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Preliminary Study on the Application of Flipped Classroom Teaching

Mode in Table Tennis Elective Course Based on the Micro — course

2 Bt
Cai Ren, Qian Jiajia
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Abstract: Objective: to preliminarily discuss the effect of the flipped classroom teaching mode based on micro —
course in the teaching of table tennis elective course. Methods: two natural classes of table tennis in this
semester, 32 in each class, were randomly divided into educational reform and control classes. The educational
reform classes use the new teaching mode, and the control class uses the traditional teaching mode. Skills
assessment and satisfaction survey were conducted at the end of the semester. Results: according to the results of
questionnaire survey and skill assessment, the students’satisfaction with the new teaching mode is higher, and this
teaching mode improves the students “ table tennis skills, sell — learning ability and team cooperation
consciousness. Conclusion: the application of the flipped classroom teaching mode has promoted the teaching

effect of the table tennis elective course; it is worth trying to introduce the new teaching reform into our table

tennis teaching.
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Effects of swimming on cartilage degeneration and NF - kB activation in mice

with knee osteoarthritis
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Abstract: Objective: To observe the effect of swimming exercise with moderate intensity on cartilage matrix degradation
and inflammatory response mediated by NF—kB signaling pathway in KOA mice, and to explore the molecular mecha—

nism of swimming exercise delaying cartilage degeneration in KOA mice. Methods: 40 C57BL/6 mice aged 3 months
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were randomly divided into blank group ( Blank) , ACLT model group ( ACLT) , ACLT+swim group ( ACLT+Swim) ,
sham operation group ( Sham) and sham+swim group ( Sham+Swim) . KOA model was made by anterior cruciate liga—
ment transection ( ACLT) , 2 weeks after the operation, mice in the swim group were swimming without weight for 6
weeks (40 min/D, 5d/week) . After swimming, the cartilage of knee joint of mice in each group was taken, and the
pathological changes of cartilage were observed by HE staining. The expression of inflammatory mediators in cartilage
was detected by immunohistochemical staining. The mRNA expression of cartilage matrix related indicators was detec—
ted by RT-PCR. The protein expression of cartilage matrix and NF—kB pathway related molecules was detected by
Western blot. The expression level of inflammatory indicators in serum was detected by ELISA. Results: 1) Compared
with the blank group, the cartilage injury in ACLT group was obvious, Mankin’s score was significantly increased ( P
<0.01) ; the content of Col I in cartilage was significantly decreased, but the expression of MMP—13 was increased
( P<0.01) ;

serum was also increased ( P<0.01) ;

the expression of COX-2 and iNOS in cartilage was increased, and the expression of TNF-q and IL-6 in
the protein levels of phosphorylated p65 and IkBa in NF—kB pathway were sig—
nificantly increased ( P<0.01) . 2) Compared with ACLT group, Mankin’s score decreased significantly ( P<0.01) ,
Col IImRNA ( P<0.05) and protein level ( P<0.01) were both increased, MMP—13 mRNA and protein level de—
creased significantly ( P<0.01) , COX-2, iNOS in cartilage and TNF-q, IL—6 in serum decreased significantly ( P<
0.01) , the level of p65 and IkBa phosphorylation decreased significantly ( P<0.01) in ACLT+Swim group. Conclu—
sion: Moderate intensity swimming can inhibit the degradation of cartilage matrix by regulating the inflammatory re—
sponse mediated by NF-kB signaling pathway, thus delaying cartilage degeneration and intervening the pathological
process of KOA mice. This study provides a theoretical and experimental basis for swimming assisted therapy of KOA.

Key words: swimming; KOA; cartilage degeneration; matrix degradation; inflammatory response; NF-kB signaling
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FEALSLIO KT -

1 MB57REE
1.1 SRR 5r4E

SPF {3 A C57BL/6 /N 40 F (M i %
), R (20+3) g, T 1L AR R DL AR P R AR A
AT VFATHE S SCXK( &) 20160001, 7E 645 5E I R
A SPF 4%) 264F T H AMESR, 12 h/12 h LWL &, 18
TRAEWE , A3 F bR AR B WG 5 S KA B . AT it
TSR A P R4 K s sk e 25 i 2 ki
({675 201904A009) .

WM RSR 1 JE, BEHL 2 A2 E 4 ( Blank) |
ACLT #£ A1 40 ( ACLT) . ACLT #1728 +Ji# 3k 2 ( ACLT +
Swim) & F AR 4 ( Sham) | i F A + % ik 4 ( Sham +
Swim) , {4 8 o MM RA ACLT @ FRiFEFM
KOA #RY, T R 7 vk w pradk >, ) g 0 38 45 4 48
., IR RVRERGEBERERT R E” .
T AR LAY 2 58 O 1T 5 AR o
1.2 BEHHFR

RS 2 i J5, ACLT LR +i2 3 4 AR - R +
WEdk 415 WSOk b S5 R B 3 7 & P AT N 6
JAM TG B 3. VKT E LR NP B I
YNGR IE N B 7E 9D K S I E 7, AR5 &
BRI B AEER AL P ) L B — A NIE R B A —
R 15 min/ K, - REFB-LER 30 min/ K F AEE
AN RIIZRBY B 40 min/ IR 1 IRIR, 5 ]I, 355
Jo = AHEEREH KREFARAF FEFEAIZS), 23]
S5 5 & 2B BEAT & AP -

1.3 XT5pPBKIZEE

TEVE DK VI Z5 T4 A I 25 AL 20 5 = AR IR 0G4
i B 15 > FFAE VI 25 25 3RS 0 I 5 2L /0 BR A IR O 79
B, e A MRS AL B S, DUIR s el & AT 1k AN
FH BR 0 5 BB AR A I %5 1) A A2, 28 5 T & b i
RO BE » BPRESE A FBE BY L SE A 3 UK P
YER1% /N BRI OGS I K FE
1.4 FHARKE-FL(HE) FEE0

4% % T R P [ 5 IR O TT 4R 24 h, 10% EDTA

Ji 5 8 JA B AL B AW I K, AR L, 4 pm
BV R TFARE - LG B0 7 & ( KGA224)
TGt HE) , FAN) T BENLER 3 2 5 /MILET, 78 400 £
JOBE T WS AN 4H L R AL 2 A AT S SR AIE» I
HRAETCL Mankin” s ¥P4M bR R B AL AT VR4 27
o8, VB ST RO AR R G 0~ 1 70 N IE®
RATHRH2~5 70 NBEHRAE,6~9 73 NP LR, 10~
14 73 NEFEHA . B3 IR B AR ATES) .
L5 SREELALFRN

4 pm KHFHLY) R 37°C Bl 30 min, K9] 7
TH B VRS K AK, PBS phk KA ) A TR
IREERL G B SO N A PR B B A Qe B S AT
PUREE, PBS phifk; 3% H,0,— VAL iR E ] 10
min, PBS %% ¥ i1 iNOS( Affinity AFO199) F1 COX-2
HPL R — P55 ( Abcam ab179800) , FBE L3 A 1:
100,4°C ykAA Y B L B PBS vk W EHu R &
50 ul, % i ¥ & % & 20 min, PBS pF ¥ i N DAB &
o, ARG N ER 2k, B RKERMBE 1S min; 75K
FHE G 10 min,0.1% HCI 734k, H RAKMBEJE R B
FEWHE K, — R JE R e et B
B TS A LGN R B AR LG O B3 AN RERE
X HRORAE ( BT B 35 400x303%) o B e ks 4
AR B 0 0 A PG> e e R € 0 I 1k 4
1.6 Real-time PCR &0

K Trizol TARHU/IS BB R T B ALSUE RNA,
KM cDNA % — 8 & O A & ( H A TaKaRa
RRO36B) ¥ mRNA Jz % 5t it ¢cDNA. PCR ¥ 38 DL
GAPDH {E N2 R, N H 9% ' %€ B PCR JEFF X ( ABI
Step one plus Real time—PCR system) #47 RT-PCR x
R, S B I 95°C 5 min, 2 J5 3 H 40 ANME
(95°C 15 5,60°C20 5,72°C40 s) . LA GAPDH NH S
1B, SR 2755k 15 B IR R A AR X 3R 1 KT v
ACT( test) = CT( target, test) —CT( ref, test) , ACT( calibra—
tor) = CT( target, calibrator) —CT/( ref, calibrator) , AACT =
ACT( test) —ACT( calibrator) . F|#FF| LK 1.

%1 Col I.MMP-13.GAPDH 3|41 %1

£H idd)
5"~GTGGAGCAGCAAGAGCAAGGAA-3" 5~AGCCAG-
GTTGCCATCGCCATA-3

5=CACAGTTGACAGGCTCCGAGAA-3"; 5'=CCACAT-
CAGGCACTCCACATCT-3"
5= AAGGTCGGTGTGAACGGATT - 3%, 5 = TGAGTG-
GAGTCATACTGGAACAT-3"

1.7 Western blot #&30]

FLHFREL 100 mg 275 #CE 4 R B Sk A, T4F
PRI 5 ml R AR, N 1 ml A (1) Lysis
27
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Buffer( 211 10 wl BERREE A, 1 Wl 2 A A0 I 7
A5 WL 100 mM PMSF J&%7) 510 000 % /min, 4°C B0
5 min, U _EJE . BCA 357 &l & & 1 5 Bk EE, [/ %
HEEFMANY 2 — R 5 FE A EREZ R
( Solarbio) , V%] J& 100°C /KB M# 10 min, —20°C 43 %%
TRAE. BEJGHEAT Bk, 12 5%, 10% 93 # 3 1 2 h, TBST
BEHEJE 4 BN —#T Col T1( b 518 5 5% bs—10589R,
1:500) \MMP-13( Jt 51 B 7 bs—0575R, 1:500) ,p65
( Abcam ab16502, 1:500) ., p—p65 ( Abcam ab194726,
1:500) .IkBa( Abcam ab32518,1:2000) .p—IkBo( CST
2859,1:1000) 4°C 1 %, F YIE B J5 N — i, = IR %
H 2 hjEW 5 ECL EVLEF . i Gel-Pro32 %}
G5 RIEAT IKBE AT HT o
1.8 ELISA #31

5 2H 70 B SR P L 35K o Az 8 1 2 L 9 - 2 BRIt
o MRYE TNFo ( 91 3£ 44 KGEMC102a) 1 IL-6

ACLT

Sham

ELISA( 91544 KGEMCO004) 71 &5 B 5 ot 4% 41 1.
TEREAT R -
1.9 HELNEBES S

AT B TR 4 YK F S B e bR v 2 (xxs)
()77 Ao » Bl b 2R AN B R H 48 1+ A4 Graphpad
Prism 8, % 2 [8] b 8 K A B[R . 7 25 49 #7 ( one —way
ANOVA) . ¥+ P<0.05 A EHEFREEHEEZR, P<0.01
NAGWEEEESR

2 SER
2.1 BERTI M BKAZ VR

AR IR 2 JE KR 5T AR TR AL /)N B 5G4
IR (I A2) BURFARAW SN ( WK 1A) ;6 J&i
TKIZ BN 5 AR ZH AR BE » it 2 /0N BR A TR ST AR i I
JE B AR ( P<0.01) , AT 45 R LA 1B

B

E: A AL 2 BB AR F K 48 ( Sham) (ACLT A2 40 (ACLT)  SUBEX %5 ML, 7T U ACLT 480 % AP AR A 8 B: 50k T 6 )6 448 ) R X 7
M RkAZE (B A2) o #3R##5 A & 75 Blank 4481, P<0.05 & P<0.01; * & * * 495 & 75 ACLT 4481k, P<0.05 3 P<0.01.
1 BN R KT FhAKAE R

2.2 iFKEBRNN KOA NRIKBHRIBE LA

IR Y426 T BB X3 R 2 Wrsa =,
0~1 3 NIEF B E: 2~6 40 NFEH OA; 7~ 10 43 A
1 0A; 11~14 73 G OA . JRIRAIE A ST /)N 55 3
AR R, 2 A E i e B N R AR A
SR ERERE 2 5 ACLT BRI 21 Mankin Y74 4
2~A4%%, FE A R OA #R1E( B 2) o RIGW)E, Wik A
AT NI 6 FA B I 2 45 R R B R 4L SUR
F HE et 82 305 3 28 5 0, 45 R BoR 2= B s
REHIFPRE, W 4B B E 5 A A 550, HE B 48
F, WILR R R, R Y 0 IE F ACLT A5 7Y 40 55 F W %%
N BEAR G SRR SR TE AN Y 4l S H SR D A
SE% i ACLT+Swim 21 A WLA3KH 45 # e T 1IE W, e
S0 B A A AN AT, S 2 0 T N T BT AR A R LB
B K& 2) , FEIF A Mankin $E43 % & 4 % A T2 E
HATERSN, T ACLT A E s T2 AH(P<

28

0.01) , 1 ACLT+Swim ZH /] Mankin ¥4} 5 4% %4 21 B 5.
A ( P<0.01) , R YFIKIE B0 Al 2 KOA /B 3CE

R
23 KERIRS KOA INRB LT RE £ RIERNT
I

AR 5% PP A5 P PO OA /DN BRI B 35 5 B4 1)
B4, 5% A RT-PCR A8 40 Col TI.MMP-13 [
RIEEOL, i 3A Fros, 5 54 AH L, ACLT # AL 4H
INRECE AR I R JE mRNA £k & TR ( P<
0.01) , T UK T390 KOA /N #E o Col 11 ff) mRNA
i ( P<0.05) o H U AL /N RCE A 4 MMP -
13 ) mRNA FRIEWH R LI ( P<0.01) , 1My 7 9k . 35 P&
KT HE T MMP-13 &ik( P<0.01) o [EIE, X%
HRCE A E EEEAT & A B 4 A, Col 1T AN
MMP - 13 [ 8 5 /K P24k 5 mRNA 7K P — S (
3B) . BFARATLHEAEN.
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A Blank

B Blank

ACLT+Swim

i 812 )8 MankiniF 73
w
1
6/ i 7k Mankin ¥ 43
T

=
2 3 4
14 2+
0 0=
Qy p& 9"#‘

EAER 2 BB E G4 (Blank) B F K ( Sham) ACLT #A 48 ( ACLT) &M % F HE $ &, £ 90 ACLT 4155 & 74 KOA 454E; B: # ik T
6 BJEAm I EMFET HE $ &, C: Mankin 4. #Z##5 £ 75 Blank 28481k, P<0.05 & P<0.01; * & % % A %75 ACLT 4a4atk, P<
0.05% P<0.01, #R =50 wm( x200) ,

SR I ¥
0"& Ko ,\,e“‘so 65"§

O e

2 BHENBRBXTRE HE 28K Mankin 3453

=

Fold Change of Col Il mRNA Level
Fold Change of MMP-13 mRNA Level

L4

o
%

=
Y

Blank  ACLT ACLT+Swim Sham Sham*Swim

colll |—- o — -{ 17kd

MMr-u|-— —_—— - - - ]szkd

GATDH | S A :7

g
=

Col IVGAPDH protein

=
b

e
=3

R\ i ;
Q\&. vg‘\' &x%"*\ %°’§ Gfé“

& &

iE: A: RT-PCR %420 #F % Col I #/= MMP-13mRNA £ & ; B: WB k42 M # 5 F Col [I\MMP-13 & & & k. #X##5 % & 75 Blank 481k,
P<0.05 & P<0.01; * H % x5 A %745 ACLT 2481k, P<0.05% P<0.01,
3 KENRICELHLR Col 1T F1 MMP-13mRNA REBRIL
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2.4 HEkEEhiE) KOA NREE NF-«B {55 i@ 8%
#91E R

N T B RTT E BK B R AE FH B4 AL SR
western blot # il T %41 NF-«B {5 5 18 B AH 5 & F1 K
Fo HXFRAIA L, ACLT # R IxBa [IRIEH E

BEAR T B AR AL TkBa( p—IkBa) 7KF B35 Eif, p65 B
21t p65( p—p65) FKiLHTH( WLE 4) , KB OA /MR
B NF-«B A5 5088 P8 5 W0 - 1 i 4Kk E 3 mT 40 )
IxBo #1 p65 MR AL, #ih] NF-«B 15 5 18 B8 155 4, 12
TR 2 A R BE, P45 KOA i BRHEFE o

Blank  ACLT ACLT+Swim Sham Sham:Swim
. : — ‘401«1
I [ —— | i

Blank  ACLT ACLT+Swim Sham Sham+Swim
pposs | M S g — ] o
pos |w—— — — il

J

p-IkBas2 |

P-p65/p65 protein

L5

°

p-IkBw/IkBa protein
A
b

hind
=3

E # SN A R T 5 Blank £48H, P<0.05 & P<0.01; * £% % 55 & 55 ACLT 40481k, P<0.05 % P<0.01.
B4 FENRELRN-«B ESEBEEXERRIEKFE

2.5 ifExEEIF KOA PMNRETRE RIEREN K
I

T WERAG RAT 9 LR SO RN SR
G g% AR VE A I % 20 1B 4 4 COX -2 AT INOS &
FRIE, 45 R IR IEH HE o COX-2.iNOS #F7 fH
PERIE, (BAR FRAE KB R E X 38, 1 ACLT #E814H ¢
TR BT, COX -2 Al INOS PH 1 1 R 18 BT,
BREIEREL K WK SAB) o AL, W52 & A1

A
Blank ACLT

COX-2

INOS [agaliss PRI
Y 1=

1504

1% IL-6(pg/ml)
g

w
S
1

L AR

PRI A SRE PR ) A2 A A L SR ELISA 74 & 1fL7E
o TNF-o Fll IL-6 AT R, 45 R 4E 7 ACLT A8 40
5x AR, 78 B KE B IL-6 fil TNF-o ff72
ARG ( P<0.01) ( WL 5C) , ETHE OA 54 &
RH R o 6 JA Rk ZR g B LK
B HZH INOS il COX-2 A K. R, fiiE IL-6
I TNF-o FIETF I & M.

Sham+Swim

VE:A-B: fE AL EAR N B B 2 F COX -2 A= iNOS B & & & ik, C: ELISA 42 /83K o7& o TNF—o A= [L-6 £ k. #3R##5 A %75 Blank
AL, P<0.05 3 P<0.01; * K * % £ A& 55 ACLT @48k, P<0.05 & P<0.01. 4R =50 pm(x200) .
ES5 FHEDMBREDBRERIEREREFRIE
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3 4 i
3.1 EKESNEERTRIRRERENEN

% B K 27 2 B VO FUs sh N B R RIGTT
TR B 6 s 1 T 5 o o 970 7V B
RIS . Wek 2 — R A RIS 3 T R KK
FEIMERE B E AR A2 BN AER 7, [, 1231
KR A] A0 A7 Far AE GE BT 428, 45 49 3 Wk R H 22 4 KOA
BHEAENFA RN HEiXTHKZ3a TR
B R R T 9T 2 M\ 7% WL AR R % L % fe Y 0 DR
Ak, B2 B T Re MIAE o Yazigi S48 Hi7K Fi23)
752 B Bl T R L2222 ( OARSD HEFE I —Ff
T LU R S 6 R i 2974 ™ Moham-
med ZEHF 7R B, @ BHUHCEBOE AT AR 5 KOA AH R
SRS , Mo 24 KOA B LA AN
TheerEshaE /1 o — T Bl B 90 2 B Ve ik R I 6 T
{#FEE BRI, TH R AW EW(35 5 281 Jif
WM BT T L TR R T SRE S, 324 Mk,
W SR = i VKO B OR3P BB AR LRI FE . /D B2
FHSRATF 50 A 3R B 4 1 F 4 T 15 5t B AR AR B
BT XA R WA ( ACLT) % 5 ) KOA fE 7Y
BRI TR 7 % RO MR G 7 7 B 1) st 29
WS R W, ACLT /SRR 5 N KB 6 Rk e w
FRARL, AL FE R R B B RN R R I R
96 PO B T AR WK IE B 6 A AR K 42 L A BT
Foo ANBFFTLE KK, UEPKiE 30 vl & 2 [ ACLT i
S5 KOA /NS 1 NF-«B {3 5B 51 80 R
I % B IR WA K T YR B SR A R R , T AR
KOA #7F%.

KOA == BU5 A8 2 ¢4 B IR 1T M AZ Fn 4k & v
BRI AE . LA A A B AR R AR TR ST
TSR T8 TR 6 B R 2 QBB L4 37
B R 2 A R R TP A AE B O — 2 K Y
PRI 14 » 0B 40 D F) A fe) A8 S 8 2 B R OA fry st Jg B .
Col TI 2 3645 45 B 40 i 40 5 57 ( ECM) (9 —Fh 2 ik, /&
R AR T B T B RS, ST R Col 1T T
MZH 2R R CEES,. £ OA Mk ETRE
o1, OA FE 4 M 7= 25 % P 3 R & R 45 (A i ( MMIPs)
W7 OA H ECM [ B F i 3R 6 2 M Ihae. H,
MMP-13 2 58 &5 EEZNSEED
WY, B AR Col 11 RIEE AL RERIER . H i,
MMP-13 ol 72 fe B B R v T e — P9 . 3%
TIRH F 25 SRR B, 6 A ()i vk iz 3l v B 2 1 3 KOA
INEHCE B MMP - 13 2 (4 &% mRNA % ik, FR Col
IImRNA & H R & BT $E78, W vk ol d i B

ik MMP~13 3KiA& . $& & Col 11 & & M0 0 1l #1& B4 3
RAFARY BB ER -
32 EKENEEXRTRNRKBEL S NF-«B
BRI

YA 05T oK SE A I B OA B R HL, {5 v]
DL E MR, 2ORE M R ML R 772 OA M RAEKE
it g 2R EEMNIEM, &5 B0 R AR EIBAE N
S B A 4O A IR B0 7S AR RE S IE LR OA [t
JE B9, WA FE I, INOS R COX -2 J& % T 4 9 A
R, 2 55 T R IR ELERE . INOS J] 4L 4 NO,
T NO "] {g 3k MMP f¥)7= 4 F0¥iE » #i#1 Col 1T 14
LA R RSB R AN E R R Y . cOX-
2 AN RIEN R PGE2 (97 4, PGE2 ] 4 2 R K
B MMPs fil ADAMTS-5 ik, SRR .
RAERF TNF—a A1 IL-6 BN R OA KA EE
& EATAE IS S E VR, A BE 28 R T, AT
S35 0A 4R M " . Mohammed @ 8 72 KT, 12
JEE UK T BRA B SR 1T 8 B Iy P IL-6 [k, (B
PP T RR B SR R I e AR A
g4 RN, KOA #AYZH /N R G PRI A TNF-o A1 IL
-6 KTV EE T 5, FIFHR AR 3 F COX-2.iNOS PEHE
FIEW B EILT, T 6 i bkissh T 82 Mk e KOG
i AR SORE R [ RIE W15 R K2 3 AT g KOA
INRRE R R L 4 5 RE RN

W AE S 2 AU N (S 5 8 S 5 IR 4O IR
N, Hrp i #E S R 1 NF-«B i %6 %5 & o | 2 [ 1F
FIP . NF-«B Fig 2 i — A4 AR G Rel BAK
R .35 NF-kB( p50/105) \NF-kB2( p52/1000) .
RelA( p65) RelB.c—Rel 2, X 67 447 ff) N— 3 i &5
EH—A Rel FYRX, /5 Rel K [E DNA [H 455
MR B = BER, 25 NF-«B 193616, i NF
—kB1( p50) A1 RelA( p65) S¥E — B AA R NF-kB iE4k
i W R . B E SR, R R NF -
kBp65 Z F k5 NF-«B 4% «( inhibitor of NF -
kBa, IkBa) %4, AEAIEME DY o 2452 5 4 9 R 745
RIBE BB 5 NF-kBp65 —BARL5 & ) IkBa BERR
315 B A i B8 3 T B B NF -k Bp65 18 T £ T
BB R AL A B, S EUE LI p6S HEN A%, Y
TUF AR 35 3 R B iNOS. COX — 2. MMP — 13 ) %%
F sk OA iR REY . R, FH NF-«B (55
SR SRS AT REA OA YR IT IRILH B ER T
S PTE T, We vk B 7R A 3 NF-«B 15 5 8%
FMIMAELE OA R R NIRE. ARG REKH,
KOA /NRIE TR L IkBa( p—IkBa) » p65 K %
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FRALT 1) p—p6S RIK/KF- 1 83 T+, 10 6 JaiFikia
Bl AJ DAL 2 40 1) B R A K, AT 1 IkBoo [
fiE A1 NF-kBp65 HITEAL . $7, Uifvk s 3 w] L 1 40
il NF-«B {5 5 38 B0, 90 HH 2K JORE A1~ COX -2,
iINOS\TNF-o\ IL-6 [)3RI%, JB e JAE S ML, 2 17 B A1
MMP-13 [J3R3E, fe 3t Col I1 £ pl LA B 35 R 22 S 11
P& fil, Y% KOA HHIRAR .

4 & ®

BEIRAR R ACLT A& ) KOA /) iR - 119 22 A2
A B B 5 AR NF—kB {5 530 B A 3 B AOIE Je B
AR ERE IR AL I H B SR AL ka2 ] Ik KOA /i
R T R AR R KR IR AL, R T R T NF-«B
TR, PR A N IX S T BE R I VK S B HE 52
B IR RO BLERE 9 70T LA o
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Abstract

Background: Anterior cruciate ligament transection surgery (ACLT)-induced OA model was often used to
investigate the molecular mechanism of knee osteoarthritis (KOA). Researches have shown that vascular endothelial
growth factor (VEGF) played an important role in OA. The present study aimed to investigate the pathological
changes after ACLT surgery and reveal the expression characteristics of the VEGF-A/VEGFR2 signaling pathway in
this model.

Methods: Moderate KOA model was established by ACLT, and 1, 2, 4, 8, and 12 weeks after surgery, hematoxylin-
eosin (HE) and Safranin-O(S-0) staining were used to detect the pathological changes in mouse knee cartilage, and
the matrix biomarkers A Disintegrin and Metalloproteinase with Thrombospondin Motifs 5(ADAMTS5), Collagen |l
(COL-I) were detected using immunohistochemistry (IHC), CD31 was detected by immunofluorescence (IF) to show
the vascular invasion in cartilage, and proteins expression of VEGF-A pathway were detected by Western blot (WB).
Meanwhile, the inflammatory biomarkers cyclooxygenase-2 (COX-2) and inducible nitric oxide synthase (iNOS) in
cartilage were detected by WB.

Results: ACLT surgery can lead to degeneration of cartilage in mice, and the characteristics of the lesion were time-
dependent. The ADAMTS5-positive cells increased while COL-Il decreased in OA cartilage with time, and new blood
vessels labeled by CD31 can be seen from 1 week in OA cartilage, and increased in 8 and 12 weeks. The expression
of VEGF-A, VEGFR2, COX-2, and iNOS were higher than control groups, which were basically consistent with the
degree of osteoarthritis.

Conclusions: The degenerative degree of articular cartilage was time-dependent; angiogenesis and inflammation
were important pathological changes of cartilage in KOA. The expression of the VEGF-A/VEGFR2 signaling pathway
was basically correlated with the degree of KOA.
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Background

Osteoarthritis (OA) is an irreversible degenerative arth-
ritis disease [1, 2], and OA-associated degeneration of
articular cartilages, synovitis, and the formation of osteo-
phyte have become the main reasons underlying adult
disability, especially in the elderly, and OA is estimated
to be the fourth leading cause of disability by 2020 [3—
5]. It is well known that increased age, obesity, joint in-
juries, and lifestyle are all risk factors for OA [6], and
these factors are closely related to the mechanical load-
ing to the joints, so it is assumed that a large part of OA
is induced by accumulated mechanical stress [7]. ACLT-
induced OA model is a normal stress-induced OA
model in mice [7]. As previously reported, the ACLT
mouse model demonstrates great similarities with hu-
man osteoarthritis, including subchondral change, ar-
ticular cartilage damage, and synovitis [8—10], which
made this model ideal for the research of OA.

Nowadays, although the clear understanding of the
underlying mechanism of OA remains elusive [11], re-
searches have shown that angiogenesis and inflammation
are important processes in the pathophysiology of OA
[12, 13]. Which can cause joint damage, endochondral
ossification, and pain. VEGF was a potent stimulator of
angiogenesis, which can also contribute to inflammation
[14]. Till now, the angiogenesis and inflammation reac-
tion in different pathological stages of the ACLT-
induced OA model has never been revealed. Clarifying
the correlation of VEGF, angiogenesis, and inflammation
reaction in OA pathological process may provide experi-
mental support for OA pathogenesis study.

Therefore, in this study, we established a moderate
OA model by ACLT surgery, to explore the histopatho-
logical changes, angiogenesis, and inflammation reaction
of knee cartilage in different pathological stages. We also
tried to explore the expression of the VEGF-A/VEGFR2
signaling pathway in the cartilage of the ACLT model.

Materials and methods

Animas models

Eighty-eight C57BL/6 mice (12-week-old) of both sexes
were purchased from Shandong skobas Biotechnology
Co., Ltd. (Shandong, China). Mice were housed in the
Laboratory Animal Center of Nanjing University of
Chinese medicine under specific pathogen-free (SPF)
and maintained at 27°C under a 12-h light/dark cycle
with 50% of humidity throughout the experiments. Ex-
periments performed in this study were all approved by
the Animal Experiment Committee of Nanjing Univer-
sity of Chinese Medicine (ethics N0:201904A009).

Eight mice served as control animals (Blank B), and
the others were randomly divided into two groups,
namely the model group (n = 40) and the sham group (n
= 40). Each group was further divided into five
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subgroups depending on when the animals were killed
(n = 8). We established a surgically induced moderate
OA model by anterior cruciate ligament transection sur-
gery (ACLT) which was described in previous reseaches
[7, 15], and the groups were named as M1, M2, M4, M8,
M12 (1, 2, 4, 8, 12weeks after ACLT). In the sham
group, only a 1.5-cm incision in the same position was
made without cutting the ligament, and then the groups
were named as S1, S2, S4, S8, S12 (1, 2, 4, 8, 12 weeks
after sham surgery).

Hematoxylin-eosin (HE) and Safranin-O (S-O) staining
Knee tissues of each group were fixed in 4% paraformal-
dehyde for 24 h and then decalcified in 10% EDTA for 8
weeks. After dehydrated in graded ethanol, tissues were
embedded in paraffin. Four-micrometer sections were
stained with hematoxylin-eosin and Safranin O-Fast
Green. Three to five fields were randomly selected from
each section and observed under a x 100 light micro-
scope. The pathological changes were evaluated thrice
and graded by 3 independent researchers using the Man-
kin histological criteria, which was scored according to
structural integrity, cartilage cells, Safranin-O staining,
and tidemark integrity [16].

Immunofluorescence and immunohistochemistry

Knee joint sections (4 um) were deparaffinized at 37 °C
for 30 min and then hydrated with xylene, graded alco-
hol; after antigen retrieval was performed, blocked for
10 min with 3% H202 methanol solution at room
temperature, sections were then incubated with anti
CD31(1:500, abcam ab182981), anti-ADAMTS5(1:100,
Bioss), and anti COL-II (1:100, Affinity AF0135), incu-
bated overnight at 4 °C; 50 UL of Sheep anti-rabbit poly-
mer was added for 20 min at room temperature;DAB
was added for color development hematoxylin counter-
staining for 10 min. The protein expression was observed
under a light microscope, and three areas with high ex-
pression were taken and photographed for storage (all
pictures were taken at x 400).

Western blot

Proteins of knee cartilage from each group were ex-
tracted and collected using RIPA Lysis Buffer (KGP250,
China), mixed with 10 ul phosphatase inhibitor, 1 ul pro-
tease inhibitor, and 5 pl 100 mM PMSE. Protein concen-
trations of each group were determined by the BCA kit
(KGA902, China). Then, electrophoresis was performed,
blocking with 10% milk powder for 2h, incubated with
primary antibodies anti-iNOS (diluted 1:500 affinity
AF0199), anti-COX2 (diluted 1:1000 UK Abcam plcab
179800), VEGE-A (diluted1:500, UK Abcam plc ab1316),
VEGFR2(diluted1:1000, UK Abcam plc ab39638). After
washing again, secondary antibodies were added and
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incubated for 2 h at room temperature. Image-] software
was used to analyze the gray scale.

Statistical analysis

The results were displayed as mean + SD. All data were
analyzed with SPSS 19.0statistical software. Differences
among the three groups were analyzed by one-way
analysis and ! <0.05 indicated statistical significance.
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Results

Histopathological changes in cartilage by HE and S-O
staining

Hematoxylin-eosin (HE) and Safranin-O(S-O) staining
were utilized to evaluate the changes of histological
examination of cartilage, as shown in Fig. 1A, B. The HE
and S-O staining showed that the cartilage surface was
smooth and intact in the sham groups, similar to those
of normal knee cartilage of mice in Fig.1C. However, the

Sham Group

at the same point
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"“"##
gm- ™
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2 °
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Fig. 1 Histopathological analysis of the cartilage tissues obtained from each group (x 100) to show the development in the ACLT model. A After
fixation, decalcification, and embedding, 4 mm frontal sections were cut from the knee joints and were stained with HE staining. B Safarin-O-fast
green staining images of cartilage in each group. C HE and Safarin-O-fast green staining of the control group. D Mankin score. The data in the
figures represent mean values + SD, *p < 0.05, **p < 0.01 compared with the control group, #P < 0.05, ##P < 0.01 compared with the sham group
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model groups exhibited cartilage superficial destruction,
but limited to the superficial layers in 1week. At 2
weeks, Safranin-O staining in the middle zone decreased.
The defect of cartilage was developed to the calcified
cartilage layer below the tidemark by 4 weeks and grad-
ually extended to the full thickness of cartilage at 8 and
12 weeks. Next, we performed a modified Mankin score
on the cartilage in different groups in Fig. 1D. The re-
sults showed that the Mankin scores of the experimental
groups generally showed an increasing trend, and the
difference between the model group and the sham group
was statistically significant (P < 0.01). Indicating this sur-
gery can lead to the degeneration of cartilage in mice.
And the characteristics of the lesion were time-
dependent.

Changes of matrix biomarkers ADAMTS5, COL-Il in knee
joint cartilage

Immunohistochemistry was used to detect the expres-
sion of ADAMTS5 and COL-II, both were important
biomarkers to demonstrate ECM degradation of cartil-
age. The protein expression of ADAMTS5 in the sham
groups showed weakly expressed. In the model groups,
significant expression of ADAMTS5 was observed in the
first week after surgery, and the location of positive cell
extended to a deeper layer from 4 weeks. Because of the
destruction of cartilage from 8 weeks, the chondrocytes
were hardly to been seen, especially in 12 weeks, so it
was hard to calculate the number of positive cells as
shown in Fig. 2A. And the change was basically consist-
ent with the histopathological results. COL-II was
strongly stained in all zones of the articular cartilage
both above and below the tidemark in sham groups. In
the model groups, the expression of COL-II showed
gradually decreased with the extension of experiment
time and dramatically decreased from 4 weeks in Fig. 2B.

The protein expression of inflalmmatory biomarkers COX-
2 and iNOS in cartilage

The expression of COX-2 and iNOS in the cartilage of
each group was detected by western blot. As shown in
Fig. 3A, B, the expression of COX-2 and iNOS gradually
upregulated after ACLT surgery. The expression pattern
was correlated with the degree of osteoarthritis. The re-
sults in this chapter indicate that inflammation in cartil-
age was involved in the development of osteoarthritis.

Angiogenesis in the cartilage of ACLT-induced mouse

Immunostaining of CD31 was used to visualize the vas-
cular invasion; as described in Fig. 4, CD31-positive cells
in sham groups were rare, and new blood vessel was not
found. In the cartilage of OA mice, a new blood vessel
can be seen from 1week at the osteochondral junction
and cartilage. The number of blood vessels increased in
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8 and 12weeks. This indicated that vascular invasion
was involved in the development of OA.

The pattern of protein expression of VEGF-A and VEGFR2
in the articular cartilage

To further explore the underlying mechanism of angio-
genesis, we next investigated the protein level of VEGF-
A and VEGFR?2 in the cartilage at different pathological
stages of OA with western blot (Fig. 5A, B).VEGF was a
well-known angiogenic factor; according to our study,
expression of VEGF-A was a particular feature in OA
and demonstrated that VEGF-A and VEGFR2 were asso-
ciated with vascular invasion at cartilage. The expression
pattern of VEGF-A was basically consistent with the
Mankin score. But the expression of VEGFR2 showed a
decrease within 2 weeks and then increased from 4
weeks, significantly at 8 weeks in Fig. 5, which needs to
be further studied.

Discussion

In order to explore the pathogenesis of OA, animal
models are often used as study subjects. Due to the rapid
progress of mouse genomics and the availability of trans-
genic and knockout mice, the mouse is now the most
ideal animal model for the study of molecular back-
grounds of physiological and pathological conditions [7].
Among which, ACLT-induced OA mouse model, a
stress-induced model, was often used in OA [7]. Here,
we made a moderate OA model based on the descrip-
tion of Kamekura, it was described that the moderate
model seemed suitable to reflect the entire process of
OA including early-stage changes. After the surgery, HE
and Safranin-O Fast Green staining were used to observe
the pathological changes after surgery and make sure the
model is successful. According to the histopathological
analysis and Mankin scores, the results indicated that
the severity of cartilage degeneration in the experiment
group was closely related to the time after surgery.
COL-II and aggrecan are considered as the most import-
ant structural components forming the normal Extracel-
lular Matrix (ECM) in cartilage [17, 18]. The ECM
maintains the balance due to the metabolism of chon-
drocytes, synoviocytes, and subchondral bone cells, and
once the balance is broken, the cartilage was damaged,
thus causing OA [19]. ADAMTSS5, an important cartil-
age matrix-degrading enzyme, growing evidence showed
it was involved in the pathogenesis of aggrecan cleavage
of OA [20]. So we use COL-II and ADAMTS5 as matrix
biomarkers in this research to demonstrate the damage
of the cartilage. In this experiment, immunohistochemis-
try results showed that the expression of ADAMTS5 in-
creased from 1week, while collagen II decreased with
the extension of experiment time.
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Fig. 2 The expression of the cartilage matrix biomarkers ADAMTS5, COL-I of the knee joint. A Immunohistochemistry staining of ADAMTS5 (scale
bar: 20 um). B Immunohistochemistry staining of COL-I (scale bar: 20 pm). C The expression of cartilage matrix biomarkers ADAMTS5, COL-Il in
the blank group. D 10D of each group. The data in the figures represent mean values + SD, *p < 0.05, **p < 0.01 compared with the control
group, #P < 0.05, ##P < 0.01 compared with the sham group at the same point
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Fig. 3 The protein level of inflammatory biomarkers COX-2 and iNOS in cartilage detected by western blotting. The data in the figures represent
mean values + SD, *p < 0.05, **p < 0.01 compared with the control group, #P < 0.05, ##P < 0.01 compared with the sham group at the
same point
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Fig. 4 Immunofluorescence staining for CD31 to identify angiogenesis in the cartilage of ACLT-induced mouse by a fluorescence microscope
(OLYMPUS) (scale bar: 20 um). A CD31-positive staining in the cartilage of the sham operation group and the model group. B CD31-positive
staining in the blank group. C Blood vessel count in each group. The data in the figures represent mean values + SD, *p < 0.05, **p < 0.01
compared with the control group, #P < 0.05, ##P < 0.01 compared with the sham group at the same point
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The research of OA pathogenesis showed that normal
articular cartilage is avascular but angiogenesis at the
osteochondral junction and in non-calcified cartilage
was observed in OA [21-23]. Loss of resistance to vas-
cular invasion distinguishes OA cartilage from normal
articular cartilage, which may be important in the patho-
genesis of OA [24].CD31 is a marker of endothelial cells
expressed in vascular development and is often used to
identify newly formed blood vessels [25]. Here, we inves-
tigated the CD31 by immunostaining to visualize the
vascular invasion. As shown, the blood vessels have not
been observed in the sham group. In model groups, new

blood vessels can be seen from 1week and the number
of blood vessels increased in 8 and 12 weeks, and this re-
sult was nearly correlated with the degree of osteoarth-
ritis, which confirmed that angiogenesis played a
significant role in the degeneration of cartilage.

The mechanism of angiogenesis involves a coordinated
signaling axis, among which the VEGF played an import-
ant role. VEGF expression has been found to be in-
creased in the articular cartilage, subchondral bone,
synovium, synovial fluid, and serum of OA patients [26—
30]. VEGF-A is the founding member of the VEGF fam-
ily, and it binds to VEGF receptor-2 (VEGFR2) and plays
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Fig. 5 The level of the expression of VEGF-A and VEGFR2 in cartilage. The data in the figures represent mean values + SD, *p < 0.05, **p < 0.01
compared with the control group, #P < 0.05, ##P < 0.01 compared with the sham group at the same point
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the most important role [31]. Previous studies have con-
firmed that VEGF-mediated vascular invasion plays an
important role in OA, which could lead to increased
production of matrix metalloproteinase (MMP)1, MMP-
3, and MMP-13, and induce chondrocyte apoptosis and
inflammatory reaction as well as increased expression of
nerve growth factor (NGF) [32-34]. Assessment of
VEGF as a biomarker in patients with OA showed that
increased VEGF in synovial fluid was correlated with the
grade of OA severity [35]. Blocking VEGF signaling
pathways and angiogenesis has emerged as a promising
approach in recent preclinical studies in OA [36]. Our
previous study has confirmed that Chinese medicine can
decrease the VEGF expression and thus delay the pro-
gression of OA. But the change of VEGF-A/VEGFR?2 ex-
pression in the ACLT-induced OA model was still
unknown. In the current study, we found cartilage ex-
pression of VEGF-A was basically consistent with angio-
genesis, which indicated VEGF-A was a particular
feature in OA and more fully demonstrated that VEGE-
A and VEGFR2 were associated with vascular invasion
at cartilage.

Previous studies indicated that VEGF-A may have spe-
cific roles in inflammation, which are closely related to
the processes of OA. Although OA is commonly de-
scribed as a non-inflammatory disease in order to distin-
guish it from “inflammatory arthritis,” such as
rheumatoid arthritis (RA) or the seronegative spondy-
loarthropathies [12], many studies showed that inflam-
mation triggered by factors like biomechanical stress was
involved in the development of OA [37]. Researches
have confirmed that a variety of inflammatory mediators
are involved in the pathological process of OA. COX-2
plays an important role in joint destructio n[38]; iNOS
produces high levels of NO, which can inhibit the syn-
thesis and secretion of ECM in chondrocytes, leading to
cartilage degradation [39]. To confirm the inflammation
reaction in this model, the expression of inflammatory
biomarkers COX-2 and iNOS in cartilage were tested by
western blot. Our results showed expression of COX-2
and iNOS increased in the model group, basically related
to the Mankin scores and expression of VEGF-A.

Conclusion

Taken together, we successfully established a surgical in-
duced OA model with anterior cruciate ligament tran-
section surgery (ACLT). The degenerative degree of
articular cartilage was time-dependent, and angiogenesis
and inflammation were important pathological changes
of cartilage in KOA. The expression of VEGF-A/
VEGEFR? signaling pathway was basically correlated with
the degree of KOA. However, as far as we are concerned,
the expression changes were tested in protein level,
changes in gene level needed to be further investigated.
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In summary, these findings can provide experimental
support for this model as a vector in the study of KOA
pathogenesis

Abbreviations

OA: Osteoarthritis; ACLT: Anterior cruciate ligament transection;

VEGF: Vascular endothelial growth factor; VEGF-A: Vascular endothelial
growth factor-A; VEGFR2: Vascular endothelial growth factor recepter 2;

HE: Hematoxylin—eosin; S-O: Safranin-O; IHC: Immunohistochemistry;

IF: Immunofluorescence; ADAMTS-5: A Disintegrin and Metalloproteinase
with Thrombospondin Motifs 5; COL-II: Collagen II; COX2: Cyclooxygenase-2;
iNOS: Inducible nitric oxide synthase; MMP: Matrix metalloproteinase;

ECM: Extracellular matrix; NGF: Nerve growth factor

Acknowledgements
Not applicable.

Authors’ contributions

GCH conceived and designed the study and critically revised the manuscript.
JJQ and QX performed the experiments and drafted the manuscript. WMX
participated in study implementation and manuscript revision. RC
participated in analyzing and interpreting the data. The authors read and
approved the final manuscript.

Funding

This study was supported by the National Natural Science Foundation of
China (No.81774341) and the Colleges and Universities Natural Science
Foundation of Jiangsu Province (20KJB360004).

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The study was conducted according to the guidelines of the Declaration of
Helsinki and approved by the Ethics Committee of Animal Experiment
Committee of Nanjing University of Chinese Medicine (ethics
N0:201904A009). Written informed consent was obtained from individual or

guardian participants.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Laboratory for New Techniques of Restoration & Reconstruction of
Orthopedics and Traumatology, Nanjing University of Chinese Medicine,
Nanjing, Jiangsu, China. “Department of Rehabilitation Therapy, Nanjing
University of Chinese Medicine, Nanjing, Jiangsu, China. 3Department of Basic
Physical Education, Nanjing University of Chinese Medicine, Nanjing, Jiangsu,
China.

Received: 23 April 2021 Accepted: 8 June 2021
Published online: 14 June 2021

References

1. Thysen S, Luyten FP, Lories RJ. Targets models and challenges in
osteoarthritis research. Dis Model Mech. 2015;8(1):17-30.

2. Aicher WK, Rolauffs B. The spatial organization of joint surface chondrocytes:
a review of its potential roles in tissue functioning, disease and early,
preclinical diagnosis of osteoarthritis. Ann Rheum Dis. 2013;73(4):645-53.

3. Wang WH, Li JY, Li F, et al. Scutellarin suppresses cartilage destruction in
osteoarthritis mouse model by inhibiting the NF-kB and PI3K/AKT signaling
pathways. International Immunopharmacology. 2019;77:1-8.

4. Thielen NGM, Kraan PMVD, Caam APMV. TGF/BMP signaling pathway in
cartilage homeostasis. Cells. 2019;8(9):969.



Qian et al. Journal of Orthopaedic Surgery and Research

20.

21.

22.

23.

24.

25.

26.

Teirlinck CH, et al. Prognostic factors for progression of osteoarthritis of the
hip: a systematic review. Arthritis Res Ther. 2019;21(1):192.

Musumeci G, Aiello FC, Szychlinska MA, Di Rosa M, Castrogiovanni P,
Mobasheri A. Osteoarthritis in the XXIst century: risk factors and behaviours
that influence disease onset and progression. Int J Mol Sci. 2015;16(3):
6093e112.

Kamekura S, Hoshi K, Shimoaka T, et al. Osteoarthritis development in novel
experimental mouse models induced by knee joint instability. Osteoarthritis
& Cartilage. 2005;13(7):632-41.

Kao JH, Lin SH, Lai CF, et al. Sheanut oil triterpene concentrate attenuates
knee osteoarthritis development in rats: evidence from knee joint histology.
PLOS One. 2016;11(9):e0162022.

Feng K, Ge YW, Chen ZX, et al. Curcumin inhibits the PERK-elF2a-CHOP
pathway through promoting SIRT1 expression in oxidative stress-induced
rat chondrocytes and ameliorates osteoarthritis progression in a rat model.
Oxid Med Cell Longev. 2019,2019:8574386.

Guo L, et al. Ipriflavone attenuates the degeneration of cartilage by
blocking the Indian hedgehog pathway. Arthritis Res Ther. 2019;21(1):109.
Lin C, Shao Y, Zeng C, et al. Blocking PI3K/AKT signaling inhibits bone
sclerosis in subchondral bone and attenuates post-traumatic osteoarthritis:
1Y294002 Inhibits subchondral bone sclerosis. Journal of Cellular Physiology.
2018;233:6135-47.

Bonnet CS, Walsh DA. Osteoarthritis, angiogenesis and inflammation.
Rheumatology. 2005;44:7-16.

Chen YL, Yan DY, Wu CY, et al. Maslinic acid prevents IL-13-induced
inflammatory response in osteoarthritis via PI3K/AKT/NF-kB pathways. J Cell
Physiol. 2021;236(3):1939-49. https://doi.org/10.1002/jcp.29977.

Shotaro T, Kentaro U, Gen |, et al. Vascular endothelial growth factor
expression and their action in the synovial membranes of patients
with painful knee osteoarthritis. Bmc Musculoskeletal Disorders. 2018;
19(1):204.

Xu WM, Qian JJ, Han L, et al. Effects of Wenjing Tongluo Decoction on
cartilage morphological changes and expression of VEGF, MMP 13 and HIF-

1 in mice with knee osteoarthritis. Chinese Medicine Information. 2020;37(6):

6-12.

Wu Z, Luan Z, Zhang X, et al. Chondro-protective effects of polydatin in
osteoarthritis through its effect on restoring dysregulated autophagy via
modulating MAPK, and PI3K/Akt signaling pathways. Scientific Reports.
2019;9:13906.

Li'S, Niu G, Wu Y, Du G, Huang C, Yin X, et al. Vitamin d prevents articular
cartilage erosion by regulating collagen ii turnover through tgf-betal in
ovariectomized rats. Osteoarthritis Cartilage. 2016;24(2):345-53.

Zheng W, Zhang H, Jin Y, Wang Q, Chen L, Feng Z, et al. Butein inhibits IL-
Tbeta-induced inflammatory response in human osteoarthritis chondrocytes
and slows the progression of osteoarthritis in mice. Int Immunopharmacol.
2017;42:1-10.

Bondeson J, Lauder S, Wainwright S, Amos N, Evans A, Hughes C, et al.
Adenoviral gene transfer of the endogenous inhibitor ikappabalpha into
human osteoarthritis synovial fibroblasts demonstrates that several matrix
metalloproteinases and aggrecanases are nuclear factor-kappab-
dependent. J Rheumatol. 2007,34(3):523-33.

Soichi T. ADAM and ADAMTS Family Proteins and Snake Venom
Metalloproteinases: A Structural Overview. Toxins. 2016;8(5):155.

Yu X, Qi'Y, Zhao T, et al. NGF increases FGF2 expression and promotes
endothelial cell migration and tube formation through PI3K/Akt and ERK/
MAPK pathways in human chondrocytes. Osteoarthr Cartil. 2019;27:526-34.
Walsh DA, Bonnet CS, Turner EL, et al. Angiogenesis in the synovium and at
the osteochondral junction in osteoarthritis. Osteoarthritis Cartilage. 2007;15:
743-51.

Suri S, Gill SE, de Camin SM, DF MW, Wilson D, Walsh DA. Neurovascular
invasion at the osteochondral junction and in osteophytes in osteoarthritis.
Ann Rheum Dis. 2007;66:1423-8.

Smith JO, Oreffo ROC, Clarke NMP, et al. Changes in the antiangiogenic
properties of articular cartilage in osteoarthritis. Journal of Orthopaedic
Science. 2003;8(6):849-57.

Zhu Y, Wang YM, Jia YC, et al. Characterization of synovial angiogenesis in
osteoarthritis patients and its modulation by chondroitin sulfate. Arthritis
Res Ther. 2012;14(2):R58.

Lambert C, Mathy-Hartert M, Dubuc JE, et al. Characterization of synovial
angiogenesis in osteoarthritis patients and its modulation by chondroitin
sulfate. Arthritis Res Ther. 2012;14(2):R58.

(2021) 16:379

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

Page 8 of 8

Corrado A, Neve A, Cantatore FP. Expression of vascular endothelial growth
factor in normal,osteoarthritic and osteoporotic osteoblasts. Clin Exp Med.
2013;13(1):81-4.

Fay J, Varoga D, Wruck CJ, et al. Reactive oxygen species induce expression
of vascular endothelial growth factor in chondrocytes and human articular
cartilage explants. Arthritis Res Ther. 2006;8(6):R189.

Mabey T, Honsawek S, Saetan N, Poovorawan Y, Tanavalee A, Yuktanandana
P. Angiogenic cytokine expression profiles in plasma and synovial fluid of
primary knee osteoarthritis. Int Orthop. 2014;38(9):1885-92.

Ballara S, Taylor PC, Reusch P, Marme D, Feldmann M, Maini RN, et al. Raised
serum vascular endothelial growth factor levels are associated with
destructive change in inflammatory arthritis. Arthritis Rheum. 2001;44(9):
2055-64.

Liang Y, Zhang Y, Wang G, Li Y, Huang W. Penduliflaworosin,a diterpenoid
from Croton crassifolius, exerts anti-angiogenic effect via VEGF receptor-2
signalling pathway. Molecules. 2017;22:1-12.

Pufe T, Harde V, Petersen W, Goldring MB, Tillmann B, Mentlein R. Vascular
endothelial growth factor (VEGF) induces matrix metalloproteinase
expression in immortalized chondrocytes. J Pathol. 2004;202(3):367-74.
Yuan Q, Sun L, Li JJ, et al. Elevated VEGF levels contribute to the pathogenesis
of osteoarthritis. BMC Musculoskeletal Disorders. 2014;15(1):1-8.

Walsh DA, McWilliams DF, Turley MJ, et al. Angiogenesis and nerve growth
factor at the osteochondral junction in rheumatoid arthritis and
osteoarthritis. Rheumnatology (Oxford). 2010;49(10):1852-61.

Gaballah A, Hussein NA, Risk M, Elsawy N, Elabasiry S. Correlation between
synovial vascular endothelial growth factor, clinical, functional and
radiological manifestations in knee osteoarthritis. The Egyptian
Rheumatologist. 2016;38(1):29-34.

Hamilton JL, Nagao M, Levine BR, et al. Targeting VEGF and its receptors for
the treatment of osteoarthritis and associated pain. Journal of Bone &
Mineral Research. 2016;31(5):911-24.

Chow YY, Chin KY. The role of inflammation in the pathogenesis of
osteoarthritis. mediators of inflammation. 2020; 2020:1-19.

Ochi T, Ohkubo Y, Mutoh S. Role of cyclooxygenase-2,but not
cyclooxygenase-1,0n type Il collagen-induced arthritis in DBA/1 J mice.
Biochemical Pharmacology. 2003;66(6):1055-60.

Li D, Ni'S, Miao KS, et al. PI3K/Akt and caspase pathways mediate oxidative
stress-induced chondrocyte apoptosis. Cell Stress and Chaperones. 2019;
24(1):195-202.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

e thorough peer review by experienced researchers in your field

e rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




B FH
2021 4F (35 42 %) 5 3

SPORT SCIENCE AND TECHNOLOGY
Vol. 42, NO. 3. 2021

DOI:10.14038/j.cnki.tykj.2021.03.007

123l SR LT 0 AL B HE R K RIE3hTh e
1 NGF. IGF-1 xRz

EE AL

ER %

(LR REAREE: 2. MathBEA R R IR AR b, 105 #ist 210023)

Effects of Exercise Punctured Blood Therapy on Motor Function and NGF. IGF-1 Expression in Sciatic Nerve Injury Rats
CAI Ren, etal.
( Nanjing University of Traditional Chinese Medicine, Nanjing 210023, Jiangsu, China)

FWE: [ B 1] 23 i o 2445 &3040 KX BEIZ IR 2 R X518 Z 22 E F NGF. 16F-1 KIEsm ., [ 77i%]
36 1 Sedden IT FEAR-B #0005 kit SD KB, BENL N 2 4H, M (n=18), A4 (n=18), FlM LR fi WL AERZ VLA
AN 3B B S AT SRR B BRI TR, A 2-3 k. PR M ANT 20 4. 6 EHT IR E e, (R
3B Elisa #G NGF M TGF-1 ik K. [ 45 5 Y i 28 JHE A U0 52 28 W NGF J¢ TGF—1 FRak 3o, #H & s H45 80 4H (P<<0. 05).
[45i8]) filifnfg Lid NGF & IGF-1 &1k, &K E R, Wit KRERMEIRGRBE, SeEEsmhe.

REEAE. BshA; R, AREREs; NGF; IGF-1

JH a2 S BUE FH S hRE R M E B A, 1
BRI R FE 2 — . W& RO AR TR IR IT BRIk
B, AR AAE T IS L — bR, HEEAE NI
AN FIFRBE R IR b e ThRE e 2, = B 5 ] UL 2845 & 5611
Asgft QA (R JE B 4840 1 T A R A S A SR AN
I ARBIF L2 o RATFE VR YT A Bl e 2 10495 5 T e A (1 L 72
R ISR S5 A YRR T RS ) 4 LLE Bl s f LT
TEAEAE BRI A I T 28 RS AT T R DGR 4R
2o AR H RITOG T I AT ) R 2 B LA R AR . A
SE R E S e 240 It ) £ K R AL B S P i Y, JE
TEOAR SR AT 2 Bl fUR L TT S MR HE IR S 2, 3
o A5 2 g g R K BB F (nerve growth
factor, NGF) A& KA T 1 (insulin 1ike growth
factor—1, IGF-1) IRk, FIHRIT R ML0T Bl #2404
Ja 12 2 DRe 2 BIAE F K AT REATLH, I PR VAT ) Bl R 42 45
193 )5 V) RE PR RS HE R A4
1 #ARH 5 75
1.1 SEBSshn Je 44

SEIS BN PIR B SD KB 36 R, i & A 230g-250g,
SPF 2, ¥ HH B seae sy o8t [VFafiES: SCKX ()
2013-0016 ], @ mEHEM RS | )G, 174EmMEm
FAZY 1] 2%, A 58 S5 B R BRBE AL 2 Sl I 2H 5 A B2, 45
H 18 RKR, WMEMMHAEABITE 2. 4. 68, &6 1K
f o
L. 2 KA E IR G BRI

25% 5 Fr RGP S R S 8 K R EML [ 2 T F R &
Ly WS, R FREEREALJE AT, TR
5 5 10mmAtk A 14em B I 4 56 45 P & e Ak 1 2230,
BB E Ay3mm. , 3Rk Sedden T EH5G"™ o H28n] R
B, EEANIARE . EEERXRZMERIEE Ri%
B, ARECHEEGAR, AR B BEICATAGEE it
T, KA A RSN T AT, bR AT
Ja B ALK R — D BENL T T2 A T4 A AT
SHIH, &6,

1.3 FHmE

T FF ARG 4, BURRTHUREERZ LA S 3k 2 3)
AU R — MR M 3047 s RS o ) 160 F 4% BEJULISE 30ss,
A BB s 2-3 &, Jl 5 AT R R U L 1-2 N .
REZY AR R RE AT ShAD MBI AT ORI . & If 2-3 WK
1. 4 WEEHE bR B dar I
L4 1 RIS 2%

TRIT SRR HI ORI WA Z],  BEAT I LI 0 € « 23

M HER LA 3 (I P SNBSS 20D AR UL 3 (IR
F ik s kb BT, BUN &EBHEMNL, R0 EACH K S
FERAY FRETC A A P I SHER LIS 2B o 7 5 3R =20 I (155
A JHE R L3 25 5947 /A5 0 CR D> JHE R L3 B 404 X 100%™
1.4.2 ELISA #5544 #HZ th NGEF K 1GP-1 RiX

ST —IT RS R 24K, B % 2K R B PRI
WA, BBAE LI X, WA KRS AnT
AL BT 10mm, G B N 4% 58 5 IS VA 8] 5 A5 000
SR FAMGIE S s R B 5292 (ELISA) LA4: 3 2 THESREAT X
Fa DAL PR 22 4 24 e NGF Fil TGR-1 W4, HE 84 1 4E
Feftk . AN 450nm, FERE % BB B B i B TR AR
1.5 it ab

K SPSS19. 0 Giih Ry I AL B R . THE TR LY
HEbruiz ( xts) Fox, KA 4. Bl P<<0.05 A%
FH BEMER
288
2. 1 HER UK 5 2%

P KA A M EL o, (O HER VUL RS20 &
Haadk, ROHER IS LB, #rEkas, OEERE. H
MAHEST 2 F G VLK RIRIR, 1677 4 W E FR T

e, 45 6 AASMIBAMLER AR 2R, P

<0. 05,

* 1 BHKEUHEAILIEE R EHR LB (=6, x+s)
A5 T2 T4 A T 6 )4
3 1fn. 28 0.68%0. 05 0.86240. 013 0.90+0. 01
AL 0.7140.02 0.76+0.03 0.8140.01

(SRR, *P<<0.05)
2.2 FilIfL 20 SR RILH NGF, TGF-1 &Ik /KT
ELTSA K& 45 5L 57 75 2H K BR A w28 1 NGF Rl NGF K
IGF-1 &27F 2 FNEL, FE@tim, Hd 4 FA. 6 4
ZH I NGF & s B B30, SEMA R ZE A R o
2 FHKRTTA I ) )5 AL i #2241 2
NGF 5 IGF-1 FiktLH (n=6, x*£s)

il T2 F 4 F T 6
H NGF IGF-1 NGF [GF-1 NGF [GF-1
4,68+ 1.54+ 17.064+ 3.02+ 18.24+ 4,40+
il 1fiL£H.
0.82 0.14 0. 30% 0.21 1. 45% 0. 20%
+ + + + + +
— 4.87+ 1.69+ 13.094+ 2.49+ 10.45+ 2,47+
0.13 0. 26 1. 40 0.28 3.52 0.94
(SRR, *P<<0.05)
3itie

*HEWME: IASHETEANEMTE LT (19K4B320018).

EEEMT: BE (1978—), WL, W, ARAE: FENESESHAENE.
BIREE: ] (1962—), A8, #R, AiRFE: EREHHRGHTEERES.

17



HE R
2021 4F (35 42 %) 5 3

SPORT SCIENCE AND TECHNOLOGY
Vol. 42, NO. 3. 2021

ST 322 F = e SRRSO AASE S g 7 9 B S L A
R RN, B R, A RS R I e, R 2%
T A, KA AR IR . UL IS Bl £ A o 48K
IR IX RS B 2R X, WA TR o A
RE MR AL T A 0 T B AR T AR ST I A MURE A R 4595
AR TR I T B0 AR A 1 I PR v L i AR
MR E T 28 TR A R T, (et A 28 P A e D RE AR

.

NGF s P R I S LI L E F- KT, NGF Re4E+F
MMM IRE, RS A4ErBE, s
HAEPERS SAEFRER. B, X NGF Bk BikE
KTFMEHGE R SBERER"Y . BN, mTRMEMH
T HSHVEYE ™ ER M S5 G B AR T RE I R, 9T
B B8 I R R AL R BTv , E N B 5 7 1 B BT
S IGF-1 A ANLNAE K IEMETE S, Rl e 2
JHO3E PERIIG A . PRSI B AN T, ERERAA
IR SR AE K, AT 4 B s 45

AHIF A5 5 S 7 W 40, NGF 2234 /K T B 26 1) 18] o #EF2 15
B, SR g g Ry, gl 4 8 K 6 A
NGF A1 IGF-1 [ FRE BT R H A H B, $27- 0 i nf BL
WA 40 NGF R IE K, 1Rt s, i siE
TGF-1 (43 b A i i B GRIPFERILA I Bh R, SEELRESS B
A

JHE A7 I A B i 2 T B ) I WL IR o AT 75 485 SR B 7 Bl
25 I TR HERS W 4K BRI JHE R LR B R 35383 1 = » B R B
PREAAG A B BAT IR SR AR T AR g ™, (030 i 28 K BRUHERZ AL
WAL 2N A JE FFUA B IR A7 S0 ekt , CIAIE T o) v
T JH AR 2535145 5 Th RE M S s HAT R e e

HE AR v 9 S ) X — T8 B G AT VR T T VA RE
{3 J AP 2 I B0 T Bl £ G 0 1a Ty B BB

(B85 16 TO)

3. 3 T T IZ 8 SR T AR B R O M BESATESE Rl 2 Y,
B LA RS o

3. 4 TERRSSTT M AR RS W M A R R |, RIE T
DT TEIE B A SR T T D O AT Hd A K 2
BE, TEEETER IR IR 8 iR R
18, SRS IEATRE S, Tt T A8, 4
REilE— B3 FHiE B A B SR

BEER

(L1407, XA, /b EMRF BT Eiash IR
h%ﬁﬁ%&ﬁﬁﬁﬁ@ﬂﬁbl%%ﬂﬁiﬁ@ﬁ,
2007 (9).

(2] X, R [E 5 /4735 28 12 3h G B AR ML BE F8 A 1 5T [D].
PR H 2B, 2012.

BIEET. BREEoEL FwEids AERENIZES)
A7 ID]. P ABITTE K2, 2010.

[SIHZEA. Bshilgr M. Jbul: =% 80E H Akt 2006.
(6] % HEF. BR7E B LF5 5 >4 T35 18 8 0 I k38 (A] 5
RYVEZ WIS R B T]. LR E Fk2=W,, 2012
(5) :614-618.

L7150 % Jo. ot B 75 /0 5 A 735 78 18 8l 4 B AREFAE
BB B2 8T [T, TERIA & 22 B 224, 2004 (6): 766-768
(8], RIS RE MR LF 20kn 35818 8) I )5 2
TERARZEEIT ], FE AR E RHY, 2007(4) :53-59.
[9] X%, skt is. ER T &L F 20kn 52 B30 A EH R
—HERGRNT ST LT ). TR E 2B R, 2009 (1) 199
-102.

(101 &R, ML, Uik EE, %, 2014 ERGTEM A

18

T o fELR At 2 B R GER A 3 S AR S A WD B T Ik (K A b A
2 [ REME R R Rl — PR o (ARSI B VIR
et P 2B B R D e R AT e AL, D) it — 2B IR
ANBFFEAT T3 fit o

SEHR

(L e, JE v, S, T BE VR TT 8] 1 304 FO 1 7 ot g
[J]. IR A0 ik, 2018, 27(1) :111-114

(o) i, A, B, i M6 & By vR VR T e 31 5 )
ElEm M ThRe R % 2 W [J]. RS, 2019, 25 (1
2):136-137

[312=g 40, FLF54E, KO8, &5, FAE DN K R AL B & s
Ja AL SR ARG 18 84 0 P VEGE RKIEHIR2 M
[J]. E R I 5508, 2010, 16 (8) : 744-747.

[ATRE AN, FIiME. A AL rh 28 KR M E LK TR
T Slit2 Busgmn [J]. i EEE 2, 2013, 24(4) 11011~
1014.

(5175 )ik, IR, EIfEFF, 2. A2/ Rel fEsk K R AL H fha
W EEAMERLT]. @2, 2013, 36 (1) :70-73.
(6] [ UKAA. B Be 4 0 48 T BE VA T7 JR) IR T 9 o 8 S0l AR
W[ J]. sSEf R BEZS 445, 2014, 30(2) :138-139.
[T1BMER, ihid 2z, 220K, & REBILEs) S 5183 &M
JER 2R SRR E L] R EREE R4, 2011, 26
(11):1014-1019

(814455, 48 ULy ¥ i L AR 2 i (0. b [0 R e
5, 2004 (24) :5126-5127.

(91K pg, ERiiE, B L. st b BHaiihis e
T NGF-mRNA RIX [ R2m [J]. s R £ B AR #2007,
16 (5) :268-270

FE 27 10km A R SEEFARIZE)ERHE T]. B AR F 2
B 2= (A AFHFAR) , 2015 (5) :22-26

[L1IBEIEN, 29T, 2R, & B4 5. % 20km FERT 5
Ziash B shE AR T [T]. AR E RL2E, 2006 (8) :41-47.
[12]¥rt s, 2, Bhor 5. [ AT ER AN 10 MF
ELT]. R E R, 1997 (1) :140-43.

[BIEFRKE BR. ZEEshRHHE CEC. bR A F R
J& AR G, 2007.

[14]5k B, R E SR IS 2L 5 K E#A [T]. s
R 2R 2R, 2009, 35 (7) :34-71

(15] #E8oe, sEHEA. TN 568 LB ORI 7T (U], Rigeik
B PR, 2002, 17 (1) :24-26

[16] Z=4F, =30, T2, Tiaa 5 BIE S 20F 20kn
SEREIEMA AT AR E 2], 2007 (1): 108-110

(71 EM, 8. 5 EBhINENRIAALIRER [T]. btk
B R2E223, 2006, 29 (10) 1 1419-1420

(18] &M, BT, XML EEF AR DT EF %
Ti], 2008, 15(9) :90-92

(19l FER, 3, F45. 2R EIRHE 7 o va B BRI
MOC[T). 2R E 24k, 2008, 25 (4): 93-95

[20] Ak, g5, 224kt FE M 7555818 8h B A% 55 4%
RIERBA A LT]. AR E KSR, 2009, 32(8) 1127~
129.

[21] L4, WLy, W B TS 5 755 B 18 8l D SRR R AE 7L
[J]. dE R E K&, 2009, 32 (9) :121-124

[22]1Z5 AR, R, #l01, &5, 5t 2015 SE4H L AR R AR IE R &
SOUTAR RS AR g 3 20T 78 [T B RBHE SCkiEHE, 2017,
25(9) :17-19.



DOI:10.19715/j.tiyukexueyanjiu.2015.05.011

Sports Science Research

19 % 265 W
2015 %9 A

KEAMXEBFANESHREN TEHE" AR

B RER, RaE
(. EFEYGAFERE I, LA B8R 210023,
2 HERMEAFETAFFERME R, LA F K 2100463
S ERYEHAFREAEIT R, LA E X 210023 )

Vol. 19, No. 5
Sep. ,2015

B B HEK=AMXZENIZSIRRE K" TH 2" UK, 20 R &= AL TR A8 P 1) 26 0 7 D7 ik 5 7 3K
AR ZAMIX B ENIBB R 2 RIAOHE . 45 R R0 ZHENIBIRA K" T 9 RERE K =M PR
Wi A7 AE I — A ST EAAMUR L TN AT R 45 5% T Bt R SRR K TS Z MR REM T
TERRE— R B . ZEENISENIRIF B I 3 X2 FEANS SEARIRNESIA S I L B, (HE S E ek
P& ESnaia sk R G S ) 2 R R R - B E RTIRERZ ARSI EZh 2 5 BUIRT 5 W VA B A8 B 5 — Xt
PR PR 72 b PR A e 1) 2% R e T S AT

REIE: KM ZFEN IR TIH %
hESES: G811.4 SCRRFRIRAS: A

Study of “zero consumption” in Sports and Leisure Activity in the Elderly Living

XEHS: 1007 -7413(2015) 05 —0051 - 05

in the Yangtze River Delta Region
CAI Ren', ZHANG Jian—guo’, QIAN Jia5jia’
(1. Sports Department of Nanjing University of Chinese Medicine, Nanjing 210023, China;
2. Theories of Sports Science Institution of Nanjing Normal University, Nanjing 210023, China;

3. rehabilitation department Nanjing University of Chinese Medicine, Nanjing 210023, China)
Abstract: The paper invesligates the Yangize River Della region the elderly sporls “zero consumption” situation and analyzes
its characteristics and causes. It uses questionnaires, interviews and other methods to obtain information about the Yangtze
River Delta region of elderly leisure sports consumption related data. Conclusion: the elderly sports “zero consumption” is
China’s Yangtze River Delta region in the more widespread the phenomenon of a kind of society, it is not only economic income
level constraints results, but also the age, physical decline and other factors contributed to a trend in consumption. The elderly
sporls “zero consumption” for the elderly participation in recreational sports aclivilies is not significantly affected, but will be
affected to a certain extent sports leisure activity diversification development. Current our country older sports leisure activity
participation situation is concerned, is not as developed as the leisure industry and the development to play a decisive role in
the leading role.

Key words: Yangtze River Delta Region; the elderly; leisure sports; zero consumption
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The Effect of 12 Weeks’ Taijiquan Exercise
on Carotid Artery Hemodynamics Index of Middle-Aged People

CAI Ren, QIAN Jiaia

( Department of Physical Education of Nanjing University of Traditionai Chinese Medicine,
Nanjing, Jiangsu 210023, China)

Abstract:  Object: Observe the effect of Taijiquan on middle-aged carotid arteryhemodynamics, explore the
effects of Taijiquan on prevention and improvement on atherosclerosis. Methods: 80 subjects were randomly di—
vided into normal control group and Taijiquan exercise group, and exercise group according to a certain condition
of strength did exercise for 12 weeks. Carotid artery hemodynamics indexes were detected by the professionals
with SonoScape SSI-5500 ultrasonic detector. Results: After 12 weeks’ Taijiquan exercise, people in exercise
group has a certain effect on hemodynamics index, the main improvement is the increased blood flow velocity:

PSV, EDV, and the difference had statistical significance among the normal groups. Conclusion: Taijiquan exer—
cise can effect Carotid artery hemodynamics indexes so that prevent and improve the occurrence and worsening of
atherosclerosis.

Key words: Taijiquan; middle-aged people; arleria carolis; hemodynamics
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