@7z TPERERTRENR igadE

www.CJTER.com Chinese Journal of Tissue Engineering Research

“BhiE” KRR BRI SENIERFESE T

BRE, BBk, GRFC, TEWS, TEE FESS MERD, B

https://doi.org/10.12307/2024.422 . o o : : R
&%E% 5023 o TR AT E R EE TR B AR 1 R Ao A 5 6 K SR
KFIBA: 2023-07-17 A T TR T
A H
{884 2023-08-10 _| e |— Ay
E40H: 2023-08-23 A A g -&ﬁ W%
l 2 « %
PEHES: iy o H{ s s A s A - b X
' 9! B A, 2 A
R459.9; R318; R274 g
- IR A | M RHA
e
2095-4344(2024)26-04170-08 | B RS ILAR k5 H
NHEFRMRES: A

SRR X

CEALERE” - fRPMR MBS, SEURTMEGE, BRI, KR TR, AR, EEIE, AU . HoEihR (ICD-11)
K LI E S R I B8 Ty e VERR RSP D TR SUR IR G0 . ThRERAE ML B G R AL TR TR IR LUBAL R s 530
AH, i R TR S0, TR AT SRR, A T R A R R 3 S -

hEIEEEAPIER . T IR BE, g P EEUEAR Y S0 L N T 53, ARl BT SRR I R R Sh Y
T 3 B AR A ST 5

HE

R IR R CEBREORE SR BT A WCRIIBIR AR, AR Tk BHRISEIR T IOIRPRARAL, (L BAR RN L] A
WG, oA SRR DS PRSI A B = R s, R AT FE FL I RVE T7 7 i A AL o

B0 ETEBRVSERUAEE R “ M 7 SRR, RS “AHE” AR E BRIUESEM D RERRHIEYE AL .

F335: 60 K EBRBENL Y AT HRAL . S Ao E A, 4200 . HHRALR BRUE 3R, AT J5PRALR A ER AL B
A A AR B R DR B T i S AT (AR B, 1 5 AR A i S 007 ) R B IR R ) S A i i, Sy, il
BAOTRERY ;Ao 0 T 2E A i 2 A 2EL ) it B T R BRSSP B S0% Y S it . 3 T2, AR S UM, TR R DY AR
T3 BBV i WUV RR S AN LR B SR A/KCT B A DL, SRR i BRI S 35 2 R Sl K B AR 1K

HRE5L5E: O, BEAES G AEs i E )R R RFE AL HRIURI R R TR, M UL B A0 7L I S REA/K
FRFE ETE, TR E R, A RERELT AT, B R B RIUR LT e M 2L, ZZ4H M, WIms SR IR, @4/, KR
BRI AP LT, i DUVLER B A TR I A /KT R, WL 4TRSS A S M SR A N TR R s O RE T8
T AL S S5 A YA A 7 R B R PR DR R, 2 IR ] (R e St “ i R R R s, AT T RAT BP0 TUB48i0T “A R BRL
R FE o

R AT PBRIEAR, BB SRR, WIRRENE, TR shpi

Characteristic changes in morphology and function of skeletal muscles in a rat model of “tendon off-
position”

Yang Zongrui“?, Ge Haiya"?, Shi Jinyu"“?, Wang Zhengming"?, Wang Yuanyuan®?, Li Zhengyan"?, Du Guogqing"?, Zhan Hongsheng">

'Shi’s Center of Orthopedics and Traumatology, Shuguang Hospital Affiliated to Shanghai University of Traditional Chinese Medicine, Shanghai 201203, China;
’Institute of Traumatology & Orthopedics, Shanghai Academy of Traditional Chinese Medicine, Shanghai 201203, China

Yang Zongrui, Master candidate, Shi’s Center of Orthopedics and Traumatology, Shuguang Hospital Affiliated to Shanghai University of Traditional Chinese
Medicine, Shanghai 201203, China; Institute of Traumatology & Orthopedics, Shanghai Academy of Traditional Chinese Medicine, Shanghai 201203, China
Corresponding author: Zhan Hongsheng, Professor, Chief physician, Doctoral supervisor, Shi’s Center of Orthopedics and Traumatology, Shuguang Hospital
Affiliated to Shanghai University of Traditional Chinese Medicine, Shanghai 201203, China; Institute of Traumatology & Orthopedics, Shanghai Academy of
Traditional Chinese Medicine, Shanghai 201203, China

"Eif P EHRFMRBERERS KGAEF TS, BT 201203; 7 L b EASLRE AL, LT 201203

F—1EH: HRAF, F, 1996 F4, HFEFRTA, Rk, LifPESRFEEME, TEAFREHFRROBEFL.
BIEE: Aid, Hdt, TEENF, 4500, LETESXFHBELERE RGAES TS, LT 201203; L&T+EHALEE

GAFERL AT, i 201203

https://orcid.org/0009-0002-5643-8311( #) E %& )

HEEe®mE: BEAOAHFLALNA (82074466), A fifrA: Ak, AUtsrBiEtEHERARIETERAD (BT EHALS [2022]75
F), A RorA Firk; LTI R RIS RE S A F S (20MC1920600), R E A Airk; LigTIERESEHR <F
Ef 4 # (shslczdzk03901), A B fi rA: Arirds kil dak-Fby B MR RIS 4167 G137 H A (P $FEA [2022]3
F), MARAwA: Aui

SIAARSC: W&, B, Ga&%, EEY, BRE, FET, HEK, Eid . “Hh KRR T BRI S F A it
SFAEME AL )], P B LA TAEAFSR,, 2024, 28(26):4170-4177.

4170 | PEHRLTIEHR | 3828% | 382657 | 2024598



WREZ PEAATERE @72
Chinese Journal of Tissue Engineering Research  www.CITER.com
Abstract

BACKGROUND: “Tendon off-position” is a disease name included in the International Classification of Diseases 11" Revision, and also a clinical indication of
manipulation, acupuncture and other treatments. However, its specific mechanism is still unclear. It is urgent to establish an animal model that can reflect the
clinical and pathological characteristics of “tendon off-position,” so as to further study the mechanism of effective clinical treatments.

OBIJECTIVE: To establish an animal model of “tendon off-position” in rats based on isometric contraction of skeletal muscles, and to explore the changes of
skeletal muscle function and morphological phenotype after “tendon off-position.”

METHODS: Sixty rats were randomly divided into control group, static-loading group and extra loading group, with twenty rats in each group. Rats in the control
group were kept normally without treatment. In the latter two groups, the rats were fixed by the self-made static-loading modeling device and a static-loading
(the body mass of each rats was applied as the static-loading) was applied to cause sustained isometric contraction of the upper limb muscles. Then, animal
models of “tendon off-position” were successfully established. In the extra loading group, 50% of the body mass was added to the ankle joint after modeling.
The skeletal muscle samples were harvested at 2 and 4 weeks after modeling. The changes of limb grip strength, wet mass of skeletal muscle, and serum levels
of creatine kinase-muscle and lactate dehydrogenase A were measured, and the changes of skeletal muscle histomorphology and ultrastructure were observed.
RESULTS AND CONCLUSION: At 2 weeks after modeling, the rats in the static-loading group and extra loading group showed significantly decreased grip
strength and wet muscle mass, significantly increased serum levels of creatine kinase-muscle and lactate dehydrogenase A, and abnormal muscle fiber
morphology and structure accompanied by a large number of deposited collagen fibers. Electron microscopy results showed that the structure of myofibrils
was disordered, the Z-line was distorted, and the light and dark boundaries were blurred. At 4 weeks after modeling, the grip strength of the model rats was
increased compared with that at 2 weeks, the serum creatine kinase-muscle and lactate dehydrogenase A levels were decreased, and the changes of muscle
fiber morphology and ultrastructure were recovered to varying degrees. It is suggested that the rat skeletal muscle injury model based on continuous isometric
contraction of skeletal muscle can well reflect the pathological characteristics of “tendon off-position” at 2 weeks, and can be used to study the mechanism of

acupuncture and manipulation in the treatment of “tendon off-position.”
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1.3.1 SZEEEY 60 HAENE 6 f& S SPF 4% SD(Sprague-Dawley)
K, AR5 & 180-200 g, 8 H ifg A1 5 24 K22 S B0 2 P,
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(2) EEBEAME: PO (ARSEidf], DS2-20N),
2 BT (Olympus, 1X71), #H4UJii /K HL (LEICA, TPI020),
A4 M 4 M B (LEICA, 1150C), ) F #L (LEICA, RM2165), [
##4X (BIOTEK, ELX800), 4 °C&.0>#L (Thermo, Sorvall Legend
Mach), & AR E B0 Bl ( B8R AL, TDZ4-WS), I 5t ki
T B L (LEICA, EM CPD300), &5 1k 54 45 #l (LEICA, EM
ACE600), 434 ML & 5% (Qanta, FEG250), 1K UK 46
(Eppendorf, U570-86), ffill¥K#1 (Scotsman, AF100AS-E) %%,

(3) FERFA: K EBULER E 5 (creatine kinase-muscle,
CKM) Jitf B¢ f 925 W Bt 46 W] (enzyme-linked immunosorbent
assay, ELISA) 7% (ELK Biotech, ELK2529), K FLF& A
A(lactate Dehydrogenase A, LDHA) fiff Bt 5 28 e [ & 32k 751)
4 (ELK Biotech, ELK7572), 73 AHE — HH41T e 1375 £ (Solarbio,
G1120), MASSON %t i 5§l & (Solarbio, G1346), 25% J¥ —
RSV (VRHL, 30092581).
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Table 1 | The protocol for establishing a “tendon off-position” rat model

B[] ES

#1114 fFREE 60 min, fFHEH 64,

2 fFRELE 60 min, fFHEH6d;

F3R fFREHE 90 min, FER 1K
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1.6 SitFaa  FraHdERHSE R RIERR,
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F B P5 3K J7 % 73t (One-way ANOVA),  ZH [A] 19 7 EE %5 R H
LSD VEArMrs 5 5 Z A5, R A Welch’s ANOVA %43 #T,
2H 18] 9 9 L3527 B Games-Howell 343 #7. P < 0.05 B /x5
RERBEERE . XESIFFFFECGET LR
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2 Z5R Results

2.1 EEHHEEHH 60 X SD KEREHL M 3 AsLiA,
JEEWE 2 AR A, BN E SAEA 10 KRR . I
BT ZBRIRAE G N 8 KRR AT 204 4 LR T a8
B e HEUE A=A, 6 HF I AhA I

22 “HdA” KREBHEEAFAERES KBGEERE N E
1R, RHAGRIERE, KREFLEIZL 1-3 min J52H1E
MRS, FILED, RSB TRE. BREER)E, B
A (FS N dmamsr i E A ) KRS, FHETE
ECREAL I G, Al b B R I, BN, AR

23 “HbAg” A X RWHEIR AR KRS 2
Firan, X R OK RPN 7 2 TR I [) 328 38 (1 e 34 S0t R
AL, 2 BRI ( F & A AT Ao i EH ) I B
T [% (P <0.001), 4 J& K #E B4 4K 3% T B (P<0.01) H
B2 IR, B T LA A B B A 2 ) O R 2
(P>0.05).

Fz2 | "B KRBT (%0 + brfEiR, n=8, N/kg)

Table 2 | Changes in grip strength of the extremities of “tendon off-
position” rats

I} [A] X 2 S ffir 4 Hioh S E A
Baseline 16.879+0.725 16.999+0.730 16.901+0.672
2 /4 18.045+1.335 11.35240.432° 11.12940.565°
4 19.122+1.558 15.646+0.765" 15.473+0.685"
FvE: HXTHEZLAHEL, *P<0.05, "P<0.001,

24 “H g ARE KR AE IR SRR E AL
WA 2 Fior. 4 Fn, IR ar ik = Sk AL
iyt I 13778 N RUEaK O P T PRGN e el e Y =
BRI (s A AN 2 ) KR =Sk L ik =k
WA R U AR T2 T W SR 3240, (e e s, DG T 1%,
e = SR VR = Sk JULE 1) ] S B

HRVLE R R RT3 Prn. SxIAMEL, 2 Fi
BRI E = SR L ik = Sk UR R B LI 5 2 4% 52 25 P I (P <
0.05, P<0.001, P<0.01), 4JARARHN =M. Ik k
JULI e i UL Jit 4% ik 3% B#AIK (P < 0.05, P < 0.001, P < 0.001),
S A7 A AL AN AR A S L 2EL 2 1) 25 UL P o B G W 3 2 S (P >
0.05),

F=3 | “BiE” REBLZKAN. BR=LALAHZAUERET K

(%0 + b, n=6, g)
Table 3 | Wet mass changes in the biceps, triceps and gastrocnemius
muscles of “tendon off-position” rats

R 2

pogitee:| S Gfir 4H. Fiah At 2H
Jils =Sk 1.805+0.04 1.103+0.044° 1.063+0.056°
Jits — Sk L 0.29140.01 0.249+0.013° 0.253#0.010°
HERAL 2.56240.03 2.328+0.041° 2.254+0.048°
HHEL 4 4

pogie:| S ffif 2H. Hiah o B
fil =S 2.197+0.04 1.449+0.095° 1.275+0.062°
ik =S 0.342+0.012 0.261+0.019° 0.25140.028"
JHERZL 3.007+0.089 2.498+0.031° 2.376+0.061°

FvE: SR, *P<0.05, "P<0.01, P<0.001.
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Figure 1 | Schematic diagram of establishing a “tendon off-position” rat
model y
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Figure 2 | Gross view
of skeletal muscle of
“tendon off-position” rats

25 “HhAh” AR R miF CKM. LDHA K-F Z b KA
ELISA VAR I A BUIMLJE CKM. LDHA 7KF, 45513k 4 fix.
St AR b, 2 JE I AR B A ( A e R A A S LA )
Iy CKM F1 LDHA /KP4 5. 3% b F+ (P < 0.001, P<0.001),
A A s AL RN A 6 B 2H A )G B 3 22 57 (P > 0.05); 4 & N4
HIZH 1175 LDHA /K F 5% E T (P < 0.05), {H#R 2 K T %,
4 JE I B2 If 3 CKM KSE A TR A E e R = R (P>
0.05).

Fz4 | “BHHE” KRIMTE CKM, LDHA JKFRIZE{L
(%0 + brdEiR, n=6, ng/mL)
Table 4 | The changes of serum creatine kinase-muscle and lactate

dehydrogenase A levels in “tendon off-position” rats

fisf 1] CKM

pagieiEl s AR 4L HAh o AL
2 /4 51.695+2.597 92.61746.893° 96.032+5.784°
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Figure 3 | Morphological manifestations of triceps brachii muscles
of “tendon off-position” rats (hematoxylin-eosin staining and Masson
staining)
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Figure 4 | Morphological manifestations of biceps brachii muscles
of “tendon off-position” rats (hematoxylin-eosin staining and Masson
staining)
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Figure 5 | Morphological manifestations of gastrocnemius muscles
of “tendon off-position” rats (hematoxylin-eosin staining and Masson
staining)
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Figure 6 | Ultrastructure of triceps brachii muscles of “tendon off-
position” rats (x8 000)
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Figure 7 | Ultrastructure of biceps brachii muscles of “tendon off-
position” rats (x8 000)
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