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ABSTRACT

The essential factor of acute respiratory distress syndrome (ARDS), an acute lung injury accompanied commonly by
sepsis syndrome is accumulation of neutrophilsin lung tissue. The study attempted to confirm whether alung injury would
be decreased with the anti-inflammatory effect of germanium by the treated germanium prior to the development of ARDS
and whether nitric oxide influence in suppressing a lung injury. Test groups were divided in the following structure for
experiment; CON that has been administered with sodium chloride to airway, LPS administered with endotoxin for 5
hours in the same amount and 5 hours of endotoxin administered Ge+LPS following 1 hours of pre-treated germanium.
The result of a test using experimental animals, infilteration of neutrophils (p<0.001) in bronchoaveolar lavage fluid
(BALF) was significantly decreased, the structure of lung tissue was preserved relatively well, and much neutrophils with
distinct positive were observed on tunel staining which showed increase of apoptotic neutrophils in the pre-treated ger-
manium group compare to the endotoxin administrated group. In observation of ultrastructural changes of cell in BALF,
phagocytic alveolar macrophage was increased in alveolar space, the nucleus of most engulfed neutrophils were condens-
ed, and some apoptosis neutrophils appears to be DNA fragmentation and effacement of cellular organelles were found in
intercellular matrix in the pre-treated germanium group. However, the nitric oxide showed increase in all the groups ex-
cluding CON, and the nitric oxide effect such as degranulation diminishing of mast cells and apoptosis increase of neutro-
philsin the pre-treated group only. The situation appears that there was change in internal environment of the experimen-
tal animal by the pre-treated germanium before the nitric oxide is produced and the anti-inflammatory effect activated the
pre-processed germanium by nitric oxide which activated following the change. Therefore, the nitric oxide created from
macrophage in accordance with the pre-treated germanium appears to influence in aleviating a lung injury. Accordingly,
acute lung injury is aleviated by the anti-inflammatory effect of germanium such as inhibition of neutrophils migration,
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induction of neutrophil apoptosis and increase of phagocytic function of phagocyte, and the nitric oxide produced from
activated macrophage by germanium would influence in suppressing alung injury.

Keywords : Acute lung injury, Germanium, Neutrophil, Apoptosis
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FAZEF2e=% 7 (acute respiratory distress syndrome:
ARDS)2>- kgt slelel] o3 zdEe 4 454 A
3o 2 Ashbaugh et al. (1967)¢)] )3t *]-& R tel|A] A
9 g3 A F ulsgd T S5EA, Alsh A4t
2% % Ao wv Ffe] FubEs Ado|, o= &
I H R F7F W AMEAAY FHaz g Aol
3 FZF Aok 22v ARDSel| 3k A7t 4 AldzE A
%53 AW A7k = ARDS=Z Qg AbtE o
40~60%= 7 vehta siet(Milberg et a., 1995; Zil-
berberg & Epstein, 1998). ARDSE= #3, 5 &4} 9] U&E
o F4 A AA, A7Iv Srkse] F9), HEE 234
Zbell, A 94, oFE Ao, FA4 AAE T ks Wl
Sof o3 WA= (Pepe et al., 1982; Fowler et al., 1983;
Sloane et a., 1992; Doyle et a., 1995; Hudson et al., 1995),
) B3 Apzel 93 ARDS WA #HE-2 v &= (55%),
73 (28%), &4 (16%), 214 (11.4%) <o) ek (32 8
2 357133 FAZETTHSFTL A A=A 2914
3], 1997). ARDS= 9] 7138 o flelo|& H=2-mAY
% A (aveolar-capillary barrier)®] s}z| 278 7]<l3}H,
ol <lal] Hz-mAH3 o] Fapife] FrhEe] ThijA
ol FHI AEde] Az Wz o=f =] HEEel
WA sl (Ware & Matthay, 2000), #1138 = A 22] &Aoo
2 vz zHe AHEAA (surfactant) Aol Aol E do
A ZFHAS] A3yt == =d (Pittet et a., 1997). ARDS
i F A3s gEur] 918 aetez TR ZA M S
(bronchoalveolar lavage: BAL)S As)3]S o, 7|HX= =
A= <) (bronchoalveolar lavage fluid: BALF)Weol| = Alo] =
7hel, WA AbAY), FaEeld, B8 BAl o 9% o)
N EBAE] F74ka, A slelA 5% vlehe A sk &
F77F AA Al 22] 80%F A =2 713 (Baugh-
man et al., 1996). 3e5h 47 Aol 4= ARDS 27]¢] 7]
ZAA M 5772 Ffro] A== (Pittet et &, 1997)
Azdome] 537 o5 5FF }tFeA} Al =
7kl 5 sle) 557 fFaAel 23 Aelok(Smithetd,
1901). 4% o} BAEE 557 AE vho = eastase,
collagenase, myeloperoxidase (MPO) ¢} 72 ozl R &
2, ofg}7|EAF H|AE- (arachidonate), &A1 AF4x7] (reactive
oxygen freeradical) 5] 54 &d& Fvlste] HAx-54

% 2 (alveolar-capillary barrier)®] 13 & Z3sl=
A #H A1 A 710 (Tate & Repine, 1983). 3% 75

ro ojd

z"l
&abe] ZH4gtl= W3 (Heflin & Brigham, 1981; Flick et
al., 1981; Stephens et al., 1988) = | x#|o] 5FF A&7}
HEAde]l s IAYE & 4 itk A2 Sbille &
Reynols(1990), Abraham (2003)-2 W=42 =% ARDS
A AL dorle b Fed bl vkm 537
EEIEE RS ERRRIE FIEr SR ESE R
357 A4S AAA F9T A4S RgE By
(Beck-Schimmer et a., 2005)¢} A@EEo| Al2ntys =
Aty 5F7e) MEADL 4153, )27} SEAA L)
557 BANEE A 5as =l FY A8y
o] ZF4gth W1 (Cho, 2005)% ZEAM £ 7% W
3 olgstel deel MY Fed Al 3FTUE
A akar glot Cho(2005)9] Harel| A 572 A EAL £
=EAE AHE f7] AE2rkE 33HE Geld2: 7 A=
of FE3 AlAE FFE FoEA Az S FAA
7]a1(Levine & Kidd, 1986), ¥4 33} 7+ Sl gt 3+
Zz+2 (Sasaki et al., 1984; Dimartino et al., 1986), Z=ZA]A|
zo} AQAH 2] 7eE FFATIE "SR
(Aso et al., 1985; Suzuki et al., 1986; Sung, 1997), 2] 1 A
zuke] AA IS WA Ete] Ml meke] AbsbY SRS ZHA
Al 4 9l= 3Aks} 2F8-(Hiroshi et al., 1991; Yang, 2001)
& Geka deiA glek 53] Aznky Felol s 224
A2 FA3hE 3 (Suzuki et al., 1986), A3 315l ZEAA)
2+ AkspA 4 (Nitric oxide: NO)E A4, H0]3HA] =4
(Nagata, 1978; Artman & Seeley, 1979), 2| 3| <&Aol] 8k
Az w37l wase] Yoz ALl F)
b AT, ol gH oA glek sl sl oz A
2% FYA717 Laginineo = Wely Asds 4
AW AREES) A Ash 2 A
ZF4-3} a1 (Kavanagh et al., 1994; Darley-Usmar et al.,
1995), 18t Ao = §=3F %] (Yorkshire swine) 3 &
A FA &) ZlldME FE AlEb Al o8 24
3ty 3750 Az-mAEHd AHE 535 7 FHfe] A
oz Az-mAdH g £Ato] 7kAEw (Bloom-
fieldetal., 1997), 542 44% £7)9 FA 3 E&AklA
45 Az FAT] AT A5 T A BTkl A
Aol FtaEel E7)e] FA HEA el Aadda sgd
(a2 etal., 2001). AFSHA] &l A AMEA AF H S ARS-S
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= 711421 A w7 ARl A Aol w2 A I
3} A, T f32 B3t e, Azl 23 A
31| *3“ ZHas, iR 20 g3ty sk M ESA i E
Aol En] A, Ml ZY cGMP 41 o] B =gt (Aoki
et al., 1990; Clancy et al., 1992; Gaboury et a., 1993; Kubes,
1993; Kurose et ., 1994; Chang et al., 1996). =3+ ALs}A 4
B AZA A - Aoz g nAw gl Ll
o} (Dimmeler & Zeiher, 1997; Kim et a., 1999; Chung et al.,
2001). A3} A= m|EFZ =g o} whel|A] cytochrome cS -
2217 (Kim et al., 1998; Umansky et al., 2001), DNA &4}
F p53 HAAE FHAF Az FEAnm shen
(Kimet al., 1998; Lala& Chakraborty, 2001).

mebd 2 A7l WEas f=d 34 dEdeld
Azrbre Folsial o neg n2d 34 Aeye) 2
ol Ak, 3FTe] AEAPE S FXAA 27 243
sz Az o8] AzAE 5577 AR Bw
(Cho, 2005) - u}elo 2 ARDSWH Ao Alzvhgs F
A& u Azwbgel o8l xF7e) AEZAL Fohehex),
FAshe 2uA zel 5] MEAR 5377 PP
=4 seael ZFaEeA], 223 A Aol Abd
b AR} QRS dolumA hest 2 AYE &
Jshade

5379 AEA Z7) ZEAN e B3, L=
o) 2% Z7llng AMAHY W 53T & A, 53T
o) MEAF B3, A 9] D)3t BB, ZEAH L9 A
FAREE 330 ehAl b, AFsbA 4 (Nitric oxide: NO)2] A
2 1837 §xA AkslaEa A &4 (inducible nitric oxide
synthase: INOS)2] WA= 248 Fa Fdstart shelek
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AdEES SpragueDawleyZ-i 27 3F= Yalgds
E(Kored) 22E 138 F 137 HL ARSA]7] 3 250
~2709g2] AN A7} 2EES /\E]‘&]oﬂ Ahg35)eic) A
2w} (Bis-carboxyethyl-germanium Sesquioxide anhyd.
GeCH,CH,(COOH),0;, 99.8% up)< weinstein chemicals,
Inc. (USA), Enfluran (e}2] 2] 21®)2- A AJ Al k34 5]}, 18]

3 Xylazine2 HaverA}(New York, NY, USA)ell A <3}
A, 1 9] WEAE vF3 wE Aok SigmaAldrich,

Inc. (USA)el A T-J3ked Abg-aletet.
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2. =4 & HIE0kHg2| Fo

YT ARAGRE FER FAR G2 5P

Azebes AAE 3 WEL T
o2 Rgleh FA s s S AdEsES
Enflurane 2 &3iv}3 A7l & 4] =4 (Lipopolysaccharide;
Escherichia coli, 0127 : B8) 100 uge 0.5mL2] A2 94
o %ol FlEve Rysha 54z AR § sEE F
Az F4 dAegel delkes skt Al=rhr (26
My100g)S ZFel 3ol 2oz Roid F A7 F
ok Ao} W v ¥ G WFAE iz ¥

w}gie,

7| EA|
I_

i| M| 2428 (Bronchoalveolar lavage Fluid: BALF)
H9| SET M

377 HzA Wz oF5d A=E Felstr] sty
A A3} T} 141_,4_ Xo] B5A|7F & ketamine hydrochloride
(60mg/kg) ¥ xylazine(10mg/kg) 0.2 A3 552 v} slx
8.0mLe A Ald4z 7 AR H M 2L Aq3 & I 6.0
mLe] 7| BA|H A M-S Aol 4] 1,500 rpmoz 1087}
el 42oe AAsRD FAFe ADNgS 1
mLZ A EFA|Z] ©}e Tuerk &0z M3 %] hemo-
cytometer= o83 MATE AgeITh G WAT &
of = 200uLE FHsle] =2 ZE Az} Wright A8 &
AR WYF F 5F7E AHse] Mgz Haksty 7|
FAHAH Y ) 3FF2] 4= (millions/two lungs) S A As}

oAk,
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1) ofetEl 25 2 %F—POI': M=

3 ketamine hydrochloride (60 mg/kg)
2 xylazine (10 mg/kg)_i AYEES vFs NEEs
Algsle] 72 HE3skch A&% 9= 10% PBF (Phosphate
Buffered (Neutral) Formalin)ell Yo =2 W 7|5 A|A,
EE kL SASkT, dmee] FEF A
o2 F7MIA EA17]aL xyleneo = o f-0] dFEE Al
A% F zojsigieh A< #5-¢ 9] (Microtome,
Model 45, Lipshaw)Z- o] &3l 4~5um F7 = wpdsle] &
eho =8 A)2hsiget

F s2% 2ol

2) Hematoxylin-Eosin 4AH

Aze] Qubdel Hepwste BaAs] sl AAls
oo} ubdEl AHS Hematoxylin-Eosine 2 ¢3A, B-3}a]e]
s38+81u) 74 (BH-2, Olympus) o & 33} ).

3) Toluidine Blue &3AH

22 W w22 —’FX* d3tel &by A=s st
7] $Jsked AAlslgdeh v Et S Toluidine Bluez 4
A, ¥3tete] Fstaiu) (BH-2, Olympus o 2 Thaahsich
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o)A v &S x402 7A% oL areafidd=1.92mm? 4
oA HA wivbE F 23R vRA ] v &S A4l
shodet.

4) TUNEL M (Terminal deoxynucleotidyl-transferase-

mediated dUTP Nick End Labelling stain)

2 W 5579 A=A @S s Slsted A
Alstedct vbd =l 432 Apoptag Peroxidase In Situ Apop-
tosis Detection Kit (Chemicon International, USA)E- o]-£-3}
o] g3t} = silanized dides)] R-2A)7]1 AH-& 20 ug/
mL proeinase K2 2]2]8F & 3% hydrogen peroxidez. *]z]
8t o}& equilibration bufferel 208 ¢t 9= = TdT en-
zyme(Terminal deoxynucleotidyl Transferase) © 2 37°Cel| A
1/\]7} ot 2R3} £7]2 §-A]5HA] incubations}sit). o]

% gtop/wash buffer=. 8128 A x]A]7]22 anti-digoxigenin-
peroxidasez. =23t %7]8 SAslHA] 37°C, 30% Z3t
incubation3t & 0.06% 3.3"-diaminobenzidine tetrahydrochlo-
ride(DAB)Z WH5}9] 17, hematoxyline 2 o) % M3} o).

5. 7| 2R HIMIZ{H LY M|zz2| DM[Trz=tHete] 22

NBAAARY o 5FT7e] AxAbsl ZEAMNES) E
Asg vlFEden W) sAskd AN o5
4 F-of 5A)7F & ketamine hydrochloride (60 mg/kg) 2 xyla-
zine (10mg/kg) o2 AlF5ES niFslz 8.0mLe] A4
A4z BAAARNE BT F L 60mLe] 7| HA
AlH g AFeo| A 1,500rpmez 1087 Al Re]sle] A
ZdL A A, AHEL etubez &7 F 2.5% glutaral-
dehyde (0.1 M phosphate buffer, pH 7.4, 4°C)ol|A] 20827+ A
TR 4°Ce) 0.1 M phosphate buffer (pH 7.4)= A3
% 1% osmium tetroxideol] 15%-7F 314 X|7]31 4°C2] 0.1
M phosphate buffer (pH 7.4) 2 A|AslEch 7 F 438 &
=% 717 &3k, propylene oxidez *|&3}e] epoxy
resng AFA7| 2 zeisidat A 4R sellA
AAJstgl o, 37°Col| Al 12A]7F, 60°CellA] 48A|7F g1t &
ZEAA E55 AR B85 23 7] (Ultramicro-
tome, Reichert Supernova)E- o]-4-3 60~80nm= =1Pd s}
At 2 & uranyl acetate®} lead citrate® o] FI st &
A A m] 74 (H-600, Hitachi) .2 ZHas}e] o}

6. M|ZHHQE

gt=A| 2 53-2-3) (KCLB, Korean cell Line Bank)el|A] 2-<F
wre. Iz AN 25 (Raw 264.7 cell)= 2mM L-glutamine,
100 U/mL penicillin, 100 ug/mL streptomycin, 72|37 10%
FBS7} =3l RPMI 1640 wjx]ell4] 2= 37°C, CO, %=

5%, 393 $=E fASHA vFetalct

7. MTT assay

248)7) 98] A5
96-well platecl] 1x 10*cellswelle] H==2 =%
Aale] 1mLY BF3 & 2447 33 A 3A|7) oL Al
=rbag logghos =g AMste] 1843 Helsigich
2] 3 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide(MTT) (5mg/mL in PBS) €% 20uL=E *7}stx 3
A7k <} 37°C, 5% CO, k7)ol 4] Hh|3F Bhg- ool &
W 2] 32 dimethylsulfoxide (DM SO)=- 150uL/well# o] 30
7 AR wAsle] AlZzEe] $3HW o]E ELISA plate
reader (microplate reader: Bio RAD Model 550) 570 nmel| ]
2457, & A4 F 1CHe e

Azrlge] 98t M EEA (ICs) &
Aot Az =

S 3 =
Fr=s

8. =4 2 #=0kzo| Xz

A= 6-well plates] 1x 10°cellgwell = B33 & = 7‘#,
A F HELE vkl SMFle HEe= 1
ng/mL-& A silel. Alzvhge 27 #E$%= 200pg/mL,
400 pg/mL, 600 ug/mL, 800 ug/mL-& A2)stx A =rhE3)
2] 158 F W5A2S 18417 Fek A3tk

9. £HSHAEI A (Nitric Oxide)2| XMzt

ZEAM 2] B} Toll mE Az A, #
HleFS gelsly] f13te] AAEATh Al wjoF oS o]
g3le] NO2| uF-gAFE-<l nitrite(NO, )& S48 whie
2 NOE Attt A3t Mx2] wiefeie] 100uLE 5
dst Hy)e] Griess A2k (1% sulfanilamide, 0.1% naphthyl-
ethylenediamine dihydrochloride, 2.5% phosphoric acid).o 2
Aol A 108 53k WHSA1Z] ¥ o] ELISA plate reader
(microplate reader: Bio RAD Model 550) 570 nmei| 4] &34 =
E =A3slgdoh Nitrite(NO,)2] %= NaNOsE o] 45}
B2FEIAE TET, o) vlaste] NO2| AAHS UMz

SER

10. Western blot £A4

FxA4 AbzRE A §+A &4~ (inducible nitric oxide synthase:
INOS)®| ale Ealalr] Sla) AAlsidet. Aea A ze
1718~ phosphate buffered saline (PBS)¢l] % 31 scraperz =
2 = AN =ZE lyss buffer (50 MM Tris-HCI, pH 8.0, 5mM
EDTA, 150 mM NaCl, 0.5% Nonidet P-40, 1 mM PMSF, 1
pg/mL aprotinin, 1 ug/mL pepstatin, 1 ug/mL leupeptin) 100
uLell B4-A7A lysisA|Z]l ©}& 5327k 4°C, 12,000 rpmei| A
QA Ba]sle] gl &8-S 9d¢lt}. Bradford solutiong- A}
23] whil =% = gpectrophotometer (Pharmacia LKB - Ultro-
spec )2 ZA3}3 582F 7}93}ed denaturationA]Z] 3
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Fig. 1. The number of neutrophils in the BALF. Comparing with
control rats, LPS-treated rats had significantly increased (p< 0.001)
migration of neutrophils into alveolar lumen. In contrast, pretreatment
group of germanium had significantly decreased (p<0.001) number
of neutrophils compared with that of LPS-treated rats.

- Each values are given asmean+S.E.

- The number of experimentsisin the parentheses.

- ***n<0.001: significantly different from CON.

- ¥ < 0.001: significantly different from LPS,

- CON: Saline-treated control group.

- LPS: Lipopolysaccharide-treated group.

- Ge+LPS: Germanium was treated prior to Lipopolysaccharide.

SDS-PAGE=Z. A 7]e3%=3} nitrocellulosedl| transfers}sd .
Transferst membraneg- Blocking solution (5% Skim milk,
25 mM Tris-HCI, 150 mM NaCl, 0.2% Tween-20)ol| A 30&
et L4 incubationA]Z] & anti-iINOS antibody S 44
7b Ft A2olA incubationsli 104 33] <tk A3
& horseradish peroxidase conjugatedl 2x} 3kA|2 1x)7F
et HESAIZl ¥ 2 wpgoz AF3te] ECL solution
(Amersham) o2 §1/}ste] A3bs Elalglnt

11. EAIAME]

EA|x]2]= SPSSWIN &4 == 713 (Version 14.0, SPSS
Inc., Chicago, USA)& ]88t 95% 415 7-3ke) #ol4-&
< Al x] BAHEA (ANOVA test)S E3) 7A skl

z o

1. 7|&EX| M| M| & o (Bronchoalveolar lavage Fluid: BALF)
LHe| =57 4

71 BA]H A H N W) 5FF2] 4=(millions/two lungs) S =
A3t A= Fig. 13 Zoh | S54 Fo|£(3.71+£0.192)

Number of degranulated mast cell
8

(% of mast cell, arealfield=1.92 mm?)
N
o

=
o
!

CON LPS

GetLPS

Fig. 2. The number of deglanulated mast cells in the lung tissue.
Comparing with control rats, LPS-treated rats showed increased de-
glanulation of mast cells in the lung tissue. In contrast, pretreatment
group of germanium had decreased number of deglanulated mast cells
compared with that of L PS-treated rats.

- Each values are given asmean+S.E.

- The number of experimentsisin the parentheses.

- CON: Saline-treated control group.

- LPS: Lipopolysaccharide-treated group.

- Ge+LPS: Germanium was treated prior to Lipopolysaccharide.

Y22 (068+0060)s] la| 7 A AHY v 557
7 %23 27hsel 3 (p<0.000), A=vhy AXE
(L10£0522) & 54 Felzol sl $2l51 233
o} (p< 0.001).

2. HZ=Z| Lf SHIREIE H2HM ol AHY

—

s

22 W 2355 vRb £2] 4 (% of mast cell) & &
A= Fig. 29} 2o =4 Eo] 7 (28.64+5.197)2
(10.80+0.880)0l] ®]&) | z2 J etzt" u|wkA)
7} Z7keb o, Al2rbs A28 (20.39+2.671)
of ol Blsf ZrAastsic)

&

| 2 o

Tj;‘ lo e
Bl 4

=

3. MTT assay

Azupgel] o8t ZZANE HZ5A (IC)S 543
AIe Fig. 37 2t 18417 Fot S| £2] 50%71 A
=3 4 9t A=z2upge F(ICS 111lugez A=
et

4. ME1EIA0| XM 2knt western blot 24

AF3}A 4 (Nitric oxide: NO)2] AJAY - En)eka) x4 Ak
sl& 4~ g4 &4 (inducible nitric oxide synthase: iINOS)<]
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Fig. 3. Dose-dependant germanium induced cytotoxicity in Raw 264.7
cell (macrophage). Examination of cytotoxicity of germanium in Raw
264.7 cell by MTT assay indicated that 1Cs, (viability of 50%) value
is1,111 g of germanium.

- Each values are given as mean of three experiment.

WA e A A Fig 49k 2oh W 5E FodL
6.40+1.492)2 o) =7 (0.24+0.012)<] ®]sl NOs} iNOS
Ax=7b Z7Fskd AL, Al 2ekg 200pget Al 2vHE 800
X 2] 2 (17.82+ 1.843, 17.14+2.466)o| A= =54 =
<ol vl F7}, 7l2rkg 40093} Al 2ok 600ug A4
+(15.10+2.283, 12.83+ 1.514)0 M= =4 Fof o]
H] 3 7_};5}314 Wsa A2l AlZvbge] FoAgSE 9=
”Hr A2 A NO#Z} INOSe| 3 ==

R
r_BL'
0.|.4

2
l
é

5. 50| A 0|23+ T&IsH niEt

1) Hematoxylin-Eosin 2344

Hz272] Hx2%L Hx 4 (alveolar septa), ¥ 27} (ave-
olar lumen) 783 2AER 5 2F HAHQ F2E 71
T lglw, A Ege s Y BAE B el (Fig
5). MEd Fo ol BRre] Hxibe] 2UHe] A4
Al 24 Fels B 5 A, 3 F909] 35 (peri-
vascular edema), =) 27} 1] =39 (intrapulmonary hemorrhage)
o] #AFSIe(Fig. 6). A2rby A2 27} =]
= 2L fABH HEE L, @3 790 B3N d=
A Zdel WA Folzol wls) AEE et due
B (Fig. 7).

2) TUNEL &AM (Terminal deoxynucleotidyl-transferase-
mediated dUTP Nick End Labelling stain)
Wzl gl sz delds Az 557%

(A)

25

20

Nitrites (UM)
i
(6]
1

=
o
1

S X N Nad
Oé]/ O‘g& Oéé? 0‘3§

(B)
e G W s emme  NOS

Fig. 4. Effect of germanium on nitrite production and iNOS expres-
sion in Raw 264.7 cells. Nitrite production in culture supernatant was
determined (A). Expression of iINOS was determined by Western blot
analysis (B). Treatment of Raw 264.7 cells with germanium prior to
LPS stimulated iNOS expression and nitrite production. values are af -
fected dosage of germanium.
- Each values are given as mean of three experiment + SE.
- LPS: Lipopolysaccharide-treated group.
- Ge200+LPS; Germanium 200 ug was treated prior to Lipopolysac-
charide.
- Ged00+LPS: Germanium 400 g was treated prior to Lipopolysac-
charide.
- Ge600+LPS: Germanium 600 j1g was treated prior to Lipopolysac-
charide.
- GeB00+L PS; Germanium 800 g was treated prior to Lipopolysac-
charide.

B2 5 995 (Fig. 8). W5 Fod 29| Hzrko] 24
B dzx22 elMe AEARE 35771 ozt FEE
(Fig. 9). Alzrby Axz|ZelM e W54 Foi2 HlﬁHH
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Fig. 5. Histopathologic changes of
the lung in control rats stained with
hematoxylin-eosin. In control rat’s
lung, the normal pulmonary architec-
tures such as alveolar septa, alveolar
lumen and capillarys were well pre-
served. The infilteration of inflam-
matory cells was not observed (scale
bar=100um).

Fig. 6. Histopathologic changes of
the lung in LPS-treated rats stained
with hematoxylin-eosin. In LPS-treat-
ed rat’s lung, the pulmonary archi-
tectures such as alveolar septa and
alveolar lumen were not preserved.
Perivascular edema (*) and intrapul-
monary hemorrhage (circle) were
observed (scale bar=100um).

Fig. 7. Histopathologic changes of
the lung in germanium-pretreated rats
stained with hematoxylin-eosin. In
germanium-pretreated rat’s lung, a-
veolar septa and alveolar lumen were
relatively well preserved. Intrapul-
monary hemorrhage (arrow head)
was less prominent compared with
the lungs of LPS-treated rat. Edema
of alveolar epithelia were observed
locally (scale bar=100um).
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Fig. 8. Histopathologic changes of
apoptotic neutrohils in the lung tissue
of control rats stained with TUNEL
method. In control rat’s lung, the pul-
monary architectures such as alveo-
lar septa and alveolar lumen were
well preserved. The apoptotic neut-
rohils were not observed in the lung
tissue(scale bar=25um).

Fig. 9. Histopathologic changes of
apoptotic neutrohils in the lung tissue
of LPS-treated rats stained with
TUNEL method. In LPS-treated rat’s
lung, the pulmonary architectures
such as alveolar septa and alveolar
lumen were not preserved. A few
apoptotic neutrohils (arrow) were ob-
served in the lung tissue (scale bar=
25um).

Fig. 10. Histopathologic changes of
apoptotic neutrohils in the lung tissue
of germanium-pretreated rats stained
with TUNEL method. In germanium-
pretreated rat’s lung, alveolar septa
and alveolar lumen were relatively
well preserved. Many of the apoptot-
ic neutrohils (arrow) were observed
in the lung tissue (scale bar=25um).
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Fig. 11. Histopathologic changes of
the mast cells in the lung tissue of
control rats stained with Toluidine
Blue. In control rat’s lung, the pul-
monary architectures such as alveo-
lar septa and alveolar lumen were
well preserved. The mast cells were
not observed in the lung tissue (scale
bar=50um).

Fig. 12. Histopathologic changes of
the mast cells in the lung tissue of
LPS-treated rats stained with Tolui-
dine Blue. In LPS-treated rat’s lung,
the pulmonary architectures such as
alveolar septa and alveolar lumen
were not preserved. Many of the de-
granulated mast cells (arrow head)
were observed in the lung tissue(scale
bar=50pum).

Fig. 13. Histopathologic changes of
the mast cells in the lung tissue of
germanium-pretreated rats stained
with Toluidine Blue. In germanium-
pretreated rat’s lung, alveolar septa
and alveolar lumen were relatively
well preserved. Edema of alveolar
epithelia were observed locally. Only
a few mast cells (arrow head) were
observed in the lung tissue (scale bar
=50um).
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Fig. 14. Representative electron
microscopic images from the BAL
pellet in germanium-pretreated rats
stained with Uranyl acetate and lead
citrate. (a) Apoptotic neutrophils were
engulfed by alveolar macrophage.
Nucleus of apoptotic neutrophil (ar-
row) showed condensation (scale bar
=2um). (b) Apoptotic neutrophils
were engulfed by alveolar macropha-
ge. Nucleus of apoptotic neutrophil
(arrow) showed degradation (scale
bar=2.86 um). (c) Apoptotic neutro-
phil were observed with fragment of
DNA and loss of cellular organelles
in intercellular substance (circle) (sca
le bar=2pm).
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