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Activity restriction exacerbates the disorder of intestinal
microflora and glucolipid metabolism in type 2 diabetes mice
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QIU Liying '
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Abstract: [Background] Sedentary behavior, which is common among patients with type 2 diabetes,
blocks the blood glucose control. However, its specific mechanism is not fully clarified. [Objective] To
simulate sedentary behavior by limiting the activity of mice, to elucidate the mechanism for the
aggravation of glucolipid metabolism disorder in type 2 diabetes mice by this behavior, and thus to lay a
theoretical basis for relevant health education and intervention. [Methods] Male C57BL/6J mice were
used in this study. Mice were randomized into the normal (CON) group, type 2 diabetes model (MOD)
group and type 2 diabetes with activity restriction (SED) group. Model mice were used in the MOD group
and SED group, and for the SED group, the time for the activity of mice was controlled to simulate the
sedentary behavior for 8 weeks. The metabolic disorder of glucose and lipids in mice was determined by
kits and morphological observation. The damage of ileum was observed based on hematoxylin and eosin
(HE) and alcian blue-periodic acid-Schiff (AB-PAS) staining. Quantitative reverse transcription PCR
(RT-qPCR) was used to determine the changes of fecal microbes in mice, and TBA kit to measure the
content of total bile acid in serum and liver of mice. The mRNA and protein expression of farnesoid X
receptor (FXR) and Takeda G protein—coupled receptor 5 (TGRS5) in ileum and liver of mice were detected
by qPCR and Western blotting, respectively. [Results] Compared with the CON group, the MOD group
showed in increase in blood glucose and lipids, insulin resistance, oral glucose tolerance disorder, and
obvious intestinal pathological changes. Restriction of mouse activity enhanced the disorder of glucose
and lipid metabolism in diabetes mice (P<0.05). The diabetes mice displayed imbalance in intestinal flora,
as manifested by the reduction in beneficial bacteria and increase in harmful bacteria at phylum and genus
levels, which was exacerbated by the restriction of mouse activity. The total bile acid content in serum and
liver was higher in the MOD group than that in the CON group, and higher in the SED group than in the
MOD group (P<0.05). The expression of FXR and TGRS in the MOD group was lower than that in the
CON group (P<0.01), and the expression of these receptors was further inhibited by activity restriction.
Spearman’s correlation analysis also showed that glucolipid metabolism was in significant correlation with
intestinal flora and bile acid, a metabolite of intestinal flora. [Conclusion] Activity restriction aggravated
the disorder of glucose and lipid metabolism in T2DM mice, which may be related to the imbalance of
intestinal flora and bile acid metabolism, and the further down-regulation of bile acid receptor.

Keywords: sedentary behavior; activity restriction; type 2 diabetes; intestinal flora; total bile acid
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Table 1 Primers for intestinal flora

Target bacteria Primer sequence (5'—3’)

F: AGAGTTTGATCCTGGCTCAG

R: TGCTGCCTCCCGTAGGAGT

F: GGAGYATGTGGTTTAATTCGAAGCA

R: AGCTGACGACAACCATGCAC

F: CCGGAWTYATTGGGTTTAAAGGG

R: GGTAAGGTTCCTCGCGTA

F: AAGGTCCCCCACATTGG

R: GAGCCGCAAACTTTCACAA

F: TGAATCCTCCGTATTACCGCG

R: TTAGAGATGGGCATGCGTTGT

Ruminococcus F: CCTCTGACCGCTCTTTAATCGGAGC
TTTCCTTC

R: CCAGTTATCGGTCCCACCTTCGGCA
GCT

F: AGCAGTAGGGAATCTTCCA

R: CGCCACTGGTGTTCYTCCATATA

Total Bacteria

Firmicutes

Bacteroidetes

Bacteroides

Alistipes

Lactobacillus

*2 SKWFTASI

Table 2 Primers used in this experiment

Target gene Primer sequence (5'—3")

GAPDH F: GACAACTTTGGCATCGTGGA
R: ATGCAGGGATGATGTTCTGG

FXR F: CAGAAATGGCAACCAGTCATGTA
R: AAATCTCCGCCGAACGAA

TGRS F: CTGTGTGAGATC-CGCCGACT

R: CGCTCATAGGCCAAGACTGAC
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Figure 1 Effects of restricted activity on body weight, blood glucose and other basic indexes in mice. A:
Weight change of mice; B: Final body weight of mice; C: Weekly blood glucose changes in mice during drug
administration; D: Final blood glucose of mice; E, F: Oral glucose tolerance and area under curve; G, H:
Insulin resistance and area under the curve. n=6; *P<0.05, **P<0.01 vs CON group; #P<0.05, ##P<0.01 vs
MOD group.
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Figure 2 Effect of restriction activity on glycolipid metabolism in mice. A: Nonestesterified fatty acid in
serum; B: Total cholesterol in serum; C: Triglyceride in serum; D: Low density lipoprotein in serum; E: High
density lipoprotein in serum; F: Aspartate aminotransferase in serum; G: Alanine aminotransferase in serum;
H: Liver index; I: Total cholesterol in liver; J: Triglyceride in liver; K: Liver glycogen. n=6; *P<0.05,
**P<0.01 vs CON group; #P<0.05, ##P<0.01 vs MOD group.
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Figure 3

Ileum histopathology in mice. A: HE staining (200x); B: Villus length; C: AB-PAS staining (200x);

D: Goblet cell number; E: TNF-a mRNA expression in ileum of mice; E: IL-1BmRNA expression in ileum of
mice. n=6; *P<0.05, **P<0.01 vs CON group; #P<0.05, ##P<0.01 vs MOD group.
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Figure 4 The contents of intestinal microflora in mice were determined by RT-qPCR. A: Bacteroidota;
B: Firmicutes; C: Ratio of Bacteroidota to Firmicutes; D: Bacteroides; E: Lactobacillus; F: Alistipes;
G: Ruminococcus. n=6; *P<0.05, **P<0.01 vs CON group; #P<0.05, ##P<0.01 vs MOD group.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



THRAREE: PRGN 2 U6 PRI /) B3R T8 TR AR A A Qfi 25 L 5251

A HH B

20 20 —~ 15~ =15
£
#H | £ 3
~ 1 S = — = —
o = S S
S x 2 S 10} z 1.0
El 2 8 2 #H
Z 10k < 10f s z
o 2 8 <
= £ S 05t Z 05F
2 5L 2 =
z 5 5F = =
S| A g
o~ o
= G}
’ 9 O 0 SRR - 00 SRR =00 SRS
Co o B & Qo & & Qo & 9 Qo B
C D
1.5F ~15F
5 5 TGRS - e— = 37 KDa
é E 5 sk
g 8 | TR,
= &
> (5}
- <
<
g
& & s PO TP
£ S O K S O K
= 0.0 200 S S
QO% Q\OQ %‘(»Q [leum Liver
E s 15F F
) o E x = 0
=] | o 2
210} 2 10} i 2 =
v T an
z a 5 =
=W < & <
< 5 < <}
S 05| 205k 9 )
Z z < 5
S5 E S j
0.0 0.0
P O P O PO PO
QO QS S Qo & RS Qo & S Qo &

B 5 PREESNINRAETER S 2 K B B7 F1 AT AT 48 4R B8 - BR 32 I FRIK A &2 1 A JFEEFII 3 S
RS E; B: M LSUHITERZ K FXR F1 TGRS ) mRNA Fik; C. FFIEHZUHTRZ A FXR Al
TGRS ) mRNA #%ik; D: Western blotting il & [5] 7 FUHIEZH 2L FXR #1 TGRS 115 E: [lfi FXR F
TGRS &K iEH; F: IFE FXR #l TGRS KA, n=6; *P<0.05, **P<0.01 vs CON group;
#P<0.05, ##P<0.01 vs MOD group

Figure 5 Effects of restriction on bile acid content and bile acid receptor expression in ileum and liver of
mice. A: Total bile acid content in liver and serum; B: mRNA expression of bile acid receptor FXR and TGR5
in ileum; C: mRNA expression of bile acid receptor FXR and TGRS in liver; D: Western blotting
determination of FXR and TGRS proteins in ileum and liver; E: Protein expression levels of FXR and TGRS
in ileum; F: Protein expression levels of FXR and TGRS in liver. n=6; *P<0.05, **P<0.01 vs CON group;
#P<0.05, ##P<0.01 vs MOD group.
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