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Abstract

AIM: To assess whether ozone exerts a protective
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and therapeutic effect on inflammatory injury
in nonalcoholic fatty liver disease (NAFLD) and
atherosclerosis in rabbits.

METHODS: Twenty-four male New Zealand
rabbits were randomly divided into three
groups: model group (n = 10), ozone group (n =
4), and pravastatin plus aspirin group (n = 10).
The experimental duration is 12 weeks. Rab-
bits were weighed once per week. Rabbits of
all groups were given a high fat diet, and the
ozone group and pravastatin plus aspirin group
were additionally given ozone and pravastatin
plus aspirin from the second week to the end
of the experiment, respectively. The intimal-
medial thickness (IMT) of the carotid artery and
abdominal aorta was measured by ultrasound
at weeks 2, 5, 8 and 12. HE staining was used
to examine pathological changes in the carotid
artery, aorta, liver, heart and kidney during the
formation of NAFLD and AS. The contents of
serum TC, LDL, HDL, ALT, y-GT, Cr and UA
were determined. ELISA was used to determine
the changes in serum contents of 8-OHdG, TRX,
4-HNE, 8-iso-PGF2a, LEP, ADPN, FFA, ET, IL-6,
TNF-o, MDA, MCP-1, hs-CRP, NOS, NO, GSH,
reduced glutathione and GSH-Px.

RESULTS: At the end of the experiment, inti-
mal thickening was observed, which suggests
that nonalcoholic steatohepatitis was induced
successfully. The body weight of rabbits in the
ozone group was significantly lower than that
in other groups. The percentage of area of aortic
lipid deposition in the intima was statistically
significant among the three groups (P = 0.037, P
< 0.05), but no statistically significant difference
was found in the thickness of lipid deposition
(P > 0.05). The degree of balloon-like degenera-
tion in the liver differed significantly among the
three groups (P < 0.05); however, the degree of
hepatic steatosis showed no statistically signifi-
cant difference (P > 0.05). The degree of lipid
deposition in the heart and lipid degeneration of
tubular epithelial cells in the kidney showed no
statistically significant difference among differ-
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ent groups. Compared to the model group, se-
rum levels of LEP, ADPN, IL-6, TNF-a, MCP-1,
hs-CRP, NOS, TRX, MDA, 4-HNE and 8-iso-
PGF2a significantly increased and those of NO
and reduced glutathione content decreased in
the ozone group (all P < 0.05).

CONCLUSION: Ozone reduces inflammatory
injury in nonalcoholic steatohepatitis and may
be useful in preventing atherosclerosis. Ozone
as an antioxidant does not cause visible damage
to the liver, kidney and heart. Ozone can im-
prove serum levels of inflammatory cytokines
which are involved in oxidative stress and lipid
peroxidation.
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coholic steatohepatitis; Atherosclerosis; Ozone

Chen L, Zhu XS, Sang W, Abuduhelili X, Fan XT, He FP.
Protective and therapeutic effect of ozone on diet-induced
nonalcoholic steatohepatitis in rabbits. Shijie Huaren
Xiaohua Zazhi 2012; 20(11): 907-915

T

BB : A5 & 803k B4 R By T R
(nonalcoholic fatty liver disease, NAFLD) ¥ J&
K0 By i VR R B A4

Fik: 24 R 8 #H 8 2 o A3m: BEAMI0
R, LRMAR, LI mTE) EARLI0R, 5
¥at R 12 wk, H#RAARBIRKRE. B FE
ME2R . HS5R. BARFEI2FE N EF)
Pk Fe B E S bk W - & (intimal-medial
thickness, IMT). &I LS E3)
Bk BFL S BB IESR I E AL, A fiE A
. g, WUEF Ao jRBR K. ELISAR T o
7#8-OHdG. TRX. 4-HNE. 8-iso-PGF2a.
LEP. ADPN. FFA. ET. IL-6. TNF-a.
MDA. MCP-1. hs-CRP. NOS. NO.
GSH. reduced glutathione. GSH-Px#J4-%.

HER. R mBR BN ARG, T
AT, RRAKRFTENRHE T b, 28
EFHRAET RS RIS K DA %t 5 &
SL(P = 0.037, P<0.05), 1 B5 A3 B A-2a
RGHFESL. RAAF AR T RARE
B B 42 TAEA 20 fo £ 35 B Am 9T 3] IE AR 2A(P =
0.04, P<0.05), 12 AT fig by T A2 FZ 32818 L4
e E L RS RIS AR R
T ERmETRTREEY LT FEL. A
20 v A AL AT I R G £ F(P>0.05). A
R, B it A, KoEAKFAg X F184
fo i s i B T AR, HARAI ARk, A

*TET. 8-OHdG. GSH. GSH-Px&%FFAL
Gt FEL, ARBAAFTHALTFEL
(P<0.05), £ ¥LEP. ADPN. IL-6. TNF-a.
MCP-1. hs-CRP. NOS. TRX. MDA.
4-HNE. 8-iso-PGF2a7k-F3% 3, NO. reduced
glutathione /K -F AKX, {2535 ] 28 A 9] &) IE Ak
2l LR P A B F 5 AR A 20 ] 3G B4t 5 & L

v LAMBEBHMEER®EFX
(nonalcoholic steatohepatitis, NASH) ¥ & #9 ]
BT BCE S B AR. R SR AR AL e 3k
ARG A e, KRR IR A g R AT
BB e s 3 A0 R 2T LA . R A4 |
RO ThFPRSTREA LK. BRTA
. S 2 e B KT, AR R ALBME AT 3 —
IR,

SEBETR): AETERE R B P AT AR TR P AR B A A
R, BB HEREM; RE

FR=, SoBTHE, =66, BREWK - FIAERIN, STRR, 5%
RENSBRFBISHO=RIPTBENMEIE AT LANB1F
. BRI EZYE 2012; 20(11): 907-915
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TENAFLDERE T, N B2 A 1) 1554 7k 52 45 A
S ik R ) TR R i 2 ST T B R E
FLAb A D) e 6 PR 35 22 40 11 0] 6 (1 S 11 PR 30 ik ke
FEREALFR AR, NAFLD n] 38O\ R P A IR AR &
18 11k 98 R F 492 45 J T 1D e, AR gt R a3 ik
SEAEREAL I RERE. Ak, B FH SR YT I
PRI I AT S A 2 At BUAR SR e, (H R
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AR A J3E V9 7 T 6 U SR A 2 IV g, I R ¢
SLEOE IR R R D RE R 2 A PR

1 RRSE

1.1 A & liPofrvh 22 241, A= 1.8 kg
+0.2 kg, W BRSSP L.
JIE TR} P ) A HE A PR B8 5 % (T S 4E 5 /K VR DX
S BNPIEE 2 by, HE8 YT S AR H ), IH
2% (Amrescoidt I 933%%), FE35K) 5%(Amresco
3 39). RS2 1S HERRMANN AP-
PARA TEBAU GmbH" E[{%/ 5 ARG
A, T FEE BT A VUK g R R it B AR
fl T4 . I3 S IE [ B (total cholesterol, TC)+
{2 B I 5 A (low density lipoprotein, LDL). /&
2% [ g4 H (high density lipoprotein, HDL). %%
% % i (alanineaminotransferase, ALT). y-+ %
Pk 2 JE 4 B i (y-glutamine-transferase, y-GT).
WU (creatinine, Cr)F1JRER (uric acid, UA)K
MR 7 G008 B R YL B 2 W) B 7 It 1 IRA
H). ¥R 4 %11 (8-hydroxy-deoxyguanosine,
8-OHdG). fifi 54 J5i £ [ (thioredoxin, TRX). 4-
25k THi (4-hydroxynonenal, 4-HNE). 8-7#4
HI A ME 2 F2a(8-Iosmerie Porastglnadin-2a, 8-iso-
PGF2a). % #(leptin, LEP). JI§HX 2% (adiponectin,
ADPN). 7 & JIG [l & (free fatty acids, FFA). W
7 % (endotoxin, ET). FI/M3R6(IL-6). FRIAIE
A ¥ a(tumor necrosis factor-o, TNF-o). P &
(malondialdehyde, MDA). FiZ4ifiutait s 4
I(monocyte chemotactic protein-1, MCP-1). i
C Jx W 2% [ (hypersensitive C-reactive protein,
hs-CRP). — %A il (nitricoxide synthase,
NOS). —%Hft& (nitricoxide, NO). & Bt Ak
(glutathione, GSH), KB J7 A B H ik (reduced
glutathione form) 75 Bt H ki S L # (glutathi-
one peroxidase, GSH-Px)ELIS AR5 £ 4 56
R&D~ w) 3 H73 %%

1.2 7

1.2.1 4R T 3& NAENRIR2 whki BEHL> M3
4, BANZH10H, SLAA4 R, 5 ] fin B =] VT AR
105, JL12 wk. B L TS IRTRL, SAA
R IR RN g5 T R, 2 AR A A H
FEVE[40 ng/(mL-kg)], BEFH29%, ¥ [l ke =] Pt
WAL P2 S mg/(kg-d), BT =] FEAK12 mg/(kg-d)]
e IR W TR W) I &5 3 AN R 1100, v IR TRl AN Sk
0 S 1) | b il R DA 3R TR A IR =, A Sk
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1.2.2 Bt SR WA ER R AR AR Bl 34
B 2 R A . ORI 8500 15 min, -80 “C KA
TRA7. AIEShH, O E FFREA . A3 AR
1 em X 1 em K/ 4 [A]— BT b, 10% Y
OIS 58, R B AAHE G (1
1.2.3 LEIGARBAR R (1)SE6 P Hh 43 5 R
1 (2) 0] 20 0 I 0 ok oA J e 2 TR 4%
U nl T 208, S S8, 12 AN
SR BN IKCR I 3 20k 1 P4 - e 2 )L B8 (intimal-
medial thickness, IMT). {ii ] £ 3% 8 7512 WX
(SONOS550021), H [ — 8 7 2 Mb = U & V2 A
Il KA, Q) IfiE A 4k: WE MIETC. LDL.
HDL. ALT. y-GT. Cr. UAM&&E. REMIL
TR A 126 AL 58 e BE K 2 B — B B It bk
WFFC O SE R SR T B V58 G (94
S W AR AL P, HEYL (O, WE S BIK
FFK 0SB EE BEAR A L -4 i
JU I 2 2 43 PRt DAy e SR e g 07 2 0 12
ST 4R (2006-021511); JHUERFEAR P43 B br it
N R, <30%HF A HKAEAS; T, 30%-70%
JHF 40 LK FEAR ; B, >T70% 1T 40 i Bk iR AZ
(5) I35 41 AR R E LTS AV & FLAS
8-OHdG. TRX. 4-HNE. 8-iso-PGF2a. LEP.
ADPN. FFA. ET. IL-6. TNF-a. MDA.
MCP-1. hs-CRP. NOS. NO. GSH. reduced
glutathione. GSH-Px[¥ ¢ &, SEHl 1L JF ™ k4%
HECB R U0 A5 (1 20 R R A

Gt AE ALY RA
SPSS17.04tTH Kk kAT, HE 7 EER Fimean
+SD, IMT J A4 i iR F 3 5000 5 (1) 7 22 73 #,
SRR I RRRIRL 5, 22 4L IR 3 40 B Ak L
BT 2257 R DR 28 5 25 03 W, NI T 22 4%
T 4 1 B FH R A 50 K HE (R R RIS 36 T 4
AT 7 22 5 AL B0 SO A TR S0, AR50 K ko
=0.05, LAP<0.05 15 Ge it 245 L.

2 BR

2.1 REEEA LAY R EER T HAL
MK, HhpdANE, BHEAERAHAP
= 0.026)F1 LA 4L ¥ 47 [ n fef W] PLAR AL (P =
0.007)399 G il 24 72 X(P<0.05), {HHh7 [ ik ]
VCHRZH FBLIR 2 ()R i i T S v27 7 L (P>0.05).
HA AR TRAE ST 4wk 8 wk. 12 wkiX4
A 1) s PR 28 BT G vl 7 (@ = 0.000,
P<0.05).

R EN,
NAFLD & % ¥,
PR AR B8 e
¥ 3R 2 AR H
kAP E R
FE¥G Ak 5T
RE B S Fa 3 e #
M AR EEZ
Sheyg T 0 G
JR F) Bk W5 A AR AL
18R,
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WA # B 5

ATERAREAAM
J A e AR
12 b K JE 2 R AL
) AR RE K s
FeL BT & 34T K
R A IR R,
ELA R A6 2 R

x 1 SEERERK(k)

pari:| n 0d 4 wk 8 wk 12 wk
izl 8 1.84+£0.16 3.14+0.34° 3.45 +0.29™ 3.56 + 0.25™°
SHIENFI A 8 1.89+0.18 3.15+0.38° 3.56 + 0.29™ 3.70 + 0.37*°
REH 4 1.88+0.05 2.63+0.29 3.00+0.48 3.23+0.22

?P<0.05 vs EFZH0 d; °P<0.05 vs EF4H4 wk; °P<0.05 vs B5F7H8 wk.

® 2 SEANRANERICEBKRIEEBRIMT(um)

IMT
et n 8 2 wk 5wk 8 wk 12 wk
BRI 8 MSmhEKk  203.80+14.08 302.50+29.64  311.30+9.91 282.50 + 40.62
BETEDRX  310.00+10.69 420.00+30.24  431.30+28.00 387.50 +44.00
SAIENITEME 8 FMSnhfk  203.80+29.73 318.80+22.32  295.00+22.04 277.50+36.15
BETEDAEX  301.30+36.43 44130+46.43  395.00+37.03 405.00+51.55
RE4H 4 F=mPEX  212.50 +29.86 292.50+22.17 317.50+15.00  260.00+27.08
FETEDRK  337.50+1500.00 445.00+4359  397.50+26.30  370.00 +53.54

=3

SHEENETEHRSMEEEE. PEREERAER SRR

- ., BEEE PREE RETERIREE EBRAIRSEBRANISH%
(um) () (um) <30 30-50 50-75 75-100
ERE 8 256x026 1.47+0.35 3.61+0.99 0 4 3 1
ZAIE N0 LA 8 281+029 1.36+0.50 2.77+0.85 0 1 3 4
REAH 4 373+0.69 2.44+0.18 3.25+1.87 1 2 1 0

2.2 BRI IRAEL EFRKIMT £EH2/H . 25
LA 2 3005 ) JHK UM TG A58 280 4 RS2 [l o e
A PEARZH (P<0.001). 11555 J F1 25 8 Ji) 44 41 £ ik
BNIKIMT IS U272 3, oA 35 I ] 25 4 90
FIKIMTIA G v & (P = 0.000, P<0.05). T
JIE B BKIM TR TR 28 8 J Rl 2R 12 ] - A1 o e vt 2
BOUA, HA S ) S G T2 U@ = 0.000,
P<0.05, 3R2).

2.3 FHIREE. AR, SRIERCE NIRRT AL
2.3.1 EFHMRAERE: AL RE R A Gt 2
B(P = 0.012), SLAZH il 5 R JE R A v i J52 13
18 e T ABE TR A R B[] fin Bl =] DT AR 4H.(P<0.017),
AFDRT T A5 20 21 005 ] o o =) DU AR A, % 4 IR
JRBEE R TR T 43 Le A G il2 2 X (@ = 0.037,
P<0.05), SLEALNR B T TAR o i K
1 23 bE 3 > (P<0.05, &1, 33).

2.3.2 PP Mk SLAALHT 40 M g s R AR M o A
FO-F22 [1], 14|1kF4, g /DA —, LU/ME
WA, A BRI T-30% A7 341, s

(5] 0 o ) DG AR 201 PR IS O P &40 A I A 22 43 R A
F2-F42 [H), 455135 F4, 648 1k 70% 41 il 75 25 <
BRAEASPE. & A TR M 2 1 R 5 1R] DG 46 o 27
X (P = 0.185, P>0.05), AL ERFEAR M FLE
Py A T AR 21 R R[] i e ] DEARZH. (P = 0.04,
P<0.05, K12, 4).

2.3.3 BME: PNV &40 B IR AR C ] B, %
¥ NE R A R i AR R R g T 2 X
(P>0.05, K3, K5).

2.3.4 SRk FALONTRFIHE L (4 0 K4, 248011
YA, F AL NIRRT ECTE g 24 B (P =
0.580). 75 ZH oI T UTAR o 5 Ji /N R 43 Bl
JJEFER RS 5 75 (P>0.05, K4, K6).

2.4 S fig. BT Re BB ok T AL BRG] R
ALV S AN [E R P L . S ZH IS TC
LDLXHDL-CH 4, HFEh AR ALTHY-GT,
B ThREII PR AR CrAIU ASY L G012 7 L(P>0.05,
7).

2.5 B #. e AL, RoEKFAEX
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B 1 BAFEBREERIENE. A: BT (X 100); B: BIRZH( % 400); C: HHIE ST FIVTARLA (X 100); D: BELH (X 100).

2 NETSERBIEARIECNES( x 400). A: AL B: EHIE IS EIVTAHAL; C: 554

® 4 SLEARFAEASIIARMERSIREFREEE

o . e - SIRETM A
FO A F2 F3 F4 2E30% DOE30%-50% EE>75%

BHIA 8 0 2 2 2 2 0.185 2 4 2 0.040
SRS T ICHRE 8 0 0 2 2 4 0 2 6

R&EH 4 1 1 1 0 1 3 0 1

xR 5 BEENE CRARSETHRRE

payicl n 0% 5% 5%-30% 30%-50% 50%-75% >75%
A 8 0 3 5 0 0 0
RE4A 4 0 3 0 0 1 0
SRIE NI T CHE 8 6 1 0 0 0

pi

AR F I SRR MLEL, RABFERE T LEP. ADPN., IL-6. TNF-o. MCP-1. hs-CRP.
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3 MR TSESHREAER(x 100). A: FHI; B: SN SIUTHA; C: RE.

4 SEETEAINERIEEE( x 400). A: B B: Shr i =ChaE; C: R,

® 6 SAEIERNREE MRS KIVEEEL

B
N al ) = N
e "R At 300 ?ofﬁsz Eiﬁwj:s;@ig/o-lo% IBRTREE
BaUE 7 4 3 0 0 1 2 0.400+0.170
2848 4 1 3 0 1 0 2 0.661 +0.150
SZRIE N0 CHE 6 3 3 0 0 2 1 0.300 + 0.200

* 7 BEME. FINRENEINEN

iR REAN = 8) REBN =4 ERENIRCTALER = 8)
TC 52.74 +10.98 46.00+19.43 55.67 +17.14

HDL 462 +1.57 4.19+1.16 5.11+1.45

LDL 32.39+8.20 30.19+£10.14 33.74 +8.49

ALT 49.13 £35.90 49.70 £ 19.79 49.97 £29.49

r-GT 40.03 £ 18.93 40.97 £ 26.94 49.89+20.48

Cr 202.21 £83.44 130.30+456.19 274.52 +224.59

UA 575.69 +492.13 541.63 + 863.54 651.67 +£742.02

NOS. TRX. MDA. 4-HNE. 8-iso-PGF2a’k 3 ifif

L R TNOL IR BEH Ik 5(P<0.05);  NAFLDJE H i 4 H 75 Py i AT BT I,
fHXJET. 8-OHdG. GSH. GSH-PxXFFAT & NAFLDJ A 181t 28 5E 4 1 30 bk o ke A 4k % AE
o, Geit 2 o X (R8). R, 55 PR e Y B ok R R Ak D) A G
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par3 BRF HERVMA( = 8) REBN =4 ZHIE NPT T CTHLAN = 8)
DNASILIRIINGY)  8-OHdG(ug/L) 21.34+2.89 26.02+2.17 20.36 +4.85
IERBMAETYD 4—HNE(umol/L) 17.90 + 2.60 21.54 +1.02° 17.33+£2.74°
8-iso—-PGF2a 60.88 +7.03 84.41 £7.90° 59.61 + 14.75°
MDA(nmol/L) 4.49+0.67 6.56 + 0.42° 4.47+1.18°
SHEIHERES LEP(ug/L) 7.68+0.98 9.92 + 0.56° 7.21+1.47°
ADPN(ng/L) 433.81+71.37  306.00 +29.16 430.25 + 60.95°
FFA(umol/L) 692.94 £101.18  825.00 +48.74 626.50 + 124.19°
KAERS IL-6(ng/L) 58.78 +7.62 78.99 + 6.08° 54.25+12.70°
ET (Eu/mL) 33.17+£8.12 42.95+4.69 31.96+11.61
TNF-a(ng/L) 104.83+17.69  146.29+10.34° 100.61 + 25.06°
MCP-1(ng/L) 37.06+4.72 51.67 = 1.50° 36.33+£6.57°
hs—CRP(mg/L) 7.36+1.97 10.33+1.21° 6.67 £2.13°
SRR NO(umol/L) 59.07 + 10.53 37.70 +2.35° 69.11+18.92°
NOS(U/mL) 17.83+3.40 23.69 +2.48° 17.36 + 4.06°
GSH(mg/L) 195.95+47.83  148.18 +33.82 210.08 + 48.09
MIERGSH(mMg/L)  108.01 £ 18.93 76.40 +9.24° 110.21 £21.75°
GSH-Px(U/L) 75.55+13.11 59.09 + 6.26 74.17 +17.06
TRX(ng/L) 209.89+37.35  262.02+16.73° 195.50 + 46.89°

2P<0.05 vs BHIZE; °P<0.05 vs RE .

Fan®5!" 925 32 0 A AR 9503 JLHENAFLDIY
FEBE D28 AT 2 SIS 55 5 A SR A 2%
DA HAT, WFFUIESENAFLD 5 LA P 57 4%
i+ BB BKIM TR S ik BE SR A AR ST,
B KRR AR 1 — AN AR RO IR PR VAT
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