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Abstract

Ozone (03) exposure can cause damage to tissues or organs such as respiration and cardiovascular
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circulation, and with the increase of O3 exposure concentration and time, the apoptosis rate in-
creases, and the tissue toxicity continues to increase. However, the underlying molecular mechan-
ism of O3-induced biological damage has not been fully understood. Biomarkers have become an
important tool in molecular toxicology, preventive medicine and environmental medicine because
of their high sensitivity, specificity and early warning. This paper discusses the main types of bio-
markers for O3 biotoxicity evaluation, their mechanism of action in the body and their application
status through a review. The molecular markers of body damage caused by O3 exposure can be di-
vided into three categories: 1) Inflammatory biomarkers, including inflammatory cells (e.g., ma-
crophages, leukocytes) and inflammatory factors (e.g., IL-1f, IFN-y, TNF-a). 2) Oxidative stress
biomarkers, including lipid peroxidation biomarkers (such as MDA, 4HNE, iNOS), and antioxidant
defense system biomarkers (such as GSH, HSP, Nrf2). 3) Cell signaling pathway factors (such as
Nrf2, NF-xB, TLR, MAPK). Continuous monitoring of biomarkers can prevent the further develop-
ment of O3-induced biological damage and provide new research ideas for the mechanism of
0s-induced biological damage.
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O & KAIG Yerh FEM U5 J Moy, e I5 Qe i £ 2 4, IREEH A AL P (nitrogen
oxide, NOX)H13% & 14745 WL (Volatile organic compounds, VOCS)7E H G4 Ah R VE R Fisk, 453 — &5k
2 SN AR R — i LA R R SRR I S VR I L AR 1 2013 SRR [ S (R ARTS YR VA AT BRI Bk,
CEHIE T — R 75 S HE R RIS Je (s fl 5 . DL PM2.5 e 2075 e Wit R 8555 Juil b K
L BEET AR, R EG PR Rk, B OROREH RN [1]. AT, SRR E R R ORI L
BAMK, ERHITRR2]. TE R E S SAEEN Oz V5 4 i) @™ R [3]. 2k Op s H- W i K AED)
WU A SR EVE AR, 5] A R JRE S S I ZH 234545 . Og RALAK 1 65 55 Je ¢ il i FE 5 UK A & Fh 2k
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2.1. RIEHH

O3 BEXTIE b =25 B B B AR TR (R A b e 4 R R 43 oK 2 11 4 4 M B 4 0 IR 7
BRIRAE[S] O 255 /1N BUK 25 MtV E VR VU(BALF) T 4B B s K. M 250, v (28 400 e 0 o 4 4 i 25
BOIRANRIBENZ . O3 iR FECCE BN KRN DIEe %, RN BALF F1 & 4l £ [5]. A
WEFEF Ny, BALF IR 20 L 252 B B A E i 1 R BE AR 75 [6], Wagner [7]58 AHESE T O5 5|
(45149 58 2 1) 2 Hh PR LG i 80

B T LA A (4 R ECEE o6 1) DA R o A 0 ) e, S REARBRAE S Op EALNbR £ TS T —
SE ISR S, BT DA JOE 40 MRS WU PE BT v IPE T 2 o (R PEAR I RIAXT S, 2B I BUR .
SRR, T HAREANPRAERIRE Os B 5 O3 22 55 H AN BENS [ WOp LA 42 155 155 I

2.2. REERF

1E Oz B2 5, ZMIERTHEEREWERAM, 11L-1, IL-18. 1L-6. IL-8. TNF-a. INF %%,
PR IER T2 O3 BEsfifn KA FE, XEIGER T7E Oz AW B2, INE RER N, @
Tk O A R AN A A, T S B S B R Th RER T . RIS 8] KRR ER O3 )5,
M JRE R T IL-6. CRP. AV VR ALRG A -1 (SICAM-1). TNF-o FhiHj. Backus [9]5544 /N B
BFHET O3 54K, A5 /NR K BALF NI TNFa. 1L-18. IL-6 Al MIP-1a & &GE R T & & T+ . Hu [10]
KR O3 ZR e X) 53 K BB H AT B EEW AL, FEA R 50 B ER I 8] A I, I H 28 9 K IL-18- 1L-2.
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O it Ik I IR S PR N R R JoR A2 ik N 55 7 Qe NAE R I, 15 LA R A S AL L (ROS Bl RNS it
BRIK), ROS SAEVIREABENG . 1552 PR ¢ (1 22 AN R I 07 2 PO I B B A% R S5 K4y T, R A Mg ook
SEAL S NI 1 B i AL A 0N T I (MDA) I 4-F535E T I3 B2 (4-HINE) S, M 1T s 200 Jf 5% 14D 97 50 2 A i 3
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PRS2 B H R R RE DRI T I I i I AR AR B SR A AR, DA TR 5E R AR G 2 45
FERE. MDA TE RN E A IR =), O ilid [ GSH A i MDA kIR0, Syl A
Y4 B (A br &Y. Li [11)% AoKs 8~10 J& C57BL/6 § 2.5 ppm K JE O; %55 3 h, LG4 BN, O B
HANRIMLALZR I MDA JKFB BT, A B H A B H KT B, ifiZH2 MDA & &/ EJH. GSH
BRI, RN BRI SR PR TR, IR T B R . Perepu [12] 44 Sk ifiL B EEVE A Y
KR Z#ET 0.8 ppm O3, FHR Op FISRIMFFEE LA MDA /K RIGI, 51& 0 NgnH T,
4-HNE #5 I\ 92 AR AR EA),  TEN 3 S PS5 b R ¥ 5 2E FH[13]. 4-HNE /KPid mit e 3
AAFEE T DNA IR, 520 DNA $if. LhiiAD)sebsrs A -, M 4-HNE & Em
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B AR LA 2 — R P GTEA I BER Y B, Wk S B AL g (SOD) 8t H Bk (GSH). L%
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