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WE: BRI AR E W ( Ephedrine) 45 i B B2 % 428 5 1 88 ( AMPK) /#% %% 5% B F -« B (NF-kB ) {5 5 3 J8 % K B & X
K (KOAY WM, Ak H KOA KR IR 4 Sham 41 . KOA 41 Ephedrine 4] (40. 0 mg/kg) . Ephedrine(40. 0 mg/
kg) +Compound C 41 (0.2 mg/kg) , 254755 H T HiJ5 , 43 Tk 300 BRI DG 4 B8 132 5 P R, 2% 21 O-[&] 2 s B WL A% 4K 1 A 41
ARG I 4T Mankin D4y, ELISA 54 I 56 45 W TNF-o IL-1B ,COX-2 /K, %3 4 fL K0 0 Kk B 40 47 IL-13  MMP-13 %F@%
ik, Western blot £l AMPK/NF-«xB # A X E 1K V. EF 5 Sham HHE , KOA HH T HLEAWMG™E, BRXTREE.
Mankin P43 535 TNF-o  IL-18 ., COX-2 7K F B3 4 1L-13 . MMP-13. p-NF-kB p65/NF-kB p65 7K F B % F 5 , % 5% B E
T3 B A E p-AMPRK/AMPK 7K & B AIL (P<0.05) ; 1j KOA 4 [V %, Fphedrine 2 5B HAUR BB B2, ML W E .
Mankin ﬁé} KW TNF-o TL-13 . COX-2 7K B 3K -B 440 TL-13 . MMP-13 p-NF-kB p65/NF-kB p65 7K - & Z [& A%, 30 0 (8
FECF A p-AMPK/AMPK 7K B EFH & (P<0.05) ;5 Ephedrine 28 1%, Ephedrine+ Compound C 41K Bl 3CB 4L 2 B 46
B, OG5 B  Mankin ¥4 7 TNF-o \IL-1B ,COX-2 /K M 4k E 4H 4 IL-18 \MMP-13 ,p-NF-kB p65/NF-kB p65 /K i 2
Th i 0 B B 2 p-AMPK/AMPK K B2 AR (P<0.05) . 518 R 0E A 0T AMPK 8 B A1) NF-«B {5508
B, 0 A DN, e KOA K RARE 30 .
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Abstract; Objective To investigate the impact of ephedrine on knee osteoarthritis ( KOA) in rats by regulating AMPK/NF-xB
signaling pathway. Methods KOA rat models were established and grouped into Sham group, KOA group, Ephedrine group
(40.0 mg/kg) , and Ephedrine group (40. 0 mg/kg) +Compound C group (0.2 mg/kg). After drug grouping intervention, the knee
joint width and pain threshold of rats were measured respectively, the pathological changes of cartilage tissue were observed with
safranine O-solid green staining and Mankin score was performed, the levels of TNF-q, IL-13 and COX-2 in synovial fluid were
detected by ELISA  the expression of IL-13 and MMP-13 proteins in cartilage tissue was detected by immunohistochemistry , Western
blot was applied to detect the level of AMPK/NF-kB pathway related proteins. Results Compared with Sham group, the cartilage
tissue of KOA group was seriously damaged,the knee joint width, Mankin score, levels of TNF-a, IL-13, COX-2 in joint fluid,
and levels of IL-13, MMP-13, and p-NF-kB p65/NF-kB p65 in cartilage tissue were significantly higher, and the pain threshold
and the level of p-AMPK/AMPK in cartilage tissue were significantly lower ( P < 0.05); compared with KOA group, the

pathological damage of cartilage tissue in Ephedrine group was reduced, the knee joint width, Mankin score, levels of TNF-«, IL-
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18, COX-2 in joint fluid, and levels of IL-13, MMP-13, and p-NF-«B p65/NF-kB p65 in cartilage tissue were significantly lower,

and the pain threshold and the level of p-AMPK/AMPK in cartilage tissue were significantly higher ( P<0.05) ; compared with the

Ephedrine group, the injury of cartilage tissue in the Ephedrine+Compound C group was aggravated, the knee joint width, Mankin

score, levels of TNF-a, IL-18, COX-2 in joint fluid, and levels of IL-18, MMP-13, and p-NF-kB p65/NF-kB p65 in cartilage

tissue were significantly higher, and the pain threshold and the level of p-AMPK/AMPK in cartilage tissue were significantly lower

(P<0.05). Conclusion Ephedrine can inhibit NF-kB signal pathway, inhibit inflammatory reaction and improve cartilage injury

in KOA rats by activating AMPK pathway.
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1.1.1 3h4¥y.SPF %% SD Mk K R.,6~8 % ,210~
230 g, Wy T A = B p Rl B BE A S0 5 3 W Wt 5
(¥FATIE 5 SCXK ( 5T) 2021-0004) , 3 4 4 75 F 15
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1.2 FEEN - BRMKEWNAF (EHHEF
136020897, #L4% :30 mg) Mg B VLG ] 258 IR 5TAE 2
F) ; AMPK 1)1 i 57] Compound C ( P5499, HPLC = 98
%) W A Sigma A H] ;B R L1 O- [ SR F0E Y a3
& ( G1371 ), MMP-13 ( K002867P ). IL-1B

( KO09661P ). p-AMPK ( KO09990P ). AMPK
(K200063M) §i 4 1 F1 5 5 5 4 90 B4 45 B2 o
J Bl TNF-o ( PT516) . IL-16 ( P1303 ) ELISA i 7] &
7% p-NF-kB p65( AF5881) NF-kB p65( AF0246) .B-
actin(AF5003) 7L/ 3 3 = RAEYRHHLA RA A,
K BRI E AL B§-2 (COX-2) ELISA i3 & (SP13477)
W AR DESE A YRR R A A .

1.2 FE

1.2.1 SEEeah¥y o 4 KA i & AR 16 5 2% SOk
R Hulth #° i % KOA #E7, K RUE R 1 75 1
JJE AT 2 %8 T P 22 BRI OR B, 3T 0T A R
T, BB n) SN HE , D) A2 SR R
P A AR DI BR , RSB RALES 40 75 U H 8K 3
d B Y , T A 40 (Sham 4H) 2417 J ik 5 17
el R E W, 8 5 EEa R, EAm
Ja, % K R OBE AL 4 2y KOA #4H ., Ephedrine 2H .
Ephedrine+ AMPK 1 §13 4H ( Ephedrine + Compound C
2H) , /4 10 H . Ephedrine 24 KR4 F 40. 0 mg/kg
FIRR S 1 4524 , 8 X 1 ¥K, Ephedrine+Compound
C 41 40.0 mg/kg B HIRFE B 4525 5% 0.2 mg/
kg ) AMPK #1435 Compound C J& & ik 1 4F , 45 25
F &S % SCHR [ 7], Sham 415 KOA 4Kk KL W) B B
SREBHKE SRR, BR 1R, ELEH
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B K, B oRK Mvk, [ L 5~ 10 min, PR 24
LW 2R EELE, MORTRE, AkKHtE
IMATELLYL W 15~30 s, i | TG K R PR i 7K, —
HORE BT 5 min, PR IS E B, @508 T LR Bl
20 4 B AR AL R4 B, I EAT Mankin $E42"
1.2.5 W TNF-o  IL-18 ., COX-2 7K A& il K
REEE 24 h, KR e T 9 130 2 L 22 A R e, 5 00 IR
S s B WU BOE T W, 3 0. 1 mL A= BHER K nhk &
TR K TS R RS 9,3 000 g B 15 min,
BRI IE W ,-80 CIRFE, ARHE TNF-a IL-18,COX-
2 R & B 4 B H TNF-o \IL-1B ,COX-2 5 1
TR W 37 3 S I = e N 5 R Sl B e 2 B R
TNF-a | IL-18 ,COX-2 A7 ¥ il 35 W0 LA B &7 W AE 450
nm 4b 7 WG BE L 254 TNF-o IL-18 . COX-2 47 #E i
il 2, ALHE AR o RS £ 5 B 5 TNF-o IL-
1B.,COX-2 /K-,
1.2.6 s 41 fL 46 W 4k B 41 40 IL-18 \MMP-13 &
H: g a8 amsY) w2 s iR &2 0= ik
FH A IL-18(1 : 1 000) \MMP-13(1 : 1 000) —
PG RW 4 CER AR, MFEFLR_P(1 : 1 000)
37 CH¥E 60 min,PBS ¥E¥%J5 DAB B4, IR KK E
Yu | L2 A BB € 0RO BHE 2R 3K, R Tmage-
Pro Plus 6. 0 2347 W2 Y6 JE1(E
1.2.7 Western blot il 5 1 : & 40 K BB & 4
K5 G A RIPA R g W B &EH, RH
Western blot % ;| 4 5 , p-AMPK | AMPK | p-NF-«B
p65 NF-kB p65 J B-actin —HL# R 1 : 1 000 s BE,
HRP FRIC A EHT R 1gC —Hid R 1 2 1 500 g, 5
#ER S, LL B-actin S N2, K FH Image-QuaNT %X
0 LR O B A3 A A5 R AR R IR &
L3 Hiteiabd

K1 SPSS 25. 0 ¥ 4 A A, i = AU A A
EBSAAH (xxs) Rox, 2 47 bR FH BN R 7
Z5HT (ANOVA) , 41 (8] 7§ 1 L 4R AT LSD-: ki 4%,
B I K UE o=0.05,

2 HR

2.1 B2 R BURESCTT Vi B

5j Sham 20 L3¢, 45 2555 14.28 d J§ KOA 41K
B G 5 BE 10 (P<0.05) 3 55 KOA 41 H %,
52555 14 .28 d J§ Ephedrine #{ KRB X 7 & I
HREAE (P<0.05) ; 5 Ephedrine 41 H, %7, Ephedrine +
Compound C 21 #5255 14,28 d J5 K BR 619 56 &

W (P<0.05) , WK 1,
T AR BUERR T E L (mm,n=10,%xs)

Table 1 Comparison of knee joint width of rats in each group

(mm,n=10,x%s)

EIE| 14 14 4d 28 d
Sham 4.210.56 4.27+0. 48 4.32+0.51
KOA 8.31+1.22" 8.12£1.15" 7.98+1.00"
Ephedrine 8.42£.1.05  6.23x0.61%  5.21x0.65*
Ephedrine+Compound C 8.25+0.97 7.34+0, 722 6.54+0.61%

1.5 Sham AL, * P<0.05; 5 KOA £ I #,7P<0.05; 5 Ephedrine 4
o, 2 P<0.05,
2.2 KA KBKRERE

5j Sham H H AL, 452555 14.28 d J5 KOA 4K
B B 5 2 A% P<0.05) ;5 KOA 4l H4%, %4
2555 14 .28 d J5 Ephedrine 4 & B 18 (8 6 2 F+
& (P<0.05) ;5 Ephedrine 4 Hb%%, 452545 14 28 d
J& Ephedrine+Compound C 21 K B & 9 B (H 2 35 [%
ik (P<0.05) , .3 2,
F2 BHARRERHAMILK(g,n=10,21s)

Table 2  Comparison of pain threshold of rats in each

group (g,n=10,%xs)

4H 51 1d 14 d 28 d
Sham 16.35+1.67  17.21x1.58 17.54+1.72
KOA 4.56£0.72"  6.2420.93 " 8.15+1.23 "
Ephedrine 4.72+0. 83 9.26+0.81"  13.56+1.95"

Ephedrine+Compound C 4.31+0. 67 7.85+0. 872 9.60=1.05%

.5 Sham HAIL, * P<0.05; 5 KOA 4 [L#, *P<0.05 ;5 Ephedrine £
¥z, 4 P<0.05,

2.3 AU KRR A ZUR AR b Sz Mankin 743

Sham 2 % B 20 2125 ¥ 58 5L, 20 i 43 A 3950, )
LR VE M7 KOA 13K B A 404 ™ &, 25 i 3R 7™
TR AE WM AT, Mankin P43 %8¢ Sham #4117+
%5 (P<0.05) ;Ephedrine 2H %5 45 45 W3 W it 38, 4k
4 25 M 45 58 B 15 WF , Mankin $E43 48 KOA 41 i 3%
A ( P<0.05) ; Ephedrine+ Compound C #H 3 & 4
2115 % Ephedrine 4001 5, 3B 4 i R AE 1 £ | 1
2B W), Mankin ¥ 4 % Ephedrine 20 7} & ( P <
0.05), LK 1 5% 3.
2.4 KAKBRLET W TNF-o IL-18 .COX-2 /K

5 Sham 4 L, KOA 20 KR X9 # TNF-o | IL-
1B.COX-2 K- & T B (P<0.05) ;5 KOA 4] It
% Ephedrine 41 5697 ¥ TNF-a . IL-1B, COX-2 JK
I E AL (P<0.05) ; 5 Ephedrine 4 % , Ephedrine
+ Compound C 4 575 ¥ TNF-o . IL-18.COX-2 7K F
BFTHE (P<0.05) , L%k 4,
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Sham KOA

Ephedrine

Ephedrine+ Compound C

1 HAXRRKBALURIEAL (FL O-Fagfta)

Fig.1 Pathological changes of cartilage tissue of rats in each group (safranine O-solid green staining)

®3 AUAKRRE Mankin FEAPLLE (5 ,n=5,x=5)

Table 3  Comparison of Mankin scores of rats in each group

(43 ,n=35,%+s)
25 Mankin
Sham 0.00=+0. 00
KOA 6.20+1.65"
Ephedrine 3.60+1. 03"
Ephedrine+Compound C 4.80+1.27%

vE: 5 Sham ZHAH L, " P<0.05; 5 KOA 4 [L#,* P<0.05; 5
Ephedrine £H %5, 4 P<0.05,

2.5 FHKXBHBHALIL-18 MMP-13 FH £k
Sham 4 B & 4 ZULA b & TL-18 \MMP-13 §
FFHPER IS, 5 Sham 4 H 5, KOA 4H KRR B A
IL-13 \MMP-13 [ 4 25 ik Bk 3G £ , TL-18 , MMP-13
e EEE ¥ I (P<0.05); 5 KOA 4 &g,
Ephedrine 21 TL-13 . MMP-13 [ 2% 35 ks Jak 20 | 1L

IL-1p

MMP-13

Sham KOA

1B MMP-13 Y % J% (8 5 % B (P <0.05); 5
Ephedrine 2 [, %%, Ephedrine + Compound C 4 IL-
1B MMP-13 [H 32 15 Bk 1 &£ TL-18 . MMP-13 3§
WEEREIR(P<0.05) 0K 2 5% 5,

F4 KHAKRBEXY W TNF-o, IL-18, COX-2 /K F H 8
(ng/L,n=10,%%s)

Table 4 Comparison of TNF-a, IL-18, COX-2 level in joint
fluid of rats in each group(ng/L,n=10,%+s)

b TNF-a IL-18 COX-2
Sham 25.34:5.36  16.1554.31  1.4720.25
KOA 185.42£37.53 % 79.5448.75°  6.43x1.61"
Ephedrine 95.46£16.32%  40.36x6.82%  3.27x0. 83"

Ephedrine+Compound C 125.46£17.45%  62.47+7.23% 4.51x1.05%

FE: L Sham GIHILL, " P<0.05; 5 KOA 41 [t ,"P<0.05; 4
Ephedrine £ L%, P<0. 05,

Ephedrine+Compound C

Ephedrine

2 BARBBEHS IL-1B MMP-13 T 435 (AR 4L ,200%)
Fig.2 [IL-1B, MMP-13 protein expression of rat cartilage in each group (immunohistochemistry,200x)

K5 BSERBBBHL IL-13 . MMP-13 & 1 Rk Obw &
{4 ,n=5,8s)
Table 5 IL-1B, MMP-13 protein expression of rat cartilage in

each group ( Optical density value,n=35 x+s )

il IL-1B (LS FEME) MMP-13
Sham 0. 15£0. 03 0.21£0. 04
KOA 0.56+0.07" 0.63+0. 10"
Ephedrine 0.27x0. 04* 0.32:0. 05*
Ephedrine+Compound C 0.41£0.05% 0.53+0. 072

75 Sham AR L, * P<0.05;5 KOA A IL#,* P<0.05; 5

Ephedrine 2H H %5, 4 P<0.05,

2.6 K44 AMPK/NF-«B i A X & A
ik

Western blot 25 B 75, 5 Sham 4H [t %, KOA
R BB H A p-AMPK/AMPK JK - 2. 3 [ A%, p-
NF-kB p65/NF-«kB p65 /K 8 Z 5 (P<0.05); 5
KOA # It %, Ephedrine £ p-AMPK/AMPK 7K - i
E T, p-NF-kB p65/NF-kB p65 7K I Z W% (P<
0.05) ; 55 Ephedrine 4 H. % , Ephedrine+Compound C
4 p-AMPK/AMPK /K F & & % X, p-NF-«kB p65/
NF-kB p65 7K. F & (P<0.05) , W& 3 5k 6,
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PANPK | S0 e e e
P-NF-kB D65 s S shmine s
NF-«B 65 S N A e
fractin S o ton oo

A B C D
1A ;Sham group: B: KOA group: C ; Ephedrine group; D; Ephedrine
+Compound C group,
3 Western blot 1 ] p-AMPK, AMPK p-NF-kB p65.
NF-kB p65 FHHFE X
Fig.3 p-AMPK, AMPK, p-NF-kB p65 and NF-kB p65

proteins expression were detected by Western blot

R6 KAKREHTHL AMPK/NF-«B i
i (n=5,,%+s)
Table 6 Comparison of AMPK/NF-kB pathway related proteins

i B A OB H R I

expression of rat cartilage in each group(n=35,xxs)

e p-AMPK/AMPK  p-NF-kB p65/NF-kB p63
Sham 0.85+0. 08 0.19=0. 04
KOA 0.25+0.04* 0.79=0.08 "
Ephedrine 0.61+0. 06" 0.31=0. 04*

Ephedrine+Compound C 0.43+0.05% 0.53+0.06%

5 Sham ZHAA L, * P<0.05;5 KOA #4H L #,*P<0.05; 5
Ephedrine £ L%, * P<0. 05,

3 it

KT S HE A BB O KOA 2
MRz — HEHe A REE eI B2, HmE
Wi 8 51 3% 3 DI RE L AR 20 I b ik TR i S 4 A A
TIOR8 KOA BB RER o

H AT KOA Bi)T E R WA IR 549G
7 (0 BB SR, N REARIG , BB T 4R A RUA YT
Y R EEE L R B AR V% P T R
B Tk R L 5 A P K R 2 A 2 R 25 B2 AR L R
BB P 2 PR B I B B A TR PR IR AR GEER L I
BREWH . TR ERGERB DA T 28N
A BRSO B B AR TR A YA T T
’“%%kﬁ%iﬁ“i?&%ﬂﬂéffif oA 3 12 M R R i

HEUR ROV . AT AT KOA KRR 33 T
rﬁF R BRI S R AT U e, R O 1Y S R

B%ﬁ,%ﬂﬁﬂﬁi%ﬂﬁ,%mﬁéﬁ%EﬁTﬁxﬁzE&%
KOA i AR5 95 BB 1 o

JONES KOA 1 A i AL B DI AH OC , 56719 2 ¥ I
LR RN ST i N 4 0E X740 IL-1B \TNF-o fie HE 6 7
R A A 3 TR, R R
KOA # - IL-1B. TNF-a 2 4 5 A J 7] 5 &

COX-2 5 MMP-13 K&k, COX2 n]f 5y IR &
4 LM (PGES) 45 & T8 i PGE-2, {2 3 56 7 i ik 5 1fi.
YK, SRR A, MMP-13 TT [ fi 451 3 iR
%) Collagen II , 75 5 K B 40 M A8 1k P4 12, B IR 3k B 58
R ARG T O RURR B T TS L R RLOG
W TNF-o, TL-1B, COX-2 7K Y K # & A 2 IL-1B.
MMP-13 3£ 35 7K F- 2 325 FE K, 32 7= bR B 6 368 5 100 4
RAEJL N KOA KB BCEmEHR M. BHWR
RS, 34 S 1k IR T B i, T i O SR AR i, 4R
PRV HEBE Y. ABIIREEX — WA .
AMPK/NF-«B {53l % & 5 4 % L i , AMPK
%—ﬁhéﬁ@a@&/w PR B, T 0 ] S R
I, 26 58 40 M, AMPK ATSE 3 95 F 6 IR &
(izu PGC-la (SIRTL ) 3 58 BB 40 i 28 ki (R A= 4 &
BT B, 30 R émﬂﬁfﬂé%uitm%*ﬁélﬂﬂﬁ{ﬁ
Pk, 75 67 58 kB 40 i o AMPK I PR
kB {5 5 38 I & — Fh R AE PR 5E B, AMPK ﬁﬁ?ﬂ
NF-«kB #1ii] TNF-o [ IL-18 55 % 5E 4306, 310 ol 3K
B 20 M Y 8 RE R R kB BT TR R,
Kz WA AMPK/SIRT1/NF-«B {5538 &%, #I
il % Jﬁéfir“ 544k BB, X KOA K R 36 97 1k
-, ARBESE S5 R BoR, FR BB AT 0% AMPK il
H A0 NF-«B {5538 B, 42 75 R 5 5 7T A 48 o A
45 AMPK/NF-«B {5 5 i P& ot 3 K . KOA, Shi
25 PIBEGE WK R B 10 NF-«B (5 508 B,
WP 9 i 2 7, V8 2 A R e L/ P R A . AT
% IR UE SE R T B8 T 40 ) NF-«B {5 53 B s . i
%,,n% KOA K R AMPK #j1 i #] Compound C J5,

KRBT HAB A INE , R N 17K P38 0, 57 31 k
3% KOA E’Jf’ﬁﬁﬁﬁijﬁﬁv\@% TIE S bR 35 8 108 2o BT
AMPK i #% 41 il NF-«B {5 5 38 ¥, 9 ) 5 A K AL,
i KOA RERECE RIS

L8 LTI, R B B o S AMPK Gl 0 )

NF-xB 5538 i, 10 ] 58 5E S 7, 2 KOA R R 4K
B, FR BT BE IR N IR TT KOA BT (E 254

{ 8 % x & |
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