
Low doses of dexamethasone have been used to treat cerebral
edema associated with trauma and tumors in small animals (1).
However, controversy still remains in the literature regarding the
treatment of brain edema with dexamethasone after a severe head
injury. Some authors (2) have suggested that high doses of
dexamethasone may be beneficial to decrease edema, while others
suggest that it does not improve outcome and may even have dele-
terious effects (3). High concentrations of potassium at the site of
hematoma formation are associated with high doses of dexa-
methasone which may lead to neuronal degeneration (3).

Recent publications have shown that the collagenase-induced
intracerebral hemorrhage in rats is a reproducible model that may be
used to study the pathophysiolgogy of intracranial hematoma and
associated cerebral edema (4–6). It has been suggested that the basal
lamina, of blood vessels in the brain containing collagen (7–9), are
affected by the release of collagenase secreted by mononuclear cells
during inflammation and by metastatic tumors (10–13). Therefore,
collagenase may be an intrinsic molecule responsible, at least in
part, for the edema observed with cerebral trauma and tumors.

The objective of the present study was to evaluate different
doses of dexamethasone (1, 5, and 30 mg/kg) for the treatment of
cerebral hematoma induced by the intracerebral injection of colla-
genase at a dose sufficient to produce a significant intracerebral
hematoma. Anti-inflammatory effects of dexamethasone are known
to be mediated by mechanisms, such as blocking edema formation
and extravasation of cells, at the inflammatory site. Since we did not
evaluate histological changes, it is not possible to differentiate
between the effects of dexamethasone on edema and hematoma
formation independently. 

Forty male Sprague-Dawley rats (5 groups of 8 animals),
approximately 250 to 300 g body weight (BW) (Charles River,
St-Constant, Québec) were used in this study. These rats were
specific pathogen-free, originating from a barrier facility. Following
their arrival, they were kept in a standard laboratory animal envi-
ronment (fresh filtered air: 15 changes/h; temperature: 21 ± 3°C;
humidity: 40–60%; and light-dark cycle: 12:12 h). They were housed
in pairs in polycarbonate cages (Ancare, Bellmore, New York, USA)
on hardwood bedding (Beta chip; Northeastern Products Company,
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Low doses of dexamethasone decrease brain water content
of collagenase-induced cerebral hematoma

Pascal Vachon, Jean-Pierre Moreau

A b s t r a c t
Different doses of dexamethasone were evaluated for the treatment of cerebral trauma using a rat model of cerebral hematoma
induced by intracerebral (IC) stereotaxic injections of collagenase. Control animals received an intracerebral collagenase injection
followed by intraperitoneal (IP) saline injection. Sham operated animals received saline only (IC, IP). Forty-eight hours following
the surgeries, the brains were removed from the euthanized animals. Cerebral hemispheres were separated and the 4 coronal
sections (antero-posterior plane) were weighed. Each slice was dried for 24 h (100°C) and weighed again to establish brain water
content. In hematoma-induced saline treated rats, significant differences in brain water content were observed when compared
to sham operated animals. Rats treated with 1 mg/kg dexamethasone had a significant brain water content decrease; however,
no significant differences were observed with higher doses of dexamethasone. In conclusion, low doses of dexamethasone seem
to be beneficial for the treatment of cerebral trauma. 

R é s u m é
Différentes doses de dexaméthasone ont été évaluées pour le traitement des traumas crâniens utilisant un modèle d’hémorragie cérébrale
induite par l’injection intracérébrale (IC) de collagénase chez le rat à l’aide d’un appareil stéréotaxique. Des témoins ont reçu soit une injection
IC de collagénase suivit par une injection intra-péritonéale (IP) de salin, soit du salin uniquement (IC, IP). Quarante-huit heures suite aux
injections IC, les cerveaux furent rapidement prélevés et chaque hémisphère fut coupé en 4 sections coronales (plan antéro-postérieur). Les
tranches furent pesées, séchées pendant 24 h (100 °C) puis repesées afin d’établir le pourcentage en eau des tissus. Chez les rats témoins,
des différences significatives de l’œdème cérébral ont été observées chez les rats ayant reçu la collagénase IC. Une diminution de l’œdème
cérébral a été observée uniquement chez les rats traités avec 1 mg/kg de dexaméthasone. En conclusion, des doses réduites de dexaméthasone
semblent bénéfiques pour le traitement des traumas crâniens.

(Traduit par Dr Serge Messier)
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Warrenburg, NewYork, USA) and acclimated for at least 3 d prior to
the initiation of the study. Rats received reverse osmosis ultra vio-
let (UV) treated water and a certified laboratory diet (Harlan Teklad
Mouse/Rat diet, Bartonville, Illinois, USA) ad libitum. The experi-
mental protocol was approved by the Institutional Animal Care
and Use Committee prior to animal use and is in accordance with the
guidelines of the Canadian Council on Animal Care (13).

Following anesthesia (pentobarbital 50 mg/kg IP; MTC
Pharmaceuticals, Cambridge, Ontario), rats were placed in a
stereotaxic instrument (David Kopf Instruments, Tujunga, California,
USA). Rectal temperature was monitored during surgeries
(Thermalert TH-8; Physitemp, Clifton, New Jersey, USA) and
remained within normal limits (35.5–37.0°C) throughout the surgery
for all animals. The skin above the skull was incised and a burr hole
was made at the following stereotaxic coordinates (5): antero-
posterior 0.0 mm and lateral 3.0 mm. Animals were injected via the
burr hole 5 mm below the dura in the right cerebral hemisphere
using a 5 �L syringe (Hamilton syringe; Reno, Nevada, USA).
Hematoma-induced animals and negative controls received the
collagenase solution and saline (2 �L) respectively. The collagenase
solution was composed of 0.5 U collagenase Type VII (Sigma-
Aldrich, Oakville, Ontario) in 2 �L saline (Abbott Laboratories,
St-Laurent, Québec). The total injection time was 10 min. Following
the injection, the needle was removed after 5 min to prevent reflux
and the skin was sutured (silk 4.0). The animals were maintained
under a heating lamp until recovery. Stereotaxic coordinates were
chosen so that injections were localized in the caudate nucleus (14). 

Negative controls (controls; Figure 1) were sham operated animals
receiving an intracerebral injection of saline followed intraperi-
toneal saline at a dose volume of 5 mL/kg at 0.5 and 24 h. Positive
controls (hematoma, Figure 1) received an intracerebral injection of

the collagenase solution followed by intraperitoneal saline at a
dose volume of 5 mL/kg at 0.5 and 24 h. Three hematoma-induced
groups received 1, 5, and 30 mg/kg of dexamethasone (5 mg/mL;
Vétoquinol N.A. Inc. Lavaltrie, Québec), respectively, at 0.5 and 24 h
following the intracerebral injection of the collagenase solution.

Forty-eight hours following the intracerebral injections, animals were
injected with pentobarbital (60 mg/kg, IP) and brains were quickly
removed. Hemispheres were separated and cut in 4 coronal sections
of approximately equal thickness in the antero-posterior direction iden-
tified as slice 1, 2, 3, and 4 of the right (R) and left (L) cerebral
hemispheres. Each slice placed in a glass tube was weighed before and
after drying for 24 h in an oven at 100°C. Brain water content was
expressed as the percent change between wet weight (WW) and dry
weight (DW) using the formula: WW-DW/WW � 100.

Unpaired t-tests were performed to assess differences between
brain areas of selected groups. Statistical significance level was
set a priori, at P � 0.05 adjusted with a Bonferroni correction.
Statistical analyses were performed using software (Statistica,
version 4.3; Statsoft, 1993; Tulsa, Oklahoma, USA).

Results from all experimental groups are presented in Figure 1.
In hematoma controls, significant differences are observed between
R2 sections (P � 0.0001) as well as R1 and R3 sections (P � 0.001).
The increase in water content was, therefore, most significant in the
slice (R2) corresponding to the collagenase injection site and less in
the surrounding tissue (R1 and R3). Although the injection of
collagenase was in the right cerebral hemisphere, the left hemisphere
appeared affected, but to a much lesser extent.

Hematoma-induced animals that received low intraperitoneal doses
of dexamethasone (1 mg/kg), showed a significant decrease in water
content in R2 only (P � 0.001). These results suggest that low doses of
dexamethasone decrease brain edema and, possibly, hematoma,
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Figure 1. Bar graph of brain water content (%) ± s from negative controls (sham-operated animals indicated as control), positive controls (hematoma-induced ani-
mals without dexamethasone treatment indicated as hematoma), and collagenase-induced hematoma dexamethasone treated animals. Water content was deter-
mined in 4 coronal antero-posterior brain sections (1, 2, 3, and 4), of approximately equal thickness taken from the right (R) and left (L) cerebral hemispheres.



following intracerebral collagenase injections mainly in the section (R2)
where the hematoma is localized, although a non–significant decrease
in brain water content also occurred in surrounding tissues.

No significant differences in brain water content were observed
in animals that received an intracerebral injection of collagenase and
intraperitoneal injections of dexamethasone at 5 and 30 mg/kg,
respectively, when compared to hematoma controls. 

Our results, using a collagenase-induced cerebral hematoma rat
model, suggest that low doses of dexamethasone reduce cerebral
brain water content, whereas high doses have no beneficial or
detrimental effects on this parameter. This model has been shown
to be highly reproducible and the histopathological changes are
consistent with those seen in intracerebral hemorrhage (6).
Locomotor deficits have been shown to correlate with the size of the
lesion evaluated histologically (4), and nuclear magnetic imaging has
been shown to correlate with behavioral and histological changes (5).
Therefore, this seems to be a reliable model to study intracerebral
hemorrhage, and alternatives methods can be used to assess
therapeutic approaches for the restoration of neurological deficits
following cerebral hemorrhage. 

Previous investigations have found that high doses of cortico-
steroids were not beneficial in cases of brain trauma (16,17) and low
doses of dexamethasone reduce inflammation and edema (18).
Our findings are in accordance with these observations. In the
collagenase-induced hematoma model (6), intracerebral bleeding was
seen 10 min after the collagenase infusion. By 45 min intact
erythrocytes were seen to dissect between normal brain tissue and
by 4 h there was extensive bleeding without evidence of tissue
necrosis. By 24 h, the lesion is composed of a central zone, consisting
in necrotic tissue and erythrocytes, and a peripheral zone with
necrotic glial and neuronal cells, as well as a few polymorphonuclear
leukocytes. Therefore, the first 24 h are important in the formation
of the hematoma. Our decision to treat at 0.5 h and 24 h following
the injection, made in order to reproduce the clinical setting where,
following head trauma, an animal would be treated in order to
reduce edema during the critical post-traumatic phase. Contusions
are associated with delayed edema, ischemia, and neurological
deficits. Following a brain contusion, the maximal edematous and
inflammatory responses have been shown to appear 4 to 6 d after the
trauma (19,20). In rats, daily treatments for 5 d with low doses of
dexamethasone (1 mg/kg), decreased edema following brain
contusion (18). Although the hematoma produced in the contusion
model appeared much less important in size, these results suggest
that daily treatments with low doses of dexamethasone will also be
beneficial in a clinical setting.

In conclusion, low doses of dexamethasone seem to be more
beneficial for the treatment of cerebral trauma, whereas high dose
have no beneficial effect. Further studies using the collagenase-
induced model of the cerebral model are required to evaluate the
histopathological and behavioral changes that occur with treatment,
suggested by the results of this study.
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