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Young Rabbit Model for Pathophysiologic Study of Acute
Lung Injury in Early Childhood

Young-Min Kwon, M.D.*, Seok-Cheol Choi, Ph.D.**, Jong-Won Park, M.D.***, Yang-Won Kim, M.D.***
Yang-Haeng Lee, M.D.*, Yoon-Ho Hwang, M.D.*, Kwang-Hyun Cho, M.D.*

Background: Adult respiratory distress syndrome (ARDS) is of particular interest because of its severity of
the associated lung injury and its high mortality. However, the pathophysiologies of ARDS in infant and
childhood groups are still not well clarified inspite of many previous investigations. To investigate the time
course of pathophysiology of ARDS in infant and childhood groups, this study was designed with experimental
endotoxin-induced ARDS model using young rabbits (8 week-old). Material and Method: Rabbits were divided
into the control group (n=8) and the endotoxin-treated group (n=32). The endotoxin group was subdivided into
4 groups by the sampling times as 3, 6, 12 and 24 hr-groups (G-Ess224, €ach n=8). The experimental
ARDS was made by a bolus injection of endotoxin (Escherichia coli serotype 055 : B5, 0.50 mg/kg) via
rabbit ear vein. For evaluation of the hematologic and inflammatory markers, and superoxide dismutase (SOD)
concentrations, the blood samples were taken from the heart. The bronchoalveolar lavage fluid (BALF) were
obtained for analysis of the leukocytes and protein concentration. With biopsy of the fung, histopathologic
changes of the lung were also evaluated. Result: In the endotoxin groups, significant leukopenia (owing to
pancytopenia) occurred in 3 and 6-hr groups, which was followed by significant leukocytosis (owing to
neutrophilia) in the 12 and 24-hr groups (p<0.05). Serum Jevels of tumor necrosis factor- » (TNF- @) and
interleukin-1 48 (IL-1 3) in the endotoxin groups were higher than those of control group (p<0.05). Serum
levels of superoxide dismutase (SOD) of G-E; and G-Es were higher than those of control group, whereas
those of G-Ei; were lower than those of control groups (p<(0.05). Total leukocyte counts and protein con-
centrations in BALF were significantly elevated in the endotoxin groups compared to the controi group (p<
0.05). The hemorrhagic pattern of BALF showed occurred in the endotoxin groups. The endotoxin groups (in
G-Eg) had severe infiltration of inflammatory cells (lymphocyte and monocyte) in the pulmonary interstitium and
parenchyma, migrations of neutrophil and eosinophil into alveolar spaces and interstitial widening, which are
the evidences of acute lung injury. In the endotoxin groups, there were significant positive correlations
between the BALF findings and the immunologic markers (TNF-@, IL-14, SOD) (p<0.05). Conclusion:
Severe acute lung injury occurred in all the endotoxin-treated rabbits. The pathophysiologic findings were so
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progressive untit 6-hr by time dependant pattern, and then recovered slowly. Variable hematologic, immuno-
logic, and pathologic factors were well correlated in the development and progression of endoxin-induced lung
injury. The pathophysiologic responses were sensitive and rapid in young rabbit Young rabbit seemed to be a
useful experimental animal model for infant and childhood groups.

(Korean J Thorac Cardiovasc Surg 2003;36:545-558)
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Fig. 1. The comparison of the control group with each endo-
toxin-treated group in the sequential changes of total leuko-
cyte counts in blood. *p<0.05; *™p<0.01 (compared with
control).

<0.05) 124 7Ft (8,050 +1,930/mm*)9} 244 7+u](12,640 +
1,57mm’)oll = o] =9kek(p<0.05, Fig. 1).

) 3EF T

TEF e R2FEER,7601272/mm)el HlE WEL

{79 75‘T 32 7FH(1,673 £ 98/mm*) 9} 6A] 7T (2,080 +
130/mm’)ell 4} fr2)ebA] Yk or}(p<0.05), 124]7+tH(4,850
+935/mm>)e} 244 7+ (10,087 +920/mm )l A = 28] H
H E4th(p<0.05, Fig. 2A).

) gz3 2

YZT S gEZFE044+3BYmmHET WEL Fol
ol A AZtdel] Zx fosA o Fgkekp <0.05, Fig.
2B).

4

I
i

¢
gt B z2FO5:7mm)el vl WEL FoiFol
3A17F | 6*17&BH o FelsiAl o Yok (p<0.05) v
A AZHdl= 28 A7 ¢lglrhFig. 20).
5 BMT £

IAT FE N2FE22187/mm’)ol| Hla) G-Buttg A
2|3t 17| ‘*H%i EATE BEo)A LosA o ¥k
tHp<0.05 E& p<0.0l, Fig. 2D).

— 548 —



A 12,000
X Endotoxin group
10,000 - -
E
£ 8,000
°
£
= 6,000 "
[=8
1=
‘q:x'; 4,000
Z *
2,000 (] - [1
0 T H T T L -1
Control 3 hrs 6 hrs 12 hrs 24 hrs
Sampling time
1207 [ Endotoxin group
100
"’E ] r F
£ 80
]
£
P 60
g
(5]
2
5 40 1
=
20 "
0 T ﬂ T ,_l 1 T 1
Control 3 hrs 6 hrs 12 hrs 24 hrs

Sampling time

A0 Q|
st £rlwe

B 3,500
’ 1 Endotoxin group

] *

3,000 r
2,500 ]
2,000

* %k

1,500

Lymphocyte (no./mm?)

1,000 1

500

0 T T

L
Control 3 hrs 6 hrs 12 hrs

Sampling time

24 hrs

[w)

450 -
400
350
3001
250 1 .
200
150
100 .

50 ﬂ
0 T — LI .
Control 6 hrs 12 hrs

3hrs
Sampling time

[ Endotoxin group —

r—

Eosinophil (no./mm®)

T 1

24 hrs

Fig. 2. The comparison of the control group with each endotoxin-treated group in the sequential changes of leukocyte differential
fraction counts in blood. (A) Neutrophil, (B) Lymphocyte, (C) Monocyte, (D) Eosinophil. *p<0.05; **p<0.01 (compared with

control).
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Fig. 3. The comparison of the control group with each endo-
toxin-treated group in the sequential changes of TNF-¢o level
in blood. *p<0.05; **p<0.01 {compared with control).
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Table 1. Prevalence of hemorrhage in bronchoalveolar lavage
fluid

Hemorrhagic sample/Total BALF sample

Time
Control Endotoxin Hemorrhagic
group degree
3 hr 0/3 5/8 2+
6 hr 0/8 3/8 3+
12 hr 08 1/8 4+
24 hr 0/8 0/8 -

NIELPS aFlg. smhe el o
F2 +2~+49 WHE R
A o )BA FYe] YT 25T
ARAE, AZRA AF4 Hwidening = A o
Fol ol 5 82 A(p<0.05)
A dehsten, T JEE 2 42~ +49] W3S ¥
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Fig. 8. Histopathologic findings of the control and endotoxin-reated groups. (A} Normal control group (H&E, x100). (B) In-
flammatory infiltration is noted in markedly widened interstitum of lung parenchyma (+4 in endotoxin group, 6 hr) (H&E, > 200).
(C) Remarkable bleeding in lung parenchyma in endotoxin group, 6 hr (H&E, x200).

Table 2. The histopathologic findings of lung in the control and endotoxin-treated groups

Group & time Endotoxin group
Control

Parameter 3 hr 6 hr 12 hr 24 hr
Int rec of neutrophil - 2+ 3+ 2+ 1+
Int rec of monocyte - 3+ 4+ 2+ 1+
Int rec of lymphocyte - 3+ 4+ 2+ 2+
Int rec of eosinophil - 1+ 2+ 1+ 1+
Int rec of macrophage - 1+ 2+ 1+ —
Int inflammatory alv widening - 1+ 2+ 1+ 1+
Int infil in lung parenchyma - 3+ 4+ 2+ 2+
L-infil in lung parenchyma - 3+ 4+ 2+ 1+
Peribronchial-L-infil - 3+ 4+ 2+ 2+
Bronchial-L-infil - 3+ 4+ 2+ 2+
Histiocyte-infil - 3+ 4+ 2+ 1+
Follicle formation - - 2+ 1+ 1+
Focal hemorrhage - 2+ 3+ 1+ 1+
Fibrinoid material in alv - - 1+ 1+ —

Values mean the degree of severity. (—) negative; (1+) mild; (2+) moderate; (3+) severe; (4+) very severe. Int rec=Interstitial

recruitment; alv=Alveolar space; L-infil=Lymphocyte infiltration.

@) TNF-¢, IL-18, 12|37 SOD} 7|ZX|HE MHHY
O| HHHEl ZEofo| BA: WE4L FoI7¢ TNF-a9 ¥
ste} 7| BAA L AE Kol chilld o] w3} Abolof 3,
6 4 12AZH7HA <fe] ARBAE B Frhp<0.05,

Table 6). IL-1 39} 7| FA|HZ A He] chufd % w3}
Aoldl% 3, 6 Y RAZIZA ¥ FRAAE HoiF
A rHp<0.05, Table 6). SOD E%9} 7|BA|=E AN
il s w3l ool 3A17E F 6XZH oA ko] 4
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Table 3. Correlation of TNF- change to leukocyte counts of
bronchoalveolar fluid in the endotoxin-treated groups

Endotoxin group

™NEe 3y 6 12hr 24 hr
Leukocyte
(D Total WBC 3 hr (D 0.74*
@ Lymphocyte @ 0.66*
@ Monocyte @ 0.71*
6 hr @D NS
@ 0.63*
@ 0.63*
12 hr @O NS
@ 0.60*
® NS
24 hr @ 0.61*
@ 0.68*
® NS

Values imply correlation coefficient (r). *p<0.05 (significant
positive correlation); NS p>0.05 (not significant).

Table 4. Correlation of IL-18 change to total total and
differential leukocyte counts of bronchoalveolar fluid in the

endotoxin-treated groups

Endotoxin group

g0l 9|
AL} 2712l

Table 5. Correlation of SOD change to total and differential
leukocyte counts of bronchoalveolar fluid in endotoxin-treated

groups

Endotoxin group

D 3w 6w 2 24
Leukocyte
(@D Total WBC 3 hr (D 0.73*
@ Lymphocyte @ 0.69*
@ Monocyte ® 0.65*%
6 hr ®© 0.65*
@ 0.68*
@ 0.64*
12 hr @D NS
@ NS
@ 0.63*
24 hr O NS
@ NS
@ NS

Values imply correlation coefficient (r). *p<0.05 (significant
positive correlation); NS p>>0.05 (not significant).

Table 6. Correlation of protein concentration in bronchoal-
veolar flud to TNF-¢, IL-1 4, and SOD in endotoxin-treated

groups

Endotoxin group

Protein

IL-15 3 hr 6 hr 12 hr 24 hr 3 hr 6 hr 12 hr 24 hr
Leukocyte Parameter
@ Total WBC 3 hr (D 0.70* (@ TNEF- ¢ 3hr (D 0.75*
@ Lymphocyte @ 0.72% @ IL-13 @ 0.68*
@ Monocyte 3 0.63* 3 SOD ® 0.61*
6 hr @ 0.79* 6 hr @ 0.63*
@ 0.63* @ 0.77*
@ 0.67* @ 0.65*
12 hr D 0.61* 12 hr @ 0.79*
@ NS @ 0.69%
3 NS @ 0.60*
24 hr @ NS 24 hr @® NS
@ NS @ 0.73*
@ 0.60* ® NS

Values imply correlation coefficient (r). *p<0.05 (significant
positive correlation); NS p>0.05 (not significant).

Values imply correlation coefficient (r). *p<0.05 (significant
positive correlation); NS p>>0.05 (not significant).
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AZH RS telr] A AgH o g Al ) LY X TR dFEH ) ue) Ayg
E7E H2F0=-8)7 494 FAAELE A 5L FolFoz v %, AAe A3 A 7hl
wet W54 FATE tHA] 3, 6, 12 ¥ 24417 F o2 ol FIsl (A 7 F9) n=8). &
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THE g gl 71PAHAZ XN AH st E A Fol, A9 Qs dA 5
ZA5 3, #9 HelzA A LA A Fgslgich ik W54 FoFENA 347 9l 64
Zrell gl f S, FEA, ok, 23 SARF § kol 7)90g & P S Fol%t
ZHaerb Q' W, 12120 g 2487 o) SFF G Fokel) 7108 F wiESme] Z7b) itk
<0.05). Tumor necrosis factor- @ (TNF- ¢) 9 interleukin-1 8 (IL-1 8)9] €55 = B89 A7k 4]
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g 6A17 Wiell e HE 4 FolFEo] HEFEY %2k (p<0.05) 12417 wloll= 2318 Yvhp
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