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The Inflammatory Response in Mouse Lung after
Acute Sulfur Dioxide Exposure

Young Joo Chin, M.D., Nam Gyu Park, M.D., Hyeon Suk Lee, M.D., Dae Soo Kim, M.D.,
Jae Ho Earm, M.D., Myeong Chan Cho, M.D., Sei Jin Yoon, M.D., Hwa Sook Jeong, M.D.,
Hyung Geun Song, M.D*. Ro Hyun Sung, M.D. and Sang Do Lee, M.D.,

Department of Internal Medicine, Department of Pathology’
Chungbuk National University Hospital, Cheongju, Korea

Background: Effect of sulfur dioxide(SO:) exposure on airway is well known but little about the
effect of SO, exposure on lung parenchyme. This study is to determine if short term exposure to
SO; in concentration commonly found in industrialized environment cause potentially harmful
effect on the lung parenchyme.,and to evaluate the exposure time-response relationship between
short term exposure to SO, and the inflammatory response in mouse lung.

Method: Sppm SO; gas was used and 48 mice were grouped into control(10), 30(9), 60(11), and
120 minute exposure(18) group.In each group,bronchoalveolar lavage(BAL) was done immediately
after and at 1,2,3 days after exposure. Histological examination was performed in control and 120
minute exposure group.

Results:

1) Cell response in bronchoalveolar lavage fluid.

In 30 and 60 minute exposure group, compared to the control group, lymphocyte count has
significantly increased(p<0.05) at 1 day after exposure but did not differ at 2 days after exposure.
In 120 minute exposure group,also compared to the control group, there was significant increase
in total cell,macrophage, and lymphocyte count at 1 day after exposure, (p<0.05) which lasted for
2 days but did not significantly differ at 3 days after exposure.

2) Histological findings in 120 minute exposure group.

*

e

EEL 199485 FEAYRYY d4dTule] 4F BzE olFe F4

— 328 —



In the airway, mild epithelial cell damage and ciliary loss were noted but there was no evidence

of inflammatory cell infiltration. Interstitial inflammatory infiltration was noted at 1 day after ex-

posure,which lasted for 3 days after exposure and there was no evidence of edema or fibrosis in

the interstitium

Conclusions: These data indicate potentially noxious effect of SO2 on the lung parenchyme as

well as the airway at exposure level that are regarded as relatively safe, and the duration of injury

depends on the exposure time.
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1. AESE ¥ olguviaol B2

D) A S8

AYFEL #F 150~200gm2) 48vje|e] HA73t
F|(ICR mouse)ZA] AFHE] ZF2z70A 4047t A}
53] AYe AHgslgond, Pl WHale] Aol 3
Al 3p7) $l3te] 2T LS AME-3lsick

2) ojEt JpAo] EE

4gviz]e] AFF o2 10v)E]E Pt dfzae
2 skx Uniz) 38uiElE ¢19)e] 3709 Fo= ol
12 9], 27 110}2), 3% 18vje]& slof Sppme| o}
A} 7p2el] Zhzh 308, 608, 12087 Z2AFH T o]
u] 383 SO & = BEQTFAM AR} X5 20
ppme] SO,7}2& TFsh:= 10071¢¢e2 28 &3
7}2(balanced air gas)E AH8-3}gich

Zgzuhe olayz A2 U7 29cm, Zo] 63cm
o] 953 F=24x9) 20ppm2] o}3At E {3}
T UEY EWLRE AR FE B ¥R BLA &
2 fAged, 23 Al £ 5L &5
2 FUAAA YRe SOSEE Sppm g FAAA
t}. SO 559 232 X2 (Gastec com.)& |43}
o] 10~20% ZHHe= FAsct

2. AE 4y

) A8 e

(1) sz

48ujEje] FFFA loj2 100 E AEstd &
73 ¢l thiopental sodium(30mg/kg)-2 F3lod 3]YA]
2 ¥ B8 g FHE Afsld 719 o, 2z A
< 2227 ¥ wA J1RANE AFHES AW Al
HAg AL o}, HE AAlsl 10% EELuslo|=
follo] E 7)) Yol mAse)

2 A1+

37 9nlelE ol3bl: 57} SppmlE frAld
25 F2AA) 9 3087 Z2AFcL olEF A 3u}
e Z2 A3 7P EE AHEE AFET U
7] 6vfelF: 3vlel 24417 ek ARSAL A AR/ F

3njelE 48A17HEqE AR Aol ARSRE F 22 bl e
2 71 AR es Adska slE AAsld 24
slet.

3 A2 E

24 117§ ol3A7kA =7} Sppm g A
D% 2| 6087 Z2AF ). o]EF 3ule
E Z22 ), Jujele Z2AFE N 24705 A
43 o, 3vje)E ZEAFRLE 48A7HE A’
Fo), 2uj2le 22 FaNE 72X70Ee A F
ZAAHAZ &S APsl HE AAlstd A3}
ek

4 A3 &

I3 187 E ol3blaEEs} Sppmes fA”
258 B2 9 12087 F2AAL o5l 571

£ T2, sulele ZAF2RE 247059
A5 Fo, Sulele FRAF2RE 48A7HFe AR
g Foll, 3vlele ERAFHYH N2AES A
3o 71RAHNE AHES AWk HE BAE 2
A

2) J|BXHEZE MEHE W 7IXHEZAM YoM

ME2| MY

3179} 7}l thiopental sodium(30mg/kg)S 4
st 3 QA7) 3 B FHE HAsle 79t 5, A
A& 22 A0F Falad FANEE 2m)E RS
HApsto Ao g 25 AAsgct Jle F
HAzz o2y w3 F )9 A5 2Asld 7]
P 18 gauge2] A FlelE|(Jelco(®, Jonson&
Jonson com. Japan)E $IX)AFF, o] Fle[E o] Sml-g-
Ealr FAp)E dAsle] £=]A F3ste] sivle)
3718 5 AAsL oE smlg FehiE FAP)
37T A4 QS 3.5mlE YolA shele] o] 9735l A
A5] 8L vpxlsbE A Sle] Fslgoiol Fald}
E AL A Al Bsigich Aade Az=g o33}
o B4ES AAT F AeEAd fEldr)d gl
4Ce) Rysigiel. Z1DABE AlH He] FAEStotal
cell counts) HALE|AF]] %-2(uncentrifused) 7
Fx|H|E A Aol 4 hemocytometer counting cham-
ber(W-Germany) & AH-3le] 2 ZA)s}e], I HF2
2 A3} 71 HE AFd HAE 8002 10%
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F< PAEA)IF] F cell pellet-Z Hank’s Balanced
Salt Solution(GIBCO, Grand Lsland, NY)ef| 353l
10celml2 THEF o] Hfo 0.5ml(5 X 10°cells) &
cytospin 2 cytocentrifuge(Shandon Instruments. Se-
wikley, PA) el o} 850 rpm 2.2 1085t 941 82]4]
AA slided 2L ohg, ©] slide® F7|F A Lejn
3143k Diff-Quik reagents(American Scientific Pro-
ducts, McGaw Park, IL)E A}8-3le] gA3s}gic} o]
slide® 1000wH2] X|ofoll A FAste] 2ol 2007 of
el A¥r} BaEw Axide] Mg Al

3) el M ¥ HWajxx mEo| X

27} 1208 Z272 7|HAHE AHeE Al
& 5 71l $1x)A120 A FteelE Sl 10% %
Sgdslol= 3mlE s Fsta, 7L de F
< % & AAsle 10% TELdlslo]l= §Ho] Fof
de 87159 ol ARt 2Ao] of & Foll
ethyl alcoholollx] x}x o7 ©FA]ZIFE xylene o2
Atz wed-g ol nAslgict o] eld £5&
7 9] $74& AE-% Hematoxylin & Eosin g4 3}
o] 33} Hu)7d(Olympus Co. Japan)o 2 Falgict

4) A Mz

(1) & ARE Hy+ ZFEUE FTA3)5)

(2) ¥A 2= SPSSPC plus §7) packageE o]-&
ste] -3 2] 717 (Mann-Whitney test) 22 #-2]43E

ARsgich
(3) Ho4EL P<0.05E EANCE fol Ao
s,

L | o}
1. 7IRX|EHZAHHO] SMAH

1) zZe] 7| FAHEAH YN F MESFE 48
(6.0+1.49) X 10°mlol g, HAAESE 3.68~7.12
(5.46+1.25) x10%ml, U= 0.18~1.050.47+
027)x10%ml, Zelxm MY TLE= 0.00~0.24
(0.07 £0.08) x 10 /ml G ek FMEFNA 2] A 27} 91
%% A3t Aot 8%, HFARP I} 1%E 2
|8}l cKTable 1).

2) 308 ZaFeld FRAFA: djz2at Fo3
Aol g oy E8F 24X)7) Fo)l A7 7w
X AA A= dzFof H& s FeldAl F
7bst53Up<0.05), ¥ AlE52} HANETE 7B
%S Bgoy A Fe)dL glgdeh F2F 484
Zb Fo A3 71 E AF Azl v
3 frelgk 2ol glgick(Table 2).

3) 608 ZT2FME 308 Z2gd|Ms} o) T2
AFods 223 K23 Aole g, ZEF 244
AFs dzTo vl d37e FofshA Skl

Table 1. Cells in BAL Fluid of the Control Group

Subject Total MAC LYM POL
No. number ?f cells \ \ \
X 107/ml X 10°/ml % X 10%/ml % X10°/m %
1 8 7.12 89 0.64 8 0.24 3
2 4 3.68 92 0.28 7 0.04 1
3 5 4.50 90 0.40 8 0.10 2
4 8 7.04 88 0.88 11 0.08 1
5 6 5.70 95 0.18 3 0.12 2
6 5 4.65 93 0.35 7 0.00 0
7 7 6.44 92 0.42 6 0.14 2
8 6 5.70 95 0.30 5 0.00 0
9 4 3.88 95 0.45 5 0.00 0
10 7 5.95 85 1.05 15 0.00 0
MEAN*+SD 6.00+1.49 546+1.25 0.47+0.29 0.07 +0.08

Note : MAC - Macrophage , LYM - Lymphocyte , POL - Polymorphonuclear cell
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#(P<0.05), F AEFs} PAEFE TP B
Bgovt AR gL dsleh F2F B8AZH
T2A1ZH ol 223 fel’ Aol §isick(Table 3).

4 1208 ZEFdME T2AFAE d2Ld F9
T ol gl3le F2 F 247} F8 T2 F AR
Fole 3 Axss HAES, doret 2R gz
ol vl frelshA 37181325 (p<0.05), T2A1ZHF
T 2T Fo3 Aol glglelTable 4).

5) AA F2ZA szl vle) ok ST

oJugls W3l §lgickTable 2,3,4).
2. 1202 Z220M H Z=X9| Ha|EH od

1) 71183 71, ARl AR (Fg. 1,
3ol vls) xS A ALe] Sabsh HEe] 4o B
gsjglon, AT gL DA YskoFig
2, 4).

2) 7le] AolAEs] SPYEe due] S4e] FE
£ ZzAfs Tz F 2047, 48417, 72417k4f0]

Table 2. Results of the Analysis of BAL Fluid of the 30 Minute Exposure Group

30 Minute Exposure Group(N=9)

Group
Control Group immediately after 24 hours after 48 hours after
Cell (N=10) exposure exposure exposure
counts (N=3) (N=3) (N=3)
Total number
of cells
(x10*/ml) 6.00+1.49 533+153 10.33+4.62 633+1.15
Macrophages
4 546*1.25 486*1.45 8.18+£3.42 5.70£1.05
(X10"/ml)
Lymphocytes 0.47+0.29 0.41+0.13 2.13+1.68** 0.59*0.10
(x10*ml)
Polymorphonuclear 0.07%0.08 0.06£0.05 0.02+003 0.05+0.08

cells (x10%ml)

Note : Data are expressed as Mean*S.D.

** p < 0.05 (by Mann-Whitney test)

Tab’le 3 . Results of the Analysis of BAL Fluid of the 60 Minute Exposure Group

60 Minute Exposure Group(N = 11)

Grou
Cell ? Control Group  immediately after 24 hours after 48 hours after 72 hours after
(N=10) exposure exposure exposure exposure
counts N = 3) N = 3) N =3 N =2
Total number
of cells 6.001.49 567+1.53 11.33£6.02 702+2.65 7.50+0.71
(X 10*/ml)
Macrophages 546+125 517+1.37 9.92+5.03 6.50+2.18 6.65+0.78
(% 10*/ml)
Lymphocytes 0.47+0.29 0.43+0.17 1.40+1.06" 0.39+0.38 0.74+0.14
(X 10%m)
Polymorphonuclear 0.07+0.08 0.07+0.09 0.02+0.03 0.12£0.16 0.12+0.06

cells (% 10*/ml)

Note : Data are expressed as Mean+S.D.

** p < 0.05 (by Mann-Whitney test)
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Table 4 . Results of the Analysis of BAL Fluid of the 120 Minute Exposure Group

120 Minute Exposure Group(N = 18)

Grou
Cell i Control Group  immediately after 24 hours after 48 hours after 72 hours after
(N=10) exposure exposure exposure exposure
ki N =5) N = 5) N = 5) N = 3)
Total number
of cells 6.00+1.49 5.60£2.30 10.20+2.27" 11.60+4.72" 6.67+£2.80
(x 10%/ml)
Macrophages 546+125 5134221 8.84+2.52" 925+329" 5571126
(% 10"ml)
Lymphocytes 0471029 0.43+0.21 1.25+043" 203+1.27" 1.024+093
(x 10%/mi)
Polymorphonuclear 0.07+0.08 0.04+0.04 0.11+0.11 0.30+0.28 0.08+0.09

cells (% 10%/ml)

Note : Data are expressed as Mean*S.D,

** p < 0.05 (by Mann-Whitney test)

Fig. 1. Large airway of the control group (H & E stain
X 400).
The lining respiratory epithelium is ciliated
and well maintained.

=uig slol gigickFig. 2, 4).

3) SIE 7o Ph2FFig. 5)ol Hlal FEAEe] 3
&o] D= on sEnle] slEule] By 9
FAo] oy, HNFol} Afsse] A4
Rshe B354 QskekFig. 6).

4) SE7Hde] FFAE) A& T2AF uchs
Z2F 2447} Fol WAs| 2lshgon], 48217059}
7207k Fol £ Hl2g 270] R gdckFig. 6).

Fig. 2. Large airway of the 120 minute exposure
group (H & E stain x400).
The lining respiratory epithelium is focally
destroyed and replaced by cuboidal epithelium
without cilia.

| 3

o}3HAl7kA(sulfur dioxide, ©]3} SO.& )= F=2
sjatgede] 3AF 1=l dstolu} Hfe] daAlel
o] whshes A A 2AFA A2 A ofd A7
r2E w4l 7)Sx g9 Ha £E57)4dse] fHE
o] Zrhaiclm geiA] Qlemt B 2] MAEA
old wbgslg 7] el 2@ Avls 2 2B

2 o7} S0 2j3t Zlelglen], H7]|LHELF SO,
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Fig. 3. Small airway of the control group(H & E stain
= 400).
The lining respiratory epithelium is ciliated
and well maintained
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Fig. 4. Small airway of the 120 minute exposure
group (H & E stain x<400).
The lining respiratory epithelium is focally
degenerated with loss of cilia
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Fig. 5. Lung parenchyme of the control group(H & E
stain X 400).

Normal alveolar spase and interstitium without
inflammatory cell infiltration.
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Fig. 6. Lungparenchyme of the 120 minute exposure
group(H & E stain x<400).
The interstitium is infiltrated by inflammatory
cells and there are no pulmonary edema or
fibrosis.
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F44971284°, ek e 03~1.0ppmAES] S5
H 2 INE L5 e, 5~10ppmo)dd w2 Hut
2} n|7ke] Ao A3 FE Ao deiAd I
A7} SO0l & H SO Hute] $37)e} whg-o
2 Ak3)E| o] BAkE Y5l & AT AR 2Ea
2o AR G5 Loy, e 2
7o)l we} WA depsi el Zlew &
AAJN . S0, B 54408 sl T2 F
WE A 98~99%71 Wi} A Ar)Ee] el 4w
I 1~2%to| | E9) HE e Edsl] Wi F
2 n7Aeta) A7)se WEE doy)e Hee o
A JeF. 1884 Ogata®™ = Erl8} 7)Ue), A4
o 400 ppm2] SO, & 4A17H5<l F2AHS wfo)| z}ut
o] Fgst 3EFEFo| Jehar SO, Z2E FA|A)7)HE,
ol F4HE°] glollvke S s GiddensT
Ve A o]47 AN SO Z2F o | 7ke] v}
o % o A 28z F5A3E e} F4we) 4o
Uehdclm slglen, 2% 3¢ 100~2000ppm 2]
SO:& Z2AF AA 7|59 Wezhy A8 24
& 23} 1000ppmo)de] 5% SO0 F29 739
de AR 24, Aoz &4, AFNE &S
o] W] F3 A% Y AExe] F4lalel
+ Hg71Ax% sEoE HelE dov|y gBr)7le)
SO F2 A= 2000ppme] delo} H¥-Fo] vpehdc}
I shgich

SO.7} AFghe] slof] vl G3kel] B =2
oAf=EelA o4 BaEle] gloy F2 3 7|5 74}
(pulmonary function test), 7} =] 214 HA}, d34
2252 7PgA Q] A7t oo} o]Ee] Hudj
oJ3hd Aexe] 509 FAFEE Z|AAFVAEL F
RN, 7)1 Ba] 3¢ sl 7= 2]
AlZleka 8109070, oj2jqt Wabe sl Aol syl
P Ao s09 Aoz Tzew o S
Ad 2 A 7122 FHE0] TR Ao
LAY 50, Z 2 o 2]3} sEHe] Heleta
2203 A2 AAA] A7 Fike) 2y So;
TS AAF A ol Exe] SO Z2EF
A gxle] Falrl &5 Mase] g ol
Galea™: %% SO 7}20) ZEgE 179% 4] A}

33 Algte] ol Zex| ] w3} Algk 4FAl
¥eo| A&7 Aupside] F4, 1| dekr)wz)
9] dfralee] L] vehdn, sRFey &y
ek B335 Woodford 5772 552} SO, 9
717 Z2RHF 235 o) AR AltellA = sl A
71#2] 9 (Bronchiolitis obliterans)2] AHE B wslsd
o}k 29je] R By 25xe SO F2EF 3
oA #AE= Weld Ldog v|sAe) &4t o
AR AE, 71 A3, sl A7)
o, 4T 9] &4, HX e A7 7154 5] ¢
A 9lon® gz AlFsA HPEZ o2 9
4 7122, A& wSeln F)gA A, w
4 7|2 ¥H FFF(reactive airway dysfunction
syndrome)5'70] Yehd 4= gl Aog Bwslw g
ok B A7 E SO 7b2el F2 A3 Re 37 4
71= 9 )R HEe 4z AuA|xe) E4fo)
A= o’ =] E4do] FAHZEA4)9
7122 142 F71, 712 %, 71EA3 e FoHE
o Zleslelzte AY4Es, o ZeHd J|x
o] o] z)&xEo] HH4] Z=AF 9 oy 7]RA Y
o] FHEL VA 5 UL FloE Asdc)
SO.7k22] £27} slol| ]zl Gl oiF o)zt
A9 ATE F2 WA 7eBRE doy)E HAew
giA QIO ey Pake] Ty
SO 7k22] HIA]e] Alarge g olF 3¥xe] SO,7)
2o 223 AP e SN A Jed
Pk ol HEDRA o FAE) AE, HRF, 5
AZe] Hf3l5e Wo] e Busle SOk~
o] F27} A J3g v|Achs AL ALk
oo™ 22 RabinovitchS™& 4t Enbjaz 3
52 SO Zad Fxleld A3 JIEsHe] 27
o] B vt ehz}, sj¥ibse] 7k49) Gallium scan
dde] Lol vepdrin Bwslgla, ojAL S0,9
Z27} 7|=84k opz} HAACE &g doy)r)
ol Zelalz FAlslglcl 2] 1989w Swedene)
Sandstrsm 5792 qlalel] 4~11ppme} SO, & 7|7k
(208) FRAPFIZ Z2A Fo 7)BAHHE M-S A
#sle] SO22| T2} 71HUAHE A duel dF T
£ S7HIch: g F9sigich 22y o] d7= 7]
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FAHE AH o) GFAEe] F717) HERS] 43
uhg-o 2@ ZAQIR] E= ot 7]@R) R 4] 9F
whg-o] 23 AAAE Wty zArH ez S93}x]
t Zsigdch 2 7] J)RASE AHe BHLA
Me SOFRFANN Z223 Fel= dzdd fod
Aol gl E& 2447 Foll Zj@AHE AlH
o] FAES o AL} ultel 71 S8l
o, 3] 1208 ZRFAE FAEF) A TS,
dursrt AR fofsiA Folslch =3 =
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