £ Iif [] 55, 22 576 Si i 24 25 X (F=9.602, P=0.000) , 41
5315 B ) 5 18] D6 38 B AR FH (F=1.950, P=0.108) ; LPS (+ ) 41 /1)

PRI ISA] 575 3~5 RE%E LPS (- ) 4H WA S 8 i (&1 5F) | £ 1]
Z BB L(F=11.598,P=0.003) , 4 I A] &5 22 54 48
TR (F=12.633,P=0.002) , 25 51] 5 10 [1] st 18] JE 22 LA
(F=2.411,P=0.134) , % 7 REPT-EEREMIA, VPA(+) I LPS
(+) PIEAT BUSE R T- & T A I Uk B4 45 11 1 %ot IR
W &9/ (1.080 + 0.199 ¥X,1.667 = 0.187 ¥X,1=2.102, P=
0.040, 8] 5B;0.643 +0.138 ¥, 1.211 +0.249 ¥X,1=2.148 , P=
0.037, 8 5E) , #&/R T2 VPA I 4 LPS 22 b FR 1 AT BRI
A B s Al 2 iEC TR
2.7 AFR AR 1L-6 IL-1B IFN—y & TNF-a #JE T4

ELISA R 5 R an (&l 6 Fros , LPS(+) AT Bk b 1L-6
(I 6A) IL-1B (& 6B) IFN—y (& 6C) A TNF-a (¥l 6D) Y
HBE[2M 94 (927.216 £ 175.827) . (27.173 = 7.035) . (27.814
11.101) . (33.027 + 12.712) pg/mL|¥5 s T H x5 4L 4351 Fy
(752420 +61.532) (21,053 + 1435) . (15.152+1.646) . (20.434 +
4.410) pg/mL], Z R HA G225 L (1=2.108, P=0.049 ;1=
2.312,P=0.033;:=2.809, P=0.016;:=2.110, P=0.049) ,
2.8 AFRATH T E S PTEN p-Akt & p-mTOR & & & ik K
T A& 5-HT R JE )

Western blot 255 875 VPA (+) 41 T4 K SR 45 - 2
o PTEN 25 [ 23K /K 48 VPA (- ) 4 WA S AR (0.045 =
0.004) vs. (0.128 +0.005) ,7=13.320, P=0.006, [¥] 7B],p-Akt }
p—mTOR & H 35 KB 88 VPA (-) 41 B FF 5[ (3.281 +
0.419) vs. (1.336 +0.023),1=4.633, P=0.044, [8] 7C;[(0.012=
0.003) vs. (0.005 £ 0.002),:=7.984, P=0.015, [ 7D], [, F
FH 5 0 €6 3350 6 I i A B P R S-HT & it R B
VPA (+) 20K FURTAR I e e S—HT e i e HEx HE 2 A ek
1%, 225 BAT G758 X[(9.824 + 0.624) nmol/mg vs. (12.034 +
0.852) nmol/mg,1=2.145,P=0.049, [&] 7E],

30 804
60 ~ 60 b ~
£ T = 40 i E
5 40 £ 407 £
& 20 = % 7
0 7
VPA(-) VPA(+) VPA(-) VPA(+) VPA(-) VPA(+)
A.VPA (=) 4 K VPA (=) 4 B. VPA (=) 415 VPA (-) 4 C.VPA(- )2} VPA(-) 4]
o o 175 B a] A BRUAE F ] DX ]
. 1 £ AL -~
> 60 b > -
g 100 L < s <
= = =
ﬁ 50 g % e DL;]
*® e % e E
e e
0 . e :
LPS(-) LPS(+) LPS(-) LPS(+) LPS(-) LPS(+)
D. LPS(-)41/% LPS(-)41 E. LPS(-)Z1 /&% LPS(-)41 F. LPS(-)4 } LPS(-)4H
RS AL 1B A LB i) A B T ] DX ]

54 EHXIRL L, a: P< 0.05;b: P<0.01;c:P=0.713
B4 §FE0RAN&AFREELY . BB E KL T FiE X g E
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