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The Effects of Proteolytic Agent on the Lung Injured by Endotoxemia

Chang Ho Cho, M.D., Yoon Kyung Sohn, M.D,, Jyung Sik Kwak, M.D. and Tae Joong Sohn, M.D.

Department of Pathology, Kyungpook National University School of Madicine

The authors studied the lung injury induced by endotoxemia and the effects of proteolytic
agent on the lung changed by endotoxemia. Sprague-Dawley rats were intrapeiitoneally
administrated with a single dose of endotoxin (4 mg/kg, E. coli 025 : B6 lipopolysaccharide) or
with endotoxin and gabexate mesilate (200 mg/kg), a proteolytic agent, concomitantly. Rats of
each group were scarificed at 9, 18, and 27 hours after injection. Light and electron microscopic
examination were done. The results obtained were summarized as follows:

Light microscopic exmination revealed congested capillaries and neutrophilic infiltration in
both groups. Electron microscopic findings were interstitial and alveolar neutrophilic infiltra-
tion, endothelial swelling with increased pinocytotic vesicles and cytoplasmic process formation,
and interstitial edema. Decrease of osmiophilic bodies in the type II pneumocytes had appeared
at 9 hours after endotoxin injection. These changes were increased in severity at 18 hours and 27

hours after endotoxin injection.

In the group of concomitant treatment of gabexate mesilate and endotoxin, there was no
edema at 9 hours after injection. After |8 hours swelling of endothelial cell and interstitial
edema had appeared. However, the severity of the edema was markedly decreased. Type II
pneumocytes showed well preserved osmiophilic bodies.

According to these results, it is considered that administration of gabexate mesilate can sig-
nificantly redeced the lung injury induced by endotoxemia.

Key Words : Endﬂtntemla Lung, Gabexate mesllate
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EN : Endothelial cell

Neu : Neutrophil
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Touegk 27de] A=k 2 947 Fo= oW
ol Asteln 1842 Hell= 53371 Ay Hxof
TEHALT LTE WS o5 RoFucg Hg ®
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In : Interstitial space

PII: Type II Pneumocyte

t Fig.1. Electron micrograph of
the lung, 9 hours after injection
of endotoxin(ET ), rat. Endotheli-
al cell swelling and interstitial
edema are seen. Pinocytotic ves-
icles(arrow) are increased. Ura-
nyl acetate and lead citrate. Bar

=] pm
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Fig. 2. Lung, |8 hours after
injectoin of ET, rat. Severe cap-
illary dilatation with congestion
and endothelial swelling is pres-
ent. Uranyl acetate and lead cit-
rate. Bar=1sm

Fig. 3. Lung, 18 hours after in-
jection of ET, rat. Neutrophils
are increased in the cpillary
lumen and endothelial swelling
jg present. Uranyl acetate and
lead citrate. Bar=1xm
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Fig. 4. Lung, 18 hours after in-
jection of ET, rat. The type II
pneumocyte shows decrease of
osmiophilic bodies(arrow). Endo-
thelial swelling is persisted. Ura-
nyl acetate and lead citrate. Bar
=] um

Fig. 5. Lung, 18 hours after
gabexate mesilate and ET injec-

tion, rat. Endothelial and inter-
stitial edema are abscent. Ura-
nyl acetate and lead citrate. Bar
=1 pm

Fig. 6. Lung, 27 hours after
fabexate mesilate and ET injec-
don, rat. Type II pneumocyte
shows well preserved osniio-
philic bodies. Notable interstitial
edema is abscent. Uranyl acetate
and lead citrate. Bar=1m

— 219 —



— o ghde] &) oA 259 Al 3E 1991 —

osmiophilic body®] 3t 5 1842 TelMg| 2AF
o] )%= gk

=49} gabexate mesilate ¥ g T4 E F
of £ ga|7kTellA] g sl £F7e FobL Al
gov Jojdze AMEade gL E7F Y49 6l
sch, 19 2 I8 #HE4zE 2 BE=e] dudek W
54 ohE Sl Fel ula] R zAed ML F
B el glglen =mEzhiel] 7HE HETIF AN
c}. gabexate mesilate?} W54 H§ 5o F 184
i A= ATy £33 &9, ol Ee] F4
5 E7l%4, RN RPe] dojodt WFA
5 RojFof wlEhe] Hajs) FisAcHFig 5).
gabexate mesilate ¥ § ol F 2743} 24 % 184]
b Folla] HelWl Azx FalEtzed JHME ¥
r 232 31F& Ao s cHFig. 6),

al |

WELRZA HAs 73] Beishs Aew O
7l g3Ee =7 3 2AH, kinind, ¥9-EaA e
g glof] disfa e dAFrt sleisteh olF 1%k
i 54 Feda) 23 BaH|e] alternate path-
ways #4#7n FhiSa gl e classic
pathway?} &4=sid® o Fa @354y FA
9l C3as} CSas} 84dsle] ¥qFade] st =
gt CSat +ol4d <32 243l 23 7F B9 2
oA ek o5 237 LS| 28] zpistr)st
ZHE g B $ gl B4 P e o
# 47} BEgch o] zpabElr]s}h by B &4 o
A EE u|FEale] HEe TEE Y5 BEE 9
ghepe ggl sk o5 E7) kinindlE 84 241A
x| 42)q] Tajabale] odojybo) ghH bR Ea
kinin# 2] kallikrein®| hageman factorg #4434
7 8ej ey E Subgbcpl, o] de] AbFapd A

Ao nr A4Hel STapy ghalst ol HARFS

ZaEh v Al dEAEe &4eE T HE
2 abef), WefoAe] gz Qg =HF4 Hi
gpacog #Wias Zefapd Heh & A7 A
HAE Foigt F kininA, 2AMA W SEESEL
o] 4] 4l2g) gabexate mesilate® Foidled &L ¥
2= Al 2498 HAA2 AdE Sefia

2} )2 i

B o] Ase WA Fo F HERAEDS W
4 xe] 24 gt I8 HEHEe osmiophilic
body2] 7t ZHe] 33 9 5378} M Ee 7
Al wl #Eg Hdeo] SAlelgln 5% gabexate
mesilate W45l del A o9} e Hihs # 5 8l
ot o MEs was] hessch olsh 2 A
o2 u)ie] Mol WE4 W3] 7] H Eake] HE
g Eae yuldze] 2EF 1Y HAZAEL
osmiophilic body2l 47t F3 dste]n] WFa=
o] &4} g ahisga s Q¥ YR e 3
1 gdejyt Zhale] 2ES & 4 ok =¥ 1Y HE
4l == osmiophilic body2] 3hit 118 #=HZA e
Ael gade] Azpel#vt HEZA myelin figures]
FA4 2 v|Fe] Heo} 4 Evpeze] FHohiu]F A4
o}, e ol@ 4FEe] II8 =EAMZe] 2HHe)
£afe] 2AglA = B AYeR e 5 gick ¥
18 Hz4Ee] wige g A=A Wy 6 19
T E WE5E wE2a) He 7] AbEjelsd ¥
£apg w72 opjela 4zhech

Gabexate mesilates} 54 3 5ol Fofl 4=
e wE: 7igle] RF 9 Iy SHEMES
osmiophilic bodye] a4t Astdew 379 I
f¢ dejwdc). Wepa gabexate mesilatelr TFT
8] Nfe uhs $ gyt WSaed Ss wgEd
kinin#l, 2 B zZrE o) FeafEse] 48 o
A ghe 2] B Ao 2§ =] Wsl bk 49
o] Ae)g oA A7) At SHafated o b A"
t}. Yokoi™ % gabexate mesilatest 528 HEF
«d#}e] horseradish peroixidases] #4ta=g =4
o 4] A4 A WSS 5T F K} gabe-xate
mesilate ¥ §F5elFels = A Es} FaslAE
& gharg wh gleh e Yokoi sl £ Ade] As
5 9wl YHLR g HEEE sHs) AT & 9
3ic}. o]+ gabexate mesilate?] AH8He2E o 9
Are] HRAER g 4 glche FHeAdT JFie] 9
sl #aade] FFE EFFE GE HEEHe o
wpabatzlof) ofs] A EAbe] ZeisHE FHE
A gt HEEE SEYeE ug 5 s
Flelzl= e Az w@d = gtk =k
gabexate mesilate?} @7 #27 F+AE Aol T

— 220 —



— 2% 9 3] PEEAA} HFL €FA HYe vlAE Y —

Atete W Faiel 23 slds) 2 s b £
slezjzt 7l gt

= =

W] o]ft #adalle] ohgRaja)r) v)as o
& 957 28] Sprague-Dawleyd ®aol )54
(4mg/kg) <5 W 9 Esi4l¢) gabexate mesilate
200mg/'kgbe WE-Fi5le 9, 18 9 274|7F Fof]
& 9l Halgo|y A4e Axsigd v o 276E o
a3 3k

BN £18L YKL SEFT o chulBaj
Ao i WS vF mausie] 29 9
A3 572 Hdel dzich Ao sde g
WHagk Fogh FollH 947 Hell £F57a] 29,
a4 2] 43 pinocytotic vesicle2] =2F 2 4
EE7] gAde] aldda hale] REal [[8 HEEe]
osmiophilic body2] 7t27} vepydel o)2gh 2HE
18417} el o4& ®dAa}AH Yepgon 2743 5o
E AF=H%% 2wy gabexate mesilated W @F
gt Tell A= 9412 Fel = o] g1l 18417 5
of TF72 AEF Wiz 9 ghgzale MEoe)
vebdovt R34 A5 WSEL: G520 T s
Fateon] [18 = ¥4 22 osmiophilic body2 7t
+ fdch el4ke] dFHe| 2]sld gabexate mesilate
Fole W5 €54 HYNE 9847 0d aw}
itk el gl

1) Finland M : Changing ecology of bacterial infection
as related o anbibacterial therapy. | Imfect INs
122:419-431, 1970

2) Simmons HE, Stolley PD: This is medical progress
s Trends and consequences of antibiotic use in the
United Slates. JAMA 227 : 1023-1028, 1974

3) Myerowitz RA, Medeiros AA, O'Brien TF: Re-
cent experience with bacillemia due lo gram nega-
tive ovganisms. J Infect Dis 124 : 239-246, 197 1

4) McCabe WR, Jackson GG:Gram negalive
bacillemia, I. Etiology and ecology. Arch Int Med
110 :847-855, 1962-935, 1954

3) Elin R], Wolff SM: Baclerial endoxins. In the

Textbook of microbiology, Ed. by Laskin Al
Lechevalier HA, Cleveland, CRC, 1973, 215-239

) Morrison DC, Ulevitch R]: The effects of bacterial
endofoxing on the host mediation syvstem. A review.
Am | Pathol 93 :526-617, 1978

7) McMenamy RH, Birkhan R, Oswald G: Multiple
systems organ failure:the basal state. | Trauma
21:99-114, 1981

8) Vaughan DL, Gunter CH, Stookey JL : Endatoxin
shock im primates. Surg Gynecol Obstet 126 : 1309-
1317, 1968

9) Harrison LH, Beller JJ, Hinshow LB, Coalson JJ,
Greenfield L] : Effect of endotoxin on pulmonary
capillary permeability, witrasivucture, and surfac-
tant. Surg Gynecol Obstet 129:723-733, 1969

10) Nies AS, Forsyth RP, Williams HE, Melmon
KL :Contribution of kinins to endotoxin shock in
unanesthetized rhesus monkeys. Civr Res 22: 155-
164, 1968

11) Stwart GJ], Anderson MT:An ultrastructural
study of endofoxin induced damage in rabbit mes-
enteric arteries. Br | Exp Pathol 52:75-80, 197 1

12) Pietra GG, Szidon JP, Carpenter HA, Fishman
AP: Bronchial venular leakage during endotoxin
shock, Am J Pathol 77 : 387 -406, 157 4

13) Meyrick BO, Ryan US, Brigham KL :Direct ef-
fects of E. coli endoloxin on structure and
permeability of pulmonary endothelial monolavers
and the endothelial laver of intimal explants. Am J
Pathol 122 140-151, 1986

14) Jones R, Kerton OC, Zapol WM, Reid L : Raf pul-
manary artery wall injury by chronic intermittent
infusion of Escherichia coli endotoxin, Lab Invest
54 282-294, 1986

15) Winn R, Maunder R, Chi E, Harlan ] : Neutrophil
defression does not prevent lung edema after endo-
toxin infusion in goat. J App Physiol 62: 116-121,
1987

16) Meyrick BO: Endotoxin mediated pulmonary en-
dothelial cell tnjury. Fed Proc 45 : 19-24, 1986

17) Worthen GS, Smedly LA, Rees AJ, Gunbay RS,
Henson JE, Henson PM : Lung vascular injury in-
duced by chemotactic facltor : Enhancement by bac-
terial endotoxin, Fed Proc 45 :7-12, 1986

18) Luft JH :Improvement in epoxy resin embedding
method. | Biophys Biochem Cwtol 9:409-414, 1961

19) Reynolds ES: The use of lead citrate at high tH as
an electron opaque stein in electvon microscopy. J

— 221 —



— djgry et =] @ oA 25 0 H 3E 1991 —

Cell Biol 17 : 208-212, 1963 Throm Haemos & : 1-12, 1976
20) Renaldo JE, Rogers RM: Adult respivalory dis- 99} Muramata M, Fujii §: Inhibitory effect of w-
tress syndrome, changing comcept of lung injury guanidinoacid esters om trypsin, lasmin, Pasma
and repair. N Engl J Med 306 : 900-906, 1982 kallikrein and thrombin. Biochem Biophys Acta
21) Kaplan A, Meirs HL, Mendle R Jr: The 268:221-224, 197 2

Hageman factor dependent pathways of coagula- 24) Yokoi K : Personal communication.
tion fibrinolysis and kinin regemeratiom, Semin

— 222 —



