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Abstract This study aimed to investigate the development of renal fibrosis in T2DM (type 2 diabetes mel-
litus) rats and the effects of aerobic exercise intervention. Furthermore, it explored the mechanism by which miR-
21 and miR-29 regulate the TGF-f1/Smad3 signaling pathway to ameliorate diabetic renal fibrosis in response to
aerobic exercise. Fifty rats were randomly assigned, with ten serving as the NC (normal control) group and forty
used to establish the DM (T2DM model). The modeling procedure consisted of a 5-week high-fat diet followed by
a low-dose intraperitoneal injection of STZ (streptozotocin). Successfully modeled diabetic rats were then randomly
divided into two groups: the DC (diabetic control) group and the DE (diabetic exercise) group. The DE group un-
derwent an 8-week aerobic exercise program, with sessions lasting 60 min conducted six times per week. Urine
and blood biochemical parameters were detected in all groups. The degree of renal fibrosis was observed using HE
and Masson staining. The protein expression levels of TGF-f1, Smad3, a-SMA, and collagen I were determined
by Western blot analysis, and the expression levels of miR-21 and miR-29 were measured by RT-qPCR. Compared
with the NC group, rats in the DC group exhibited significant body mass loss at weeks 6 and 8 (P<0.05, P<0.01).
Conversely, the DE group showed an increasing trend in body mass compared with the DC group, although this did
not reach statistical significance. Regarding metabolic parameters, the DC group displayed significantly elevated
levels of FBG, HOMA-IR, HbAlc, TC, LDL, TG, urinary protein, urinary urea nitrogen, and urinary creatinine
compared with the NC group (P<0.05, P<0.01). Concurrently, INS and HDL levels were significantly reduced
(P<0.05) (P<0.01). Aerobic exercise intervention in the DE group significantly ameliorated these alterations, re-
sulting in marked reduction in FBG, HbAlc, TC, LDL, TG, urinary protein, urinary urea nitrogen, and urinary cre-
atinine (P<0.05, P<0.01), a significant increase in INS (P<0.05), and a non-significant upward trend in HDL levels
compared with the DC group. Histological analysis via HE staining revealed irregular glomerular morphology and
vacuolar degeneration of renal tubular epithelial cells in the DC group, both of which were ameliorated in the DE
group. Masson staining demonstrated a significant increase in collagen deposition (blue-stained area) in the DC
group compared with the NC group (P<0.01), which was substantially attenuated in the DE group (P<0.01). Con-
sistent with these findings, Western blot analysis indicated that the expression levels of the fibrosis markers a-SMA
and collagen I were significantly upregulated in the renal tissues of the DC group relative to the NC group (P<0.05).
Compared with the DC group, the DE group showed a significant downregulation in collagen I expression (P<0.05),
while a-SMA expression exhibited a decreasing trend that did not reach statistical significance. Renal tissues from
the DC group showed a pronounced upregulation of miR-21 (P<0.01) and a significant downregulation of miR-29
(P<0.05) compared with the NC group. Exercise intervention in the DE group reversed these changes, resulting in
a significant reduction in miR-21 (P<0.05) and a non-significant increasing trend in miR-29 compared with the DC
group. Correspondingly, the protein expression levels of the downstream targets TGF-f1 and Smad3 were signifi-
cantly higher in the DC group than in the NC group (P<0.01). This activation was significantly suppressed in the
DE group, with both proteins showing markedly decreased expression levels (P£<0.05). An 8-week regimen of aero-
bic exercise ameliorates renal fibrosis in T2DM rats. The underlying mechanism appears to involve the downregula-
tion of miR-21 and the upregulation of miR-29, which consequently inhibits the TGF-f1/Smad3 signaling pathway.

Keywords aerobic exercise; diabetic renal fibrosis; miRNA; TGF-f1/Smad3
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VTR A T] PR BRI S % o Hrikan & B b
IR AT IR 7] RIPAZFEA . SDS-PAGE
IR g aR B, BERR AL B A B AR BCAEE
SE AR & & A Markerl H I FELE R AED)
BHE A RA A H X miRNASHHZ IR & miRNAZH
—4f cDNAA L (IR E)IRFA & miRNAT G E &
PCRIA & PCRIIMAN H L TAY) TR (L)
AR AR LRI G (185 SAIODIEH]™
M AR R AR AN Wt (Bt
52 UV-5500)11 H i otT X 28 BR A\ 5 R FL L
KA(BE5: DYCZ-24DN) B AL 5/ — 128 .
1.3 =h954E

ERPEMR TR L 2 5, BEHLA PR 10 A 4EN
1E 5 X B8 (normal control, NC)4H, fii A [ 28 bx
TARIR IR o 4% 40 HUOK BT RE PR A5 R (diabetes
model, DM)ZH, #EAT 9391 5 F4 () i IR PR 57 . 5
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5N 30 mg/kgl) STZ, NCLLVE S 25 bRk 15 45
R M RN E . Z RS =R )\ K5
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FBG), R E ) & T 7.8 mmol/LEP it A f
Ih, e 22 R RO Th o 5 38 A R T 1 KR
B ML 23 FIORRE PR 95 X6 B (diabetic control, DC)4H 5 ¥
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10, DE4L12H . /342 )5, NC. DC. DE=41%)
FH B AR AE AR R, 8 s i L R i bk s e
BB FIAAR R 12, & H e B s iRk 2 iR K. Btk
ST R ILEL
14 ERhAR

B8 77 % 2% BROOKS %5 NI HIF 77 345 & B0
A SEH S AT, FAR N DEZHLE IE QI ZR0, HEAT
NA3FE ISR, B — RPN 17 m/min,
BE4730 min; 25 KIESE A 17 m/min, BE1T45 min; 55
ZRIESE 17 m/min, #4760 min. 1EXUE 3 HE N
17 m/min(60%f¢ K% &), F:X60 min, 561X,
kT8 . BAkizsh i £ IE.
1.5 SCIGEUH

H)\AMZs) T4 R G, R RBIEREE,
R ANEEK, WHE24 IR, B8 RIS 1 % %
L 22 BRI (40 mg/kg), 3 s K, &% B i
30 min, T4 000 r/min. 4 °CE&.0215 min, 2.0 5% L
J2 LS R BT 4 250 R, CE T 20 °CUKFE R

7o BUH RS, K50 B IE A 202 IAE 4% ()
S, FHFHEMMassone e, 4B A
TRA7- T80 °CUKAH, F T-miRNA A G R .
1.6 A ALIEFRIEN

K 1 % R A AL B AR I FBG /KT, B3 A7)
GPO-PAPEIE I 73 6 G I TC . TGKF, R H
BRI B 4y 66 B TS IIHDL . LDL/KF,
T EEK G 325 T BIEYE ARSI INS . HbATe/K o g K
BUINS . FBGURE AN A Aok 550 i 15 = b 48
%1, HOMA-IR=(INSxFBG)/22.5. HOMA-IR>2.69
IR FRARDT. BRI G2 R AR I IR, IR
RN R UUN, WL R A B A IIUCR .
1.7 HE. Masson:t

VHIRIBAE 4% V3 I 1 " T 2HL R 3E A7 8 R0
fiK. BHE, FEESDINS um/ERIY) . HEYe(h: £
TR GIRGE (I 3~5 min) S LGSR G (%
M 5 min)GRHTBKE F, E RS FWEIFHIIE.
Masson#tfa.: 48 Weigert2k /3 R 2 G4t (ZE i 3 min) &
AN 2L A LD e (Sl 6~10 min), FHBEEHRR
IKIEHAC R L R T J4(E i 3~6 min), £1%0K
PR 70 G 30T K B, 7B F IR
1.8 Western blot#& | TGF-p1. Smad3. a-SMA
Collagen IZEHFRIAKF

U 428 TUK_EIF N RIPAZ AT
REALREA, £BCARF &N E SR EARES,
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(5 weeks) -
| Il =7 15 [ |
SD rat /4 + L 5x
| 6 weeks old | | I ‘“ | | DC 9 . |
" \ e No exercise
| o owd | | Hich-fat diet Injecting STZ | | |
| | | (lsg ) ak 1)e solution | | |
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L DE Adaptive phase (3 days):
| [ + % [ 9 10-15 m/min, 30 min/d. |
1) — . Exercise training
| | | b\ | | T period (8 weeks): |
g 17 m/min, 60 min/d .
- - - JLr - e |
: : : >
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Bl s EREHTFIA R

Fig.1 Animal grouping and exercise intervention protocol
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#1 miR-21FmiR-29895 |55
Table 1 Primer sequences of miR-21 and miR-29
ElEZ BN SIFPEI(5—3")
Primer names Primer sequences (5'—3")
rno-miR-29 CGT ACA CCATCT GAA ATC GGT TA
rno-miR-21 GCC GTA GCT TAT CAG ACT GAT GTT GA

HY 50 ugtk (1347 SDS-PAGE, #RJ5 AT L IR | %5
G E =R R E A h(S%RIB IR, Yelssm
R BT A —PiB-actin(1:5 000). GAPDH(1:5 000).
TGF-B1(1:1 000). Smad3(1:1 000). a-SMA(1:1 000).
Collagen I1(1:1 000), 58422V PVDFJE, 4 °CHiF & i 1%
(8~12 h). FEVEMR S BIAFERTECLT (9 = HT(1:5 000), i
TEAREIR IR R Z P2, =R E2 he IMAIERT
BLLF ) ECLIAWE, 7850 V21 1~2 minf&, #H4T 52 A0
E 5, 18I Imagel AT 251 K BE AT
1.9 RT-qPCR#MmiR-21, miR-295%1A7KF

AR A 20 miRN Al 32 32077 & U B S B A
) miRNA, {81 FH 19 4% S0 &K RNA % 5o
cDNA. %M miRNAZEE & PCRIA & i B L
HISONAR FR, N FEF: 95 °CHIAE 130 s; 95 °CAR T
5's, 60 °CiB K /ZEH30 s, 40 MG . K 222kt
HmRNAFA RIERE. 51T 5 WERL.
1.10 FitZEHHh

T S 56 %04 45 4 SPSS 27#1 GraphPad Prism
10. 1. 25T Ge vt 2 i, B 22 IEZS VEAS 56 (Shap-
iro-Wilkf 56 ) J 7 Z 5 YR IG5, FF & e A B
ZETE 485 B DLSF B bRk 2 ) ITE R R . A
[) AR FH HL DR 255 22 40 T (One-Way ANOVA). 24
Bk 2 5 A Grit 2 2 L (P<0.05)), SR LSDy%Ek
Tukeyi kAT ELE . ANFFE IR 70 AT BT ZATE )
KA AESHAG K (Kruskal-Wallisf 56 ), 75 84k 2 7 H
A B EVEP<0.05), MM F Dunn S 5653847 5 5 79 75 LL
. P<O.0SREZEFHAGIFE L.

2 H#HR
2.1 TWARRENHIEARRE X FBG. INS,
HOMA-IR, HbA1cHIZE1L

WME2AFTR, 15 8z s A, NC A A4
BRI IR EOK, DO K BRI IE /N .
5 NCHAMEL, DCH K B4 B &AL I8 31 Ti5 6 A
8 J& IR 5 & R & (P<0.05, P<0.01); 5 DCAAHL:,
DEAAR & _FTF, HIE R EH (P>0.05). 5 NCZ4HAM

EE, DCA K BRI INSZKF- 5 2 71 4 (P<0.05), FBG.
HOMA-IR. HbA1c/KF#) & % Ft &1 (P<0.01); 5 DC
ZHAAEE , DEZH K BRUMLIE INS/K P 52 2 T 5 (P<0.05),
FBG. HbAlc/K-F- 22 3 FEK(P<0.01), HOMA-IR
IKF T BEAE G 2 2 VE (2B~ E12E) .
2.2 SLWARMETC. TG, HDL. LDLAYZE{L
B 30] %0, 5 NCAHAHLL, DCZH K B IMLIE TC.
LDL/K ¥ & 3% F+ 5 (P<0.01), TG/KF &&=
(P<0.05), HDL/KV-#l . 3% F % (P<0.01); 5 DCAH
AL, DE4L KB IMTE TC. LDLK 4% &3 K %
(P<0.01), TG/KF- .3 T & (P<0.05), HDL/K ¥4 7+
=R E e L
23 XWARRKRER. RER. RAETRIEKL
WE 4R, SNCHAMLE, DCHKRIKREH .
PREE IR KP4 22 71 (P<0.01); 5 DCA
FHEE, DEAKRIRE A IRER IRILEF KPR
# FB#(P<0.01).
24 SIWARBEARSETL
HHES (45 B nl 5, 5NCALK AR, DC4Lk
BB NERIEASA N, RN E S8, 5N F R
YIS AR AR I . RIPR ZoakAl , 1805 AT L % i 40 P
12 ; 5 DCAH KR, DEA KRB /NERIE SN
W, B NE I HE B ST (KISA). MassonZefigh it
T, NCAH KRB HLUE LAV, ARES RN E
W HNCA K RAH L, DCZH K B Yo i R 52 25 48 hn
(P<0.01), IRJFE A4V £, 5DCH K R AHLL, DEA
KR ST AR 2D (P<0.01), 4 HES ) A5 3 55
W, B S AEGTRR L | 32 WA S8 BI06s B PR 5 41
Yt — e R LA H (BISBAIEISC).
2.5 LG KREHNa-SMA, Collagen IEH R
K7
Ji2 J5 2 R0 LA ECMTRR 2 4 PR B 4T 4 1L
f)— AN EEFRE, o-SMA. Collagen 14 [1/£ ECM &
1) 3= A0 13 Western blotZh FE B 1 5 NCZ K
FRAHEL, DC4a-SMA. Collagen I %k B KR
5 4 2 rp 35 25 B 1 (P<0.05); 5 DCAMIEL , DEZH
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600' -o- NC 30_ sk ##
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2 PE = 20
2 5
£ 500+ é
>\ ~
2 ko e 8 10 = T
M 450 = 5
-
400 T Ll L} 1 0 . . .
0 S 6 8 NC DC DE
Time /week
© ) (D) (E)
* sk _ o "
8 f 1 1 5m — 20
4- -
T o~ S
o 37 B
= 4+ S T = 104
Z L 2 21 £ T
=i . T i _I_
]-
0 T T T 0 T T T 0 T T T
NC DC DE NC DC DE NC DC DE

A: MRJ5RES B A E MLAE(FBG); C: R 5 2 (INS); D: JB & RALHu 8 2 E: B4k ML 20 & FI(HbAlc). *P<0.05, **P<0.01, 15 IE & % IR 20 AH L
"P<0.05, "P<0.01,
A: body mass; B: FBG (fasting blood glucose); C: INS (insulin); D: HOMA-IR; E: HbAlc (glycated hemoglobin). *P<0.05, **P<0.01 compared with

normal control group; “P<0.05, “P<0.01.
B2 SLWARESHIHEAEIARERFBG,. INS, HOMA-IR, HbAIcHIZEL
Fig.2 Changes in body mass, FBG, INS, HOMA-IR, and HbAlc of experimental rats during exercise

(A)3 B) i , © (D)
=y sk ## 2.5- ok 2.0-
I 1.5+ | e | p— | — . w
T - 2.01 T _ f I !
L, 7 O T, 1.5+
= -] = 1.0 5o =
s T = 15 L
g T g E e £ 1.09
© 1 S 0 2 17 a
= 2 03 & 2054
0.5
0 0 0 T T T 0 T T T
NC  DC  DE NC DC DE NC DC DE NC DC DE

A: KEEBE(TC); B: Hil =F(TG); C: % R & A(HDL); D: fik#% M FI(LDL). *P<0.05, **P<0.01, *P<0.05, *P<0.01.
A: TC (total cholesterol); B: TG (triglyceride); C: HDL (high density lipoprotein); D: LDL (low density lipoprotein). *P<0.05, **P<0.01, "P<0.05,
#P<0.01.
B3 SLWARMBETC. TG, HDL. LDLKFEHTEL
Fig.3 Changes in serum TC, TG, HDL, and LDL levels in experimental rats

ff] Collagen 13 ik & i 2% K % (P<0.05), a-SMA ik KRB AL miR21KIE = R, I HEA REME

A N EEAE TR EEWP>0.05), 1LE6. 5 (P<0.05). 5 NCZHAEL, DCH miR-29FK 1k & i %
2.6 LIWARBLELIHmiR-21. miR-29, TGF-B1. /D (P<0.05); 5DCHHLL, DEZHmiR-29f)F ik &H —
Smad3gYFRIAIK LT, (B 25 (P>0.05). HETBW A, 5

METARTFI, 5 NCAHAALL, DCAH K RE AT LY NCAA L, DCAH KRB EHZ TGF-p1. Smad3
miR-2 1 FRIAE R 1N (P<0.01); 5 DCAHLL, DEZ IR E RN (P<0.01); 5 DCAHLL, DEZH TGF-B1.
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(A) (B) ©
50 - . - )
40 = sk # sk
- f 1 1 s | a—| T I 11— 1
<= 40+ -
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£ 304 T £ £ 5
= = T T 2
E 20 & 207 g 5 —l—
2. <Y1 © < D
z | & E e
S 104 5 107 £ 14
- =)
0 T T T 0 T T T 0 T T T
NC DC DA NC DC DA NC DC DA

A: R B: IREE; C: RILEF. **P<0.01, "P<0.01.
A: urine protein; B: urea nitrogen; C: urine creatinine. **P<0.01, “P<0.01.

E4 SEWARRKER. FRER. RAETRIEN

Fig.4 Changes in urine protein, urea nitrogen, and urine creatinine levels in experimental rats

©

Kok ’”’

[N
f=]
L

(=)
L

Collagen volume fraction /%

NC DC DE

A: B K RHE B 45 ] B: %20 K i Masson s (.45 s C B AR R R R AR . **P<0.01, *P<0.01.

A: HE staining results in each group of rats; B: Masson staining results in each group of rats, with red arrows indicating collagen fiber deposition; C:
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Fig.7 Expression levels of miR-21, miR-29, TGF-B1 and Smad3 in rat renal tissues
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