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Ischaemic swelling of cerebral hemisphere
in the gerbil
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SYNOPSIS Ligation of the common carotid artery in the gerbil was found to be associated with an

increase in wet weight, volume, and area of the ipsilateral cerebral hemisphere. True swelling and
oedema of the hemisphere occurs. This evidence suggests that it is reasonable to continue to use the
gerbil as an animal model of the oedema that may accompany cerebral infarction.

Oedema accompanies cerebral infarction in man
and on occasion may be of sufficient severity for
the swollen hemisphere to act as a space occupy-
ing lesion (Farmer and Wood, 1956). Secondary
brain-stem compression and haemorrhages may
be seen in fatal cases (Berry and Alpers, 1957).
While oedema of this extent is unusual, clinical
observation suggests that lesser degrees of swell-
ing may be found in 20% of patients sustaining
a non-haemorrhagic stroke (Plum, 1970). The
CSF pressure at lumbar puncture in those
patients with clinical evidence of oedema is
higher and their prognosis for survival is worse
(Plum, 1970).

Therapeutic regimes aimed at reducing cere-
bral oedema have been claimed to benefit the
acute stroke victim (Meyer et al., 1971; Patten
et al., 1972). A detailed study has, however, been
hampered by lack of a suitable animal model.
Ischaemic damage of cerebral hemisphere tissue
can be produced by combining anoxia with
carotid artery ligation in the rat (Levine prepara-
tion). Spector (1961) has demonstrated the
occurrence of oedema in this preparation.
However, the need to combine anoxia with the
carotid ligation makes this a less than ideal
model of the pathophysiological situation in
human thromboembolic infarction.

Ligation of the common carotid artery in the
neck of the adult Mongolian gerbil (Meriones
unguiculatus) causes infarction of the ipsilateral
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cerebral hemisphere in approximately 60% of
instances (Harrison and Ross Russell, 1972). The
vulnerability of the brain to extracranial vessel
ligation in this species is due to the incomplete-
ness of the circle of Willis. Sixty per cent of
affected animals show neurological deficit con-
sisting of abnormal circling behaviour, rolling
seizures, or splaying of the contralateral limb
(Khan, 1972).
The infarcted hemisphere appears swollen

within eight hours, and the percentage wet weight
is increased at this time (Harrison et al., 1973).
Proof that this apparent change in water content
is associated with swelling of the hemisphere has
been lacking, the alternative possibility being
that the percentage wet weight of the brain rises
due to loss of cerebral substance by necrosis.
Measurements of hemisphere wet weight, vol-
ume, and cross-sectional area have therefore
been made.

METHOD

The right common carotid artery was ligated in
adult gerbils under pentobarbitone anaesthesia.
Eight hours later the animals were killed by decapi-
tation and the brain was removed rapidly. The two
cerebral hemispheres were carefully separated from
the brain-stem and from each other, and weighed
immediately (wet weight).
Hemisphere volumes were then measured by cal-

culating the weight of water displaced when the
brain was suspended in a volume of water in a small
beaker on a balance pan. The beaker and contents

P
rotected by copyright.

 on M
ay 22, 2023 by guest.

http://jnnp.bm
j.com

/
J N

eurol N
eurosurg P

sychiatry: first published as 10.1136/jnnp.38.12.1194 on 1 D
ecem

ber 1975. D
ow

nloaded from
 

http://jnnp.bmj.com/


Ischaemic swelling of the cerebral hemisphere in the gerbil

were weighed. Each cerebral hemisphere was then
suspended from a wire stand by a thin thread. As the
brain tissue was immersed completely in the water,
the weight of the beaker and its contents rose by an

amount equal to the weight of water displaced by
the immersed cerebral hemisphere.

In another series of animals the brain was fixed
in formol saline and a single coronal section was

taken through the optic chiasm. The cross-sectional
area of the hemisphere was measured by a counting
squares technique under the low power of a dis-
secting microscope.

RESULTS

The gross weight of the right hemisphere in
operated animals is greater than that of the left

hemisphere (Table 1, P <0.001). The change is
most marked in those animals showing neuro-

logical deficit, and therefore known to have an

infarct. The volume of the right hemisphere in
operated animals is also significantly greater,
particularly in those individuals which show
neurological abnormality (Table 2, P <0.001).
The cross-sectional area of the right hemisphere
was also increased, though the difference is less
clear cut in the small group studied (Table 3,
P<0.05).

DISCUSSION

In a previous study, we showed that the per-

centage water content of the infarcted gerbil

BLE 1

WET WEIGHT OF CEREBRAL HEMISPHERES EIGHT HOURS AFTER LIGATION OF RIGHT CAROTID ARTERY

Groiup (no.) Hemisphere: wet weight Student's P
(mg) test

Right Left (R v L)

A: controls 21 300.2 295.8 1.71 NS
(no operation) ± 3.26 SE ± 3.24 SE

B: All operated 27 346.2 329.1 3.91 <0.001
± 5.31 SE ± 3.73 SE

Sick animals 10 367.7 333.5 8.74 < 0.001
± 7.44 SE ± 6.76 SE

TABLE 2

Group (n1o.) Volumes (nmg Student's P
displaced H20) test

Right Left (R v L)

A: Controls 21 280.7 275.6 1.7 NS
(no operation) ± 3.55 SE ± 3.29 SE

B: All operated 27 320.9 303.2 4.49 <0.001
± 5.6 SE ± 3.3 SE

Sick animals 10 342.0 309.2 5.56 <0.001
±8.2 SE ± 6.1 SE

TABLE 3

Group (no.) Areas (squares) Stuident's P
test

Right Left (R vL)

A: Controls 10 28.0 27.0 1.4 NS
± 0.88 SE ± 0.85 SE

B: Operated 9 29.8 27.7 3.22 < 0.02
± 0.87 SE ±0.77 SE
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hemisphere was greater eight hours after carotid
ligation (Harrison et al., 1973). The present
measurements have shown that this is associated
with an increase in total weight, volume, and
cross-sectional area of the hemisphere. There is
thus both true oedema and swelling.

Klatzo (1967) has described two types of
oedema, cytotoxic and vasogenic. In the gerbil,
breakdown of the blood-brain barrier after
carotid ligation does not occur until 18 to 24
hours, while oedema is demonstrable within a
few hours (Klatzo, 1973). This suggests that, in
this preparation, the early oedema may be cyto-
toxic. Later, vasogenic oedema may also occur.

In the case of the cerebral infarction in man,
there is little evidence on the type of oedema in
the early stages. The fact that brain isotope
scans do not become positive until the second
week in most cases of cerebral infarction
(Glasgow et al., 1965; Usher and Quinn, 1969)
suggests that the blood-brain barrier in the
damaged area is grossly intact at a stage when
oedema is common three to four days after the
onset (Shaw et al., 1959). Despite the difference
in time course between the human situation and
the animal model, it appears possible that, in
both, oedema precedes the major breakdown of
the blood-brain barrier to large molecules. The
present data suggests, therefore, that it is reason-
able to continue to use the gerbil as a model of
ischaemic oedema and swelling of the brain tissue.

We are grateful to Dr J. Watson of the Academic De-
partment of Radiotherapy, The Middlesex Hospital, for
suggesting the method of measuring the volume of tissue
samples.
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