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The effect of ozone exposure on antioxidant responses in murine model of asthma
An-Soo Jangl, Inseon-S Choi’, Sung-Yeul Yang3, June-Hyuk Lee', Sung-Woo Park’,
Soo-Taek Uh', Yong-Hoon Kim', Choon-Sik Park'

Department of Internal Medicine', Soonchunhyang University Hospital, Bucheon, Department of
Internal Medicinez, Biochemistry3, Chonnam National University Medical School, Gwangju,
Republic of Korea

Background and Objective : Ozone exposure has been shown to modify the protective an-
tioxidant defense network in the respiratory tract. The aim of the present study was to evalu-
ate the effects of ozone exposure on antioxidant status in murine model of asthma.

Methods : Enhanced pause of breathing (Penh) as marker of airway obstruction was mea-
sured to determine whether bronchoconstriction occurred in BALB/c mice using barometric
whole-body plethysmography after ozone and ovalbumin (OVA) exposure. Antioxidant levels
were determined using high performance liquid chromatography with electrochemical detection
in bronchoalveolar lavage (BAL) fluid and lung tissue homogenates.

Results : Uric acid and ytocopherol concentrations were significantly increased in BAL fluid
following ozone and OVA exposure (p<0.01). Malondialdehyde concentrations in lung tissue
homogenates were significantly increased in ozone and OV A exposed group than in the saline
exposed group (p<0.05). Uric acid concentrations were increased in ozone and OVA exposed
group than in the saline exposed group. Increases in Penh were significantly higher in ozone
and OV A exposed group than in saline exposed group. The proportion of neutrophils in BAL
fluid was significantly higher in ozone exposed group than in saline exposed group (p<0.01).
The level of ascorbate was correlated with the level of p-tocopherol (r=0.65 p<0.05). Penh
was not related with antioxidant responses.

Conclusion : The data indicate that antioxidant responses may serve as protective mecha-
nism to minimize the effects of ozone exposure in murine model of asthma. (J Asthma Al-
lergy Clin Immunol 23: 749-58, 2003)

Key Word : Ozone; Antioxidants: Airway responsiveness
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Fig. 1. Schematic drawing of the sensitization protocol. Animals were exposed either to 1% (wt/vol)
ovalbumin three times for 20 min or ozone(2ppm) three times for 3hr or to both agents.
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Table 1. Cytokine profiles in bronchoalveolar lavage

IL-2 (pg/ml) IL-1 (pg/mL) TNF-a (pg/mL)
Saline 76.24 + 3.89* 43.1 £ 1.19 9.2 + 0.54
Ozone 34.3 £ 0.80 46.9 £ 1.77 10.26 = 1.45
OVA + Ozone 46.88 + 2.09T 61.5 + 7.06¥ 9.7 + 0.06

* Significant differences between the OVA/Ozone or Ozone group and Saline group(p<0.01).
¥ Significant differences between the Ozone group and OVA/Ozone group(p<0.01).
Significant differences between the OVA/Ozone group and Ozone group (p{0.05).

Table 2. Antioxidant levels in bronchoalveolar lavage fluid(nmol/ml: Mean+SEM)

Ascorbic acid Uric acid Retinol y—tocopherol a-tocopherol
Saline 17543.5+3478.7 5287.8+957.3 957.2+169.4 1632.5#321.0 755.2+365.3
Ozone 18937.4+2765.1 11345.6+879.,1* 1532.2+657.3 3125.3+539.3* 827.4+145.7

OVA+Ozone 21674.3+ 2392.3%F 13509.2+1257.47 2180.3+856.07 3773.2+767.57 1027.5+432.6

* Significant differences between the Ozone group and Saline group(p<0.05).
¥ Significant differences between the OVA group and OVA/Ozone group(p<0.05).
Significant differences between the OVA/Ozone group and Saline group (p<0.05).

- 754 -



Qlo] #r}. 8777

Al 57t

[

9

o

i

77}

L

o]
=

=

A
jul

o

=

19804
10.1% =

o] A7}=of
7HE3 e

[e)

g

=

[e)
$ 84

The effect of ozone exposure on antioxidant responses in murine model of asthma —
5.7%14 1990Wdel+=

Feol wst

1

&

0] 1991 1.88%Co =& 40%Yt

44

Al

A

ul
=

q

1=
il

7

A

19!

tach. ' 2 7l
=

, T

—AS Jang et al. :

o
S

g
7}
al

)
~

e

N

1

[
p8

7171 oy

=

Aol =
=80] ¢l o] 4

[€]

7hele] d

o

=

= A7tE, Az

el

HH
<Ll
e

=

o

15.5% %

L

R

19959

19.20)
o

=T
Ko

o
il

B

oj

2.3)
F

Ay, mWaAN BT

3t

o
=

Ko
BH
i

7}, 71

=
<]

0

S

—

jq_\:!

1

A, 7]

=4
[¢)
7}

&l

25
=

Z
o

°

=

[¢]
selectins

3k A7} 2
telet Ay

1o

[

o
IL-8

3k,

o

=

in vitroolA
ul

337t o

[¢)
1

=24) o
<

=

WA 2 22 (E-selectin)
W gd 2]

37, ANAE 5 o
3

gol tig d77F da

7}et

o]
+ed

0

TNF-a9 11-18%2 &
% TNF, IL-1, IL-6,

T

(ICAM),

= 5

t}. Arsalane
T

=
5

sHAl 71 =2

€]

o” 2 Az Ax 5789 dreg sz

Zur} $9

~
_Z]#

oj
ot

)

Njo
T
h

;&I
Ko

o)
el

W 1 o] AgZFEET A

o}

AN

HRF Az 2

3
=

1
AT A 7| BAHZAH AN 1L-18

o

7t €]
2

o,

o dSAE7}

EEIEEREEER
7w 2 g

o] &4 Adt.? 0.4 ppm

o

]

=

-, 1L-8, 1L-6 5

oA

2=
™

)

- 755 -

= 184



e > e
fo 1o
ol
o x&(iN
lo <
o e
[
Nl_l
iﬂﬂrﬁ g
S orle
=
>
(e}
ftl
ol
fr
‘e
-
N

b

Q T
S

_O‘L

Boofy 2 :

ox, M1
e o

to 1o

N o8,

g
e
fo
= ol
—
@
[oN
c
(@]
@
[oN
o,
o
=3
oY)
=y
B,
o
=]
@
ol
(e}

0,
o
2 9

B R T T
>, e
o
ol
9
N
2
o
fu
2
. O}ﬂ
ot
o
o
m
by
o
>

oo

morx al b li M nl o ofN R
) e
kol
K%
ES

N

ot

e
o S
X
o
% o
fo &

N
R o
e <
o o
2,

By
K
2
b
o
>
Lo
2
to,
S,
N,
off
B
fr o
Ho
lo,

1 g

M e

sol BEHo] FAspA L] A7t A8l ] &
2§ e AT AsiEd AT )
Bl C, E So] 48d sz g 3l
o oleld HEe 4A7 oF 5 shas
g ] A=

= o

HlE co 437 Ao 4

7 AdE HS58Y HAE TS dAsA
3

+1.9 nM) X &
ATFoNME HZA A A4St Ed A9 A%

& =

=

oA BRSO v oG-

[¢}

3t A

W3l gk A3t 2ed ZAog Algdr)
T 3;; A

o= 47gt. FusA)
FZwEFERYNNY U3t L PSR o)

2 B

Adrngdndo|r e&x-Z T 7| WA HEA
A A GASHA| of~F 2RI, Q4F HE
=, E3dE, Hx2HdA4 MDA S| S7tsto
oFE =F F Atg 5 stase Wt o
olds & F Al WA e 2
3t ~Eg g A7 FUhE 0] VRS
o Hej7lder Agd F as AAL @
3 2L 71 o] Al mAE Gl o
g A7 ¥ Zesit

BEO1Ed
1) Lippmann M. Effects of ozone on respiratory

2)

3)

4)

5)

- 756 -

function and structure. Annu Rev Public Health
1989:10:49-67

McDonnell WF, Horstman DH, Abdul-Salaam
S, House DE. Reproducibility of individual res-
ponses to ozone exposure. Am Rev Respir Dis
1985:131:36-40

Koren HS, Devlin RB, Graham DE, Mann R,
McGee MP, Horstman DH et al. Ozone induced
inflammation in the lower airways of human
subjects. Am Rev Respir Dis 1989:139:407-15
Weiss KB, Wagener DK. Changing patterns of
asthma mortality. Identifying target populations
at high risk. JAMA 1990:264:1683-7

Cody RP, Weisel CP, Birnbaum G, Lioy PJ.
The effect of ozone associated with summertime
photochemical smog on the frequency of asthma



—AS Jang et al. : The effect of ozone exposure on antioxidant responses in murine model of asthma —

6

g

7)

8

=

9

=

10)

11

12)

13)

14)

15)

visits to hospital emergency departments. Envi-
ron Res 1992:58:184-94

Koenig JQ. Air pollution and asthma. J Allergy
Clin Immunol 1999:104:717-22

Jang AS, Choi IS. Airway obstruction after
ozone exposure in BALB/c mice using barome-
tric plethysmography. Korean J Int Med 2003;
18:1-5

Jang AS, Choi IS, Koh YI, Park CS, Lee JS.
The relationship between alveolar epithelial pro-
liferation and airway obstruction after ozone ex-
posure. Allergy 2002:57:737-40

Lansing MW, Ahmed A, Cortes A, Sielczak
MW, Wanner A, Abraham WM. Oxygen radi-
cals contribute to antigen induced airway hy-
perresponsiveness in conscious sheep. Am Rev
Respir Dis 1993:147:321-6

Tkuta N, Sugiyama S, Takagi K, Satake T,
Ozawa T. Implication of oxygen radicals on air-
way hyperresponsiveness after ovalbumin chal-
lenge in guinea pigs. Am Rev Respir Dis 1992;
145:561-5

Chomcezynski P, Sacchi N. Single-step method of
RNA isolation by acid guanidinium thiocyanate-
phenol-chloroform extraction. Anal Biochem 1987;
162:156-9

Nadeem A, Chhabra SK, Masood A, Raj HG.
Increased oxidative stress and altered levels of
antioxidants in asthma. J Allergy Clin Immunol
2003:111:72-8

Smith PK, Krohn RI, Hermanson GT, Mallia
AK, Gartner FH, Provenzano MD et al. Measu-
rement of protein using bicinchoninic acid. Anal
Biochem 1985:150:76-85

Dickason RR, Huston MM, Huston DP. Enhan-
ced detection of IL-5 in biological fluids utilizing
murine monoclonal antibodies which delineate
distinct neutralizing epitopes. Cytokine 1994:6:
647-56

Honegger CG, Langemann H, Krenger W,
Kempf A. Lipid chromatographic determination
of common water-soluble antioxidants in biologic

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

- 757 -

samples. J Chromatogr 1989;487:463-8

Bieri JG, Poukka RKH, Prival EL. Determina-
tion of alpha-tocopherol in erythrocytes by gas-
liquid chromatography. J Lipid Res 1970:11:118-
23

Janero DR. Malondialdehyde and thiobarbituric
acid reactivity as diagnostic indices of lipid per-
oxidation and peroxidative tissue injury. Free
Rad Biol Med 1990:9:515-40

From the Center for Disease Control. Asthma-
United States, 1982-1992. JAMA 1995:273:451-
2

AEl<E, olFAl &8, FRIStw obFol Ao &
HE27] dghol A3 AL 4271 1990:10:201-
12

olFd. wElvEl ojdo] Hade HA FHE
o] MAF ISAAC &5, ¢#E7] 1996:16:172
Basha MA, Gross KB, Gwizdala CJ, Haidar AH,
Popovich J. Bronchoalveolar lavage neutrophilia
in asthmatic and healthy volunteers after cont-
rolled exposure to ozone and filtered purified air.
Chest 1994:106:1757-65

Frischer T, Studnicka M, Halmerbauer G, Horak
F Jr, Gartner C, Tauber E, et al. Ambient ozone
exposure Is associated with eosinophil activation
in healthy children. Clin Exp Allergy 2001:31:
1213-9.

Sayers TJ, Wiltrout TA, Bull CA, Denn AC
3rd, Pilaro AM, Lokesh B. Effects of cytokines
on polymorphonuclear neutrophil infiltration in
the mouse. Prostaglandin- and leukotriene-inde-
pendent induction of infiltration by IL-1 and
tumor necrosis factor. J Immunol 1988:141:1670
-7

Arsalane K, Gosset P, Vanhee D, Voisin C,
Hamid Q, Tonnel AB, et al. Ozone stimulates
synthesis of inflammatory cytokines by alveolar
macrophages in vitro. Am J Respir Cell Mol Biol
1995:13:60-8

Krishna MT, Blomberg A, Biscione GL, Kelly F,
Sandstrom T, Frew A, Holgate S. Short-term
ozone exposure upregulates P-selectin in normal



26)

27)

28)

29)

e

il

human airways. Am J Respir Crit Care Med
1997:155:1798-803

Kelly FJ, Blomberg A, Frew A, Holgate ST,
Sandstrom T. Antioxidant kinetics in lung lava-
ge fluid following exposure of humans to nitro-
gen dioxide. Am J Respir Crit Care Med 1996;
154:1700-5

MacNee W, Rahman [ Oxidants and antioxi-
dants as therapeutic targets in chronic obstruc-
tive pulmonary disease. Am J Respir Crit Care
Med 1999:160:S58-S65

Schunemann HJ, Grant BJ, Freudenheim JL,
Muti P, Browne RW, Drake JA, et al. The
relation of serum levels of antioxidant vitamins
C and E, retinol and carotenoids with pulmo-
nary function in the general population. Am J
Respir Crit Care Med 2001:163:1246-55
Nadeem A, Chhabra SK, Masood A, Raj HG.

30)

31

32)

- 758 -

P oFEwEo] MARY FolA FAshA ] WAL G-

Increased oxidative stress and altered levels of
antioxidants in asthma. J Allergy Clin Immunol
2003:111:72-8

Romieu [, Meneses F, Ramirez M, Ruiz S, Perez
Padilla R, Sienra JJ, et al. Antioxidant supple-
mentation and respiratory functions among wor-
kers exposed to high levels of ozone. Am J Res-
pir Crit Care Med 1998:158:226-32

Omenaas E, Fluge O, Buist AS, Vollmer WM,
Gulsvik A. Dietary vitamin C intake is inversely
related to cough and wheeze in young smokers.
Respir Med 2003:97:134-42

Corradi M, Folesani G, Andreoli R, Manini P,
Bodini A, Piacentini G, et al. Aldehydes and
glutathione in exhaled breath condensate of
children with asthma exacerbation. Am J Respir
Crit Care Med 2003:167:395-9



