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[ ABSTRACT] AIM: To explore the correlation between fecal metaholites and body weight/food intake in rats after
chronic immobilization stress ( CIS). METHODS: Healthy male Sprague-Dawley (SD) rats (n =48) were randomly di-
vided into control group and CIS group. The rats in CIS group were subjected to 3 h of immobilization stress a day for 21
consecutive days, and the rats in control group were kept for 21 d without stress intervention. The behaviors in open-field
test (OFT) and elevated plus-maze test (EPM test) , the sucrose consumption, the serum D-xylose content, and the small
bowel transit rate were detected. The fecal metabolites were determined by 'H-nuclear magnetic resonance spectroscopy
("H-NMR) technique, and differential metabolites in the rats of 2 groups were analyzed by multivariate statistics. The cor-
relation between body weight/food intake and above indexes of CIS rats were observed by Pearson correlation analysis. RE-
SULTS: Compared with the control rats, the body weight of CIS rats was increased slowly and the food intake was de-
creased significantly (P <0.01). In the OFT, both the total and central distance covered in CIS rats were reduced signifi-
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cantly than those in control group within 5 min (P <0.01). In the EPM test, the residence time in open-arms of CIS rats
within 5 min was shortened dramatically than those in the control group (P <0.01). The content of serum D-xylose and the
sucrose consumption of the rats after stress for 21 d were decreased markedly (P <0.05). The small bowel transit rate of
CIS rats was lower than that of control rats, but no statistical difference was observed (P >0.05). Acetate, butyrate, glu-
cose, propionate, glutamate, ribose, pimelate, lactate, alanine, valerate, total 10 kinds of differential metabolites in fecal
samples were detected, and the 10 kinds of metabolites in CIS rats were higher than that of the control rats (P <0.05).
Pearson correlation analysis showed that food intake of CIS rats was negatively correlated with metabolites of acetate and
pimelate (P <0.05), and no correlation between body weight and above indexes was found. CONCLUSION: Under the

CIS condition, there are certain correlations between food intake and metabolites of acetate and pimelate, but the mecha-

nism still need further study.
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Table 1. Changes of body weight and food intake in two groups(g. Mean + SEM)

Body weight(n =24)

Food intake(n =6)

Time Control Stress Control Stress

Day 0 267.706 + 1. 983 270.282 £2.963 34.450 £0.978 35.067 = 1.073
Day 3 290.956 +2. 740 269.818 +2.463 ™ 33.483 0. 893 26.017 +0.611 "
Day 6 315.844 £2.993 285.541 £2.997 ™ 31.300 0. 418 24.700 +0. 602
Day 9 336.319 £3.854 296. 106 +3.814 31.567 £1.179 23.433 £0.750
Day 12 351,138 £4.073 303.612 £3.812* 30.383 £0.957 22.867 +0.791
Day 15 368.275 4. 385 314,747 £3.767" 29.550 +0. 944 22.183 £0.524
Day 18 383.481 +5.452 324,788 +4.584 " 29.933 £0.919 22,433 £1.021
Day 21 399. 138 +5. 483 339.394 +4.235 29.250 =0. 845 22.633 +1.060

P <0.01 vs control group.

R2 2HRRENHNEBHEEMAREBINEF LR

Table 2. The total and central distance covered of two groups in the OFT(cm. Mean + SEM. n =20)
Total distance covered Central distance covered
Time
Control Stress Control Stress
Day 0 3 168.241 +£266.566 3 288.816 +£162. 150 1204.612 £101.011 977.036 +117.576
Day 7 2 543.117 +£221. 883 1 466.082 +179.254 ™ 795.932 +£107.324 281.212 +34.726™
Day 21 2 715.736 +£227. 893 1724.281 £159.332™ 840.027 £98.872 297.039 £29.711 ™

* P <0.01 vs control group.

=3

BRTFEERN 2 ARARITAHFEREER

Table 3. Behavior changes of two groups in the EPM test (Mean + SEM. n =20)

Residence time in open-arms ('s) Enter times in open-arms

Residence time in closed-arms(s) Enter times in closed-arms

fime Control Stress Control Stress Control Stress Control Stress

Day 0 38.486 +5.516  32.803 +4.108 9.546 +1.186 9.333£1.190  216.431 £10.566 225.813 +13.267 15.636+1.586  16.286 £1.928
Day 7 31.112 £5.215 9.211 £1.554 " 6.636 +0.993 5.222+0.940  230.147 +16.834 290.581 £23.688 * 13.636 +1.337 8.786 £1.523
Day 21 25.106 +3.103 8.221 £2.221 ™ 5.909 +1.091 3.778 £0.703  254.977 £14.098 286.084 +15.355 10.818 +0.807 5.786 +0.585 **

“P<0.05, ™ P<0.01 vs control group.
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Table 4. The sucrose consumption in two groups

(% . Mean + SEM.n =6)

Time Control Stress

Day 0 24.198 £2.086 26.393 £2.399
Day 7 19.524 £2.936 13.822 +£1.321
Day 21 21.011 £2.624 13.024 £2.029"

* P <0.05 vs control group.
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Figure 1. The serum D-xylose content and small bowel transit rate in two groups. A: the serum D-xylose content in two groups. n =

12. B: the small bowel transit rate in two groups. n =10. Mean + SEM. ™ P <0.01 vs control group.
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mate) AZAHE (ribose ) | B¢ IR £k ( pimelate ) | F| iz £
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x5 2AKRREXEVIPE>1 NERRIGUESELE
Table 5. Differential metabolites level ( VIP value > 1) in the
two groups (mg/g. Mean + SEM)

Metabolites Control (n=10) Stress (n=9)
Acetate 3.1992 +0.3630 5.3237 £0.2253
Butyrate 0.7705 £0.0949 2.4143 £0.2565
Glucose 0.8098 +0.0835 2.3648 £0.4151 ™

Propionate 1.2010 £0. 1029 1.8864 +0.0554 ™

Glutamate 0.5547 £0. 1291 1.3528 £0.2400 "
Ribose 0.5483 £0. 0665 0.9942 +0.1143 ™
Pimelate 0.1089 £0.0144 0.3816 +0.0730 ™
Lactate 0.0855 +0.0090 0.3322 £0.0531 ™
Alanine 0.1755 £0.0308 0.4456 +0.0775™
Valerate 0. 1946 +0.0240 0.3993 £0.0462 *

“P <0.05, ™ P<0.01 vs control group.
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PLS-DA analysis of metabolites between two groups. The scores plot (A), the loading plot (B), the VIP plot (C) of PLS-

DA analysis between two groups, and the statistical analysis plot(D) for metabolites ( VIP value >1) obtained from PLS-

DA with ¢-test. n =10 in the control group, and n =9 in the stress group. In figure 2D, the dotted line represents the

threshold line of P =0.05, the metabolites of P >0.05 are marked with gray points, the metabolites of P <0.05 are marked

with red points, and the metabolites of the VIP value >1 obtained by PLD-DA analysis are marked with blue points.
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Table 6. Correlation between body weight/food intake with the other indexes in the stress group
Serum  Small
Index By pod Doglose bowel ™™ Acetate  Alanine Butyrate Glucose Glutamate Lactae Pimelate Propionate Ribose  Valerate
weight ~ consumption
content transit
Bodyweight 1
Food 0.234 1
Serum D-xylose 0.236 -0.400 1
content
Small bowel 0.095 0.614 -0.244 1
transit rate
Sucrose -0.460 -0.048 0.282 -0.199 1
consumption
Acetate -0.260 -0.819* 0.161 -0.323 0.223 1
Alanine -0.435 -0.610 0.454 -0.294 0.769 0.277 1
Butyrate -0.520 -0.784 0.461 -0.314 0.615 0.303  0.825" 1
Glucose -0.117 -0.289 0.430 0.243 0.451 0.096 0.350 0.631 1
Glutamate -0.356 -0.622 0.465 -0.206 0.776 0.324  0.972** 0.730* 0.365 1
Lactate -0.385 -0.440 0.073 -0.711" 0.335 0.087 0.603 0.565 -0.212 0.432 1
Pimelate -0.456 -0.832* 0.269 -0.812" 0.392 0.119  0.706  0.858™ 0.103  0.570  0.863 ™ 1
Propionate 0.003 -0.795 0.260 -0.634 0.411 0.699* 0.173  0.123 0.040 0.249 0.072 0.293 1
Ribose -0.482 -0.605 0.464 -0.417 0.775 0.332  0.982* 0.797* 0.282  0.953* 0.635 0.739" 0.305 1
Valerate -0.384 -0.754 0.300 -0.389 0.622 0.864 " 0.656  0.683* 0.385 0.655 0.351 0.448 0.603 0.678* 1
P <0.05, " P<0.01.
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