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An Appreciation of Functional Role of Macrophage in the Acute Lung Injury
in the Neutropenic Rat.
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Background : It has long been suggested that neutrophils and their products are impiicated as the central me-
diators of the acute lung injuries. Contrary to the dominant role of neutrophils in ARDS, many cases of ARDS
has occurred in the setting of severe neutropenia without pulmonary neutrophil infiltration. Therefore it is cer-
tain that effector cell(s) other than neutrophil play an important rele in the pathogenesis of ARDS. This experi-
ment was performed to define the mechanism of ARDS in the setting of neutropenia, 1.) by comparing the se-
verity of endotoxin-induced lung injury, 2) by measurement of hydrogen peroxide production and cytokine con-
centration in the bronchoalveolar lavage cells and fluids obtained from different rats with and without
cyclophosphamide-pretreatment.

Method : The male Sprague-Dawleys were divided into the normal control (NC)-, endotoxin (ETX)-, and
cyclophosphamide (CPA)-group in which neutropenia was induced by injecting cyclophosphamide
intraperitoneally. Acute lung injury was evoked by injecting lipopolysaccharide (LPS) into a tail vein. The
bronchoalveolar lavage (BAL) was performed at 3 and 6 hour after administration of LPS to measure the
change of cell counts and concentrations of protein and cytokines, tumor necrosis factor-alpha (TNF-alpha)
and interleukin-6 (IL-6). Hydrogen peroxide (HPO) production from BAL cells was measured at 6 hour after
LPS administratior: by phenol red microassay with and without zymosan stimulation.

Results : The results were as follows.

A change of leukocyte counts in the peripheral blood after treatment with CPA : More than 95% of total leuk-
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ocytes and neutrophils were reduced after CPA administration, resulting in severe neutropenia.

A change of BAL cells : In the ETX-group, the number of total cells (p < 0.01) and of macrophage and
neutrophil (p < 0.05) were increased at 3 and 6 hour after LPS administration compared to those of NC-
group. In the CPA-group, the number of total leukocyte and macrophage were not changed after LPS
administration, but neutrophil counts were significantly reduced and it took part in less than 0.1% of total BAL
cells (p < 0.01 vs NC-group). BAL cells in this group were almost all macrophages (99.7%).

A change of protein concentration in the BALF : In the ETX-group, protein concentration was increased at
3 hour and was more increased at 6 hour after LPS administration (p < 0.05 and < 0.01 vs NC-group,
respectively). In the CPA-group, it was also significantly elevated at 3 hour after LPS administration (p < 0.
05 vs NC-group) , but the value was statistically not different from that of ETX-group. The value measured
at 6 hour after LPS administration in the CPA-group became lower than that of ETX-group (p < 0.05), but
showed still a higher value compared to that of NC-group (p < 0.05).

A change of cytokine concentration in the BALF : TNF-alpha and IL-6 were elevated in the ETX- and
CPA-group compared to those of NC-group at both time intervals. There was no statistical difference in the
values of both cytokines between the ETX- and CPA-groups.

Measurement of hydrogen peroxide production from BAL cells : There was no intergroup difference of HPO
production from resting cells. HPO production after incubation with opsonized zymosan was significantly ele-
vated in all groups. The percent increment of HPO production was highest in the ETX-group (89.0%, p < 0.
0008 vs NC-group ), and was 42.85 in the CPA-group (p = 0.003 vs NC~group ). Conclusion : Acute lung
injury in the setting of neutropenia might be caused by functional activation of resident alveola r macrophages.

Key words : ARDS, Acute lung injury, Neutropenia
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1. 4H S&

AZ 350 £ 5050g] ARAMA €4 Sprague-
Dawley® #A4 WZZF (control group ; NC-
group), WEALFYFE (WUS2+; ETX-group),
cyclophosphamide (CPA)& F¢sly 3378 4
BADE (CPAZE ; CPA-group) .8 B-F3ldct.

2. WHyy

1) S48 f2 Ao EZRHE pentotal sodi-
um, 40mg/kg& FYst vl AZ1E endotoxin-
free watero)] £8}A]Z] lipopolysaccharide (LPS)
(E. coli Serotype 055 : B5 ; Sigma Chemical Co.,
St. Louis, MO)E& Smg/kge] §Fo g WAe] ]
AN g 3t skt

2) 3537 ZAaF LAY 22EAY 5FTE A
Astr] 948t cyclophosphamide (CPA, Tmg/kg)
g 2ubhiz Rosgt ARES dHUYeIA 4
d, 59, 6949 4 T2EYE FF3S IFF
28 FAT da SUA Y Mg B FXE Kol
= A% WS nz FFo d¥e CPARYE
25 5UA Algstget.

3) 71BAA AN AN YA o] BNZ AL
9] pentotal sodium, 70mg/kg& FYsled AR
F WMo AARE AAAA 99% EILEE 25T
F RA3ozm J1¥AE HMNsH  polyethylene
catheter & 7]¥AWd| 13 $xr171¥F EDTA 3
mM7} &89 phosphate buffered salineg 13]
23ml/kge] ¥o = ZF 6xtdl 22X 7|BAHEA
€& AHEHTh. A AXe I¢E H& 7 AlF

™

€4 183 F=8A4 2 oRIRE A¥sigd. =
€ 7IRAHEA AR FA] 29 ¥, 13 &
23Ake] @A EA YRS TdFe] FY L
cytokines9] £3& 9j& 3~6329F 44 el B
et

4) 7|@A A EAHHe] He] 13 9 23]x}e] 7]8A
HEAQHAL Fo} 1000 rpmoz 1083 AR
Al F AEY 3mlg chijo] guRe] &3 o
cytokines?| ZA& 93] —20°Col] YEHBF £
&3 21¢ 2AY F3Ho= dlz 9 cyokined
el st B 433k Z|BAHEA HY
& 2 %% & 0.4mle ol cytospin(Shandon
Co.) & o]&3}] 850rpmollA 1087 Y4 ERIAZ]
% Diff Quick @43l 400l Alokel A 30070043
o] AEE Ao] ZENESE A2 HA AE
4= coulter count® AF&3tH

5) 71BAHEANY D] FHDINZH kit
(Sigma Diagnostica) & ©]%3} brilliant blue G.
2 AMAA BREAAZ S95nmeld FREE =
Hood ATk BAABES 3PE US2EY
CPAZAAM Z4Zt Y4 FoF 3AY 6417
24319k,

6) 7IHAHNZAHY cytokinee] FAFIIAIIA
(TNF-alpha)$} interleukin 6 (IL-6)= &z} mu-
rine L929 AM{-wAM¥xe}l BIA ¥ (murine hybri-
doma cell line) & ol-§3t FEEH WYoz 57
st cytokinee] & & REFA ZZ 34T
g 6 A1 Al EA 8T

TyZ71BAHZAH A FFANEe] dshra BHle
3 dz29 WS4 FUF A Zd2e] 7183
HEAFAA 10°7]e] MEE #elste] sodium
azide (A% ¥ 107° M) & 3H7lst HBSS &4
BHA171aL 37°C, 5% CO, siF7loA 1417 vfet
% phenol red microassay H&® o]g3lo A3}
fct. 2 AEe #Hibsles BYlse FAS A
(resting cell)9} WAl ¥HogZ opsonindtit
zymosan (HF ¥& 0.5mg/ml) o2 =L 713
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3. frelM A

StatsofA}e} STATISTICA 4.1 &7 package &
ol g3l {oj4E& FAFdgon A + BFEA=
Z34E el A7hd Zhe] AEETA vl
+ Kruskal-Wallis one-way ANOVA by ranks&
ARSEIE T 93 AolE HQl FEA Mann-
Whitney U test& Alsi3ich. s1sieiiulse]
F4A FASE AS#Y vlaE  Wilcoxon
matched pairs test& A&}, p gkel 0.05¢]3}F
&t AL BARE felde A

g 7

1. Cyclophosphamide (CPA) o Qg
WETse| Ha.

CPARAZAM (n=10) 5YA JIT AA5:
6,830 + 612025E 395 + 88/ml o2& o 95%
Z4sle (p = 0.0001), 357+ CPA o4
2,405 + 27594 88 + 20/ml o2 oF 95% 743t
Ao (p = 0.0001).

2. F[BXIMEAHAH] HHN 2 MESS| Hsl.

WEAS FAE YsaFAME FHAESF7L 3AE 6
A 25 A4l v3 o f-eldk A dssidle
1 (p < 0.01) CPATNAME AEZ7IE #38F
{10t} (Table 1.). WEAZA tiaM 2} 35
F4E 2T F7HE 2904 (p < 0.05), HAHE
o] Hgol Z7Pl gln TFFouR-go] Fvkehe
Ao "ol (p < 0.05), 35377} T ¥l &
TR o B HEE HEYR oj5Ee & F U
t}. CPAZANE =T vmA] A Ee] 9}
TFule ztol7h oyt BFTo] 47} ufg A48}
of FAu= AA AE 0.1%18PY 2 (p < 0.01),
M EZ} 99.7%0]3-& x5}

Table 1. Changes of Total and Differential Cell Counts in BALF( X 10°ml)

Control ETX-3h' ETX-6h ETX-3h? ETX-6h?
n S 5 6 5 5

Total cell 52+0.6 13.0£1.0#  23+2.5#% 3.0+0.3 45+0.6
Macrophage
Count 49%0.5 12.3+1.1* 17.9+4.0* 3.0+0.1 4.5+0.1
% 94.1+£0.4 943+£1.5 80.0%6.1 99.7+0.2 99.7+£0.2
PMN
Count 0.1+£0.0 0.5+0.0* 4.4+1.9* 0.03+0.0' 0.04 +£0.0'
% 2.3+0.1 3.7+£0.5* 16.6 £5.4* 0.09+0.0' 0.09+0.0'

"ETX-3h, ETX-6h and CPA-6h mean endotoxin-or cyclophospha-mide-group at 3 or 6 hour

after endotoxin administration, respctively.

*p < 0.01 vs, control-group, *p < 0.05 vs control-group, !p < 0.01 vs control- and endotoxin-

group
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Fig. 1. Commparison of protein concentration of BALF between ETX-and CPA-groups at 3

and 6 hour after endotoxin administration.

*P < 0.05 vs control group, ¥P < 0.05 vs CPA-6h group.

3. 7IRXITZM 22| THelE] S=of W)

WEATAAE WSS F9- 10.76 £ 0.75 oA
SEoiF 3A7H 9] 33.03 £ 11.81mg/dl 22 £¢]
sl 27} sk (p < 0.05), 6A3tAd] 73.68 +
8.65mg/dldl E=E3ETt (p < 0.01) (Fig. 1.).
CPARAE 3ATA d¥ds=rst 28.10 + 4.
26mg/dle g dizwHtt fofstAl daso] Ao
U (p < 0.05), && A Ysiadei= x|z}
gt A7l CPAFo| 30.63 + 5.21mg/
dleg s Hs] foetA Zaddey (p
< 0.05), tETNEAE A3 & FHE 1Y
t} (p < 0.05).

4. 7S ZMHALHS| cytokineS 2| HE.

TNF-a & &3 (0.06 + 0.06U/ml)o) w3 W=
2FAF 3A7E, 6 A7} 22} 3.53 £ 1.39(p <
0.05), 4.22 + 1.38U/ml(p < 0.01)22 2559
31, CPAZIAE 3.06 + 1.38, 1.53 + 0.57U/ml
(p < 0.05)22 F3iA FtHded Wssaest
CPA <fF7te] z+ A2 Aol g1t} (Fig. 2.
). IL-6 QA = (0.451 = 0.230U/ml)e]] B}3]
WEarolA 3417, 6A17ke 22t 146.40 + 34
01, 77.75 £ 27.98U/ml (p < 0.01)& 27}
i, CPATAAME 22 A=z 102.02 + 72.
95, 3226 £2098U/ml (p<00l)oz =
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Fig. 2. Comparison of concentration of TNF-alpha in BALF between ETX-and CPA-groups at
3 and 6 hour after endotoxin administration.

*P < 0.05 vs control group, ¥ P < 0.01 vs control group

7tEgien] WEATF CPA ¢33 Z4 ARidd
o= it (Fig. 3.).

5. F[BX|IEL MY HSMHZ] DjAlsieA Buls
53

A A ST ARY TS TR A A
2 $o§ zlol7t gigloy} zymosane & =g A
Bl M= 25 2=l vla] f-9§ Apo)2= F7HEHA
o I F7tel Axrt Mz E8 4 &#31e §H3
= o9 f23 2}o]E BYct (Table 2.). 2t FollA]
AFHFe] sy Ve d2FY Nk
(14.1%)7 vlasid Wsaae] 2SO 89.0%=
A ARs] & 2718 B9 (p < 0.0008), CPAF

T 42.8%2A UEiTd vEiAde 2 A=) da
Agtor} (p = 0.033) R FHHAE A & 3
7}E B4t ( p = 0.003), (Fig. 4.).

I #

IFTE FEERA Mg AA a8ln Mg Bl B
ZhstEg QA9 7] Wolr|Ad YA Hxa
g 7 Ao FAESYA 959 2A%AY 5L
g, A7, sl dFe] 377 APAAe
RAoegt® sFF7 434 WNES Bulsld =3
o] o7 Aol Foi¥ Wt ohzt 239 HAx F
Aol dedle Aoz dA Yot dPHoz 33
TE AANA AEFo] FaHAYTY, 35T
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Fig. 3. Comaprison of concentration of IL-6 in BALF between ETX-and CPA-groups at 3 and

6 hour after endotoxin administration.

*p < 0.05 vs ETX-6h group, #p < 0.01 vs control group.

Table 2. Hydrogen Peroxide Production from BAL Cells before and after stimulation with opso-

nized zymosan( x 107% M/10%cells)

Resting Zymosan P
n cells stimulation value
NC-group 5 2.28+0.002 2.60+0.06 0.002
ETX-group 6 2.46+0.11 4.57+0.19 0.0003
CPA-group 5 2.36£0.05 3.37£0.15 0.0009
7)€ HIAIIE H&ge] Aot AsAAY 3 wo] 34 3FFFTY FYT adHEI} oplEe

3= AEe'? 337 A4S AR Y
ol 8% 8L sl A& & F Ak 284 7]
T2 WELE 5o 5E ¥4 cyclophos-
phamide2 3ZFFE A|AT Aoz FAHAET]
A=} A3 fskthe Al Qlome? a7

& =5, ® Ao zE A& AR 3%
BaZdEN 34 3FFFT LT HeTt
A4 waEoe] ooz FHATFITZFEFY o
Z71-d 2799 o AN} AL s
& ¢ Ao 23y 23T AaFsA 2EHE

4
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%increment of H202 production

ETX CPA

group

Fig. 4. Comparison of % increment of hydrogen peroxide production after stimulation with opso-

nized zymosan in each group.
*P = 0.0008 vs control group,

#P = 0.033 vs CPA-group, P = 0.003 vs control-group.

FAEFA ofd ATt oE A2 FAHEY
o #sta e A& obF AA AUA Gt B 4
o] A7E BY CPATIIA 34 9 642 2%
S AETr}l dRTRTGE AsEHY] gong 23
Yol 32T APHAME s FAHASY
& Yoy &8 ¢ F vk CPAFAA 7|18A
HEZA MY 2AEFE WELTH gRFHOZ 34
7t 6 A1 BFolA F717) ifled 53] 35T
7t X5 0.1% vivre.z2 7HAaste] Z18R]H XA

A Aol 99.7%0]432 A EACT

w}2}Al cyclophosphamide® XA s £ X4
FollA 3ZFHRL BE BT AT FYxE 2
gd Foz poln 7PAHATA YN 2AE 4
AEE 25 7|12 AXAAER Aoz A=
th. ZHEoA ST Fasles Buleg 1E 7R
= AelolA A2 F2lFF 2bol7t gliey} zymosan
o2 A3 F US43 CPATIA dizgd ¥
8 Hujzo] ZZ 1.8 (p = 0.0008) L 1.44]
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(p = 0.003) F7leh= A= Hol UiFid e
HE GFATe] BT VeSS & & Uk
E3] CPAZA 7|BXHEA X A2 99.7%
olgo] dAMEGom 2 o] 7L-of Titstriiy
F& A¥oz HERAMFE] FYEE WP A
o2 & F gt} sl e g4HEdY e 4
JQEFe|ma's® E dde] Aas diAlxdEe
2% H&dd 2% 8L ¥ Y-S vt
Christman5-223) WS548 A5 A9 ¥
AMEAA I Fo] 65%F7 8L 35T
el 2lekad FAdol T0%eldEvlele FAHASRE
HZF7e A oFo sENxe] BALE
FAghL ol £ HAYdME dEd AN Ee] it
il oF 42.8%%7 5] vid AEge B
ol git}. wehr £ HYe] A= 5FT Z2YPAH
o] FAUEA ST, 2FME 71E9] HEY
AN E7L F8% dEE 1 AL AEFEs WA
k. CPAZe] 7|#AHEA A D77} ¥
71&2] J2]AlE (resident alveolar macrophage)
ol of Ajxol 93 FgHEA o] FLHUSE 5
3 ke s & AddM A7 &hCA aoF
g4 ok 1) G e] "M Es7E CPA §
o2 ¢ 17u} ZafolE B3l CPARY 7@
AEA Y HEI} dzTovs FastA] &
% 2) CPATOA 327t 71@A# A3 H
9] EFFF7L WEAT vlF olF ¥ AejolA|tt
@i pxE Feddl Aot it E& CPA
9 6AIZR AAY did T} WEATEY
a7 Wi g4u&gelAe] S5 9%
o] Z8% AL & & UAT, 2t of AN
T 33 A9 AAR e @ dses A
2 Hls) f-3HAl F& Adeiol FdsraE
H5o 2 Hridt dExdMEe] A=) ofg- =0
= 29E FReEd e ARt Jg 25
HER A7} Bogso] J&E F5E 4= Ak
3) CPATE US4T 254 343, 6A1K ¢
FdnARIRke} IL-67F Z7ts]o] Jon FEztel At

o7} givke Aelth. sduAE g4 IL-8, 1I-6,
granulocyte/macrophage colony stimulating fac-
tor¥ FFIARIAE 2HlEle 5578 FAR2
oFAIFIY 1L FHE-& AeAE F o FF
FHARIZE BAsh= 8 AlXs diAlzolt™. 1
Ao gRE BHEE WSAE F4IRTEE
FTo 7P3 F8% ddo2A ysie Helgeq
HI= g2 2E x7]89k8-—cytokine! IL-1, &
FAlQlA}, IL-68 EujsiAIgosA A",
FHUARIAE 357 ERH EALolo] F-23
£& f=dhe WlERA 3FTE F3 YL
2 H&e dodle Aoz duA o™ FHZ
Lise Aldg 284 daEz 78 fed %
IrARIZ} 3FTRO O e FAHAA F49
&9 AAYE Busty ok A Est 3F
T 43 BeFQ] $AE dFIAG. 34 3F
F¥2d 337 HEas ¥ Agsto i),
G ES, AAGAESTS fFelskd xRN
o] R4S F7HITIE e AF 7R AT &
23~ gof Aol E¥o] AT AXWHAHE o
Al 4% cytokineg Huldle] AuAixo] FHE
Z 7 Atk 53] giAzzRY {8 UL
s BETI5E 2AsA wets dodle
Al Welox sfE A xo AHFHY &8 4
o7 4 Huv} QIop*®, £§ 5370 A Es
g Ee] Fa=lo] 43 HgHoz &4 2
et s E-FuEte] FAHE F7HIE 7
o] ¥TH9, & A 6ATA S 7 AAHNZAHY
W dlAes g JEo s 5579 AR wE
4 7= E @] AdeFos ANHEE oF 24%
o] wj&AdE dAME A2 FIEAT F A
Ajole] HaaE nEERY NETRSFe] o
2 ol ¥t} ] & Aoz A4

2 %

AT :
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FHTEFTUSETY HUSe 4 ot Ut
HogsZel 3 ToAM AiE miEEe] 34
A 8L sk Aes gA Utk a2 R3]
o A% 32 7RLBE B4 QA F
A BEFFEF0| BT A7t PS5 Base] glo
o 53] @xto] W=ty AT 557
Agol gidlthe Ae njsid FHIFZUASE
9] Hal7)1dd 5579l o EMEIt FE3t
I USE ¢ 5 2ok wEd AREL WA oE
& Fojsle] £FT7E A AANNE 23T B4F
el WSl ojF FAHEde] WA Yot
B3z gk

- - I

34 Sprague-Dawley& 4 dz2Td WELFS
& (HZ4AF), cyclophosphamide (CPA)E 3¢
3l 3578 ZAFANITE (CPAT)oz ER3IY
t}. LPS 5Smg/kg& ul¥-3H& 3l FYsi F
AUENE FEANNE 3AZR 6ADH FAHE
AAE2A 7B ARG G BEE 24
AL He2)7]|dE olEiEly] fistd Z1w]AEAH
I 43 Mxe] ¥H3lg #&sla TNF-alphas} IL
-68 Z4sI9oH Z|BAITAHAY FFHES
Itstra B8 daitolA] vlwatsd).

A 1}:

Cyclophosphamide (CPA) Foj% @y Wy
F4o] WSCPARAE X YT 53747}
z}2} 95%o1d ZAaskt

Z1BA N EA H AN ] AL 2hE AES] Wb
E27NME FAEF} 3A R 6ARA 2% A
Aol vlsl ol$- f-eJdA sl ov (p < 0.01
) CPATME MXZ7IE B3ESF T s
AudA XSl 35 TE BEF F7HE 29
o (p<0.05), CPATAANE diZza} vlaA|
A Eef 429} FAJul= Rol7} QI BT &
7} wi$- ZHastd (p < 0.01), HAAMESL 99.7%°]
A& 2R8I

71BAH EA HAY o] SHA Fre] W3} USAT

e 3AARE feF 78 By (p<O0.
05), 6AHAd= Hf F7I¥AC (p < 0.01).
CPAT 94 32 9] @i ds =} di=wo vls]
FolsH Aesgdey (p < 0.05) WEATIHE 2
o7l fllem, 6AIA ol WEAT vI# f-<l3t
A ZAastdoedt (p < 0.05), dzBAusAE o
A8 #e g& BT (p < 0.05).
71BAH A HRY 9] cytokineFEe] ¥}

FD RIS} IL-6= WEAT 2 CPAT 25
A d=gol viE] fosiAl F7HEUL WEAEH
CPAEZ Aol it
Z|BAHEA YA AT Fses Buls
23

Z+ A akslpaiuse T2 s
M2 fogt ot gldley}t zymosano g 5%
AeolMe 25 A3 uls] f-o% xjolz F7)8)
Fos WELaTe A9 oF 89.0%24 713 & 37}
£ H¥3 (p < 0.0008), CPATE 42.852A4 W
43 vEiAE 2 A7) oha Fgtoyt (p= 0.
033) dizFaMsie 94 & 378 2id (p
= 0.003).

Ed B:3FT 299 A&t YT, 1
FAME 7]1E9] HEQAAZ A5} oJE3lm
de Aoz Azber.
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