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Assessment of a rat model of battleship fire-related smoke
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[ Abstract ] Objective To develop a rat model of battleship fire-related smoke inhalation-induced acute lung
injury using combustion of composite materials with a controllable temperature. Methods We designed a smoke-generating
chamber and a test chamber. Sober rats were restricted to cages located inside the chamber during the experiments. In aim
one, we investigated the survival rates at different inhalation times (15, 30, and 50 min). In aim two, we evaluated blood
gas values, lung pathological scores, pro-inflammatory molecules, and protein concentrations in the bronchoalveolar lavage
fluid, circulating white cells, and liver and renal functions at 1 h, 6 h, and 24 h after 30 min smoke inhalation. Results

The survival rates at the different inhalation periods were 84.21% (15 min), 25% (30 min), and 0% (50 min). There
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was a significant increase in carboxyhaemoglobin (COHB) , lactate, and partial pressure of carbon dioxide (PCO,) at 1 h

post injury (P < 0.05), which then gradually returned to normal. In the bronchoalveolar lavage fluid ( BALF), the

protein concentration and lung injury were score increased immediately after smoke inhalation, and persisted until 24 h. In

the BALF, the total number of leukocytes cells significantly increased after smoke inhalation, while the proportion of

macrophages significantly decreased at 6 h, then slightly recovered at 24 h; neutrophils showed the opposite trend. By

western blot, there was a significant increase in signal pathway factors and inflammatory factors at 6 h recovery. There were

no changes in the liver or renal functions after smoke inhalation. Conclusions

This stable and reliable rat smoke

inhalation injury model induced using our novel smoke generators is characterized by activation of inflammatory signaling

pathways, inflammatory cell changes, and lung injury. This model may be useful for studies examining acute and chronic

lung injury.
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Figure 1 Survival rate for different smoke inhalation

times at 24 h recovery
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Note. A. Counts of circulating white blood cells, neutrophil,
lymphocytes, and monocytes after smoke inhalation. B. Percentages of
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inhalation. ** P < 0.01, P < 0.05, compared with the control
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Figure 2 Changes in cell counts and proportion of

peripheral blood leukocytes after smoke inhalation

&1 WEWAJEAF M E RSS2 £5, n=10)

Table 1 Changes in blood gas parameters after smoke inhalation( x + s, n=10)

415 Groups o i§%%%m R L AT AL 41 2 1
, (mmHg) PO, (mmHg) Lac( mmol/L) Ca’* (mmol/L) COHB(% )
X4 Control 7.394 £0. 044 40. 100 +6.986 101. 907 +14. 804 1.970 £0.973 1.279 £0. 086 0. 179 £0. 058
1h 7.298 +0.123 " 55.178 £16.504 % 55.094 +£12.573* 3.824 +1.901 1.272 £0. 092 11.453 +1.735
6 h 7.349 +0. 069 46.294 +16.686  64.541 £19.359 1.465 +0. 231 1.261 £0.078 0.506 +0. 186
24 h 7.346 £0.061 45.036 +12.041 85. 146 +£8.337 1.521 £0. 182 1.223 +0.058 " 0.246 £0. 069
T GXTRALLE, " P < 0.05,

P < 0.05.

Note. Compared with the control group,
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Note. A. White blood cell counts in BALF after smoke inhalation.
B. Percentages of neutrophils, lymphocytes, and macrophages in
BALF after smoke inhalation. ™ P < 0.01, *P < 0.05,
compared with the control group.

Figure 3 Changes in cell counts and leukocyte ratio in the

BALF after smoke inhalation
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Note. A. Protein concentrations in BALF after smoke inhalation.
B. Lung injury scores after smoke inhalation. ™ P < 0.0l
compared with the control group.

Figure 4 Changes in protein concentrations in the BALF

and lung injury scores after smoke inhalation
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Note. A-D. The groups of control, and 1, 6, and 24 h post smoke inhalation. HE staining

Figure 5 Histopathology of the lung tissues after smoke inhalation ( x400)

Control 1 h post injury 6 h post injury 24 h post injury
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P WSS WS E 15543 F P42/44 MAPK P38 MAPK NF-kB P65 Bfifif 1] 45 1k & 151 15
Flgure 6 Expression of P42/44 Mitogen-activated protein kinase (MAPK) , P38 MAPK,

and nuclear factor -kappaB (NF-kB) P65 after smoke inhalation by immunofluorescence assay
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Figure 7 Expression of interleukin-6 (1L-6) , IL-10,
TNF-a, P42/44 MAPK, P38 MAPK, Myeloperoxidase (MPO) ,
and NF-kB P65 after smoke inhalation detected by Western blot

R2HEWAJE AR R AT R ZETE L x £ 5, n=10)

Table 2 Changes in liver function after smoke inhalation( x = s, n=10)

2% SJRLTE TBi WAL I P AL A L K )
Gf)ljlj[{s ?MH’I]‘UI?/S;BI] | ng%ﬁfﬁfgﬁg . i/‘éll‘)TP HEH ALB(g/L) I;k%g%lL();] ’
X HRZH Control 0.851 +0. 327 52.472 +£9.823 49.573 +3.224 26.738 +4.323 22.824 +£3.010
1h 0.623 +0. 281 69.849 +17.147" 56.721 +5.192 29.644 +3.762 27.082 +£2.093
6h 0.611 £0.203 69. 121 £25.610" 55.240 £2.091 29.400 +1. 265 25.844 +1.476
24 h 0.378 0. 112 43.077 +7.552 52.824 +1.890 26.923 +4.286 25.901 = 1. 476

W SR E, P < 0.05.

Note. TBil, total bilirubin; ALT, alanine aminotransferase; TP, total protein; ALB, albumin, GLB, globulin. Compared with the control group, * P

< 0.0s.

R3HEWA G AN F I T 2 RERY
BN (x £5, n=10)
Table 3 Changes in renal function

after smoke inhalation( x +s, n=10)
WLEF CRE( pmol/L) JRZ A BUN(mmol/L)

20 5] Groups

X HRZH Control 40.923 +9. 462 5.19 £1.391
1h 39.314 £5.907 4.63 +1.537
6 h 38.969 £7. 945 5.11 £1.832
24 h 42.071 +10. 349 4.47 +0. 866

T SX AL EE, P > 0. 05.
Note. CRE, creatinine; BUN, blood urea nitrogen. Compared with the
control group,P >0.05.
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Figure 7 Expression of interleukin-6 (1L-6) , IL-10,
TNF-a, P42/44 MAPK, P38 MAPK, Myeloperoxidase (MPO) ,
and NF-kB P65 after smoke inhalation detected by Western blot

R2HEWAJE AR R AT R ZETE L x £ 5, n=10)

Table 2 Changes in liver function after smoke inhalation( x = s, n=10)

2% SJRLTE TBi WAL I P AL A L K )
Gf)ljlj[{s ?MH’I]‘UI?/S;BI] | ng%ﬁfﬁfgﬁg . i/‘éll‘)TP HEH ALB(g/L) I;k%g%lL();] ’
X HRZH Control 0.851 +0. 327 52.472 +£9.823 49.573 +3.224 26.738 +4.323 22.824 +£3.010
1h 0.623 +0. 281 69.849 +17.147" 56.721 +5.192 29.644 +3.762 27.082 +£2.093
6h 0.611 £0.203 69. 121 £25.610" 55.240 £2.091 29.400 +1. 265 25.844 +1.476
24 h 0.378 0. 112 43.077 +7.552 52.824 +1.890 26.923 +4.286 25.901 = 1. 476

W SR E, P < 0.05.

Note. TBil, total bilirubin; ALT, alanine aminotransferase; TP, total protein; ALB, albumin, GLB, globulin. Compared with the control group, * P

< 0.0s.

R3HEWA G AN F I T 2 RERY
BN (x £5, n=10)
Table 3 Changes in renal function

after smoke inhalation( x +s, n=10)
WLEF CRE( pmol/L) JRZ A BUN(mmol/L)

20 5] Groups

X HRZH Control 40.923 +9. 462 5.19 £1.391
1h 39.314 £5.907 4.63 +1.537
6 h 38.969 £7. 945 5.11 £1.832
24 h 42.071 +10. 349 4.47 +0. 866

T SX AL EE, P > 0. 05.
Note. CRE, creatinine; BUN, blood urea nitrogen. Compared with the
control group,P >0.05.
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