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(Abstract] Objective To construct a rat model combining autism spectrum disorder (ASD) with liver—kidney deficiency pattern
and to evaluate the model. Methods Thirteen pregnant SD rats were randomly divided into the valproic acid (VPA) group (n=10)
and the control group (n=3). On day 13 of pregnancy, the VPA group was intraperitoneally injected with VPA solution (600 mg-kg?),
while the control group was injected with an equal volume of normal saline. On postnatal days 7, 14, and 21, offspring body weight,
body length, and tail length were measured to assess growth. On day 21, behavioral tests were conducted on male offspring from
both groups to screen for 32 offspring exhibiting ASD-like behaviors. They were randomly divided into ASD group (equal volume of
distilled water), ASD liver—kidney deficiency group (equal volume of distilled water), Liuwei Dihuang Pill (LWDHP) group (1.5 g-kg?),
and Longdan Xiegan Pill (LDXGP) group (2.33 g-kg™). Additionally, normal male offspring were set as the blank group (equal
volume of distilled water), with 8 rats in each group. Gavage administration was performed every morning, and in the afternoons, the
ASD liver —kidney deficiency, LWDHP, and LDXGP groups received hormonal stimulation (levothyroxine sodium 150 pg-kg™)
combined with an irritation method for 14 days. After the intervention, behavioral tests were conducted. HE and Nissl stainings were
used to observe pathological changes in the prefrontal lobe; HE staining was used to observe pathological changes in the femur
ELISA was used to measure the levels of cyclic adenosine monophosphate (cAMP), cyclic guanosine monophosphate (GMP), estradiol
(E,), testosterone (1), free triiodothyronine (FT5), free thyroxine (FT,), thyrotropin-releasing hormone (T'RH), thyroid—stimulating hormone
(TSH), tumor necrosis factor—a (INF—), interleukin—6 (IL-6), erythropoietin (EPO), and 1,25-dihydroxyvitamin D3 (VD;) in serum; the
thymus index was measured by weighing. Results Compared with the blank group, the ASD group and the ASD liver—kidney
deficiency group showed growth retardation, developmental malformations, abnormal behavioral manifestations to varying degrees,
and pathological damage to the prefrontal lobe, along with a decreased thymus index (P<0.05, P<0.01). Pathological damage to the
femur was also observed in the ASD liver—kidney deficiency group. Compared with the ASD group and the ASD liver—kidney
deficiency group, the treatment groups showed varying degrees of improvement in behavioral abnormalities and damage to the
prefrontal lobe and femur in the offspring rats, with the most significant improvement observed in the LWDHP group. ELISA results
revealed that, compared with the blank group, the ASD group had decreased TSH levels (P<0.05), increased TNF-a and IL-6 levels
(P<0.01), and decreased VD3 levels (P<0.05). The ASD liver—kidney deficiency group exhibited increased serum cAMP, cAMP/cGMP
ratio, E,, and EJT ratio (P<0.05, P<0.01), decreased ¢cGMP, T, FT;, FT, TRH, and TSH levels (P<0.05, P<0.01), increased TNF-a and
IL-6 levels (P<0.01), and decreased VD5 and EPO levels (P<0.05, P<0.01). Compared with the ASD liver—kidney deficiency group, the
LWDHP group had reduced cAMP, cAMP/cGMP ratio, TNF—a, and IL-6 levels (P<0.01), decreased E, and EJ/T ratio (P<0.05),
increased VD3 and EPO levels (P<0.05, P<0.01), and an elevated thymus index (P<0.01). The LDXGP group showed decreased
cAMP/cGMP ratio and E, levels (P<0.05), along with reduced TNF—a and IL-6 levels (P<0.01). Compared with the LWDHP group,
the LDXGP group had a decreased thymus index (P<0.05) and reduced EPO levels (P<0.05). Conclusion The animal model of ASD
with liver—kidney deficiency pattern can be constructed by intraperitoneal injection of VPA during pregnancy combined with
hormone treatment and irritation method.

(Keywords] autism spectrum disorder; Liuwei Dihuang Pill; disease—pattern combination; formula—based pattern validation;
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Fig.1 Growth and development assessment charts each group of offspring rats
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Fig.2 Growth malformation chart of offspring rats in the VPA group
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Fig.3 Three—chamber social interaction trajectories charts in each group of offspring rats
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Table 1 Comparison of social interaction time among different groups of offspring rats (x+s, n=8)

a5 HH2EhE ST B B HEASHRPE B
Yiik/s FEA= R 1/s FEAE R 1/s FEAE B 2/s
25 14l 47.83+17.37 155.20+48.99 47.05£25.47 190.14+78.85
ASD 4 153.78+92.33%* 33.58+23.28% 83.70+19.63 63.35+24.07+*
ASD IFEA A 177.34+45.74%% 31.25+22.51%% 85.03+63.43 36.32+31.33%*
PRI ALZH 58.96+38.404% 100.0629.7044% 51.93+26.64 102.49+23.47*
YA 134.70+66.25 69.98+13.67 71.81%29.00 63.17+21.09

52 A4 R, ##P<0.01; 5 ASD #H HL#5¢, 4P<0.05, 44P<0.01; 5 ASD AT A4 HL#, #P<0.05,#P<0.01
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Fig.4 Comparison of novel object recognition indexes

among different groups of offspring rats
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Fig.5 Comparison of the number of buried beads
among different groups of offspring rats
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Table 2 Comparison of open field test data among different groups of offspring rats (x+s, n=8)

215 SR em SIB B/ (em/s) Py X R em rh gL X 45 B B ) /s P L KRR U IR

E{EE 2 166.93671.05 3.61x1.12 517.89+251.54 99.58+55.08 54.50+22.28

ASD #H 1 134.224367.06%* 1.89+0.61% 147.08+61.44% 38.84+54.74 16.63+7.01%*
ASD IFEAR 24 1 091.52+477.55%* 1.82+0.78%% 114.79+69.90% 27.75+44.65% 14.00£9.97%*
M E LA 1 763.54£576.56 2.92+0.95 420.89+221.924% 58.05+33.16 40.63+11.1944%
JeRBYE AT ALZH 1 404.98+740.37 2.28+1.30 192.83+77.00* 18.78+13.20 20.75+10.05%*

. 524 AR, #P<0.05,##P<0.01; 5 ASD 2H 4, 4P<0.05,44P<0.01; 5 ASD IFIF A R 4H LU, #P<0.05 , #P<0.01 ; 5 7S bR 85 HL24H Ho g,

“P<0.05,
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Fig.6 HE staining images of the prefrontal lobe in each group of offspring rats (x200)
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Fig.7 Nissl staining images of the prefrontal lobe in each group of offspring rats (x200)

FLAHAS, JF A W A %E . 5 ASD JIFEFA
FEZH LA, 7S R B AL B /N AR g 38 5] 25
R SEEE s e TS L2 /NS4 B AR A
(A REE R e R, TEILIA 8,
2.8 FBAFRMFBEMMLEERKF LR

525 F A ASD B RS A AT BRI v
cAMP .cAMP/cGMP 7155 (P<0.01) ,cGMP & (P<
005), 5 ASD IFEA AL LLAES, 7SR ILAHcAMP |
cAMP/cGMP 5[4 (P<0.01) , JEABTE AT HILAL cAMP/
cGMP K (P<0.05), FEILFE 3,
29 BHEMFRMFHRAKFELE

52 AA R, ASD FFE A R ARG T K

*3 HAFRMFMZEERKTEILE (vis,n=8)
Table 3 Comparison of serum cyclic nucleotide levels

among different groups of offspring rats (x+s, n=8)

415 cAMP/(pg/mL)  ¢GMP/(pg/mL) cAMP/cGMP

{EE 797.76+38.77  325.84%32.12  2.47+0.27

ASD 41 997.93+66.68  260.24+80.18  3.97+0.83
ASD IFEAREAL 1 110.02+68.79%% 190.77+41.00%  6.01+1.22%*
BRI UL 881.87+91.53%  270.98+62.19  3.35+0.54*
JeNBE LA 977.26+164.34  259.38+55.82  3.94x1.01*

T 528 4L, #P<0.05, #%P<0.01; 5 ASD IFE A R4 i,
"P<0.05,*P<0.01,

F R (P<0.05) , E, E/T 7KFFH R (P<0.05,P<0.01),
55 ASD FFEAS R4 b, 7SR M B L4 e IRTE T



1228 e P BE 25K 2E 24 hitp://hnzyydxxb.hnuem.edu.cn

2025 45 45 &

AU ALAL

7

(g |

R
ASD FFEA R4

B8 FAFRRE HE REE(x200)
Fig.8 HE staining of femur in each group of offspring rats (x200)

JLAL E, KT RE(P<0.05) , 7S M ¥ AL4H Eo/T KF
TRE(P<0.05), TEILE 4,

x4 BHAFRMFBRAKFELLER (vas,n=8)
Table 4 Comparison of serum hormone levels among

different groups of offspring rats (xts, n=8)

20 51 E/(pg/mL) T/(pg/mL) EJT
2 HA 82.38+5.39 251.81+47.00 0.34+0.09
ASD 4 100.43£21.13 171.62+94.18  0.679+0.22
ASD JFEANJEAL  122.13+34.22%%  133.25+49.74%  0.98+0.31%%*
ANHEHE I 87.44£6.40° 180.70£57.78  0.53+0.16"
pAIEREY 89.30+6.99* 139.86+57.24 0.75+0.34

. 55 A A, *P<0.05,%%P<0.01; 5 ASD T B A 22 Hds,
*P<0.05,
210 HBHEMFRMFPARBEMRKTELLE
525 (2 HAR, ASD 2H TSH 7K T 4 (P<0.05)
ASD F B A4 FT, FT,  TSH TRH T [ (P<0.05,
P<0.01), 5 ASD AL A, 7SR AU F TS
FT, . TSH , TRH 7KF-F+ & (P<0.05, P<0.01) , HEILERS

211 RAFRIGIRIEE ., MiF%EEFKELE

575 HA HL#, ASD 41 ASD AT B A AT R
Ji iR 46 BT [% (P<0.05, P<0.01) , TNF-a \ IL—6 7K F-
T (P<0.01), 5 ASD 4 Hu#, 7S M 5 L4 116
KT B (P<0.01) , Je IBYE F ALZ TNF-a 7K
B (P<0.05), 5 ASD IFE AR A HLER , 75 B i 25 AL
20 R B TS AL M 48 B 55 (P<0.01) , TNF-a |
IL-6 7KV T (P<0.01), S/SBRH B LA LKL, Je
JIBS T AL B R FEEC TR (P<0.05) . TEILER 6,
2,12 FHHFRMF PO VD, K FLLER

5528 4 HEE, ASD 2H VD, AKF T (P<0.05),
ASD FFEAS ARG EPO VD; /K RFE(P<0.01,
P<0.05), 5ASD 4 b4, /SR L ALAL VD, 7K -
FH1 (P<0.05) . 5 ASDIFBE AN R4 b A, 7S PR Hb L
2 EPO VD, /K FE-THE (P<0.05,P<0.01) . 575t %
AL HedE, R RRYE FALAL EPO ZKF T % (P<0.05)
TEWER T,

x5 HBAFRMERKRMEKTFLE (x45,0=8)

Table 5 Comparison of serum thyroid hormone levels among different groups of offspring rats (xs, n=8)

2151 FTy/(pg/mL) FT,/(pg/mL) TSH/(ng/mL) TRH/(pg/mL)
ZHA 111.68+47.07 102.13+45.77 0.12+0.02 154.45+26.81
ASD 4 60.46+33.37 54.75+30.87 0.09+0.02% 93.66+54.15

ASD FEAS R 44.51£11.75% 40.13£10.31% 0.07+0.027%% 64.27+12.69%*
M E AL 108.85+27.87* 101.87+26.80" 0.11:0.02% 150.49+35.98%
JEARTE - HLZH 59.64+35.23 57.16+33.57 0.08+0.01 88.55+32.80

0 525 AL, #P<0.05; 5 ASD BFEFAS JE 40 AR, #P<0.05,#P<0.01 ,
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F6 BAMFRMBRIEE. MFREZREFKFELLER (x45,n=8)
Table 6 Comparison of thymus indexes and serum
immune factor levels among different groups of

offspring rats (x£s, n=8)

21531 il Sizg e TNF-o/(pg/mL)  IL-6/(pg/mL)
2 3.7320.11 47.21+8.62 31.77+4.56
ASD 2 3.5240.08%  121.88+15.44%%  (69.80£8.22%*

ASD IFIE AR B4 3.0240.18%%  186.86228.44%*  103.29+12.99%
ARWHBEE AL 3.66+0.06%  87.22+1024%  46.25+6.854%
JeRRVEAFALA  3.46+0.12%°  76.21+5.964%  49.12+7.87*

. 525 H AR, #P<0.05, ##P<0.01; 5 ASD 41 H# , 4P<0.05;
55 ASD P B2 AL, #P<0.05, #P<0.01 ; 57k HIE L4 e,
“P<0.05,,

7 HAFRIME EPO,VD; KT LLE: (345 ,n=8)
Table 7 Comparison of serum EPO and VD; levels

among different groups of offspring rats (x+s, n=8)

2H 51 EPO/(pg/mL) VDy/(pg/mL)

Z=HA 98.04+13.29 7 612.49+95.67

ASD #H 67.15£9.50 6 162.78+618.19%
ASD B A R 41 38.42+12.95%* 6 067.63+251.19%
M E AL 81.68+23.30% 7 397.78+207.994%

JeRRYE T AL 43.10+14.77* 6 955.75+717.85

. 575 HA AL, #P<0.05, *#P<0.01; 5 ASD #H L5, 4P<0.05;
5 ASD IFER L HLAL , 7P<0.05, #P<0.01 ; 575k s L4 He i,
“P<0.05,

3 e

ASD LL“ANE AR A G A7
R, A2 R FIRGEN, ARG 1w A R 5
M4l Rl ASD U & < R R 3 B AEE
W , S HILOCHEE A A . G 2R 7 . BFoT B, 22
W17 HE VPA J5 S ECIUHE R ASD XUBS: i), B p
HFER NG B TR, BRI, B2 3 5 i B
ZHYMT RS AR AL FTREEHLRA
JERYRI AT AR IR SRS VPA 5, 22
B BRI R ATLA 2R 40 | DU T AR N, T30
TG e, S5 VPA XSEIRIG & & TR T 87
AT o WRES IR 75 S48 M RN
PR ZE L, B4 ASD fB 35 1 26 B 15 BT AR 4G |
BARRERE , H LS AREREL ASD ALY K%
BL, S AT A5 I AN 2 7 v B g AL 2
W, [ BT A TR 2 SRR S VPA AT BT
FEAE IS BT ZIARAT R R B 24 ) ASD =R AZ 0>
FEAE ; % B VP R, VPA AT RAIARKS & & B 5%

J&i, H ASD JFB AN 20 I 8 B & A S 5
ARG AS R UEAG 5 5 S RO S Bk — 2k S H
S TRl VA= WA 7% i O~ S W 772 Y B L 95 R

i A1y % i B2 5 (prefrontal cortex, PFC)4& ASD
ANy R e A 1) S M X017, o B £ 25 SR e
ASD 201 ASD FFE A 4L PRC YAFEAE , 42 ki
a2k SR B B S . 43T )= T, ASD IFE A R 4H
cAMP/cGMP Fh i , LT PR 33 R B FH IR B 93 38 358L
W B PG R B UE R REAE S eAh | B s ke
R S e I F s s s DR S, 5 rh BE 2
FHERE D REZIARST . B HLUREREE R IR,
H/NGEAR AT AL ) EE ORGSR B B B

W55 20, EPO F1 VD, HAG H 2 (21
FRn, FEh s TR IIRER G, A
K EARKES EEAEGZMEMIIRE, B
WS S BAREE B IE SR I EPO VDs 7EZIRE AT
FRIE, Bi4n EPO VD, £ A4 FVE FRALIARAE
M, ShBESECERE EARK KT IS b
H—EBE R, AWFFEH, ASD JFEA LA B E-
PO FIVD; 7KF- TR, iX AT REZR ] EPO A1 VD, [k =
SRR R BRIk

ZSMRH B AL R A LB 12 PR AR
%5 RIS ZH B A7 A BN B SRR | BC(T L 2R 1
2 AN =B AP ARES PR HA K B IRIE 1K
255 FHEESTRRHIL, WA o B0RAS T R 5 WERT I
4, JeRREALE AR S R AR RS UK
W HERTT CHH AE SRR, A S K
21, e R RS HE I S R
15 ARG ERTFRIKIBN; 05 AR g SR B
By 1k 5 s S A 5 H BRI FnE 2y R
THRIT ASD O K HESCUE , i A AR 5 UEXT I 2
ENGIEEAE S AN S N R ) 2y Al X N
RIS ZIMBhAE T2 8 PRC Rt
TCH AR R A GV B S o T BH O |
R ZEEL g 2k i A B EPO VDs, 25 A 22 it
ASD JFFEAS R IE SR R RS | 2ok 0 A
B RENAITER . i ARTE I AURERR ek ik
FRASLEAGE B3 FIE EPO VD, K-, ik R Bk
HHEALXT ASD B AS JE UE K BRAG # 28 AR FE T
RS20 3 B3 B 430 EPO VD, THEE SR , [
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S 3ok L E D7 5B ASD JFE AR F g i A 2
ORI 57 1 B 7 SR I O
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