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[Original]
Histochemical Changes in Cerebral Microvessels in Rats Exposed to Rapid Decompression

Abstract

The decrease in cerebral blood flow following exposure to rapid decompression has been reported in some
clinical cases. This study focuses on the histologic and histochemical changes in the brain microvasculature
of rapidly-decompressed rats. The rats in the rapid decompression group were pressurized to 6ATA for 90
minutes, and then rapidly depressurized to 1 ATA in three minutes. The control group was not pressurized
at all. To enable observation of the vascular permeability, the rats were injected with horseradish peroxidase
(HRP) .Visualization was obtained by the reaction of diaminobenzidine (DAB) on a frozen section. For
evaluation of the blood microcirculation, the animals were injected with India ink via the left ventricle and
the microvascular blood filling status was examined. The ischemic regions were represented by a negative
color reaction with triphenyl tetrazolium chloride (TTC) . Gross and microscopic examinations revealed no
abnormal changes in the control group whereas unusual findings were observed in the rapid decompression
group. Intravascular erythrocyte aggregates and leukocyte adherence to the vascular endothelium indicative
of endothelial dysfunction were found. Filling defects indicative of a microcirculatory disturbance were
noted in the rapidly decompressed animals by the India ink injection. Vascular hyperpermeability was also
indicated by a brown coloration after the injection of HRP. The negative color reaction to TTC strongly
suggested diminished cerebral blood flow. These histological findings support the clinical observations that
cerebral microcirculations are impaired by rapid depressurization.
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Fig. 1 TTC color reaction in rat brain.

(A) Normal color reaction in a control animal. (B) Negative color reaction in a rapidly-decompressed rat. Marked
areas show no color reaction in the dorsal surface layer of the cerebral cortex. (C) Weak color reaction in a
rapidly-decompressed rat between the cerebrum and hippocampus.

Fig. 2 Vasculature of cerebral cortex following injection of India ink
(A) Control rat: Blood vessels in layers I to IV of the cerebral cortex
are well-filled with India ink and densely distributed. The capillary
network can be seen clearly. (B) Rapidly-decompressed rat : Filled blood
vessels are sparse and poorly-filled areas are observed.

Fig. 3 Vasculature in cerebral cortex at higher magnification

(A) Control rat: Blood vessels are well-filled with injected India
ink. (B) Rapidly-decompressed rat : Narrowed and interrupted
blood vessels are observed.

Fig. 4 Vascular changes in the thalamus of rats following
India ink injection.

(A) Vasculature in a control rat. (B) Vasculature in a
rapidly-decompressed rat: Blood vessels in the thalamus look
moniliform with narrow sections caused by vasoconstriction.
(C) Control rat: Vessels between the corpus callosum and
caudate nucleus are well-filled with India ink. (D) Rapidly-
decompressed rat: Numerous globular structures of about 5
¢ m in diameter, possibly leukocytes, are observed adhering
to the surface of the vascular inner wall.




20124-3H31H Pl = EOIRIE 7 » M3 B RN O MRk L E R Bl

Fig. 5 Vascular changes following HRP injection in a rapidly-decompressed rat.

(A) A color reaction indicates vascular hyperpermeability and stained neuropil by DAB. (B) Blood vessels are
intensely-stained and astrocyte glial processes (shown on both sides of the blood vessel) are lightly-stained,
indicating a positive DAB reaction. (C) Platelets aggregate in the vascular lumen.

Fig. 6 Histologic observation of rat brain with toluidine blue and safranin staining : Longitudinal section of
cerebral cortex blood vessel.

(A) Control rat: Vascular lumen and surrounding tissues are well-preserved. (B) Rapidly-decompressed

rat: The lumen is narrowed by aggregated neutrophils on the surface of the vascular wall. (C) Rapidly-

decompressed rat: The vascular lumen is filled with neutrophils and erythrocytes.

Fig. 7 Histologic observation of rat brain with toluidine blue and safranin staining : Cross-section of a blood
vessel in the hippocampus.

(A) Control rat: The vascular lumen is well-preserved. (B) Rapidly-decompressed rat: The vascular lumen is

filled with neutrophils and deformed red cell aggregates.
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