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W OE: BH WA . mEER Y R RIS S A 56T 48 (collagen-induced arthritis, CIA) KRB IR AT 1E A LA
FE BN 6 FHENE Wistar K BRAEAXTIRAL, HARRR T E ML AR sc 0.1 mL 4 11 BYRJFE AL ST CIA B,
14 KA CIA RRFBENL AT, AL b R C. &flE (2. 4g/kg) 4, ALfHEERDIIC. &FlE (2. 49/kg) 4
KR ERS (Lmglkg) 4, FAAZ54 ig HNZGY), 1kid, L4 . WS ARREMMKEN; RABKRE-HL (HED
PettyE 8 25 R BB SS T  BR AR E s R ELISA Y246 I 4420 K BRI o M98 PR BE IRl F-a0 Ctumor necrosis factor-a, TNF-a)
F4ifE/r2-6 Cinterleukin-6, IL-6) 7K-F; RH] qRT-PCR VAR A 2H K BB R ALK 741 TNF-an TNF SZAAHIC A -6
(TNF receptor-associated factor-6, TRAF-6). IL-1A. IL-17. IL-18 mRNA 2%, F3 5675 443 Bl 4 f b S M0 an b 0 1 BR 1R
PEETREG (tartrate resistant acid phosphatase, TRAP). i&4k T 4 Af¥#% K+ c1 (nuclear factor of activated T cells cytoplasmic 1,
NFATcL). A4 I K (cathepsin K, CTSK). JF#a3E K c-Fos. %5 3 K T7-«B MG 4L K T B fA (receptor activator of NF-xB
ligand, RANKL) mRNA FiE, MR ImE i A K K7 (vascular endothelial growth factor, VEGF). HAE%E S T-1
(Chypoxia inducible factor-1, HIF-1) mRNA Ri& K B M EAs EY &8 | A RgH LR 40 %| 57 1 (tissue inhibitor Lof
metalloproteinases, TIMPL). & %5 (osteocalcin, OCN ), ‘& &4 % (osteoprotegerin, OPG) mRNA iX; K Western blotting
YRR 2% 40 K R 5% AL 2 P iR A NF-«B 1l 2 (4 34 % o/B (phosphorylated inhibitor of NF-xB kinase o/f, p-Txko/B).
24k NF-xB #1412 1 o (phosphorylated inhibitor a of NF-xB, p-IkBa). gk p65 (p-p65) HEAFLIE M. LR SR
LLEE, AP MR B L CIA KEUEMPAKE (P<<0.05. 0.01); BGEERCHTALURHE; B3 K CIA KR
&S TNF-a. 1L-6 /KF (P<<0.01); 2K CIA KEIEMEH TNF-o. TRAF-6. IL-I8. IL-17 mRNA Fik/KF (P<0.05.
0.01), fEHEE CIA KRIEIAT4141H TRAP,. NFATcL. CTSK. c-Fos. RANKL. VEGF. HIF-1 mRNA %jiAt/KF (P<0.01),
RETE CIA RREBEIATHLIH TIMPL, OCN. OPG mRNA EKik/KF (P<0.05. 0.01), WZEFFL CIA KRBT H L+
p-Ikka/B. p-IkBa. p-p65 &5 H K LK (P<0.01). £51&  AhfPE. FHERYIAT LA CIA RERSGTT 2R, FIHIMRE ML A2 Bl
K- IERIE, IEZERTNECE S8 BIRER, L5 TR 4% NF-xB 18 B Q19 280 1 B AR o8 .
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Abstract: Objective To study the therapeutic effect and mechanism of alcohol extract of barks and leaves from Duzhong (Eucommia
ulmoides) on bone destruction of collagen-induced arthritis (CIA) rats. Methods Six female Wistar rats were randomly selected as
control group, the rest of rats were sc 0.1 mL bovine type II collagen emulsion at multiple points on back and tail to establish CIA
model. On 14th day, CIA rats were randomly divided into model group, alcohol extract of barks from E. ulmoides low- and high-dose
(2 and 4 g/kg) groups, alcohol extract of leaves from E. ulmoides low- and high-dose (2 and 4 g/kg) groups, and methotrexate (1
mg/kg) group, rats were ig corresponding drugs, once a day for 4 weeks. Foot swelling situation of each group was observed.
Hematoxylin-eosin (HE) staining method was used to observe the pathological changes of ankle joint in each group of rats. Levels of
tumor necrosis factor-o (TNF-a) and interleukin-6 (IL-6) in serum were detected by ELISA. gRT-PCR was used to detect mMRNA levels
of inflammatory factors such as TNF-a, TNF receptor related factor-6 (TRAF-6), IL-14, IL-17, and IL-1§ in spleen, osteoclast markers
such as tartrate resistant acid phosphatase (TRAP), nuclear factor of activated T cells cytoplasmic 1 (NFATcl), cathepsin K (CTSK),
proto-oncogene c-Fos, and receptor activator of NF-xB ligand (RANKL) mRNA expressions, vascular endothelial growth factor
(VEGF), and hypoxia inducible factor-1 (HIF-1) mRNA expressions, and osteoblast markers such as tissue inhibitor 1 of
metalloproteinases (TIMP1), osteocalcin (OCN) and osteoprotegerin (OPG) mRNA expressions in knee joints; Western blotting was
used to detect expressions of phosphorylated inhibitory of NF-kB kinase o/f (p-Ixka/B), phosphorylation inhibitor a of NF-kB
(p-IxBa), phosphorylated p65 (p-p65) in knee joints. Results Compared with model group, swelling of feet was significantly reduced
(P < 0.05, 0.01), pathology of ankle joint was improved, levels of TNF-a and IL-6 in serum were significantly reduced (P < 0.01),
TNF-a, TRAF-6, IL-1p, IL-17 mRNA levels in spleen were significantly reduced (P < 0.05, 0.01), TRAP, NFATcl, CTSK, c-Fos,
RANKL, VEGF, HIF-1 mRNA levels in knee joints were significantly reduced (P < 0.01), TIMP1, OCN, OPG mRNA levels in knee
joints were significantly increased (P < 0.05, 0.01), expressions of p-Ixka/B, p-IxkBa, and p-p65 in knee joints were significantly
reduced (P < 0.01) in alcohol extract of barks and leaves from E. ulmoides groups. Conclusion Barks and leaves from E. ulmoides
can relieve joint inflammation in CIA rats, inhibit expressions of pro-angiogenic factors, and delay the destruction of cartilage and bone
in the joints, of which mechanism is related to the regulation of inflammatory bone metabolism related to NF-kB pathway.

Key words: rheumatoid arthritis; alcohol extract of barks and leaves from Eucommia ulmoides Oliv.; collagen-induced rheumatoid
arthritis; rats; inflammation; bone destruction
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kB, NF-«xB) fiT4iffuifiid, 5 NF-«xB #ifil & A
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M Wistar K 42 2, fRfiE (120+£10) g,
W A 4EE R RS B ARG R AR, AHAE
5 SCXK (3%) 2016-0011. Zh¥sciess BighBEzy
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FHZ RS (2.5 mg/Jr, #it*5 036170604) 4 H
i EAEEA] BRAR TRKE. Be2#K
#7706 H 2 E Chondrex Aw]; TNF-o. 1L-6 ELISA
WA SIS B VUNBRRHEMHE AR D HIRAF; RNA
FEEGAF & . 4 X Reverse Transcription Master Mix.
2 X SYBR Green gPCR Master Mix i H 3£
EZBioscience 2~al; SIW H EigEAE T A TR K
WER AT BCA EHERIRE. FEAEA
T B R AR PR A 7] s RIPA 23R H
[ Sigma Al B EBEMEI] BERR B S
[ ¥ £ Roche A ; SDS-PAGE i i fic il ik 771 £+
EE BRI =AW EE Marker. EEUKOE
B A BB A R AR PVDF A
% [ Millipore A7) ; BRI S HEE (HRP) Frid
(L Pt 19G HiikIy 5 il ABclonal A #]; H
% -3- W B i & B glyceraldehyde-3-phosphate
dehydrogenase, GAPDH). &1k p65 (p-p65).
B 1L IkBo (p-IkBa). MR 1E NF-xB 411 2 i
o/B (phosphorylated inhibitor of NF-«xB kinase o/,
p-Icxo/B) HLARNY HFEEH CST A7,
14 X8

HE &ALl (fEE Eppeddorf 2Aw]); 1EHE
BB (HA Olympus AF]D; 2 Ihaelghri (3£
Thermo Fisher Scientific A #]); YLS-7A & #EZ
HIEA (BFrat e RHEOR R IR A F])D: RM2265
4 A AT R AL (FEE Leica AF]D); SERS
P EE PCR AL (SEE ABI AF]D; HIKL. HHK
18, FEERE (3 Bio-Rad A F]).
2 B
21 R, MEERIAHIE

Iy AREFAPREL 200 g FERAEAT B2 HOROR, N
AN T0O%LEE, InFAEIRIEE, FA . Fhff R .
B H2 i FH A 23 531 A7 48 7K T 1) o o vk B
0.5. 1.0 g/mL (UAEZGETT) WEE, o5 e
iz HEEEERPIC. R A0,
22 CIA KRIREGI%E. HES5%H

4 N R JFE R AT 0.1 mol/L BEER, 555 AHR
Fe4 o IRV AL, it e 757 (10 mg/mL).
BEALER 6 HOKRAENIRA, HARAKRTEHE
MU JRARES s 0.1 mL FLA, X REZH K BT [FRAL sc
SERFIAHEER K, WENE 0 K BT R, KERER
#sc 0.1 mL FF), IR, 2 14 KA CIA 5

RIS, FEMOSCIRIRIE JTIERY, ¥ CIA KB
BLor AR, FLA SR MIC SF) & (2. 4 glkg,
EB-2.EB-4) 4, A EEERMIR. &t & (2. 4 g/kg,
EL-2. EL-4) 4 FEMES (1 mgkg) 4, %416
Ho B2 KR ig N 259 (10 mL/kg), 4L
AR ig SEARFRZEIMK, 1 IkId, 1ES: 4
2.3 #hRE. MERIIXT CIA KR ESRFXT
KIS RIS

7 KH R BESIEAC R RS, IF
AT R RIFI e KT RIFAnE: 0 70 A K
ZLMs 1 A et BB OGTT I M 2 2 D AN
EREE B I IR RN AR LT 3 40 9 SR 21 B0 O
HTHIAT My 4 4y 9 RAER R N BA R R 4L
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IKFERIF N

SUEH G, SREERRIEORER, SRR 330k
i, 42 HE3R 7) & d B F ar I % 4H K BRI i
TNF-a. IL-6 /K.
25 PR, MHEERYXT CIA KRRXTRET
A 0A

KRS SE, B RRERSSTT, T 4%%
R EE 24 h, 10%2 &0 Z RS . i
IEVI R (E 4mm); JRARE-HLL (HE) 4y,
TRAEE T M S 2R BRER T T IR RE L I
BOE B INE LI P RitE: 0 43RG
RYEAHMRE . CIE SN oEIR: 1 58
RYEMPIRIE SO D ENEFSEIER. B
JEWIR; 2 Jr AR SRR KEME Y
B BHEERIR: 3 O RVEANR M ERNE . K
A 45y RIE TR & B EERIAE,
2.6 AR, MEZIRIIXT CIA KERBRAE R BRKTS
HSSREEF R R EF mRNA FRiERIF2 0

B 2H R BRI R IR O, 4 HR A i B 5
FEE RNA F£4 1 cDNA, 31T qRT-PCR 44T, &
TR RAE S TNF-as IL-18+ 1L-6+ 1L-17 FZ oy
HBUI A R R M % BR B (tartrate resistant acid
phosphatase, TRAP). TNF 2Z{&#H <A 1-6 (TNF
receptor-associated factor-6, TRAF-6). L& P /4
KA (vascular endothelial growth factor, VEGF).
48175 T R F-1(hypoxia inducible factor-1, HIF-1),
WAL T 4HAE A% AT ¢l (nuclear factor of activated
T-cells cytoplasmic 1, NFATcl). HAE AR K
(cathepsin K, CTSK). Gk c-Fos. #%4% %A
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F-xB ARG R F AR Creceptor activator of
NF-kB ligand, RANKL). %:J& & [ EF4L 41 MmHI7) 1
(tissue inhibitor 1 of metalloproteinases, TIMP1). ‘&
525 (osteocalcin, OCN ). & &4 % (osteoprotegerin,
OPG) mMRNA KA. qRT-PCR f#5: 95 CTi
AP 5 min, 95 ‘C. 10s, 60 ‘C. 30s, 40 MEH,
72 CHLAH 90s. SIPIFHIIE 1.

=1 5HF%
Table 1 Primer sequences
EIE/ERS 75
GAPDH 5’-CCACCCATGGCAAATTCCATGGCA-3’
5’-TCTAGACGGCAGGTCAGGTCCACC-3’
TNF-a 5’-GGAAAGCATGATCCGAGATG-3’
5’-CGAGCAGGAATGAGAAGAGG-3’
IL-18 5’-CTCACAGCATCTCGACAAGAG-3’
5’-CACACTAGCAGGTCGTCATCATCC-3’
IL-6 5’-CACAGAGGATACCACCCACA-3’
5’-CAGAATTGCCATTGCACAAC-3’
IL-17 5’-GCCGAGGCCAATAACTTTCT-3’
5’-AGCCACAAATCTCAGGGTGG-3’
TRAF-6 5’-TCTCGGAGTGCTGCGTGTATAGG-3’
5’-GTCGCTTAGAGACTGGCTGGAC-3’
VEGF 5’-GGCAGCTTGAGTTAAACGAAC-3’
5’-TGGTGACATGGTTAATCGGTC-3’
HIF-1 5’-GGAAATGCTGGCTCC CTAT-3”
5’-CTGTAACTGGGTCTGCTGGA-3’
TRAP 5’-CCATTGTTAGCCACATACGG-3’
5’-CACTCAGCACATAGCCCACA-3’
NFATc1 5’-GGAGAGTCCGAGAATCGAGAT-3’
5’>-TTGCAGCTAGGAAGTACGTCT-3’
CTSK 5’-TAGCACCCTTAGTCTTCCGC-3’

5’-CTTGAACACCCACATCCTGC-3’
c-Fos 5’-TTTCAACGCCGACTACGAGG-3’
5’-GCGCAAAAGTCCTGTGTGTT-3’

TIMP1 5’-CGAGACCACCTTATACCAGCG-3’
5’-ATGACTGGGGTGTAGGCGTA-3’
OCN 5’-GCGCTCTGTCTCTCTGACCT-3’
5’-ACCTTATTGCCCTCCTGCTT-3’
OPG 5’-GGCAGGGCATACTTCCTGTT-3’
5’-GCCACTTGTTCATTGTGGTCC-3’
RANKL 5’-AGGCTGGGCCAAGATCTCTA-3’
5’-GATAGTCCGCAGGTACGCTC-3’
401 A -
35 # #h - f
301 e -+ EB-2
4 * EB-4
5_1%( 2.51 T o« EL2
K - EL-4
209 < RS
151
1.0

0 7 14 21 28 35 42
t/d

2.7 HPRE. HEERIT CIA KR NF-«B @& 18
XEBRIA

B 20 mg &4 KRERTTHH, MA RIPA &
R B BN BERREEHIFD T oK A
B, JEEA, A BCA EAE=RA&IHTEA

B, WA+ i SR B -5 TR IO e e

HPK, ¥4 PVDF i, I 5%Mifsd-gndt A, 4>
BN p-Ixka/B p-IkBa. p-p65 Pifk (1 :1000),
T 4 CHEER, A HRP Friciil £ 19G
Pifk (1:5000), FEIEFEE 2 h, MABHEKL
W, RAH R VKSR A R, Image B AFSr
UIESE SiHPIA R
2.8 FItENH

K FH SPSS 26.0 3% S8 B AT Si ik 2 it
B DA X & S 7%, BUR A A IE &0 i FLJ7 255 ME
0f, ZHEFARREIECR SRR R 200, A
PP ELECR ) LSD-t K656 ANFF A IEAS i B %
AFEHF, RAHAESHG AT L .

3 #R
3.1 #HE. MERRYINT CIA KREBRHMXT
RIS BIFN

wE 1-A s, SxTBRAtE, B 14 Kig
BB AR EZE TS (P<0.01), BECTTZL A
. AR E, R CIA BAH| &Rl SHAH
FLEL, HEE 28 KR, SAAHNREHEREERFK
(P<<0.0D), XTiMIKFEREE . WK 1-B fw,
ExRA R, B 14 RIEBRKRET R0
FTtE (P<0.01); SR, HE 21 K, %
YRR BRI R VR B3 TR K (P<<0.05. 0.01).

#t
- " -
= 57
3 # / % o ##  « EB2
/]
& ’§\ x + EB-4
N \\ +EL2
R 5 / M
fri; o - EL-4
. / > FIES

0 7 14 21 28 35 42
t/d

xR *P<0.05 *#P<0.01; HEEAALLE: "P<0.05 “P<0.01, FEF

P < 0.05 *P< 0.01vs control group; *P < 0.05

P < 0.01 vs model group, same as below

1 AR MHEHEYIXS CIA KRESR (A) MXTIRIFS (B) WM (x+s,n=6)

Fig. 1 Effect of ethanol extract of barks and leaves from E. ulmoides on foot volume (A) and arthritis score (B) of CIA rats

(x+s,n=6)
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3.2 PR, MEFRRMINS CIA RRERXTIHRIELE
Gd: e

W&l 2 P, A KBRS T AR I R
PR DA s RS K BRI BB AR VR IR AL, AR 4EZH
IR, RATE A KB RIEAIMIRIE , #Ro B
NRESRBE; EB-2 4K RO HCH A AR TEIRSE,
M ESTERL, AU WG AR, S VR AR I ;
EB-4 A KM KTTHH BRI BANEIRSE, i

15

BB, IBERAE, EL-2 4K ROCTIE AR
INBE, AR AELH ARG A, TS i Y R & R P2 iR
AN A, WA, M E KE NEEIRIE
EL-4 ZH KSR OCTT Ji & 0 AR IR TE, I S5 TR
TG A, RN H 2R H G 2%
FRE AN E R IR, DEIEEIEA . w3
Frw, SRR, &4h 2R EVE 35 B
i (P<<0.01).

. EB-4

EL-4

IS

F SRR T B A R S BT LRI R
White arrow shows synovial hyperplasia and pannus; Black arrow shows cartilage erosion
2 M. MEHRYIF CIA XKRERXTHIETLHSN (HE, X200)
Fig. 2 Effect of ethanol extract of barks and leaves from E. ulmoides on pathological changes in joint of CIA rats (HE, ><200)

4
3
$ **k - Ex.3 o .
i
o2
I
1
0 " =
B EB-2 EB-4 EL-2 EL-4 W4

B3 b HERYX CIA KRBRXHHET AN
(X+s,n=6)
Fig. 3 Effect of ethanol extract of barks and leaves from E.
ulmoides on pathological changes in joint of CIA rats
(x+s,n=6)

33 PR, MEHEYXT CIA KRILEXRERF
IKFEHIEZ T

WK 4 s, SRR, R KRR i
i TNF-a. IL-6 KFRZFEF R (P<0.01); S
M, HAAHRRIMTEH TNF-a. 1L-6 7K P
B FRK (P<<0.01), FKEALAPEZ . mHEESEY) T LA

FAA% CIA K FRMLTE H TNF-a 1L-6 25 48 5E R 17K,
X JERE FA — & BHIHIER -
34 HhEE. MEHRIX CIA KRR+ K EE
T mRNA FTIiXBI 20T

WIS AR, SxTHRAIERE:, AR A 2 K B A
1 TNF-a. IL-18. TRAF-6. IL-17 mRNA F&iL/KF
BETHE (P<<0.05. 0.01); SHAIZLLEL, B EL-2
HAR AL TNF-a. IL-18. TRAF-6 mRNA 3%
KK B (P<<0.01), A% 24540 K BN IE
1 TNF-a. IL-18. TRAF-6. IL-17 mRNA F&iL/KF
PIRERK (P<0.01).
35 7. MEERIX CIA XKERBEXTHHER
5 EF mRNA RiEH S0

Wi 6 Fron, SxHRLA A, AR K RS
HYP ME BT AEA G 70 VEGF. HIF-1 i 4
MubrESU NFATel. TRAP. c-Fos. CTSK. RANKL
MRNA FikK P RET R (P<0.0D), BMEtrEd
@ TIMP1, OCN mRNA FEKFHEEFE (P<
0.01); SRR LLAEL, S4AHRRIBEITTHLH 1
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0-
SR R EB-2 EB-4 EL-2 EL-4 HHZ IS

B4 bR, HEEHEY CIA KRMIER TNF-a (A) 7 I1L-6 (B) KPAIFN (X+s,n=6)
Fig. 4 Effect of ethanol extract of barks and leaves from E. ulmoides on levels of TNF-a (A) and IL-6 (B) in serum of CIA rats

(Xx+s,n=6)

204 A

1.5

. Iﬂﬂ'll

X B EB-2 EB-4 EL-2 EL-4 AN

Zﬁlﬂmill

XHR B EB-2EB-4 EL-2 EL-4 FZUEW%

TNF-a mRNA #HXF &k &

TRAF-6 mRNA A%} Fik &

IL-78 mRNA HiXt R &=

2 -
0 f‘l
XTI 44 EB-2 EB-4 EL-2 EL-4 HI4 %

204 D

#
1.01 *x . — **
B |l‘ ﬂ
0 T . —

WfHR KT EB-2 EB-4 EL-2 EL-4 FIZ IS

IL-17 mRNA AR} ik &
(2]

5 bR EERYIXT CIA KERAEBEH TNF-a (A).IL-1f (B)~TRAF-6 (C) #0 IL-17 (D) MRNA FiAMFM (X+s,n=6)
Fig. 5 Effect of ethanol extract of barks and leaves from E. ulmoides on mRNA levels of TNF-a (A), IL-18 (B), TRAF-6 (C),

and IL-17 (D) in spleen of CIArats (X+s,n=6)

B AR T VEGF. HIF-1 i 4 ks £47)
4 NFATC1. TRAP. c-Fos. CTSK. RANKL mRNA #
KT B ERL (P<0.01), EB-2 41K 4
2l TIMP1. OCN mRNA FiL/KTFEETE (P<
0.01), EB-4 ZHKRERIIIZHL+H TIMPL, OCN. OPG
MRNA £k 22T (P<<0.05. 0.01), EL-2 4k
BT ZH OCN mRNA Fik/k R e (P<
0.01), EL-4 ZH K FIERT2HZ+ TIMP1, OCN. OPG
MRNA Fr/K R EF R (P<0.05. 0.01).
3.6 #{hE. MEZRIXT CIA KEBEXTHELD
NF-kB & HH X EBFRIEFN

WK 7. 8 Fin, SXPHEAA LR, MR K R

JRIETTH L NF-xB 1@ % p-Icko/B+ p-IxkBa. p-p65
EHFRILK T REA S (P<0.05. 0.01); L
A, HHAHHRKRBEXRTTHL T p-IBas
p-p65 H HRIAK TR EREIL (P<0.01), EB-4,
EL-4 2H K BB 15 4L 2R p-Tiexad B 2R A R IE KT 2
FR#E (P<0.0D).
4 e

RA J&—Fh DU 1t 2 5GT5 2 RE A A A 1
H & e, FEEUCN RA BT “BR 7 Julk,
ﬂaﬁem%ﬂ@ﬁz%%lﬂﬁﬂﬁh, &7 A A
BAEANTE i E ok, e, Bk,
PUE BLIA ?ﬁﬁ%ﬂ?ﬁﬁ%a’%ﬁﬁﬁ E HIVE B,
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Fig. 6 Effect of ethanol extract of barks and leaves from E. ulmoides on mRNA levels of VEGF (A), HIF-1 (B), NFATcl (C),
TRAP (D), c-Fos (E), CTSK (F), RANKL (G), TIMP1 (H), OCN (1), and OPG (J) in knee joints of CIA rats (x+s,n=6)
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Fig. 7 Effect of ethanol extract of barks and leaves from E. ulmoides on expressions of NF-kB related protein in knee joints of CIA rats
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Fig. 8 Effect of ethanol extract of barks and leaves from E.
ulmoides on expressions of NF-kB related protein in knee
joints of CIArats (x+s,n=6)
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