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Ozone inhibits the neuropathic pain, and upregulation of myline-associated glycoprotein and
TNF-a in dorsal root ganglia induced by lysophosphatidic acid *
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Abstract Objective: To investigate the effect of a single intravertebral injection of ozone on the expression
of myeline-associated glycoprotein (MAG) and tumor necrosis factor o (TNF-a) in the dorsal root nerve in the
demyelinating neuropathy pain model by lysophosphatidic acid (LPA). Methods: Healthy adult male mice were
injected with 1 nmol LPA to induce neuropathic pain. Twenty-four hours after modeling, the mice were random-
ly divided into artificial cerebralspinal fluid (aCSF) group (LPA + aCSF) and ozone group (LPA + O;). With the
segmental intervertebral foramen injection of aCSF or ozone, pain behaviors were detected before the injection
of LPA (t0), before the ozone injection or aCSF injection (t1), 24 hours (t2), 3 days (t3), 7 days (t4) and 14 days
(t5) after the injection of ozone or aCSF (8 mice in each group, 48 mice in total). The expression of MAG and
TNF-a in the dorsal nerve at different time points (t0-t4) were detected by Western blot (3 mice in each group,
30 in total). Results: @ Compared with the LPA + aCSF group, the mechanical withdrawal threshold (MWT)
and thermal withdrawal latency (TWL) were increased significantly 24 hours after ozone injection (t2), and
maintained to the 7" day (t4) in LPA + O, group; @ Compared with the LPA + aCSF group, the expression
of TNF-a was significantly decreased 24 hours after ozone injection (t2), being lowest at the 3rd day (t3), and
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maintained until the 7th day (t4) in LPA + O, group; @ Compared with the LPA + aCSF group, the expression
of MAG in the ozone group was stable at 24 h and 3 d after injection (t2 and t3), without further degradation
and only slightly decreased on the 7" day (4) in LPA + O, group. Conclusion: In the demyelinating neuropathic pain

induced by lysophosphatidic acid, the single injection of ozone into the intervertebral foramen can significantly relieve

the neuropathic pain by inhibiting the release of inflammatory factor and maintaining the stability of MAG.

Key words Lysophosphatidic acid; Dorsal root; Myeline-associated glycoprotein; TNF-a; Ozone
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P — AN EZERE A AT R AW SRS, A
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HIRE SR/, kT AR LPA 75 3 16 I BE 45 vh &
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an i 983 3K BE Rl F o (tumor necrosis factor a, TNF-o)
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SR B I /E: LPA B N v 3 K A Hylden F1 Wilcox
s PVRR ) 5k, 1E Ly 1 Ly 2[Rl R] BR AT . 3
R, K /N BRUBEAL 2 A NI il B 41 (LPA + aCSF 41)
K RAY (LPA + O, 4) , #E[A] LR 4 81 aCSF 7
SF % B8 Ferrari 5 W 3 1 07 v, 1E Ls 72 (0 Ak (7]
FUALE ST, FVE S LPA B (t0). VESF LPA J5 24 h
HoE 5 R4 81 aCSF A (t1). ¥F 9 R % 5% aCSF J&
24 h (12)s 3 K (13)s 7 K (44)~ 14 K (t5) B I 52 71
S LBZE S S5 BIME. (mechanical withdrawal threshold,

MWT) K345 & AR (thermal withdrawal laten-
cy, TWL), f418 R, 48 H, FEAERFIR ] A5 (0.
tly 2. 3. t4) B R 4K A Western blot 7572
MI5E MAG. TNF-a 3057284k, &4 3 H, $£30 K.
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ZANRERI, Vel 1TESES eI, T %
FRRASK IR L2 84T (32 IITC HF von
Frey WY1 1601) 38 i 00 4% 3 B ) 380/ 8242 5 i
(20 e 51 /N BRUZE S5 I R0 45 1) 4B B 2 XA
MWT. 52 20 g [ JIE A5 5, B 24545,
LA 10 min (1 8] Bt 70 )5 B B SR 3 Wk, 3 IR
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(2) TWL ll5E . FJ B il 2 B oG P
AR, OIS, FHJENTT LU B ES AR . (EShH
7RI ET A T B OHELR &R, BN R N
AHUBEEREN 1 h, BEENREI. . 178
EEFEAE L, T RFRER A KR
% CEE UTC) JUAEBI AR T, b aliin
FE IR/ N B 7 5 FRE IR R 0 . JE I AR s
(81 1l LB 2N BRI BHR T » #5E 20 s AT A,
WEGR L5 . LA 10 min 508 WX 20 5 i 8 50 &
3, 3R T &5 G254

3. B HTE

LPA 2 M A LA (aCSF: 125 mM NaCl, 3.8 mM
KCl, 1.2 mM KH2PO4, 26 mM NaHCO;, 10 mM glu-
cose, pH 7.4) ¥ fi# . BHPITEHHE R A Hylden £ Wilcox
SRR T R D EEAER S, B, PR T
BB 3 52, A F8 3 70 S BIR - i R0 28 15 HP A5
Chffyh f Ls B2 Feniber i, RIS 88 H L
AL 2 [ (0 1R Bkt 50 S 4% B8 Ferrari 254
W% DA VR B AR AE L A2 (0 HE 18] £L Ak 33 5
30 pg/ml 54 30 pl.

4. Western E7EVEN € MAG 1 TNF-a ik

U AR B B4R aCSF AL )5 7N B Ly s
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KB RPN, VRIS, EES A
Tris 22 fi# 2% b % (50 mMTris-Hel, PH6.8; 2%SDS;
10% Hi: ddH20. 8 FH i 2200 & g4l 77D

IR AT, BARRE, 15000 rpm KB O 5B E
16 Wi. H Micro-BCA (Micro BCA Protein Assay Kit
pierce) 5 & B AWK . IS & & AW (20 pe)
TN 2 W EREGE P, RS, WK 10 min.

I8 I S5 8 B AR 20 30 ul, i\ SDS-PAGE
L, T 80 V TH K, BEAT IR M I AL i FLK

SRIGIRYE I FLIK 60 min, FF 100 V{HE, 4385
7K 90 min. ¥ TE BRI BRI, F RS A 4R A
WAL R I R “ =R 4, EELERE
ZZ P 2 i 10 min (1) PVDF i (Millipore Japan) %%
WEEE B, HERRAOM, FAEREFESE MR 380 mA THIL
%% 90 min. HUHH PVDF &, 7E TBS H%HE 5 min,

FH & W (TBST, 5%w/v THE W45 ) 25°CEf 1 2 h
7E 10 ml — $i [anti-MAG (1:500, Chemicon, USA) ,
anti-TNF-a (1:1000, Sigma USA)] # B W ' (TBST,
5%w/v BSA) #2 PVDF Al — 4L ARG, 4°Cit
. XH, F TBST i5%E PVDF i 3 Y%, 4 10 min.

S8 J5 10 ml i %046 ) B A% 1d 1 P [anti-MAG
(1:500, Chemicon, USA) anti-TNF-a (1:1000, Sigma,
USA)] % ,25°C 2h . H TBST i&#¥E PVDF i, ¥t
M 3 ¥k, #:¢% 10 min, f5H] 1 ml ECL (Pierce chem-
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ical, USA) =i & 3 min. ki EWiik, 7EKE
= 5 X )% B (Kodak, Rochester, NY) ' % 2
filr, f38 X Ot BOCER B By, B, ER
Mk, B, BARIFEAT I EALEI R 8. PVDF
JE ] strip ¥ 50°C ¥e it 30 min J& 537 B M n— bt
P, LA B-tubulin [rabbit anti-B-tubulin polyclonal
antibody (Santa cruz USA) 1:500] 1AW Z il L
FERREAME .
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BERIAT 5 46 2 B AE B PEAS, >K A Graph Pad
Prism 7.0 BRI EAE AT G0 M, TR RRLLLY
B+ bR (X £SD) For, RAXUA R TT % (two-
way ANOVA) 7347 P < 0.05 NN ZE 7 Gt 2475 e
Western-blotting HI45 5. J) r H imagel #EAT 567 %
FEobr, KRR R 72 (two-way ANOVA) 20 H7 .
P <0.05 WNZERA G R Lo
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2: JEHTRA

1 EEAHLRE BRI (72 =8, X £SD)
(A) ARV Z 18] (A8 2 S AR RO LG (B) AN FRJZH 22 T AT A 2 S S5 R A4 1 B
*P <0.05, 5 LPA-aCSF ZHAALL: t0: VS LPA Bi: tl: VE5T LPA J5 24h HyEN R4 E aCSF Hl
5 aCSF J5 24 h; t3: 3 K; t4: 7 R; t5: 14K

Fig. 1 Thermal withdrawal latency and mechanical withdrawal threshold (72 = 8, x £5D)

(A) The comparison of thermal withdrawal latency (TWL) in two groups; (B) The comparison of mechanical withdrawal

threshold (MWT) in two groups

*P < 0.05, compared with the group LPA-aCSF. t0: befeore LPA injection; t1: 24 h after LPS injection and before O; or
aCSF injection; t2: 24 h after O, or aCSF injection; t3: 3 days; t4: 7 days; t5: 14 days.
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2. VRS N I R RS AR A TNF-a £
AL

76 ME 0] L ¥ 4 aCSF J5 24 h (2)~ 3 K (13),
WELF] LPA + aCSF 45 #4122 TNF-o 315 5 5
aCSF Al (t1) ZBHAK, 7K (t4) B FRIEH P R
LPA + O, 4178 O, V1415 24 h (12), WELR|IFARML
TNF-o #3155 LPA + aCSF 41 & T %, 3 K (t3) i
BIK, 4ERFEH 7K (P<0.05, WE2) .

3. Y SR N i ORT B4R S AR A MAG %
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B2 VRS G VO RS AR TNF-a 3RIA )
ek
(A) F B-tubulin 471k J5 P 41 TNF-o 25 (1€ &= 158
it (B) FIZAAN A [A] 50 TNF-o [#] Western blot
LR
*P < 0.05, 5 LPA + aCSF 44 Lk t0: ¥ 4F LPA
Al tl: FESF LPA J5 24 h HiF 5 S48 aCSF i
2: VS RAB aCSF 5 24 hs 3: 3 K; t4: 7 K;
t5: 14 K

Fig.2 The expression of TNF-a protein in aCSF and LPA +
O; group
(A) Statistical graph of TNF-a protein quantification
in two groups after B-tubulin standardization; (B)
Western blot results of TNF-a in two groups at differ-
ent time points.
*P < 0.05, compared with group LPA + aCSF. t0:
befeore LPA injection; t1: 24 h after LPS injection and
before O; or aCSF injection; t2: 24 h after O; or aCSF
injection; t3: 3 days; t4: 7 days; t5: 14 days.
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LPA + aCSF 47EMEIR]FLIEF aCSF24 h J5 (12),

WM % 3 AR AL MAG 1) R 38 53 §F aCSF A1 (t1)
B R BE, 283 R (13) BPRREE T FE, MR 7 R ()
5% 3 K (3) THEA1; LPA + O, H7E Oy 14
24 h (2). 3 KR (13) B, WEBERHZLTT MAG 1)
FIE LPA + aCSF 1P B 1 &, SR e 0 A
AIKSE, ANEE 7 K (14) B MAG R IEBE 5 R RT
HIEM T (P<0.05, WK 3)
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B3 RS NIENCERAN RS IR MAG R/
L
(A) H B-tubulin #5314 J5 P4 MAG & HE BN 4
T (B) P AN IR (8] 5 MAG ff] Western blot
4R
*P < 0.05, 55 LPA + aCSF 4 A [t: t0: ¥4 LPA
s tl: VESF LPA J5 24 h HiES 545 aCSF 7
t2: VEHTREE aCSF J5 24 h; 3: 3 Ks t4: TR
t5: 14 K

Fig. 3 The alterations of MAG protein in aCSF and LPA +
O, group
(A) Statistical graph of MAG protein quantification in
two groups after B-tubulin standardization; (B) West-
ern blot results of MAG in two groups at different
time points.
*P < 0.05, compared with group LPA + aCSF. t0:
befeore LPA injection; t1: 24 h after LPS injection and
before O; or aCSF injection; t2: 24 h after O; or aCSF
injection; t3: 3 days; t4: 7 days; t5: 14 days.
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Ak, TR R RIZ) 20~30 min, UG
HR . REEAHREMEER, RIRAIT BN
AR B IR R A BE 2T I BN SRR o ZERRI
WS A E, A TR MR A R A ]
GREANAITROR, RECE ZH TR S MER
o Y, RAEAPIR. PR LR AITE .
Ty J7 T, FEWRR B RRATE R B PN B 2 T R
AR I AT LR 5 IR IE S5 0 28 PR AN = S 22 5
5 N R e 76 1 9] 5 R HIRIE 2 G 40
i N BIBE T B, 38 I AR Y B O ME (R FLYE
S5 SRS R I RT LAYRCER 0 N TR O 1 9 o R flk o 15
g o ASHIT FUBE I AE Ly A2 00 1R FL B T B LA
RIS BB B PR 1 KR R T,
HY4EFRR T8 7 R, X5 Lok " EARE L Rl
TR e R AN R B B 551 2 B ARl 2 o 20 B 1t
I (P ERT 8] s AT AR K AR ALY, B0 T BRI R ) R
SART CAZERRAR KT R] . 1 HL7E LPA Bt B sh i Asi 7Y
HHE 7T 5 Luo %5 © R I ACAE 1R FL I B 5L 48 AT LAk
Rl 15 R AR B, ERARYEFRIN [ AR B 28 K.
EZ T AN [ B 5L A A TR 371 S 4AFE LPA it i
B 2RO T R, T EIRATE 20 R
%o

TNF-o & #2451 477 DL #2898 i ik 2 o o 22
I R B A AN IR F o TEAHIT 7T TR 3RATTIE
FRMER AL RS, MR B IR 4 TNF-o (1)
FIRTEFES G 12 h SLEPRIE T, 24 h FRELZ
WEAE, FR4ERFEIZE 3 R, IXUFSE [ 7E LPA Mt i 49
e 9 B A AR e B ARG TNF-o0 45 BH S () 8 15 1
F o ABZEFE A1 5000, X AT fg 5 8 5 77 A
AR Je BLEIR FE RN AR 9% LPA J& 3l 40 95 B
PR — N HLE R S A M A B aE R . fE
B AN #1281 H A (1) DU A% 52 0 7 1,
TR S il R () S BE MR R R L. MAG s —
5 R B B, R A L s A i HE 4T AR AN
HHORX 2> % s I 40T 6 5 P SR O e SR AN (4555 X
paranode), DA Dy A 3 Joit 4H i 1 il 5% 22 TR] )
{5543 M. Paivaldinen %5 ') 7 85 {4 5256 1 HhiiE
SE T MAG fE 88TV B4 i 308 22 5T MBP,
B LAFRATTIAH MAG 75 §& 85 10 2 AN 4 35 b R 5 5
HEMMEM . 54, BATHT IR0 7T UE 5L 5K
B VESS LPA24 h 5 IR M4 MAG B &1 T B¢,
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—HREFSRE 3R, XWHBEUWHT MAG K@
Z 57T LPAL ZAAF SIS R LB gEsy . A
UG IS . FRATTE A [R5 B L 2 A [A] FL B IR 3
BTRA, RIEWME MAG HIE L RS %,
HuTDL4ERF MAG RIEAZEFIFE 3R, HIFET K
(VR A HY B R B I Ui B LA RE 4R FF MAG 111 5¢
&, B 7 KEHEK NS LPA 51 MAG T R [#
HUEFER RIH K R 2 BTFRATHI SR FEIIE 5L LPA
7S MAG T2 5 & AR s %ok iy, 21
LA I ) A R A BEOR (R R MAG RIAA
A, KRBT EBHLMSE— BN, 7B, 1
LAP i 5 1 i S8 B AR AL A, JRATT I8 WL %2 ) MBP.
PMP22. il MPZ S HE & 1 P fl, RAE M REH
il IX L BE Y A IO PR, X R R R A — DR
W 5 SCHRIRIE RhoA 15 5 i B A2 1 715 1 48 i 2
FAER E2E @M. #IH] Rho 5 518 B X T2 i
HREA, BAOMMIBET , SCE XA R A
J BRI , PRI 17k TSR T
B A PR R ) R LS IE M S AN 7 Y . Parkinson
2 092004 SETEARAN S0 HHIESE T #45% A T c-Jun X
Jit P 011 B P 384 B RD AE T 06 75 16, 1T EL7E B8 T2 %
I c-Jun J@id Egr2 Fif. ITHARIHE 5T ik sz dk
8 R 28 (1) 98 2% BFUJR 25 0 T I A RhoA {5 518 4%
O (3 Ao 22 2 5 11 A T R T B A4 R IR
mMRAFBEEGIAER ", FreaRAT T — i
FUHLR i — 20 ) R B S RE T iR T R
1 A RhoA {5 5 88 I 018 SRR 8 44 42893 Bk 0

AT FEIE I T RLARE LPA i 8 5 4 B
JEIE X TNF-o FIl MAG 3R 1A 152 M Sk 3k — 25 i) ik
B TE PP 2005 B PR P R I LR PE LA, TESE T
SRR M S B, R T A B R
IR — MR 1 7
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