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B EUERTEELFEFH  RETURTARTLREARAFE, 05 0 FE2EMB;RBNATILA KL%
fo, & & OARE M, 35 &2 Mankin 3 54K T 4 B A 4 (P<0.01) 423 TR F KA (P<0.01). #F F R T
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Experimental study on the regulation of subchondral bone plate osteoprotegerin/receptor activator of nuclear factor
kappa-B ligand system by berberine to retard the development of osteoarthritis in rabbits ZHANG Jian-fang, HUANG
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ABSTRACT Objective:To investigate the effect of intra-articular berberine injection on the structural remodeling of sub-
chondral bone plate and osteoprotegerin/receptor activator of nuclear factor kappa—B ligand (OPG/RANKL) system expression
in rabbits with osteoarthritis (OA). Methods: Forty 12-month-old male rabbits with an average of (2.73+0.18) kg of body
weight,underwent left anterior cruciate ligament transection (ACLT),and were divided into berberine group and placebo
groups after operation, 20 rabbits in each group. The berberine group received intra articular injection of 100 wmol/L berberine

0.3 ml every week for 6 weeks. In placebo group,the same dose of 0.9% sodium chloride injection was injected into the left
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knee joint cavity every week for 6 weeks. Another 20 12-month-old male rabbits, weighing (2.68+0.18) kg,underwent sham
operation on the left knee joint without intra-articular injection intervention (sham operation group ). On the last day of the sixth
week after operation, three groups of animals were sacrificed to obtain knee joint specimens. The femoral medial condyle sam-
ples were obtained for histological evaluation of cartilage and subchondral bone ,Mankin scoring system was used to evaluate
articular cartilage structure. Image—Pro Plus (IPP) software was used to evaluate subchondral bone plate bone volume (BV),
bone volume/total volume (BV/TV) ,trabecular circumference (TC) ,mean trabecular thickness (Th.Th). Real-time quantita-
tive reverse transcription polymerization Enzyme chain reaction (reverse transcription-polymerase chain reaction, RT-PCR)
was used to detect the mRNA expression levels of OPG and RANKL in subchondral bone tissue at 6 weeks after operation. Re-
sults: The cartilage structure evaluation showed that the surface of cartilage tissue in the sham operation group was smooth and
flat,and the safranin coloration was full in the full thickness of the cartilage ; the cartilage tissue in the berberine group showed
uneven surface layer, and the staining of safranin O was mildly decreased ;the surface layer fibrosis was seen in placebo group,
Safranin O faded significantly. The Mankin score in the berberine group was lower than that in placebo group (P<0.01),but
higher than that in sham operation group (P<0.01). The structural evaluation of subchondral bone plate showed that the trabec-
ular bone in sham-operated group was densely arranged ; after berberine intervention, the trabeculae were closely arranged ; the
subchondral bone trabeculae in placebo group were relatively sparse, and the distance between trabeculae was wider. Subchon-
dral bone plate IPP software evaluation showed that BV,BV/TV ,TC,Th.Th in berberine group were higher than those in placebo
group (P<0.01),BV,BV/TV,TC,Th.Th in berberine group were higher than those in placebo group (P<0.01) ,while lower than
the sham operation group (P<0.01). PCR test results showed that the expression of OPG mRNA in the berberine group was sig-
nificantly higher than that in placebo group (P<0.01),and OPG mRNA in the berberine group was lower than that in sham op-
eration group (P<0.01). There was no significant difference in mRNA expression of RANKL among three groups (P>0.05) ; the
ratio of OPG/RANKL in berberine group was higher than that in placebo group (P<0.01) ,but lower than that in sham operation
group (P<0.01). Conclusion: Intra-articular injection of berberine can effectively inhibit the resorption of subchondral bone in
the early stage of OA and delay the development of the disease. The specific mechanism may be that berberine maintains the bal-
ance of OPG/RANKL system by up-regulating the expression of OPG gene in subchondral bone.
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Fig.1 Subchondral bone assessment (Saffranin—O fast green stainingx
200)
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Tab.1 Primers of targeted genes

NEIGEM, BARGIWIFEIILE 1,

0 FFIE [ ABI S0 5 B PCR {35 AR K (bp) BIWFF) (5°-3") TR

OPG 205 F:AACCCCAGAGCGAAATAC NM_002546.3
A, T iQTM SYBR Green R:AAGAATGCCTCCTCACAC
supermix PCRG & 47 PCR 973 pankn 100 F.GGTTCCCATAAAGTGAGTCTGT — NM_057149.1
R (5 ng ¢cDNA,45 4> fiF ¥F . R:TTAAAAGCCCCAAAGTATG
95C/105,60 C/25s), & MHEHE g9 119 F:GACGGACCAGAGCGAAAGC NR_033238

DI AH A R IK B DL 18S fE N2

R:CGCCAGTCGGCATCGTTTATG
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BICLAHCE RZUE (K 3b) s AT WRIZL B 5 oA, XA A=, AUl L b, A8 < H
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i TR 4 (P<0.05) I Tl T

R4 (P<0.01), 1.3 3, #2 SARBTEESNPAGTMH (vxs)

2.3 ECER R b 3L mRNA Tab.2 Trabecular bone assessment for subchondral bone in different groups (x+s)

Fik i RT-PCR il

HARAB B/NRERE A BARERK RN

B KA OPG ik Tt AW wac o (%) () ()
HIAL(P<0.01) , KT fBe T A 4L (P< BFEARL 10 22057%2975 81.2+4.7 1020+157 10820
0.05). RANKL ffy mRNA 3%k 3 41 WEFEg 10 19288+1 922 75.8+4.8" 917+104° 106215
I 22 5 O GE T4 1 L (P>0.05) B ZRIFIA 10 15639+2 6047 64.5+6.4 676+90% 75£134
#HEZE 4 OPG/RANKL W& F%  rpy 16.085 25267 21.433 13.171
B (P<0.01), liTBRFARA rr 0.000 0.000 0.000 0.000
(P<0.05). 4 A1 B 4L PR W ST AR H,q=3.45,P<0.05;°=3.168,P<0.05;°4=2.696 , P<0.05 ; \g=—0.548 , P<0.05 ;
mRNA FFRIHILE 4 q=7.996,P<0.01;9=9.847,P<0.01;%=9.019, P<0.01;"¢=5.994 , P<0.01, 5 #i% 41 H.42 ,ig=
3 g 4.546,P<0.01;ig=6.679, P<0.01 ;%4=6.323, P<0.01 ;'4=6.542 , P<0.01
3.1 iﬁjﬁ % Xﬁﬁ%?@ﬁ i—f’,}t iR % Note : Compared with sham operation group,’q=3.45,P<0.05;'g=3.168 ,P<0.05;¢=2.696 , P<0.05;
B 1E A ML 17 =-0.548 , P<0.05;° =7.996 ,P<0.01 ;' ¢ =9.847,P<0.01;% =9.019, P<0.01 ;%¢ =5.994,P<0.01.

MEE2I N OA B I:P = Compared with berberine group,'q=4.546,P<0.01;/¢=6.679,P<0.01;"¢=6.323,P<0.01;'9=6.542,

TR W, IR AS i HLE T

P<0.01

B2 ARG 6 &M T HHIUEWE R O [Ek Y 1x200)  2a. BT ARAFHE T B /MRS E0% , B/ N RBHE N 2b. WER THUE
BB RN BN R R RO R 2¢0 TR LR R B /N GEAR X A B , B/ BR [8) B A

Fig.2 Histological evaluation of subchondral bone at 6 weeks after surgery in different groups (Safranin—0 fast green stainingx200) 2a. Trabecular bone
was closely arranged in sham operation group  2b. Trabecular bone was closely arranged with relatively small trabecular distance after berbrine treat-

ment  2¢. Trabecular bone was sparsely arranged with relatively large trabecular distance in placebo group

B3 ARG 6 S ACT O AL F AR (LD O Jex200)  3a. {5 T ARG HCE R OEH -8 HOE 200 HE 50 BN, 3 2078 ol )2 2 R
3b. W R A FC UL Z T RRIR , 0] WARJZAT B, WAt i RN, 2 20 O e R BER L LU R )Z W e R RRI 4 n] IR )2 27
Ak, R A0 M, 5 SR AT R BRI, AR AL O AR ]

Fig.3 Histological evaluation of cartilage at 6 weeks after surgery in different groups (Safranin—O stainingx200)  3a. Cartilage surface is smooth and

flat with regular arrangement of chondrocytes in sham operation group ,the color of saffron was full throughout the cartilage ~ 3b. Cartilage surface was a
little irregular with less aggregation of the chondrocytes and loss of Safranin—O staining at the superficial layer of cartilage in berberine group  3c. Carti-

lage fibrosis , hypocellularity , obvious loss of Safranin—0 staining and more aggregation of chondrocytes were observed after placebo treatment
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®3 FARBABRXTRET AR Mankin F5 (v£5, 7))
Tab.3 The Mankins assessment of femoral condyle cartilage indifferent groups(x+s,score)
2151 AL LS e g B 4 i FLLO Yty e sE By
BFARA 10 1.40+0.46 1.10+0.32 1.10+0.57 0.10+0.32 3.70+0.98
W R U 10 2.80+0.63" 1.70£0.48" 2.45+0.69° 0.50+0.53 7.45+1.04"
LR A 10 3.90+0.57¢ 1.7520.59" 3.10+£0.39% 0.60+0.52 9.65+1.18"
FH 50.464 5.767 32.965 3.259 79.213
Py 0.000 0.008 0.000 0.054 0.000

T ST ARY I, 9=7.937,P<0.01;"=3.984,P<0.01;°9=7.597,P<0.01;°g=11.094,P<0.01 ;°¢=14.174 ,P<0.01 ;'g=4.316,,P<0.05 ;5¢=11.255 , P<
0.01;"=17.602,P<0.01, 5% KA L4, q=6.236,P<0.01;ig=—0.332,P>0.05 ;*¢=3.658 , P<0.05 ;'9=—6.508 , P<0.01

Note : Compared with sham operation group,qg=7.937,P<0.01;'¢=3.984,P<0.01;¢=7.597,P<0.01;°¢=11.094,P<0.01;°¢=14.174,P<0.01;'¢=4.316 , P<
0.05;5¢=11.255,P<0.01;"¢=17.602, P<0.01. Compared with berberine group,'q=6.236, P<0.01 ;/¢=-0.332, >0.05 ;"¢=3.658 , P<0.05 ;'9=—6.508 , P<0.01

x4 JEARBHMRABTERARLERE mRNA B3
RIAE (v+s)

Tab.4 Relative mRNA gene expression of targeted genes in

articular cartilage in different groups(x+s)

2H 51 ok oPG RANKL OPG/RANKL Lt {8
BFER4 10 513246  43.0+29 1.2+0.2
WHEEA 10 45154 41334 1.0£0.1°
TRFIH 10 33.6258%  44.613.3 0.8+0.1"

F iy 28.843 2.682 24312

Py 0.000 0.087 0.000

5B FRALK ¢=
-10.589,P<0.01;'

3.733,P<0.05;% =-3.718,P<0.05;° =
3.718,P<0.05, 51 i % 4 W5 ,q=—6.856,P<

0.01;'¢=6.051,P<0.01

Note : Compared with sham operation group,‘q =-3.733,P <0.05;"¢ =
-3.718,P<0.05;°9=-10.589,P<0.01;'g=-3.718,P<0.05. Compared with
berberine group ,‘g=—6.856,P<0.01;'¢=6.051, P<0.01
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