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Underwater shock wave induced lung and brain injuries in canines

CHEN Ji-gang”, ZHANG Dan-feng”, WANG Chun-hui, LI Zhen-xing, DONG Yan, HOU Li-jun’
Department of Neurosurgery, Changzheng Hospital, Naval Medical University (Second Military Medical University), Shanghai
200003, China

[Abstract] Objective To explore underwater shock wave-induced injuries of the lung and brain in canines.
Methods Eighteen Beagle dogs were randomly divided into six groups according to the distances to the explosion source:
control group and 5 experimental groups (5 m, 7 m, 9 m, 11 m and 13 m groups). The animals were exposed to underwater shock
wave via a self-designed underwater explosive instrument. The dynamic explosive process was recorded by the underwater high-
speed camera. Computed tomography (CT) scans of brain and chest were performed 6 h after injury. Pathological examination
and H-E staining for hippocampus and lung were conducted 24 h after injury. The expression levels of interleukin (IL)-6,
IL-1B, IL-10, tumor necrosis factor o (TNF-o)) and transforming growth factor B (TGF-f) in the hippocampus were measured by
immunohistochemical staining. Results The underwater high-speed camera showed that the injury process included blast wave
and bubble pulsation. The total mortality of the animals was 40.0% (6/15) in the experimental groups. CT examination revealed
no major alterations in the brain of the animals, while there were pleural effusion and pneumothorax in the chest of animals in the
experimental groups. H-E staining showed inflammatory cells infiltration in the hippocampal tissue and erythrocyte deposition
in the alveoli of animals in the experimental groups. The expression levels of IL-6, IL-1f, IL-10, TNF-a, and TGF-f in the
hippocampus of animals in the experimental groups were significantly elevated compared with those in control group (all P<<0.05).
Conclusion Brain and chest are damaged significantly after underwater explosion, which may be the main causes for the death
of animals. It is important to elucidate the underlying mechanisms of brain injury caused by underwater explosive wave for the
protection of underwater blast injuries.
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Fig1 Underwater explosion device and the diagram of animal placement

A: Diagram of underwater explosion device. 1: Bracket; 2: Fixing frame; 3: Suspender; 4: Support arm; 5: Animal fixator;

6: Underwater breathing system; 7: Compressed air tank; 8: Ventilator tube; 9: Breathing mask; 10: Animal carrier platform;

11: Eyebolt. B: Underwater explosion device. C: Animal fixator. D: Diagram of animal placement. a-e: The distances to explosion

source were 5, 7,9, 11 and 13 m, respectively
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Tab 1 Pressure parameters of different measuring points after explosion
Distance to explosion source d/m Sensitivity of the detector p/MPa Peak pressure p/MPa
5 0.146 30 2.95
7 0.147 50 1.19
9 0.143 90 0.74
11 0.143 80 0.63
13 0.147 30 0.45
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Fig2 Underwater explosion pressure measurement and results of high-speed films

A: Pressure curve of the point with the distance to explosion source being 5 m after explosion. B-D: Results of high-speed films.

B: Before explosion; C: During explosion; D: After explosion
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Fig 3 General observation and CT scans of lung and brain of canines in experimental groups

A: Pulmonary hemorrhage and pleural effusion; B: Normal thoracic cavity; C: CT scan indicates pneumothorax and pleural effusion; D:

CT scan indicates no abnormalities in the brain. CT: Computed tomography
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Fig4 H-E staining of canine hippocampal and pulmonary tissues among experimental and control groups

A: Inflammatory cell infiltration in hippocampus in experimental group; B: Intra-alveolar erythrocyte deposition in experimental

group; C: Normal hippocampus in control group; D: Normal alveoli in control group. Original magnification: X200
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Fig5 Expression levels of IL-6, IL-1p, IL-10, TNF-a and TGF-p in hippocampus of canines in control group

and each experimental group after explosion

IL: Interleukin; TNF-a: Tumor necrosis factor o; TGF-P: Transforming growth factor . "P<<0.05 vs control group. n=3,X=*s
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