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Introduction
- It is generally known that central noradrenergic system is closely related to spontaneous

motility and level of consciousness.®

Protracted disturbance of consciousness is one of major problems in patients with diffuse brain
injury. However, the mechanism of disturbed consciousness in this type of injury is not fully
understood.

In this study, morphological change of locus coeruleus (LC) neurons was examined in a
diffuse brain injury model to understand the effect of the injury on the central noradrenergic
system.

Materials and Methods

Diffuse Brain Injury Model

The diffuse brain injury model in rats developed by Marmarou et al.*” was used with slight
modifications. Sixty two adult male Sprague-Dawley rats weighing 450-500 g were anesthetized
with chloral hydrate (300 mg/kg, i.p.) and placed in prone position on a foam bed with
spontaneously breathing. Impact-acceleration brain injury was produced with weight-drop device.
A brass weight (450 g) was dropped freely by gravity from a height of 1.5 m onto a metallic
helmet fixed to the skull vertex of the rat. The rat was moved away immediately following initial
impact to prevent a second impact and then observed for several minutes. The size of helmet disc
was 20 mm in diameter and 1.5 mm thick. We have initially empl gfed smaller helmet (10 mm in
diameter) and 2 m weight drop as discribed in the original report.*” It resulted in high mortality
and frequent skull fracture. Therefore, we adopted 20 mm helmet and 1.5 m weight drop.

Brain Fixation and Immunohistochemistry

At 24 h, 48 h, 7 days and 14 days after injury, two animals each from the experimental and
control groups were anesthetized and perfused intracardially with 4% paraformaldehyde (PFA) in
0.1IM phosphate buffer (PB). The brains were removed and postfixed with the same fixative for
24 h. After immersed in 30% sucrose in 0.01M phosphate buffered saline (PBS), the brains were

embedded in Tissue-Tech and stored at -80°C. Fixed brains were sliced into 12 w« m serial

coronal sections from 8 mm to 11 mm posterior to the bregma including L.C on a freezing
cryostat and processed for immunohistochemistry .

Immunohistchemistry was done for dopamine- 8 -hydroxylase and neurofilament. Sections

were washed in PBS and permeabilized with acetone at -20°C for 10 minutes, and then incubated
with 0.3% hydrogen peroxide for 30 minutes. After washes in PBS, blocking of nonspecific
biding was achieved with 2% normal horse serum in buffer (0.1% Triton X-100 and 5% sucrose
in PBS) for 20 minutes, and sections were finally incubated overnight at 4°C with primary
antibodies (anti-neurofilament 68-kD mouse monoclonal antibody diluted 1:50, Boehringer
Mannheim Biochemica, anti-dopamine- 8 -hydroxylase rabbit polyclonal antibody diluted

1:1000, Eugene Tech International). VECTASTAIN Elite ABC Kit (Universal) was appropriated
to visualize immunolabeled structures according to the manufacturer's recommendation. The
precipitate formed by DAB was enhanced with NiCl,.

Measurement
Every fifth of serial coronal sections immunostained with anti-dopamine- 8 -hydroxylase

(DBH) was assessed by using image analysis program (Scion Image). To evaluate the change of
cellular size, cross sectional area of each stained neurons containing nucleus was measured. It
was averaged throughout the sections and displayed as a percentage of control animals.
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Result
Sixty two rats underwent diffuse brain injury, and immediate mortality was 19%. Post

traumatic seizure was observed in 40 (63%) animals through the experiment and in 24 (48%)
survivors. Recovery from anesthesia was protracted in injured animals compared with control
animals. Spontaneous motility in the survivors was reduced immediately after recovery from
anesthesia and was gradually improved in two weeks. Gross pathological observation showed
subarachnoid and intraventricular hemorrhages commonly. No skull fracture nor contusion were
observed in any animals. Immunohistochemistry for anti-neurofilament 68-kD showed extensive

axonal injury particularly in the brain stem at one or two days after injury. (Fig.1)
LC neurons immunostained with DBH were increased by 15% in size at 24 h after injury and

were decreased by 20% at 7 days. Number of LC neurons did not decrease significantly. Axons

of LC neurons and dorsal catecholamine bundle, projecting pathway of noradrenergic neurons,

were swollen at 24 and 48 h after injury and dwindled in 7 days. (Fig.2,3,4)

Discussion

Locus coeruleus is located in the tegmentum of the upper pons and consists mainly pigmented
nerve cells which contain norepinephrine.*® The noradrenergic pathways originating from LC
influence neural activity in many regions.”™® In animal brain injury models, previous study
indicated that central norepinephrine concentration was decreased and spontaneous activity of LC
neurons is reduced.>® On the other hand, it was reported that the biosynthesis of norepinephrine
in LC might not be affected by experimental moderate brain injury.

The presént study revealed alteration of LC neurons in size in a diffuse brain injury model. LC
neurons were first increased in size at 24 h after injury and were decreased at 7 days after injury.
Axons of noradrenergic neurons were swollen and then dwindled. These results suggest that focal
impairment of axonal anterograde transport due to diffuse brain injury may cause the shrinkage of
LCneurons and play important role in the pathophysiology. Further studies should be made about
the relation between the effect of diffuse brain injury on the central noradrenergic system and
complex brain functions such as cognition, lerning, memory consolidation, attention and so on.
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Figure legends
Fig.1. Photomicrographs of brain sections immunostained with anti-neurofilament 68-kD at 48 h
after injury. Diffuse axonal swelling was observed in the reticular formation of upper pons (left),
in the rubrospinal tract and trapezoid body (right).

Fig.2. Photomicrographs of locus coeruleus (LC) immunostained with anti-dopamine- 3 -

hydroxylase in control animal (A), 24 h after injury (B), 1 week after injury (C), 2 weeks after
injury (D). Significant shrinkage of LC neurons was observed at 1 and 2 weeks after injury.
Axons of LC neurons were swollen at 24 h after injury compered with those of control animals.

Fig.3. Photomicrographs of axons immunostained with anti-dopamine- 8 -hydroxylase in the

dorsal catecholamine bundle. Axons were swollen at 24 h after injury (right) compered with those
of control animals (left).

Fig.4. Cross sectional area of locus coeruleus neurons displayed as a percentage of control
animals.
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