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Effects of Early Life Nutritional Status on Weight Catch—up Growth, Puberty Initiation
and Obesity in Female Rats with Intrauterine Growth Retardation
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Abstract: [ Objective] To investigate the effects of different nutritional status in early life on weight catch—up , puberty
initiation and obesity in rats with intrauterine growth retardation (IUGR). [ Methods ] TUGR model of newborn rats was
established by limiting diet during pregnancy in SPF rats. Female newborn rats were used in the experiment. IUGR rats
were divided into two groups : small litter [UGR group (SL-IUGR) and common feeding IUGR group (CF-IUGR). Rats
of normal birth weight served as normal control group (NC). The SL-TUGR group was used to simulate overfeeding in lactation
period. After weaning, the rats in the three groups were fed with basic diet. The weights were measured at postnatal 1, 7,
14, 21,35, 42 and 75 days. The time of vaginal orifice opening(VO) was recorded. The levels of estradiol (E2), lutein-
izing hormone (LH) and follicle estrogen (FSH) were examined on the 21 d and the 35 d. [ Results ] The birth weight
of IUGR rats was (4.92+0.18) g, which was significantly lower than that in the control group (6.00+0.29 ¢, P < 0.001 ).
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IUGR rats showed weight growth catch—up on the 14th day. The body weight of SL-IUGR group was higher than that of
control group from 14 to 75 d. The body weight of CF=IUGR group lagged behind that of control group from 1 to 75 d, the
difference was statistically significant (P < 0.05). The vaginal opening time of female IUGR rats in SL-IUGR group was
(29.88 +1.81) d, which was significantly earlier than that of CF—TUGR group (32.03+2.11) days (P = 0.044). There
was a correlation between body weight of the 21 d and vaginal opening time in [UGR rats, R, = =0.174, P = 0.039. The
obesity rates of puberty and adulthood of IUGR rats in SL-IUGR group were 28.33% and 21.67% , which were significantly
higher than those in CF-IUGR group (7.5%, 6.25%; P = 0.001, 0.007). The weight growth rate of adolescent obese IUGR
rats at 7 and 21 d was higher than that of non—adolescent obese rats, and the weight growth rate of adult obese IUGR rats
at 7 and 35 d was higher than that of non—adolescent obese rats. The difference was statistically significant (P <0.05). Bina-
ry Logistic regression analysis of vaginal opening time and adult obesity in IUGR rats” group OR = 0.419, P = 0.24. The time
of vaginal orifice opening was not an independent factor of adult obesity. [ Conclusions] The improvement of nutrition level

in the early stage of life is beneficial to weight catch—up of IUGR, and the overweight catch—up during lactation can lead

to puberty and adulthood obesity of [UGR rats, as well as the advance of vaginal opening time.
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Table 1 Comparison of body weight of rats in three groups

(g,n=60,fiS)

D, D, Dy D Dss D Dss F P
SL-IUGR  4.3x0.2 11.9+0.4 29.5+0.8 51.8+1.8 135.7+6.3  179.4+7.9  249.8+12.8
CF-IUGR  4.9+0.2 11.3+0.5 25.9+1.9 44.9+£2.6 124.1+4.2  159.8+10.7 226.2+17.5 36.731 0.000
NC 6+0.3 13.6+0.6 28.4+2.2 48.5+1.8 133.4+£5.1  170.1+6.3  240.0+10.8
35.334 524.046 107.651 240.719 95.688 87.039 45.844
0.000 0.000 0.000 0.000 0.000 0.000 0.000

SL-IUGR: small litter [IUGR group ; CF=IUGR : common feeding IUGR group; NC: normal control group
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Fig.1 Comparison of body weight of rats in three groups
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Table 2 Comparison of body weight growth rate ( ASDS ) of rats in three groups (n=60,X+S)

ASDS; 4 ASDS.44 ASDS, 4 ASDS;s4 ASDS4 4 ASDSs4 F P
SL-IUGR 0.08+0.80 3.26x0.71 1.31+1.07 -1.56+1.30 1.01£1.73 -0.57£1.77
CF-IUGR -0.55+0.85 2.64+1.22 -0.97£1.70 —-0.11£1.13 0.21£1.79 0.36+2.15  21.275  0.000
NC 0.01+1.48 -0.01+1.48 0.00+1.43 0.00+1.34 -0.00£1.51 0.00+1.48
JEmem— 12.710 190.597 49.415 38.239 6.006 4.307
S —— 0.000 0.000 0.000 0.000 0.000 0.000

SL-TUGR : small litter IUGR group ; CF-IUGR : common feeding IUGR group; NC: normal control group
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Fig.2 Comparison of body weight growth rate ( ASDS) of rats in three groups
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Table 3 Comparison of hormone level of rats in three groups

(n=10,X+S)

F20/ (pg/mL) 255/ (pg/mL) FSH.i/ (mU/ml) FSH.ss/(mU/mL) LH./(mU/mL) LHss/(mU/mlL)
SL-TUGR 42.01+2.40 42.00+1.72 11.86+2.41 12.23+2.28 20.78+2.09 20.13+1.59
CF-IUGR 34.8423.29 35.87+3.39 12.09+1.97 12.15+2.07 20.33+2.23 22.22+2.83
NC 40.44+1.63 40.07+1.89 11.54+2.44 12.18+2.13 20.27+2.12 20.26+2.40
0.856 0.075 1.712
0.087 0.928 0.209
71.228 0.073 1.100
0.000 0.930 0.354
0.123 0.638 0.761
P 0.734 0.445 0.445
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Fig.3 Comparison of E2 at 21 and 35 d of rats in three groups
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Vaginal opening time/d
The vaginal opening time was plotted against the body weight on
the 21 d (R, =-0.174, P = 0.039). Correlation was assessed using
the Spearman’s rank test.
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Fig.4 Correlation between body weight on the 21 d and
vaginal opening time of IUGR rats
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Table 4 Relationship between weight growth rate and obesity in IUGR rats

(n=140,X+S)

Obesity in puberty

Obesity in adulthood

With(n =23)  Without(n =117) t With(n =18) Without(n = 122) ! P
ASDS;, 0.68+0.86 -0.37+0.46 3.162  0.006 1.17+0.08 -0.37+0.44 4796  0.000
ASDS,44 3.45+0.14 3.46+0.76 -0.018  0.986 3.39+0.10 3.47+0.73 -0.159 0876
ASDS,; 1.15+0.08 0.09+0.71 2521 0.023 1.160.11 0.16+0.73 1.881  0.078
ASDSss4 1.93+0.04 0.02+0.77 3399  0.004
ASDSup.4 0.73+0.45 0.41+0.57 0.765  0.456
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