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To investigate the effect of exercise on the function of bone marrow

endothelial cells in type 2 diabetic mice based on intestinal flora
Chen Haiyan ,Dai Xia,Zhang Milei Mo Binbin
(Department of Endocrinology , The First Affiliated Hospital of Guangxi Medical University )
[ Abstract] Objective : To investigate whether aerobic exercise combined with resistance exercise can improve the diversity , abundance
and structure of intestinal beneficial flora and its effect on the function of bone marrow endothelial progenitor cells (EPCs) in type 2
diabetic mice. Methods : Forty 8—week—old male db/db mice were randomly divided into control group (DZ group). Diabetic model +
aerobic and resistance exercise group (combined exercise) (L group) , diabetic model + fecal transplantation group(SY group) ,and dia-
betic model group (TJ group) , with 10 rats in each group. Group L carried out aerobic exercise combined with resistance exercise for 8

weeks, aerobic exercise on Monday, Wednesday and Friday, and re-

(B F 38 2 Email: 1356189079@qq.com, sistance exercise on Tuesday, Thursday and Saturday, 6 days/W. In

B AR SY and TJ groups, the feces of mice in group L and DZ after 8
EEMEE H , Email: 2655947220 @qq.com weeks of exercise were made into suspension, respectively, and then

HATH: DX A AH2 L2507 A (%45.8216000327); % g enema was given twice a day for 14 days. After the end of enema,
KA E R AKBA B (%% . 2018GXNSFAA050091) . the proliferation, migration, adhesion and angiogenesis ability of
158 H AR : https:/link.cnki.net/urlid/50.1046.R.20240328.1058.032 bone marrow EPCs in each group were detected. The EPCs pheno-
(2024-04-01) types CD34 and CD31 were identified by flow cytometry, and the
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abundance and diversity of intestinal flora in feces were detected by 16STRNA. ELISA was used to detect serum glucagon-like peptidel
(GLP-1) in each group. Resulfs : At the class level, the abundance of Clostridia (54.60% vs. 32.21%) and Bacteroidia (47.63% vs.
36.39%) in the SY group was higher than that in the TJ group. The abundance of Gammaproteobacteria (0.30% vs. 12.57%) was sig-
nificantly decreased (P=0.019, P=0.028, P=0.002). Compared with DZ group, the abundance of Bacteroidia in SY group increased
(47.63% vs. 38.5%) , and the abundance of Bacilli decreased (2.56% vs. 12.36%) , and the difference was statistically significant (P=
0.021,P=0.039). At the family level,, the abundance of Lachnospiraceae (43.86% vs. 26.44%) and Oscillospiraceae (7.8% vs. 2.15%)
in the SY group was significantly higher than that in DZ group (P=0.004, P=0.001). Compared with the TJ group, The abundance of
Lachnospiraceae (43.86% vs. 32.89%) , Lactobacillaceae (9.89% vs. 3.8%) and Oscillospiraceae (7.8% vs. 2.21%) in the intestinal
tract of SY group was significantly increased (P=0.045, P=0.006, P=0.001). The proliferation , migration, adhesion and angiogenesis of
EPCs in SY group were significantly higher than those in DZ group and TJ group (P=0.002, P=0.000, P=0.000, P=0.000, P=0.016, P=
0.049, P=0.019,P=0.026). The content of serum glucagon peptide—1(GLP-1) (pmmol/L) in DZ group SY and TJ group (1.90 + 0.22,
2.82 +0.40 and 2.24 + 0.49) was significantly different (F=31.082, P=0.000). Compared with DZ group, the serum GLP-1 level in SY
group was significantly increased (=0.000). Compared with TJ group, the serum GLP-1 level in SY group was significantly increased
(P=0.000). The correlation analysis between the number of intestinal flora and the function of endothelial cells showed that : Clostridia
(r=0.696, P=0.041) , Oscillospiraceae (r=0.697, P=0.037) Muribaculaceae was positively correlated with cell migration (r=0.753, P=
0.019) and angiogenesis(r=0.810, P=0.008) in the endothelial group. Conclusion : Aerobic exercise combined with resistance exercise
may improve the function of EPCs in bone marrow of type 2 diabetic mice by increasing the abundance, diversity and structure of ben-
eficial intestinal bacteria and increasing the expression of GLP-1.
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EEOYRREEL]
LRvdiEl
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H:DZ, 75 X IR SY B PRI+ 3 RS AR 4 5 T, BE PRSI Z
B3 SANRFEEEER (class)kFE LEEHRZME
23 EPCs@fiefAFNEE %%
PN Rz 20 40 M 7 2 AL A B SR B 3R L 24 h T IR I
BE 4 d W EESEAR ST 4 EPCs JE A K2 U FE s B | />
TRAY A K ARIE 7 d 5, EPCs 2 2 L SR E 14 d 5

1007 LEES
B A,
30 1 m BT R
B IR CHE
= 60 | m R S ER AR
= Y i
i m BT
= 40 ey
= w R
B 2R
20 1 = R
B BT
0 B EREF
TI8W SYSW  DZ8W
215
1 :DZ, 25 OV BRZL ;S Y A PRI A+ R (RS AT ZH 5 T B PRI A AU 2

B4 HHENRFEHBFER (family) K F_EFEERENE

EPCs AN IR IE A0 MG 22, vl DL Sl 47 3% Rl 2s , LRl
5. SANEHEAT I A0 AR 45 EPCs 4 R mFRIC , i =4l
ARSI 2 81 CD31 A1 CD34 K6 H 3R 23 91} 95.2% . 27.9% .,
WK 6.
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4d

14d

T EPCs TR A2 WAL (1B A , 100) 5 3745 4 d 5, EPCs b FIREIR A, Z 2 FE (42)8 d )i ,EPCs &
ERILEEIE ()14 dJ5 , EPCs JEASZWRIEANMIH- A G AE , WS FRRRCHR , ol WA Bl R s ()
5 EPCs#f4KIER

4.0M T

CD31+
27.9%

3.0M A
20M +

1.0M -

10° 107

0 10* 100
FL3-A :: PE-A

#:CD34(Z4)CD31(47)

40M 7

CD34+
95.2%

3.0M
20M

1.OM A

6 MNIMALE EPCs 41k EHRIE CD34 #1CD31 4R

24 EPCs#k

241 A ARWEFCRFIESERAE T S WA/ R EPCs BY
WFERE ), 45 BR 3 4/NR EPCs BT BE )1 22 oA Gt
B X (F=17.176,P=0.003) . WP LLA 45 5 Wk, SY 41/ R
EPCs 1Y 3% 54 it J1 W W b TJ 41 1 DZ 20 34 5% (P=0.002 ., P=
0.000) . DZ#H 5 TJ 41/l EPCs B4 AE E 11 22 7 LG4 5
X (P=0.588). W34,

242 RNME ARSZEREE IR WK, 3 4/ R EPCs KB 22
S G EE L (F=13.843,P=0.000) . P HLA4LE B,
SY ZH /B EPCs RS B 20 it &5 i I 12 22 T DZ 20 R0 TT 40 (3
P =0.000). DZ 5 TI4 /N EPCs 5[ g 1 22 R TG
Y (P=0.540), WE T4,

243 TBIEE WIRERER3H/NREPCsIERTE SN

2B G L (F=5.934, P=0.038) . PP HLAc 4 0
7N, SY /N EPCs B RE T = T DZ AR TI A, 2 A 5
T2 X (P=0.016 .P=0.049) . DZ5 TJ /MR EPCs iEH
A1 22 R LG0T X (P=0.429) . WLIEI8 FIZE 4.
244 MAEARIIRE 34/NREPCsITR AR 22 RA Gt
223 M (F=6.339,P=0.033) . WM HLECEs SR RoR , SY 41/l
EPCs RAMIETE W e &5 W i T DZ M TI 4, 22 578
GiiteE i X (P=0.019,P=0.026) . DZZ#5 TJ#H/Ni EPCs 1L
A LRE ) 22 R IEE A L (P=0.806) . LIEI9FNZE 4,
2.5 FBAEFH A2 B KR R GLP-1 R -F 4y Fm
FAERSAE T 105 , DZ 20 SY 20 F1 TJ 4 3 25 /) B i 35
GLP-1 (pmmol/L) & & (1.90 £0.22, 2.82+0.40 Fl 2.24 +
0.49) i, 22 5 A G il L (F=31.082, P=0.000) . Wi

x4 HHAEPCsHIBELLE (x +5)

TH DZ 4 SY 4 TI4H Fid P

K 0.48 £0.30 1.07 £ 0.26™ 0.41+0.30 17.176 0.003

Al B 201.67 + 17.07 243.11 +27.19" 195.56 + 16.6 13.843 0.000

T 12571.33 + 7 509.66 45 088.00 + 18 754.12" 20 888.00 = 4 966.20 5.934 0.038

JIIK=REENH 33.67+7.57 58.67+3.21" 35.67 + 14.36 6.339 0.033
1H:DZ, %5 FUM BRZE  SY R OW I8 T+ SRS A2 s T BRI A 50, 55 DZAIAILL, P< 0.05;b, 15 TI 41 HLAE, P< 0.05
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DZAH

T :DZ A, 75 FIN B s SY 4, BE DR A R+ SRS A 2 s T 41 W DR AR 24
E7 EPCs#iMizhge(#ERRMIE,100x )

DZ4

TIZH

T8 :DZ AL, 25 X BRAL; SY 20, B PRI RS+ SRS AR A 5 T 4, BIEPROp R R 241
8 EPCsiE#INaE(BIEREMEE,100x)

TE:DZAH, 25 X IREE 5 SY 21, M PRI B+ S AE RO A2 T 4L A IO A U 4
9 EPCsMmE%mMINGE(FIERMHE,100x )

L as B R, 5 DZ 4, SY 41/ UL T GLP-1 7K F- i 3%
Th, 2R 8 L(P=0.000) 5 T AR L, SY 20/
ML3E GLP=1 7K F-Th i, 25 5 it 2238 L (P=0.000)T] 415
DZAIM L, =K TG 12 L (P=0.368) . WL 10,

DZZH SY#H TIZH
H:DZ AL, 25 PO BRLL ;S Y A1, WA T+ S ME RS A AL 5 T 41, WE PRI
HERIZ 50, 55 DZLH B, P < 0.05:b, 5 TI4H L4, P < 0.05
10 &HE/NRIFE GLP-1 7K EELE

2.6 B ARSI K40 LT A AR R AT,

SR /IS B8 PN B A A0 1G58 RS | 2R BRI 10 A= B
YIRE 5 A0 W 1Y i 18 B (Clostridia , Bacteroidia , Bacilli . Gam-
maproteoBacteria . Lachnospiraceae . Muribaculaceae . Bacteroi-
daceae il Lactobacillaceae ) Y B ik 4353l 54T PR PR 28 AH S 4
Mr. 455 8RN, Clostridia(r=0.696, P=0.041) .Oscillospiraceae
(r=0.697, P=0.037 ) Muribaculaceae 5 PN ;¥ 20 41 g 1T #% fig 17
(r=0.753, P=0.019) Fl ifiL 4 4= Ji (r=0.810, P=0.008) & 1F 4
Ko WS,

27 BAEFHDNFBRRTHY A

SEHIA )N BRA K A X B SRR 5 IR 25 i B
FETTAEAN RAE T , /BRI AT I IR B IR K o g 8] ] — i g
AN 24 hfEEEMAEE /DR 24 BB EAA BN R
AL B T 28 0 A BRI R BOR A BR (=22.331, P=
0.079) , KB ERIE A IR 25 51 | BI04 5055 1 1] B9 58
AR R B ]SO0 X 24 h B8 1 i Y S e 1R SR 25
(F ,;,4=14.401,P,,=0.001; F ;;;,=332.039, P ;;,=0.000; F ..., =
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9.989,P.,,=0.000) . ZH 5 ] FLAS N A 9 45 L b L B T AESS
1, 20900 A fa7 2 sk 0 R B s (F=1.857, P=0.198, {ii m’=
0.236) , TE55 2.3 .45 F1 6 J& , 41 591 ) 15 B30k 1 24 I 8 (=
8.240, P=0.006, fif 1’=0.579; F=36.51, P=0.000, {i 1°=0.859;
F=18.794, P=0.000, ffi ’=0.758; F=3.978, P=0.047, fiii n’=
0.399; F=6.000, P=0.016, fi 1°=0.5) o B} [i] {7 25 187 43 17 45
RN :DZAL SY AR T AAE 3FRF Dy 3T, i e )
A7 B3R TP B (F=67.622, P=0.000, i 1>=0.977; F=46.547
P=0.000, i 1’=0.967 ; F=52.591, P=0.000, {ii 1’=0.970) . #H
(i) 45 ik V) S P G LA 25 R R, 5 DZ A LR, SY 41/ 24 h
TEETESE2.3.4 F6 825 A %152 X (P=0.002, P=
0.000, P=0.000, P=0.006) . 5 TJ £ L, SY 41 /N Bl 24 h 4%
BEFEH 3.5 16 A 25 7 it 8 L (P=0.037 .P=0.017 .
P=0.033), W36,
2.8 FAEFH DR 24 h EEF YA,

AR A8 T 52 W R T O 22 40 AT L BOHE G R ERIEAG 5 (=

12.758, P=0.558) , WU HE PEERIE K6 56 25 5 , K140 AL 4007 20 91
S5F 1A 4 58 TLAEFH LIRS0 % 24 h3E - By s i A g
227 (F 1y=10.441, P ,,=0.002; F ,y,,=74.201, P ;41,=0.000;
F.;=3.104,P,,=0.003) . ZH 5| fa] 5045 7 A 6 45 SR W, B
TAESE VA 2 5 7 B AR R AN BH 2 (F=0.083, P=0.092, fhi
n°=0.014) , 7E55 2.3 .4 .5 F16 Ji] , 20591 1) 157 B4 41 W &b (=
6.964, P=0.010, fiii 1°=0.537; F=4.696, P=0.031, fii 1°=0.439 ;
F=5.014, P=0.026, fi m*=0.445; F=8.164, P=0.006, i m’=
0.576; F=4.419, P=0.036, fiis n’=0.424) . A5 [8] fiij 5L 07 4347
FUR IR DZA SY LRI T 7R 3 FORIR 5 30T, B[]
By 7 B A% R 2 B B (F=21.147, P=0.000, fi v’=0.930; F=
10.012, P=0.003, fi§ ’=0.862; F=26.233, P=0.000, fi§ n’=
0.943) 4RI 451 [] i P LR AR 25 SR R L 45 DZ A g, SY
AR 24 hHEHRAES 2 M3 A LR A G2 E X (P=
0.004.P=0.021), 5TIALLE,SY H/PNE 24 hZER/AERS
ERAEY R L (P=0.003.P=0.012), WF7.

#5 MEEAHSEPCsIIREMEXES

) ) A N3 5 HMNIT R 2 RSB LA LT hE

Jo T R

rlr 8 PA rir fH P rir {5 P rir A8 P
Clostridia 0.696 0.041 -0.330 0.386 -0.012 0.965 -0.044 0.226
Bacteroidia 0.276 0.473 0.381 0.311 0.211 0.450 0.483 0.188
Oscillospiraceae 0.697 0.037 -0.294 0.443 0.031 0.913 -0.330 0.385
Gammaproteo=bacteria -0.223 0.546 -0.447 0.228 0.257 0.335 -0.412 0.270
Lachnospiraceae 0.541 0.132 -0.346 0.361 0.128 0.650 -0.479 0.192
Muribaculaceae —-0.629 0.070 0.753 0.019 -0.467 0.079 0.810 0.008
Bacteroidaceae 0.276 0.473 0.381 0.311 0.211 0.450 0.483 0.188
Lactobacillaceae 0.518 0.153 -0.315 0.409 0.304 0.274 -0.159 0.682

*6 HEANRAEREL24 NBEEE(E)MEEE (x+s)

5] 1) DZ4H SY 41 T2 FI8 PIE
EARE 2.60 +0.38 2.98+0.15 2.82+0.36 1.857 0.198
952 A 3.56 £0.19 4.22 +0.33° 4.10+0.27 8.240 0.006
953 A 4.02£0.18 5.50 = 0.35" 5.08 +0.29 36.510 0.000
o548 4.98 +0.34 6.08 + 0.24° 5.84 +0.30 18.794 0.000
%5 5.92 +0.51 5.70+0.37" 6.38+0.24 3.978 0.047
%6 6.90 = 0.26 6.20 + 0.39™ 6.70 +0.32 6.000 0.016

TE:DZ AL, 25 AN IR AL 5 SY 2L, B Do 15 200 + 2SR AR 20 5 T 4L, W IR A B 4 5 5 =14.401, Py =0.0015 Fyy =332.039, Py, =0.000;5 F

9.989, P,,;=0.000;a, 15 DZ L L4, P< 0.053b, 5 T4 b4, P< 0.05

5=

ES

F7 ZSHENRAFERESE24 hHiEES (B BEE (x+s)

Fisf 1] DZAH SY4i TI4H FiE P{E
%1 83.60 + 3.64 82.60 £ 5.77 83.80 £5.26 0.082 0.920
%2 84.60 + 3.65 96.40 + 5.68" 93.80 + 6.10° 6.964 0.010
%34 91.40 +£9.21 103.80 + 4.27° 103.80 + 7.80° 4.696 0.031
%4k 103.20 +3.27 108.60 + 4.34 115.40 +9.07° 5.014 0.026
%55 108.40 +2.30 106.20 + 4.60" 120.00 + 8.63¢ 8.164 0.006
%6 113.80 +4.82 110+ 3.81" 120.40 + 7.50 4.419 0.060

TE:DZA, 25 PO ARA 5 SY AL B PRI+ FE RS A A 5 TY AL B PRORAR UL 5 'y 5=10.441, Py ,=0.002; F 1 =74.201, Py =0.000; F ., =3.104,

P;=0.003;a, 5 DZALHEL, P< 0.05;b, 5 TI4L 4, P<0.05
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3 3t it

IBEE U 2 BRI S 42—
WFFE R Bz 3 T $2 A i B A B0 FoF B AT
AR, MNP 1 2B, BT oY 4
RIRFBAA EIK B PUFHAE 3 8 Bl i/ U 1 2
FEPEFIA ft 1 AE Y 2H 0 B B/ 0N BB B 1Y B2 20 20
ML DI RENL T B — i A5 4Rl iz sh i po BHLiz gh T
EPCs Y 50 M1 2 BE 15 55 26 Ji7 18 1 4FF 4 U0 AH G .
Sommese L 55" 4 B. henselae M7 /N U, H
TEIA EPCs Bt T B, 18 FH AN B.fragilis SR /N R
J5 BEFEPUAN T B. henselae 5| 2 1) EPCs it T [ #b
3t 45 A2 T LisosanG 3% FL 2 W fig PH. 1E A 22 W5 9t 3
EPCs F3E PE AP HE" " (Hiz B ANl 3200 EPCs 1)
T RE A EAAHLTR] i A I

N T RGA AR PURHLS 3l LU 5 25 2
R R 8.4 EPCs I D RE A7 Ak & HU kL Iz 3l
Je /N ZEAEFL A A TC B/ BRUS L 4 2% 4/ BRI
i EPCs HU DN REUEAT AN o AW R oK iz 5)
P 1 IE R Z RS, TS L SY Z4H/)
U 3B B B B9 Chaol | Simpson . Shannon . PD_whole_
tree FI ACE #5857 DZ 4, 5 Liu YR85 — 2L
TE (class) KF b, 5 T HLHL, SY 2/ U AR 14
EURRIE VR R N o I S S5 A N U
DZ 4 YL HE, SY 2H /)N BRUAY Jgo 38 TR A UM 1 44 LL 431 L
T+ 5 Friques AG S5 5% — 2. 7EF} (family) K
b, 5 DZE AL, SY /N ™ T IR #h 40 1A B AR A R
(Lachnospiraceae ) F1EIE B} ( Oscillospiraceae ) ) 1
EEHFERET . 5TIHILK,SY HEBIRE
Bl (Lachnospiraceae) \FLFF B B} (Lactobacillaceae) 1
HUR B B (Oscillospiraceae ) B 17 18 1 7 = & 3% T+
o 9 Yang WQ PR — 5. AR LI
A 25 8 5 N R 240 M) e B A G
P N B ZH AN B D BE R G A i T 114 =5 B2 1) T g T 4
5 o BTN A SIS PR Bl 2 BUBR IR EPCs
Ty RE Y 7 A2 T BEE A i e 1 1 T AT 4 1 A
TS5 1 B Z2 FEVESE NG B4 b EPCs B #CEE , £ 2 46
3 10038 (A8 52 e T, TLR)7 2 AU RS I 4 I & E 1)
KA.

o T T R T R e A 5 g AR
o T8 G RE A W) A A B AR TR A = A
W2 i Jal o 0L P ) e A R R . R TR R Wiz B
AE A 3 BROR ZE FE AT ERE FLAF RN T R ER
KB R B P-4 55 NG i 2 (short—chain fattyacids,

SCFA) B B RE = 4220 SCFA Al 38 e v i 254
BK TCGLP-1) , PAITTAR JBR &% 28 4300 e VR it A B it
S JB 5 AR BUMES, FLAA GLP—1 7K -1 hin mT i 5k 14
T GLP-1 Z AR ik A2 AAR K iR AL HE EPCs 1
FE 5 434 Yin HG S 52 it i, EPCs A
GLP-1 T Hil 5 , EPCs FY 3G FE | 25 B AN 10045 A= i T g
R, AWFIE SRR R B A AR A Pz 2h 4l
FEMERA T, SY /N ™ SCFA A 45 R B IR I
BF CFLFF R R 2 R R B 0 AR =T DZ 4
T 2H , GLP=1 /K V- J EPCs B4 51 3T ¥ B I A
S A I RETR i T DZ M TI 4. iz 3k ]
HE 8 o P A AL = F i (trimethylamine—N-oxide
TMAO ) FEAK 2 RO PRI Co LA & A2 IXUBS: o 1 33 X6k g
B Z AT B U T 12 A iE s T I R B A
SEIE B2 1Y R I TMAO 7K 7 Kz 35 30 Jik 79 s PN
0] V52 P B S ik 20>, RO i A 9 0 RIS Bl =2 A AR,
TMAO KTt 5 5 s Bk sk A Ak | A T8 AR o0 ) 3
Uy A 2 9 RS, T v IEAH OGP, T 5 TMA O AR5 ¢
14 i 38 AR A MR LT 1T A TG A I AN
SR ST, ST % INAE SR RIS
SY 4 /N BT B 40 B 8 JE T 40 LU A9 B /0N BRUAAR 9
TMAO KF- ] R T B, NI T M. Besh,
12 Bl AT PR S A N SR AT , SR A R N R R e
A 0 o 38T, BB R EALIA ST AL R S5
A EEAEH . BB, A RS A B T A R R
R PR IKOT | B AR A B B - AL AL ST
PECY, T R AT LAY SR B R AR 8 A 1 A R
I — A=A B AT SR E R 2 A0 A A U
> PN Bz 2 44 i ) e e A A I A i 4

g5 BTk BA A - P B S 3h nT AR A 1Y
T 3 T A 25 B B R S 2R R
GLP-1 43 B A% TMAO 7K K 48 Ak 07 385 5 17, DA
T A3 2 AU PR /0N BRUP B2 2H 40t () T 6, DA TG B
IR 2 BB R O MV AR o AR S LAz 3l el
TE DR ARE A AT, SR LIS M PR s R L it A I & L
I PRAREE . A3 A A B Bz 2l i 8 9 B i
PRRFEE EPCs DI RE i HARMLEHI A FHR ARG .
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