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= Abstract =
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 implicated 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 role 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 L.PS 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.
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1.4 &2

AZ 350 + 5050g9] ARAYN A4 Sprague-
Dawley& A4 WZF (control group ; NC-
group), WELFYT (WELF; ETX-group),
cyclophosphamide (CPA)E& Z9sle] 3278 3
PAE (CPAT ; CPA-group) o8 BRIy}

2. Alfey

1) 494 42 WA B2 pentotal sodi-
um, 40mg/kgEd FYste] vl AlZIE endotoxin-
free watere] €342} lipopolysaccharide (LPS)
(E. coli Serotype 055: B5 ; Sigma Chemical Co.,
St. Louis, MO)E Smg/kge] 4502 Wrje] nji
AN Bated Y3
2) 35T 24T AL B FTE A
Ast7] 98t cyclophosphamide (CPA, Tmg/kg)
£ EWNE FA3gT. ARES GudgdqA 4
, 59, 64Rd 74 RN F23] 33T
28 F3F A 5949 7HE E& & Ho|
A& BHsgong gFo 4Fe CPARAR
2T 5YRol Alaateict.
3) 7| HAHEA R Tl A WAfe] Brhllz AL
¢} pentotal sodium, 70mg/kg & F<lste] 571
T A9 HARE AHAA 99% ¢EEE 25T
Z BraRocz 7BAE AHAste polyethylene
catheter& 7]@xJol 1A 9AA|Z1& EDTA 3
mM7} 4% phosphate buffered saline& 13
23ml/kge] %02 F 6x|o 2 J1BAHAEAA
=& A3 e Axe SSE Hd 4 A

fr o g

A 187 F=8A F2 sHEE AT
E 71BAAZARY e FA] g9 2, 13 %
232k JIBAHEA RN uige] FH g
cytokines?] Z4-& 98l 3~63jale} 47 £ B
askrt.

4) 71BA A EAH A} Az 13 & 2829 71HA
A HAL 2o} 1000 rpmo g 1087 &g
AL F A5 3mlg whije] dizke] 24 4
cytokines®] A& 9ja —20°Coll JFRAT ¥
&4 274¢ 2AE 5Fo2 9¥F 3 cyokined
ol AN e 4319 JEAdA A Y
& Z T3 & 0.4mle "y cytospin{Shandon
Co.)& olgsle 850rpmollA 1087} YA
¥ Diff-Quick g488ted 400ujAlokdll A 300 )4
o] MEE Aloj ZEAESFE A2eigich. AA HE
#21= coulter count2 AH&slct.

5) Z1BAHEA A Glke] ZHIAZA kit
(Sigma Diagnostica) & o]&€3}o] brilliant blue G.
2 A BgudAE 595nmolN FREE &
Asle] Aot dAFEe R UsaTH
CPATNAN A WEA FH9F 3ATR 6AH
&8t 4ct.

6) 71BAAZAHY cytokine?] FAFFTARIA
(TNF-alpha) 9} interleukin 6 (IL-6)+ 22t mu-
rine 1929 A&mA¥el B9A¥E(murine hybri-
doma cell line) & o]&-3le] MESLH uhiow 24
3tdtt. cytokined] FAL EEZANAM 4 A
2 6 A1zt ZAEAT

NABAHAZAGIY ST Frtshrs BHls
24 Q2T WSS FYUF 62 4] 78]
AEA A A 1054 MEE Felstd sodium
azide (H2 ¥% 107°* M)E #r)3 HBSS g-aldf
HeAa71a 37°C, 5% CO, vig7lol A 1 AIZE v ket
¥ phenol red microassay H&* o]&3ldq £43}
Aot 4 MAEe itslrs Eulee FAS A
(resting cell)$} ¥Wirxe] ¥HHo=2 opsonind}dt
zymosan (#Z ¥% 0.5mg/ml)oz A3E 713

b
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StatsofAl¢] STATISTICA 4.1 B4 package &
o]g3te Hojdg AEsAeY JFE £ FFLAE
ZHE JeRln AIZME Zh2e] AEAXR] v
£ Kruskal-Wallis one-way ANOVA by ranksZ
ARSI T Fojdt AolE Bl #EA Mann-
Whitney U test& Adstact. #dsriiulss]
ZAoA FAA=ZE A= vl Wilcoxon
matched pairs test& Alglg}sit). p gkol 0.05¢]8}
ol Ae SAGe FedE IR

=

1. Cyclophosphamide (CPA) Fo{¥ RyxEHLY
WP Hal

CPAEAZNA (n= 10) 5YA HIF AAFe
6,830 + 6120 22E 395 + 88/ml o2 < 95%
ZAasgon (p = 0.0001), 3537+ CPA 544
2,405 + 27594 88 + 20/ml &= °F 95% 748
At (p = 0.0001).

2. 7iBRZAA A o] HHN ZHE MEe] B

UEA B9 YSazoe XS 3AE 6
AZH) 25 Ak vlsl] ul$- folskA deEtle
U} (p < 0.01) CPAZIAE HEZ7HE BRYS
QIsith (Table 1.). WEAZIA dAMESF 55
T BE 2918 B2Eov (p < 0.05), dAAE
o] wg-g-o Zrp} gl EEFouR-go] Fvleh=
Aoz Mo}l (p < 0.05), EF 77} Ui dde &
FHo O 28 22 AR o5 ¢ 5 AN
t}. CPATIME dzad vl dAMxe 49
FAHlE 2ozt it EFFe] ) vl A

of FAHIE AA AT 0.1%13k3 1 (p < 0.01),
A E7} 99.7%014S 2FABHET)

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

Control ETX-3h7 ETX-6h? ETX-3h" ETX-6h*
n 5 5 6 5 5

Total cell 52+06 13.0£1.0#  2312.5# 3.0£0.3 45+0.6
Macrophage
Count 49+0.5 12.3£1.1* 17.9+4.0* 3.0+0.1 45+0.1
% 94.1+0.4 94.3+1.5 80.0+6.1 99.7+£0.2 99.7+0.2
PMN
Count 0.1+£0.0 0.5+0.0* 44+19* 0.03+0.0' 0.0410.0'
% 2.3+£0.1 3.7+£0.5* 16.6 £5.4* 0.09+0.0' 0.09+0.0'

SETX-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. 7 BX[HZM2HLHo| TE ST of sl

saTolAe ss Fod 1076 £ 0.75 <A
Fozx 3A7HA Yl 33.03 + 11.8Img/dl 22 #9]
A Z7F 93 (p < 0.05), 64179 73.68 +
8.65mg/dlo] =23t (p <0.01) (Fig. 1.).
CPAZME 34 dudssr} 28.10 + 4.
26mg/dlog dizFEct fosi dese] e
U (p < 0.05), & Azitie) Usaadske alolr}
gigdch 6ADA e CPAFo] 30.63 + 5.21mg/
dleg fsiael vlg fofstA Zastded (p
< 0.05), fETAHEiME A B2 S 2Y
o} (p < 0.05).

4. FIBRBZMRANS! cytokineSES] Hsh.

TNF-a & gZF (0.06 + 0.06U/ml) o} vla] =
AFAE 3T, 647K 22t 3.53 £ 1.39(p <
0.05), 4.22 + 1.38U/ml(p < 0.01)2.8 A==
3, CPAZIAME 3.06 + 1.38, 1.53 £ 0.57U/ml
(p < 0.05)e.2 sl Z7idden WEATFH
CPA 37te) 2+ Al Aol fifich (Fig. 2.
). IL-6 9A] tj=F (0.451 + 0.230U/ml) o] uisj
WELFAA AR, 6AIZM] ZHZt 146.40 + 34,
01, 77.75 + 27.98U/ml (p < 0.01)E Z7}EY
3, CPATIME 2 AZidds 102.02 + 72.
95, 3226 £2098U/ml (p<001)2og 2
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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

7HElen WEaEs CPA ke 4 A)zidd
Aol glsiH (Fig. 3.).

5. 7 BX|HEZAHNYY HBME| ofitsiea Buls
54

A oA e AEN e FAF e A
2 3 Aol7t gllont zymosan o B A3 A
gollAs 25 A5 vla] 493 Ajolg Z718ty
o 11 Z7lel Axrt Ng B8 7 Fe 243
= o9 g zolE B} (Table 2.). 2+ FollA
AS4%e] AisRuls e diEzee g
(14.1%)7 viasf 2 WEree] 24 o 89.0%2
A g3 & 2718 293 (p < 0.0008), CPAR

E 42.8%24 YS4AFd vsibe o A=r) i
ZAgkort (p = 0.033) d2FAulsME 9A & 3
748 24k ( p = 0.003), (Fig. 4.).

&

IFTE A9 AP WA aEln g gl F
Zheteg Ae] 27] Pol7|1dd AL AEen
T 5 k. FAASGA] 4] =AU S
g9, #2d, dxdd e 577 43dde
Aoz 57t G434 WAES Brlste =4
o] Hojy|del] Foid Bt ohjel 249 HIE F
Aol geodle Aoz deiA 4. dgFer 5%
TE AR HA&Gol g2 AR, 25T
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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%ells)

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

71%& WsiAIFIE w$ade] st AR AY A
e HT2'? 2FTL A4S Al 18
A F83% 4EE sk &S & F AUt 23y 7]
TYE YELE 593 5 AF9A cyclophos-
phamide2 ZFTE AAT A= FAHEA
A=t A3 dthe Bt lene? 35T

— 385 —

zl
o,
ot l°

A

L BT opihe

25 A&Holn AF 52
35T BT A
=2 IYEFIUTEI 4
55799 the &AL} Hgstn



%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, 1P = 0.003 vs control-group.

FAHAEGNA oE HE7} old Fxa FAHSY
of FofslaL le A oF 4EA A g} B A
el 232 A CPATIA 33X 6A17F 25
g dsert dE2FRthe AeEo] Jong Bk
o] 337 ZPHIMAE UE20)l FAHEY
& doZds U&S ¢ F Uk CPATOIA 7187
HAEZAHAY FAETE WELTH d2Foz 34]
3 6 AR REA 7Pt et 53 BT
7} 2AIESE] 0.1% PlRo 2 Zrastd 718 2A)

HAgal £l 99.7%013-S thAHEHTE

w&}A cyclophosphamide® A X]A] #|ZAETA
Aol|H 3ETEAYS BE BT Ay fU= A
gE Aoz Holn 7| FAHAEA AN HAE 4
ATE 2% 7189 AxgAE Aoz A4HA
. A $3% sskes Boled B A
I AejolA M2 fodt zpol7t gilert zymosan
oz A2% & YELTEH CPATNA tizFl ¥
& Bulzo] Zzt 1.8¥ (p = 0.0008) 2 1.48)
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(p=10.003) F7tehke Zlozm Hol WEiof 93t
HE ALY AT} ZIEIEeS ¢ & Aok
53] CPATNA 7|#AHAZAHAY ME2] 99.7%
ojdol dANEPom o 799 Ikl iRiy]
e AAog AN BHEE vdes A
o2 B F Qv sleaeE S Fe 9
AEHo|mah® & Hdol Auls giaMEgze
2= J& Fad T8 FF USE gnz.
Christman$-&23) WE4E AF3 WA Hxd
AN EANA T4 F0] 65%F 78l 35T
A slekd FAdo] T0%o1dETIsl FHIEFE
3T 37 o Tl HEdaAEe] AHAYE
Fen e & A= AXdAAEe] 2k
srAdnlsol oF 42.8%3715t vl A%E B
olx Urh. webx £ ¥l Ail= 337 AP
of FAHE A g, aFME 71E9] HEY)
A2t 23 AES st YL AEEF A
gt CPAZS] 7|#AHZAHNY del77} HE
71&9] dAAHE (resident alveolar macrophage)
oln o] Ajxo| o3 FAHEo] FUEHASE F&
3 ke 2AE B Al A7HA] EdolM a9k
g Aok 1) x| AXA 27T CPA ¥
o2 oF 174} ZAaddE B8k CPA T 7|#7)
HAZAHAY HANZ} d2Fonls 2asA] &
%3z 2) CPAZA 3AIZMR O 713 o) XA & Al
o] ZFT7F WEAwol vl§) ol ¥ Adejol x|t
9id e Gt Aolrt gl & CPA
T 6A1 A AHAY gild Frrl WEATET
247 Wi FAHESNMY 35T I
ol Fa¥ AL & = IAW, 2L} o] HolA
T 33 A AAE JeiodA D dsEe 4
2ol v folsiA B AdHoln skslrat
Hzo 2 Wiek HEdAAxe] 8%} vl g =
© ARE JXAEY HEde] AR 3 2F
HAZXHANEI} FAEH J&E& F5E 4+ U
3) CPATH WELF 2FA 342, 6AI17H )
FHAARIA e} IL-67F F7bE]o] dom ozt 2b

o7} gtk AHoloh. AXTAE H4] IL-8, 1-6,
granulocyte/macrophage colony stimulating fac-
tor 2 FYIARIAE Bulsld 3FTE GF LR
olFAIZIY 1 FAEE A F Joub? F%
FARIALE AAsE 9 A Az, 1
AT o2 RE EolEE WSAE SHSETUT
279 71 8% ddog A US4 Yy
e G2 2E x7¥hg—cytokined! IL-1, £
FAARIAL, IL-68 HulsiAgGosA AzEn®,
ZUIARIARE 3579 B A EAolof) bz}
48 =3k WNEEA 55 TE B3t A
2 H&4e dodie oz duEA ok
Lig& Aldd Ao dAAE2 BH feld T
YrRIAZ} 35TFRY B et AFAA F49
&44e] AAYE Bt ok didH xS 3F
9] 4% REAJ] BAE YFIAAN?. 34 =F
237 3570t A3 H2d At A,
GRS, AARAESTES st HaguiAl
Xo] R4 E FVMIIE AL A 7AY I F
¥~ 2o A E¥o] AU Az o
Al @34 cytokined FH|ste] FHM o FFE
Z ¢ vt 53 gAEERY A EdARl
As BFFeE 2% HEdE 4ol
HQl el HEAuAEe AP &4 o
o = Buy} Jrb*®. EF 3E79 A EE
H v Eol Hiso] 43 BAHoR &48 2
ate] A E-FuAEZe] TS ST 7
o] Fr}®. B AYoA 6A17R ] 7| FAH A H Y
W gl AEr s JFoa 3737 Az HE
4 =g 93] AkeFoz ANMEEE oF 24%
o] H&gL diAM R 3zl HrlEAR = A
FAbole) AeadE 1R WANEESY 4
& o] Ry o] & Aog g

2 o

ATy
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FHTFTIZEF) WAEL A gor) Ut
HogszTel 5ZToIN AE tiAEEe] 24
H Agg s Aoz LA Aok Ty Ao
o A% 53FRAZNE E7EnAR QAN F
4 BHZFT0) BAT A7 A5 muse] glo
o 538 gael WelzFey el 5579
Agol gtk de vy FHFTIVZE
79 Wely|do) 3379 e aRNEs} e
T e & 5 Ut DB ARNES WAl oFE
& T3l 5278 A AAUTE 52T 2S
oA WSac) oF FAGEe) WEsAL Dol
Bz} shgich.

oo

44 Sprague-Dawley& A4 dlzz3 WELFY
T (WE45T), cyclophosphamide (CPA)E 39
3o 3378 AYNYE (CPAR) o2 BF3IN
t}. LPS 5Smg/kg® vl2ARe Bl 398 F
REEFE $RAIF 34D 6 AR FAHE
AAR2ZA FBAFZARGNY Gd e 24
st Helrldg oldsly] iskal sl EAH
A HF Aol ¥sE #dslm TNF-alphas} 1L
-68 2Asigon JBXATAGAY AZA T
A Bulse AEglA vt

Z n:

Cyclophosphamide (CPA) B3 Tz goh) Wy
Tl WICPARAE A4 wdTe 33747}
742} 95%0l4t ZHastdt).

ABAATA M) A 2E AT Wsh
BAFINE FAEST 3N L 647 25 3
Aol wla) ws- oA gestdont (p < 0.0l
) CPAZONE AEZ/E 3285 o US
2 QAMESY BETHE BF 2718 B9
o1} (p < 0.05), CPATNXE tz=Fa vlaA
AR o} FABIE Rfol7t YSln 53T 5
7h wi$- Zastel (p < 0.01), M} 99.7%°]
Ag 2AAEA.

ABAAZA RGN ] R Hwo] W YHAP

dAE 3ARRRE fold F7HE 2T (p<0.
05), 6AZHAAE g8 Z/RIAT (p < 0.01).
CPAT 94| 3A7H 0 @ dsxr] o Hls)
fostA AsERey (p < 0.05) WFATZT= 2
o7} gllen, 6AAdE WEATdl vlE f-ol8)
A B9 (p < 0.05), ARFA8EAE o
A3 B g BT (p < 0.05).
71BA F ZA) H My ¢} cytokinesTo] Wi}

ZgaRIA Y [L-6+ WELT ¥ CPAE 2%
oAtz vl oAl FTHEAR HEATH
CPAT7H ol Q1T
ZNBAAEA G GFAE st s
%34

z+ Pl Fakslpaiulse BRE e
M foldt zolzb gllert zymosan 8 AS5E
A E 25 A0 uls] 97k Aol2 Fulsl
Aom YWEAEY 3L o 89.0%8A4 M & 391
2 397 (p < 0.0008), CPATE 428524 W
Ea7d vElMde 2 =T} va Aoyt (p=0.
033) dizdulsidE 94 & 718 290 (p
= 0.003).
A B35 A¥de Sd&%e 9¥T, 2
ZME &) HEAAEe] FAgslo] ojEsta
U Aom Azpgd.
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