Al g A2V M25H M23

Vol. 25, No. 2, Jun., 2005 D& A0
| =] o= T

HAofA] QERTO] I =EFF L LG UXl= TE

FAGUSE IR Wstad, SAGSE LB G AN’

A0 FO OB A H 0|2 Y Y 22 AN 9120| Fa A R upEA 12

Effects of Diesel Exhaust Particles on Airway Inflammation and Hyperresponsiveness in a Murine Model
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Background: Epidemiologic studies show that increases in
diesel exhaust particles (DEP) can aggravate acute asthma.
However, there were a few asthma models in mice exposed
to DEP. Nitric oxide (NO) may contributeto airway inflam-
mation and hyperresponsiveness (AHR).

Objective: We have determined the effects of DEP on AHR
and inflammation using a mouse model. We have also
investigated the effects of DEP on the production of NO
in vivo and in vitro.

Method: The mice were intra-nasally sensitized with 0.6
mg/mL of DEP for 5 days and were challenged with 6
mg/m’ of DEP by inhalation route for 3 days. The mice
were subjected to whole-body plethysmography and killed
for performance of bronchoalveolar lavage and histology.
Murine macrophage cell line, Raw 264.7 cellswere exposed
to 50pg/mL of DEP and nitrate levels in the culture super-
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natants were measured with the Griess reagent. Expression
of NO synthase was detected by RT-PCR.

Result: DEP induced a significant increase in methacholine-
induced AHR. The levels of IL-4 and eotaxin increased in
the BAL fluid in mice exposed to DEP. DEP stimulated
nitrite production in the BAL fluid. Nitrite increased in Raw
264.7 cells exposed to DEP. DEP stimulated the expression
of iNOS in lung tissue in mice exposed to DEP. Alveolar
macrophage was expressed iNOS mRNA 24 h and 48 h after
stimulation with DEP in vitro with peak time in 48 h post-
stimulation.

Conclusion: It is suggested that DEP may induce AHR and
produce NO, and that NO may be an important role in
airway inflammation by DEP. (Korean J Asthma Allergy
Clin Immunol 2005;25:117-22)
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AHEEL A= 20~30g9 BALB/c mouse (Charles River
Laboratories Seoul, Korea)S A}83}9 1, ¥ FX 2R FH=
we ¥ 39 ool AEE ANFAT AL &
At FH1H A = ARFAF A A8 QATE Balb/c
miceo] A2 0] =< DEP (0.6 mg/mL, from Hajime
Takizawa, Tokyo University, Japan)S =& 5ol 3+ ¥ H| 7}
o2 5 £43 F 6 mg/m’o] & F3}= DEPE 6, 7, U0
FANA FERDS BE 9Yd] H 7T AL 108 7]
HAFAZAH Y-S AP & H x2S AATHEg ). HE
T YA dsET st AU st sEAdS
APt f%id%% FsEo g A74 A3
Al g8 et

b2 Rl EA RS ]_;_—zr?_] Raw 264.7 (Mus musculus macrophage,
ATCC number: TIB-71, 3t A X235 6~7Ad] v
5x10°/mLE 6 well plates] A DEP 50pg/mLZ A}=238}3l 4
8, 12, 24, 48, T2A| kel A X FFHE AU

g

0.6 mg/mL DEP 6 mg/m’ DEP

Intra masal instillation Inhalation Sacrifice

R R TR
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Measurement
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Fig. 1. Schematic diagram of the experimental protocol. Mice
were sensitized for 5 days by subcutaneous injection of DEP. On
day 6, 7, and 8after the sensitization, the mice were challenged
for 30 minutes with a DEP in saline (or with saline as a control)
using an ultrasonic nebulizer. Airway responsiveness was
measured 24 hr after the last challenge in mice. Bronchoalveolar
lavage fluid and lung tissue were obtained 24 hr after
measurement of airway hyperresponsiveness.
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Thiopental sodium 50 mgkg= A FHo|A E7F U FA13]
of HAANZ ¥ SuE F35 AAsto #Hok rHs =F
AR 71% AEEE F3f PE20 EPolEd =aS
3led AT T, 4°Co] AP AESF 4 mL (1 mLY 43)2
N8R AL AHES APk 58 AR P 7]
E3}a ulE 4°C, 1,500 rpm . Z 10E-7F LA E 2] (VS-6000
CF, Vision, Korea)d}o] A& & ELISA =342 ¢3f -70°C
o Bt ok A= AT AFEES LT H 05
mL (pH 7.4)Z =9I o}, ©] Z S0uLE 3% acetic acid-&
950uLe} 430 A] hemocytometer (Naubauer chamber)S A}-8-3}
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o] 4% Tt EELHB| =2 1gsta gt
WHE S 3pym FAE AWl Probe On Plus slide
(Fisher Scientific, Pittsburgh, PA)ol] E 13} 2™ Hematoxylin-
Eosin @41 Algskdct.
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NO9] ot A YA} AHE-Ql nitrite (NO2)$} nitrate (NO3)
=73} H tF. Nitrite 37@% Greenberg S90) 9]} Griess
WS-8 o] 83} T4 540 nmo| A] SpectrophotometerS O]
ate] ZA3H4th 100l 7] BA H FEAH A = A Tu ok
F5 NS Griess A 2F(1% sulfanilamide/0.1% naphthylethyllene
dihydrochloride/2.5% phosphoric acid, R&D systems Inc.)¥} & %
o2 37°Co A whgste] FA o EFWER sodium
nitrite (R&D systems Inc.)E ALE-3 A Th. Nitrate= 100pL2]
71 BAHEA A D A EZfF A A-E 200 mM ammonium
formate (including 100 mM HEPES, Sigma Chemical Co.) 100uL
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a1 100pLe] nitrate reductaseE 37°Coll A 30% &
% Griess HH-5-& |83t SA3H T Nltrlteg}
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R [e} =
nitrate®] detection limit= Z}2Z} 0.22 mol/L2} 0.54 mol/Lo] AT}
6. Inducible NO synthase2| RT-PCR

=

%= RNAE TRI REAGENT (Guanidium thiocyanate-phenol
mixture, Montgomery Rd., Ohio, USA)®} chloroform© 2 2] 3}
%t} RNAE 10 mM dNTP, 0.1 M DTT, 1uL¢] oligo (dT)
(500pg/mL)S} 1pLe] SuperScript II (200 unit/pL, Life Technol-
ogies, Grand Island, NY, USA)ol| A 42°C, 508 52 reverse
3 70°C, 15% 5 <t heat inactivation 3} T}
Reverse transcription & PCRE 93l A}&¥ oligonucleotide
ptimere= A}& iINOS (forward primer: 5'-GCA TGG AAC AGT
ATA AGG CAA ACA-3', backward primer: 5'-GTT TCT GGT
CGA TGT CAT GAG CAA-3)o|H, ) ZFHAAZE B-actin
(Clontech Laboratories Inc., USA)S A}-&3}9 T} iINOS =Z&
94°Co A 18 T2 WHAISHAL 55°Col A 187t annealing, 72°C,
108 F<F 83t 35 cycles FZ3}Th Amplified PCR
products= 1% agarose gelolAl 7195 3
bromideZ M a}e] 3015} T},

transcription $F &
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&3l ZA3A T 242 o] Aol EFES] detection
limit (pg/mL)= Th23 ZThIL-4: 7.8 pg/mL, IL-5: 7.8 pg/mL,
IL-6: 4.7 pg/mL, IL-13: 15 pg/mL, IEN-y: 4.7 pg/mL, eotaxin-1:

6.3 pg/mL, BD Biosciences, USA).

ELISA (enzyme linked immunosorbet
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71HA] AR A 7]4_4“ ol FolstA =k Thsham
vs. DEP 0 mg: 1.047%£0.229 Penh vs. 1.094£0.311 Penh, 5 mg:
1.195£0.266 Penh vs. 1.390£0.448 Penh, 20 mg: 1.750%
0.627 Penh vs. 2.258+0.681 Penh, 100 mg: 2.547£1.100 Penh
vs. 3.258%1.810 Penh, P<0.05, Fig. 2).
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Fig. 2. Airway responsiveness to aerosolized methacholine was
measured in unrestrained, conscious mice. Mice were placed in
the main chamber of a barometric plethysmograph and nebulized
first with saline and then with increasing doses (from 5 to 100
mg/mL) of methacholine for 3 min for each nebulization. Readings
of breathing parameters were taken for 3 min after each
nebulization, during which time Penh values were determined.
Data represent mean+SD from six independent experiments. *P
<0.05.
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OARA 2FA gz 8 2ATSE =2 A
0] ©.1(5.241.45%10%/mL  vs. 7.5+1.32x10%/mL), F*E
O] 21 1(4.4942.63%10"/mL  vs. 5.9442.36x10"/mL), BTFT
(0.015£0.02x10/mL  vs. 0.05£0.057x10"/mL), & ZF0.07
+0.094x10%mL vs. 0.125+0.091x10"/mL)2] 4% =o 7
S B
3. 7| EX|HZMMH AO|EFIQI FE
IL-49} IL-6, eotaxin& TZTol| v tARZ =27

A 5934 E=%THsham vs. DEP IL-4: 18.85£7.29 pg/mL
vs. 26.3+6.75 pg/mL, IL-6: 4.7£1.8 pg/mL s. 9.2+2.5 pg/mL,
eotaxin: 38.2£8.2 pg/mL vs. 68.3£7.09 pg/mL, P<0.05, Fig.
3). 13} IL-5, IL-13, IFN-y= & & 7toll Zol7F giith
DEP; IL-5: 14.2+3.5 pg/mL vs. 18.2%3.5 pg/mlL,
IL-13: 31.2437 pg/mL vs. 41.5410.3 pg/mL, IEN-y: 17.4+
5.3 pg/mL vs. 18.5+6.1 pg/mL) Nitrate% ok F7te xpo)7}
BAM—Q-I/]' nitrite™ U] Al & £ T 71#EA ﬁﬂiﬁliﬂ‘ﬁﬂ]/ﬂ
934 = THsham vs. DEP; 3.82+0.32 mol/L vs. 4.05+
0.41 mole/L, P<0.05, Fig. 3B).
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Fig. 3. Effect of DEP on IL-4, nitrite, and eotaxin levels in BAL
fluids of DEP-sensitized and -challenged mice. Enzyme
immunoassay of IL-4 (A), nitrite (B), and eotaxin (C). Sampling
was performed 24 hours after the challenge in mice treated as
described in Figure 1 legend. Bars represent mean+SD from six
independent experiments. *P <0.05.
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Fig. 4. Nitrite production by murine alveolar macrophages (Raw
264.7 cells) exposed to DEP 50 ug/mL. *P <0.05.
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Fig. 5. RT-PCR analysis of iNOS mRNA in DEP
exposed lung extract (A) and in murine alveolar
macrophages (Raw 264.7 cells) exposed to DEP 50
ug/mL for 72 hours.
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