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Effect of intra-articular ozone injection on serum and synovial TNF-a, TNFR I, and TNFR

IT contents in rats with rheumatoid arthritis

YU Bin, CHEN Hui-qiang, LU Chang-huai, LIN Qing-rong, WANG Bo-wei, QIN Cheng-he
Department of Orthopedics and Traumatology, Nanfang Hospital, Southern Medical University, Guangzhou 510515, China

Abstract: Objective To observe the effects of intra-articular ozone injection at different concentrations on the contents
of tumor necrosis factor-a (TNF-a), TNF receptor I (TNFR I), and TNFR II in the serum and synovium of rats with
rheumatoid arthritis (RA) and explore the therapeutic mechanism of ozone in RA treatment. Methods Forty-eight
Wistar rats were randomized into 8 groups, including 5 ozone groups receiving intra-articular injection of 10, 20, 30,
40 or 50 pg/ml ozone, a blank control group, an oxygen group and a RA model group. All the rats, except for those in
the blank control group, were subjected to hypodermic injection of bovine collagen II and complete Freund’ s
adjuvant to induce RA. Ozone treatment was administered once weekly for 3 weeks starting at 21 days after the
modeling. The swelling and thickness of the hind paws were observed, and the serum and synovial contents of
TNF-a, TNFR I, and TNEFR II were detected. Results At the end of treatment, the paw thickness was reduced
significantly in rats with 40 pg/ml ozone injection compared with that in the model RA group (P<0.01). The serum
contents of TNF-a, TNFR I and TNFR II showed no significant difference between the RA model group, oxygen group
and the ozone groups, but their synovial contents showed significant reductions in rats with 40 and 50 pg/ml ozone
injection (P<0.01); the synovial TNFR I was significantly higher in 40 pg/ml ozone group than in the model group (P<
0.05). Conclusion Intra-articular injection of 40 ug/ml ozone can attenuate synovitis in rats with RA, the mechanism of
which may involve the inhibition of TNF-a and TNFR II activity and enhancement of TNFR I activity in the synovium.
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Fig.1 Hind paw thickness before and after treatment.
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Fig.2 Serum contents of TNF-a, TNFR I, and TNFR II in

each group.
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Fig.3 Synovial contents of TNF-«, TNFR I, and TNER II in

each group.

3 itig

5 RA AT KA AR R - 246 - i AR
TNF-a.I L-1.1L-6IL-8 & ; G i 15 A - IL-2  IL-4.,
IL-5.IL-7.IL-10.1L-23 . IL-27 % ; 4= K40k H 1 FGE .
PGF 45 295 JI R GM-CSF .G-CSF M-CSF %, H:
o TNF-of oA — N B2 R R PR FERA &
A R T — SR M

TNF-o/&—FP 2RI T, G fh i S E v
YL e T AR P A2 HANTR] , T AN [
PR A AR A A A7 AT, FERATY
KATRERAS AL, TNF-o ] e 5V A A A 384 4 e
TEIESAE K-, HYREETE 10 ng/ml i, SEFEAE IR R0 5
TNF-o0 P 38 IS PN R 200 B R 2T A A A R )
TR AR 8 1015 58 AT R ; TNF-oads e e 1 RS 40 it
3 W 200 B | 2 24 - 40 B R 1 4 A A TL- 1 IL-8 2
TNF-oA4< B i N E 255 ; TNF-ot RRAE A0 20
i[5 e e 2 S L R I L e e s M 3 et e s
AL IR AR 1, I R e oA s, 1

HRA BE B,

AWFTE A, 50%I1) RA BB LG FIOE TR TNF-a
AT, HLTNF-o i A9 AR DR, ST A 20 i
B R . RAJFRGABYILSE H TNF-ofe BE A B T RAINE
A 10~201% , F R TNF-af R 29 45 15 9%
NHR 243 5 a1 X RA VB S5 4H AL A3 M 7R TNF-o
FEAE T BT A2 U A B S E se Ak
IXSEZE SR RA O B FE A = /K TNF-o 5 T, H:
AT TNF-o/ -2 AH0C Y [A]BS, TNF-aA]
PIZE SRR RAGEAR , S8 S A IR 4 FHRA 2 1)
T MBS LG A 5 3 B 638 TNF-of SE R/ N & 112
it SOREE ST R I BLAE ] TNF-of L A7 59
T i HLAE RA RIS siRl b F TNF-ofSH#H 71
TRIT 5 AT AW 982 RAE 5 0 IR I 55— 1T
HEB] T TNF-off RA TR ATEZAEH . TNF-0fE RA
() AL H i T — NI, 5 RA B Y
A TR R AL PR B MOAR BE UIMIE . AR
PRIV TNF-afIiIFI6TT RA BUSAY R A7t —4
UEBA T TNF-o A5 7E RA A h ) EEZE R

TNF-off A= 24300, 3280 53 i P~ 2 A
TNFR I (p55)F1 TNFR I (P75)4" 5 #), TNFR I Al
TNFR I J& FHRRSE I 2 A K% (TNFR-F ), &
FRIRRA NS RAERAT 28 % [RTTR I , (ELAE P 285 P A7 A E ) d
ANF. TNFR T ZEJLFAETAA A 1 #0438 , iy
BEURFET- 455, T TNFR 11 RAE G 258 240 &% N
K i 0k, N TCAET- 25 M . TNF-05 TNFR

I fi2 N X ) DD 5 FADD 25 & J-341% FADD, 4k i b
FLICE, 38 i Caspase9 Fll Caspase3 &5 154k, S804
JOPE T, TNF-05 TNFR ISP AROCIX BUARSE &, i
ARG NF-«B F1INK 4 , 75 L RS 5%, fe k4
HOAFG SR XI5 S — e e
JE TRERE T TNFR A0 JE I E D IRE R R,

AT, R A2 RA KRB I 375 R 56 4 T e
TNF-o,, TNFR I1 4 CON B {2 T4, TNFR T %R
5%, X Ui TNF-a L HAZ AR TNFR T\ TNFR 114045
1iZ 5T CIA K2 BRI AR R ARk, [R]AsS
WAE— e R LR T RA KR IR AR R 31X
LU SRR A — 0, gt — A AR SRR g ]
St

OSIRTT AL, 0s-40 4R FUMBKFR L eI, B TE
1BYT RA B AERAE O 40 pg/ml, Os-50 2R ERU
JKEERS Os-40 ZHF57 , TS T 50 pg/ml Os K7
S e R E RS S TR PR R 50 pg/
ml 1 O ANIE B TR NIEF AT RA. 5
RA ZHAH L%, O, 1R 97 4 RA K BLUE T ¥ K TNF-o.,
TNFR IV A AR R EE BTG TNFR 1 &,



- 1058 -

F 7 ERL R E 4R (T South Med Univ)

H314E

VLI O3 T LASAE RA R FROCTT MR N TNF-o- 5 (143
15, ATRERIHILE R R IH RA K EIE A TNF-o. . TNFR 1T
B, TG TNFR T A97EE , DTk E 100 e 52
Flox s S A A R T

Bk Os-50 04, HAY O 1R T A LR BROCT I IK AR
5 TNF-o, TNFR II % 5 IEAHE, 5 TNFR T & 5 A
K, IR T X AMAI P LRI AT SR, O-50 41K
FLTNF-o, TNFR [T \TNFR [ &840, {H 15 ik
FE v, TR S H R BOCT IR A SE T, 3K
TNF-o S HAZ A5 A sk b (0 B FomZ RO Ja [l
HAL, 5 IR INE ., 5 RAGRREHHEES, O,
JRYT 45 2H RA K FUMLTE TNF-a, TNFR [ & TNFR II #¢
JETCH AR, BB/ N O T NTE ST, T4 BrifyT
YEH.

ZE L PTIR T NTESHR B 40 pg/ml 9 O53RYT
RA KA ABUHRART TR, 05 1R YT RA R FRI IR AR 1Y
ATREMLIEA : Oy T LAREAIR I A5 N TNF-o TNFR 1T (3%
P, LI TNFR T B3k, I I An A4 | 1
T A R T

SEH

(1] A 3, 2R A B, A5 S A I LSRR FRURIRA TG T
RG] PEEHESMRIZE, 2008,16(11): 852-5.

(2] A% i, BEAEAL, BRERER, A5, SLAEUKOG R G mi A s At R
sz [T ). SEHBE AR, 2010, 26(10): 1719-22.

[3] Cho HY, Morgan DL, Bauer AK, et al. Signal transduction pathways
of tumor necrosis factor--mediated lung injury induced by ozone in
mice[J]. Am J Respir Crit Care Med, 2007, 175(8): 829-39.

[4] Fakhrzadeh L, Laskin JD, Laskin DL. Ozone-induced production of
nitric oxide and TNF-alpha and tissue injury are dependent on
NF-kappab p50[J]. Am J Physiol Lung Cell Mol Physiol, 2004, 287
(2): 279-85.

[5] Matsubara S, Takeda K, Jin N, et al. Vgammal+ T cells and tumor
necrosis factor-alpha in ozone-induced airway hyperresponsiveness
[J]. Am J Respir Cell Mol Biol, 2009, 40(4): 454-63.

[6] Kastelein R, Hunter C, Discovery DC, et al. Discovery and biology
of IL-23 and IL-27: related but functionally distinct regulators of
inflammation[J]. Immunology, 2007, 25: 221-9.

[7] Wilson NJ, Boniface K, Chan JR, et al. Development, cytokine
profile and function of human interleukin 17-producing helper T
cells[J]. Nat Immunol, 2007, 8(9): 950-7.

[8] Stanczyk J, Brentano F, Pedrioli DM, et al. Altered expression of

microrna in synovial fibroblasts and synovial tissue in rheumatoid
arthritis[ J]. Arthritis Rheum, 2008, 58(4): 1001-9.

[9] Potter C, Bowes JD, Gibbons LJ, et al. Investigation of genetic
variants within candidate genes of the tnfrsf1B signalling pathway
on the response to anti-TNF agents in a UK cohort of rheumatoid
arthritis patients[J]. Pharmacogenet Genomics, 2009, 19(4): 319-23.

[10] Emery P, Keystone E, Tony HP, et al. IL-6 receptor inhibition with
tocilizumab improves treatment outcomes in patients with
rheumatoid arthritis refractory to anti-tumour necrosis factor
biologicals: results from a 24-week multicentre randomised
placebo-controlled trial[ J]. Ann Rheum Dis, 2008, 67(11): 1516-23

[11] Feldmann M, Maini SR. Role of cytokines in rheumatoid arthritis:
an education in pathophysiology and therapeutics[J]. Immunol Rev,
2008, 223: 7-19.

[12] Turesson C, Jacobsson LT, Nilsson JA, et al. Treatment with TNF
blockers and mortality risk in patients with rheumatoid arthritis[J].
Ann Rheum Dis, 2007, 66(5): 670-5.

[13] Taylor PC. Pharmacology of TNF blockade in rheumatoid arthritis
and other chronic inflammatory diseases[J]. Curr Opin Pharmacol,
2010, 10(3): 308-15.

[14] Dey S, Snow DM. Cocaine exposure in vitro induces apoptosis in
fetal locus coeruleus neurons through TNF-alpha-mediated
induction of Bax and phosphorylated c-Jun NH(2)-terminal kinase
[T]. T Neurochem, 2007, 103(2): 542-56.

[15] Jain N, Swarup G, Sudhakar C. Tumor necrosis factor-alpha-
induced caspase-1 gene expression. role of p73[J]. FEBS J, 2007,
274(17): 4396-407.

[16] Wang L, Du FH, Wang XD. TNF-[alpha]induces two distinct
caspase-8 activation pathways[J . Cell, 2008, 133(4): 693-703.

[17] Chlebna DS, Andrzejewska E, Sikora JP, et al. Clinical evaluation
of proinflammatory cytokine inhibitors(stnfr I, stnfr II, IL-1 ra),
Anti-inflammatory  cytokines(IL-10,IL-13)and  activation  of
neutrophils after burn-induced inflammation[J]. Scand J Immunol,
2008, 68(2): 145-52.

[18] Gupta S, Oliveira JB. Disorders of apoptosis: mechanisms for
autoimmunity in primary immunodeficiency diseases [J]. J Clin
Immunol, 2008, 28 (Suppl 1): 20-8.

[19] Pistilli EE, Jackson JR, Alway SE. Death receptor-associated pro-
apoptotic signaling in aged skeletal muscle[J]. Apoptosis, 2006, 11
(12): 2115-26.

[20] Mendes MT, Murari SN, Torrigo IR, et al. Basic aminopeptidase
activity is an emerging biomarker in collagen-induced rheumatoid

arthritis[J]. Regul Pept, 2011, 167(2-3): 215-21.

(il : REE)



