R EEFE A RIRBR AR B RMERE LR

https://doi.org/10.3969/j.issn. TR V2, o M2
2095-4344.2990

BiEEE3: 2020-03-04 3¢ = R R
BEETOHEE: 2020-03-11 B A WAt NBEEE RARREARGHE
KFBH: 2020-04-15 AL F5BIE ) F K RS M
408 2020-08-18 FERtIREE Z AL, AR MR 4F __p NIBEIE p 2MEHE 1y NIBEIHNFEERALTE
DESES. Y 45 RAL; s Eiﬂ*%
A\ Sy 3BiE Fhit A2 b K R IR R A Wistar k=Y kil
R459.9; R318; G804.53 .
it BB R T F AL, HLHAR XE B A B A0 B
NERS: Faib R Anik, S BRI 4L —» XtHR4E
2095-4344(2021)08-01190-06 AR ARG L / l
SCRRIRIRE: A ANHENERIRMEREEE o g PoR A EUSA EMERMEKEIT 1. | R
AFIARAMUMLLALLN  cpmmans O, |VRREL, ERSBEOEH 1 ER
R, RAGUNBENFIEM gy S REOBIHN 1 HEEREERA
WARAG 5 A% & R T HAR G

SCRRAE X :

BAEKETFRL: REMAKKE TR —FEM, 2% MKNAERRE Y, JUPAET AR, SR TapEE S5 ok AR &
FAAI B A e LSRR . M2 RRZRMETEZKE T, FFR@afdmFsl, D2 g E, ERIETRSEhSRaEA%E
SRR K AR A B

ERE&BEEOR: KMAARI RN E ARG, ERTREFES, 58 TENHDBE TS E5ME4%, R85 P 10 5-Ph k5 bGA #
PEE AR, £Z5RER S0 SR A RANE R 1 & AR .

HE

5 AU TR R w5 K R ER B T BRI B4 R AS S DR i, T 773538 3 A SOK FUER BB 4 1 LG T A R i A RAAI T
B AR sidos K AEIE R, DRI AE A BEER R SV D1 3RiE 3l 51 A BR B 4% IR

Be: it s sl e R R ERIE S . B AE R IR AL, [ BRI IIARR . L &8 & A B LRI2E R &8 & (A g
FFILEE R 5 8 R AR, R0 2 713818 3 5| S BRI 4 AL

Tk KRB N2d, MRARZI AT AR, s H T2 E GiEs), 183 5 R ZI R AL FE X iR 20N 77 i 12 5
AR, R R ERBE AT ARG A Ge e e 22 AR JOE B FR 52, BT s I o T A e X I I 5 AR RN SR 7 2 4y ABC-ELISATE I 52
HRRIRBHRFEMAERKRFRL. [ MEEEA, IIEKREEA. EREREEARLNERSRE ARG ERNRENEOS =,
RS540 SWRAMIL, JRiEshH KR IRER R 4EHE 7130, RS aSWsnR, BUAEKRE 7B, AL EEAMlL. &
e R E AR FIIREREMEO S EREAREP<0.05), [HRFEEL. NIEREEARRNREMEASRELEE NEP<0.05). =
REIE VI, S IE s R P KRR R ARG B 0 RSB AE KR FRIY mRIE; KRR IR & R T, BEmINE,
BRIBITIREZ 0. RIS RS R EALISER LR E AMEIFILIS I aEAAER, REMREEATERG; RSt 15EiE3)
S MR MR R AR A A B S B YR TT AME S, DUk G st B i AR 15 5

KRR B3 v BRAE: R EOs BT AL K

Micro-injury of the Achilles tendon caused by acute exhaustive exercise in rats: ultrastructural changes
and mechanism

Shen Jinbo"?, Zhang Lin’

'Department of Physical Education, Yuncheng University, Yuncheng 044000, Shanxi Province, China; *School of Physical Education, Soochow University, Suzhou
215021, Jiangsu Province, China

Shen Jinbo, PhD, Department of Physical Education, Yuncheng University, Yuncheng 044000, Shanxi Province, China; School of Physical Education, Soochow
University, Suzhou 215021, Jiangsu Province, China

Corresponding author: Zhang Lin, PhD, Doctoral supervisor, Professor, School of Physical Education, Soochow University, Suzhou 215021, Jiangsu Province,
China

VERFRARE £, LG IERT 044000; 1 N KFARE FR, TR HMT 215021

B e YLk, ¥, 198554, LEEA, Kk, 2019 £ 50N KERE FrREEL, 4,

BIVEE: ki, HE, HEA SR, K, FNKFRETFR, THREHFMT 215021
https://orcid.org/0000-0003-1346-4739( ¥-% 7% ); https://orcid.org/0000-0001-9901-0118( 7K A4k )

E&@: L&y FAAHEA T A4 (201801D221443), A E fiwA: PHIK; BRFRAT FAHLL, RAELALEA PHK
SIAAS: ®5K, KiK. &bk ) 3BiE 23 B K RSRAESLARAG 692 M) ZALEAH) (). F B AR TARME, 2021, 25(8):
1190-1195.

1190 | PEARKRTIEHAR | 525% | 5585 | 2021F3H



Abstract

BACKGROUND: Studies have shown that injury and scar of the Achilles tendon in rats with terminal disease are difficult to heal, and the early treatment of
Achilles tendon micro-injury caused by exhaustive exercise can avoid the accumulation of injury and prevent the occurrence of terminal disease. Therefore, it is
necessary to explore the mechanism of Achilles tendon micro-injury caused by acute exhaustive exercise.

OBJECTIVE: Through the comparison of the changes of ultra-structure, transforming growth factor-p1 (TGF-B1), Collagen-I, Collagen-IlI, matrix
metalloproteinases-1 (MMP-1) and tissue inhibitors of metalloproteinase-1 (TIMP-1) mRNA and protein expression in the Achilles tendon before and after
exhaustive exercise, to discuss the mechanism of Achilles tendon micro-injury caused by acute exhaustive exercise in rats.

METHODS: Wistar rats were randomly divided into a control group and an exhaustive exercise group. No intervention was performed in the control group.

In the exhaustive exercise group, rats were subjected to treadmill running. After exhaustive exercise, the two groups of rats were immediately killed under
anesthesia. Through the observation using hematoxylin-eosin staining and transmission electronic microscopy, Achilles tendons were measured by reverse
transcription-polymerase chain reaction and double antibody sandwich ABC-ELISA to show the genetic expression and protein expression of TGF-1, Collagen-I,

I, MMP-1 and TIMP-1.

RESULTS AND CONCLUSION: Compared with the control group, the acute exhaustive exercise group showed the disordered arrangement of collagen fibers in
Achilles tendon and the partially damaged structure of tendon cells. The mRNA and protein expressions of TGF-1, MMP-1 and TIMP-1 were significantly higher
in the exhaustive exercise group than the control group (P < 0.05), whereas the mRNA and protein expressions of Collagen-I and Collagen-IIl were significantly
decreased (P < 0.05). These findings indicate that the over-expression of TGF-B1 results from the gradual accumulation of Achilles tendon micro-injuries caused
by acute exhaustive exercise. Collagen synthesis decreases while the degradation accelerates; the tendon function is impaired as the micro-injuries continue.
There is a similar variation tendency of MMP-1 and TIPM-1, which reminds an irreversible damage do not occur. Micro-injuries of the Achilles tendon caused by
acute exhaustive exercise should be treated and repaired in time, avoiding excessive damage and scar repair.
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1 #RIFN753E Materials and methods
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Table 1 | Primer information

B g 51E R JrBAKEE (bp)
GADPH by 5'-AGG TGA CCG CAT CTT CTT GTG-3' 21
i 5'-CGT GGG TAG AGT CAT ACT GGAAC-3' 23
ALK T B1 i 5'-TGC GCC TGC AGA GAT TCA AG-3' 20
i 5'-AGG TAA CGC AGG AAT TGTTGCTA-3' 23
I i A 3% 5'-TCA CCT ACT GCA CGC TTG TGG-3' 21
Tl 5-TTG GCT TTT GGG GAA ATT GA -3' 20
A S A ¥ 5'-GAA CTC AAG AGC GGA GAG TAC TGG-3' 24
Tl 5-TGG TAT GTA ATG TTC TGG GAG GC-3' 23
MMP-1 i 5'-CTC TTC CAT CCA ACA TGG ATA GCT G-3' 25
T 5'-ACT CCA ACT GTG AAG ATC CGC TGA-3' 24
TIMP-1 i 5'-CCT GAC CGG AGG AGG AAT GCT GTT-3' 24
T 5'-GGA GCA GCT GTC GCC GCG ATA CCT 31

AACTCT T-3'
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IMNJE TAER B, BangIbmmmg, EE LK
450 nm ARG REME, Fetb AR T L. T, IR R A
MMP-1, TIMP-1 J% 8 (2 WK E S OEEEE R IEL, @i
bR 2R AR A AL AE K R T B T, TSR
F. MMP-1, TIMP-1 K 2 (A 2Kk E ™ i Rt ey
A PR A mR SR .

15 TEZORIF  WAHKRIRBHITARRE - g,
B A AR A E KR T B, T, TR . MMP-1
HITIMP-1 BN F LA L EASE.

1.6 SitFaoar  KIEEH xts %78, F SPSS 17.0 4iit 4Kk
PAEAT B 0T, RHIBOSTREAR ¢ I Tl in 25, &
1% K #E a=0.05,

2 Z58 Results

2.1 ZBFHMmEESH WIRAMNEEHRKRS 10 7,
B NGE R T, TEART R, ToR R .

22 KRSRMAAN PR EeHEs  XFHA: BIRREA
AUGSF7 77 [ HES B 55, B SR ET 4 2 AU 47HES, SRR
%, REA4EZMEEEYS . Rk iz shd. v R
FIBHATEM . K, RS R e . HEaL, R
YRR 2, WA 1.

23 KASRMESH QAL R XTIRLE K SR R I SR 2T 4 HE A
HIF, WREIAMERS S . AR T 2 HoRES, W 2.
JVEIEBNH: R SR A 4G n (R R, HEZIZEEL, H4
ALy, B2 MR X IR MR T A, (E R i A
JRAFYE R A A R, L 3.

24 KESRHARAEZEONTLER  F2 R, EEmHhA
K B PR (1 3 A AR A R~ B1 mRNA ik Ty ilt 50 1%, W35
T X2 (P < 0.05), 7731z 3 41K BRER g % 0 AR K R 7
Bl 2R & & Z & T XA (P < 0.05), 779838 20 K B FR
T, TIAYf AL 1 mRNA Rk 8 1 & & 50T R EL s T
F& (P<0.05), SxIEALLER, JygizahH KRR EE 2
Wi & B T P (P<0.05). Juiz 34 K B ER B Y MMIP-1,
TIMP-1 mRNA %35 F1 MMP-1., TIMP-1 25 (A & & 5 % IR 40 4



Et34)7F = (P <0.05).
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Figure 1 | Optical microscope observation of the rat Achilles tendon in
the control (left) and exhaustive exercise (right) groups (hematoxylin-eosin

staining, x400)
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Figure 2 | Observation of Achilles tendon collagen fibers (left) and tendon

cells (right) in control group (transmission electron microscopy, x50 000)
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Figure 3 | Observation of Achilles tendon collagen fibers (left) and

tendon cells (right) in exhaustive exercise group (transmission electron
microscopy, x50 000)

#2 | MBAS HBEREECEKETF 81K (xts, n=10)
Table 2 | Comparison of transforming growth factor B1 expression
between control and exhaustive exercise groups

WATE bR Fof A JIMIE A
A0 K FF B1 mRNA 1 50.05+4.42°
AL KRT BL B E (mgfg)  17.73#4.55 163.79+3.02°
I A Ji J5i mRNA 1 0.370.26°

I R (ug/g) 169.7246.35 119.75+5.06°
IR J5 mRNA 1 0.52+0.11°
MR 54 T (ug/g) 14.81%0.86 7.8410.66°
EEZHE (me/g) 361.8747.73 204.27410.41°
MMP-1 mRNA 1 4.09+0.85°
MMP-1 % (4 (ng/g) 266.1349.29 344.40+16.83"
TIMP-1 mRNA 1 2.6640.80°
TIMP-1 & 1 (ng/g) 64.28+2.53 74.28+6.63°

Frk: 54, P<0.05. MMP-1: HEF4BEAM 1; TIMP-1. R
& R AT 7R

SR A PR A T AT BN 5 e, B PRI A i
Wi, A BT IR T B E A RS 2R

3.5 it 2RI BT UK BRI A A0 A A A
2, WMANEIR L e HE SR AL F AT B By AR

B2 Bk 3R 3a B R OK RBR B S A B 4 (08 2D R AR L
WO ML EE R Sk 35 iE 2 R K B BRI iR 15 752 1)
i, FLREPEAE BRI, SRR TR AR
Frgk; iz alja KERERE MMP-1 5 TIMP-1 22 {54 [,
T R AR A AT, $Eom 2 ) 3E i s e i
i 5 ZE A et 0 B S IR T AME ., A e 7 i P 4 45 3R
BRRRAZ S, B LE R AR S 1) A

BUgt: AN KFEFIHSHMER T ST H PRI AR L
Fr. Bt RN K FARE FIRAR A DI B AIKA A B F3+ 250 6095 8).

TEETHK: FRBOT AR T IR, FREERL, FTARES
BTk, SIS TRAE A TRAK.

ZHBEIE ZXFTELT LELAFTFEAEAT LS
(201801D221443) ZiZ 3R F AR F AL E” 9% 8h. AL F W,
2 5% T I EA # o LT W& Ao B B BN R Gt AT B R
i,

FIZEMEE: X Fe9h3EH #0, ERAMRA AL FREITE, &
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