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Abstract: [Objective] To investigate the potential value of thyroid hormones in cerebrospinal fluid in predicting
autism—like behaviors induced by hypothyroidism in pregnant rats.[ Methods] Twelve pregnant Wistar rats were randomly
divided into a control group and a hypothyroidism group (hypothyroidism model group). Offspring from both groups had
serum and cerebrospinal fluid levels of thyroid—stimulating hormone (TSH), total triiodothyronine (TT3), total thyroxine
(TT4) , free triiodothyronine (FT3) , and free thyroxine (FT4) levels in serum and cerebrospinal fluid. Ultrasonic
vocalization tests were conducted on postnatal day 2 (P2), day 7 (P7), and day 14 (P14), while behavioral tests using
the three—box social interaction test were performed on day 21 (P21).[Results] Compared with the control group, free T4

(FT4) levels in the cerebrospinal fluid of the hypothyroidism group were significantly reduced during the developmental
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period (PO-P21; P2: P<0.05; P7: P<0.05; P14: P<0.01; P21: P<0.01), with no statistical difference between the two

groups only at PO (P>0.05). In the ultrasonic vocalization (USV) tests, the number and duration of USVs in offsprings

from the hypothyroidism group were significantly reduced compared with those of the control group on P2, P7 and P14: for
USV counts (P2: P<0.05; P7: P<0.001; P14: P<0.01); for USV duration (P2: P<0.05; P7: P<0.001; P14: P<0.001).

In the three—box social tests, offsprings of the hypothyroidism group showed significantly reduced sniffing time with

unfamiliar rats at P21 compared to the control group (all P<0.001). The FT4 levels in cerebrospinal fluid had a
significantly positive correlation with USV counts (P7: r=0.883, P<0.05; P14: r=0.902, P<0.05) and sniffing time with

unfamiliar rats (r=0.814, P<0.01). [Conclusion] Measuring free T4 in cerebrospinal fluid can predict autism-like

behaviors in offsprings of rats induced by hypothyroidism during pregnancy.
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Table 1 Comparison of body weight during pregnancy between the control group and the hypothyroidism group

Groups n Sex GD10 weight /g GD13 weight /g GD16 weight /g GD19 weight /g
Control 6 69 283.32+3.20 305.15+2.92 329.03+2.66 361.34+3.69
MMI 6 69 282.132.51 302.874.10 325.11+3.03° 355.21+4.20°
‘ 0.715 1.108 2.386 2.688

P 0.491 0.294 0.038 0.023

MMI: methimazole; GD: gestational day 10; GD13: gestational day 13; GD16: gestational day 16; GD19: gestational day 19; Data are ex-

pressed as Mean + SD. Student’s t—test, n=6 per group, P<0.05 vs. control. ?: female.
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Table 2 Comparison of body weight between the control group and the hypothyroidism group offspring rats

Groups n Sex PO weight /g P2 weight /g P7 weight /g P14 weight /g P21 weight /g
Control 6 62 4.66+0.085 8.26+0.47 20.36+1.37 32.76+2.35 56.09+2.91
MMI 6 69 4.51+0.10° 7.59+0.40" 17.28+1.23" 27.97+2.78" 51.12+2.14"
: 2788 2.639 3.955 3.223 3.364

P 0.019 0.025 0.003 0.009 0.007
Control 6 66 5.04+0.090 9.18+0.29 21.59+1.77 33.06+2.19 58.05+2.88
MMI 6 66 4.90+0.010° 8.84+0.20° 18.70+1.26" 28.99+2.14" 53.09+2.48"
‘ 2.649 2.380 3.242 3.251 3.202

P 0.024 0.039 0.009 0.009 0.009

MMI: methimazole; PO: postnatal day O; P2: postnatal day 2; P7: postnatal day 7; P14: postnatal day 14; P21: postnatal day 21; Data are

expressed as Mean =SD. Student’s t—test, n=6 per group, P<0.05, “P<0.01 vs. control. ?:female; &: male.
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Table 3 Levels of TSH, TT3 and TT4 in the serum of dams and pups on the day of delivery

Ttems Groups n Sex Serum TSH /(wU/mL)  Serum TT3 /(ng/dL.)  Serum TT4 /(ng/mL)

Dam Control 6 38/32 2.80+0.33 53.03+5.64 18.04+1.93
MMI 6 38/39 12.20+1.06™ 40.9+10.01° 5.03+0.61"

4 1 =-20.790 1=2.570 7=-2.882

P <0.001 0.028 0.004

Pup Control 6 38/32 2.41+0.35 3.79+0.26 3.40+0.28
MMI 6 38/32 3.09+0.31° 3.19+0.21° 2.69+0.31"

t -3.572 4.274 4.117

P 0.002 0.002

MMI: methimazole; Serum TSH: serum thyroid—stimulating hormone; Serum TT3: serum total triiodothyronine; Serum TT4: serum total thy-

roxine; Data are expressed as Mean + SD. Student”’ s t—test and Wilcoxon rank—sum test, n=6 per group, P<0.05, “P<0.01, ""P<0.001 vs. con-

trol. @:female; &: male.
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JR, H A A B I 7 TSH 7K M PO FF 4R

F P21 0 5 T AL H TT3 K2 B B A %
HEZH , {HAE PO P2 F1 P7 AR ERUAY L3S T FT3 /KP4
Gt E T E B35 25 5, 78 PO AR UM 7 o FT4 K
SETCGE T S -5 % B AR EE , AR R I B T
W FT4 KA R B (PO~P21) B LA (2 4) .
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Table 4 Levels and trends of TSH, TT3, TT4, FT3, and FT4 in serum and cerebrospinal fluid of offspring rats
during the developmental period (P0-P21)

Gows n Sex Awe Serum TSH ~ Serum TT3  Serum TT4  Serum FT3 Serum FT4 CSF FT4
/(wU/mL) /(ng/dL) /(ng/mL) /(pg/dL) /(ng/mL) /(pg/mL)

Control 6 3832 PO 241+035  3.79:026  3.40+028  10.84+1.57  0.52+0.033  33.94+2.04

MMI 6 3832 PO 3.09+0.317  3.20+021°7  2.69+031°  9.47+127  0.48:0.054  30.03+2.48"

‘ -3.572 4274 4.117 1.662 1.804 2.979

P 0.005 0.002 0.002 0.128 0.101 0.014

Contrdl 6 3832 P2 2.19+0.16  12.08+1.13  11.08+1.24  1522+0.96  0.83+0.095  40.43+2.30

MMI 6 3832 P2 2.69+026°  941+1.317  845+1.37° 1394149  0.66+0.11°  35.90+3.10°

‘ -3.952 3.787 3.477 1.762 2.848 2.876

P 0.003 0.004 0.006 0.109 0.017 0.017

Control 6 3832 P7  1.71+0.14  4299+562  35.15+2.690  34.63+1.94  127+0.11  85.24+5.39

MMI 6 3832 P7 2110197  31.93+4.82° 29.92+3.52°  31.92+3.56  1.11x0.13°  72.63+7.33"

‘ -4.037 3.656 2.891 1.639 2313 3.398

P 0.002 0.004 0.016 0.132 0.043 0.007

Contrdl 6 3832 Pl4  146+0.16  76.06+5.50  54.92+7.12 155181224  2.60+0.29  170.11+9.34

MMI 6 3832 Pl4  1.74+020°  65.04+7.09° 44.98+570° 135.26+13.68°  1.99+0.33" 11354;%

: -2.730 3.007 2.669 2.658 3.382 4.867

P 0.021 0.013 0.024 0.024 0.007 <0.001

Control 12 6569 P21  1.06x0.082  82.87+6.49  59.69+9.07 271.35+1622  2.65+0.25  184.25+10.11

MMI 12 6862 P21 0.50£0.12°°  76.06+5.13" 49.96+7.82° 257.11+14.08°  2.35:0.19" 11‘;23795i

t 13.244 2.853 2.816 2.297 3.381 8.988

P <0.001 0.009 0.010 0.031 0.003 <0.001

MMI: methimazole; Serum TSH: serum thyroid stimulating hormone; Serum TT3: serum total triiodothyronine; Serum TT4: serum total thyrox-

ine; Serum FT3: serum free triiodothyronine; Serum FT4: serum free thyroxine; CSF FT4: cerebrospinal fluid free thyroxine; Data are expressed as

Mean + SD. Student’s t—test, n=6 per group for PO-P14, n=12 per group for P21, "P<0.05, “P<0.01,

24 FREEZEH(P2~P21)HIITAZRM

e e A A R, H A A RO P2
FEIh, USV A8 (W) S 25K T X RZH (P2« HH )2
450+35.36 vs. % B ZH 502+27.71, P<0.05; P7: H1 i
21 429.5+43.90 vs. X} & 2 594.33+62.72, P<0.001;
P14 /1y 2H 334.5£24.22 vs. Xf A 2H 389.83+31.75,
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Fig. 1 Behavioral performance of offspring rats during the developmental period (P2—P21) in the ultrasonic vocalization

test and marble burial test
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Three box social test trajectory diagram and statistical analysis results. A: Trajectory diagrams of the "Stranger 1 vs. Empty Cage" test (left chamber
of the three—chamber setup = Stranger 1 chamber, right chamber = empty cage, both marked with green circular zones). B: Trajectory diagrams of the
"Stranger 1 vs. Stranger 2" test (left chamber of the three—chamber setup = Stranger 1 chamber, right chamber = Stranger 2 chamber, both marked with
green circular zones). C-D: Statistical analysis of female and male offspring rats sniffing stranger 1 and 2. n=6 per group. ""P<0.001 vs. control. ?:
female; &: male.
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Fig. 2 Behavioral performance of P21 offspring rats in the three—box social interaction test
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Open—Field test trajectory diagram and statistical analysis results. A: Shows that the movement trajectories of P21 offspring rats in the control and
MMI groups within 5 minutes (overhead view of the open field). Red continuous lines represent mouse movement paths, with line density indicating
dwell frequency (higher density signifies longer dwell time in that area). B: Statistical analysis of the duration of stay and number of entries into the
central area of the open field for female and male P21 offspring rats. n=6 per group. "P<0.05, “P<0.01 vs. control. ?:female; &: male.

3 P2 FREEN ZHREPHITAFERIA
Fig. 3 Behavioral performance of P21 offspring rats in the open field test
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Fig.4 Correlation between serum and cerebrospinal fluid thyroid hormone levels and behavioral performance in offspring

of hypothyroidism group rats during the developmental period (P7, P14, P21)
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