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Short report

Effect of bezafibrate on the sequelae of acute
experimental focal cerebral ischaemia
B S ASPEY, S EHTESHAMI, C M HURST, S PEREIRA, M J G HARRISON
From Reta Lila Weston Institute ofNeurological Studies, The Middlesex Hospital, Mortimer Street, London

SUMMARY The possibility that the ability of bezafibrate to lower the oxygen affinity ofhaemoglobin
might lead to an increased oxygen delivery to ischaemic cerebral tissue was explored in preliminary
studies in two animal models. The combined morbidity and mortality of unilateral carotid ligation in
the gerbil appeared to be reduced at two hours in bezafibrate treated animals. By four hours and
thereafter the outcome was unaffected. Two hours after MCA occlusion bezafibrate-treated rats
showed a significantly reduced rise in tissue lactate concentration (p < 001) suggesting less anaerobic
metabolism had occurred in the ischaemic tissue.

Recent clinical trials have pursued the strategy of
attempting to increase blood flow in the aftermath of
acute stroke by haemodilution.' Their lack of success
has been blamed on the concomitant reduction in
oxygen delivery consequent upon haemodilution.
Attempts to increase the oxygen delivery to the brain
during experimental ischaemia have been made using
perfluorocarbons, though variable results have been
produced.?7
Thomas8 suggested that the ability of the lipid

lowering agent bezafibrate to lower the oxygen affinity
of haemoglobin in vitro910 might be utilised. As a
preliminary investigation of this possible strategy, we
have studied the effect of a single injection of
bezafibrate on acute focal cerebral ischaemia in two
standard models.

Methods

Focal cerebral ischaemia was produced in anaesthetised
gerbils (intra-peritoneal sodium pentobarbitol, 60 mg/kg) by
ligation of the left common carotid and right external carotid
arteries. This technique produces variable degrees of
ischaemia and neurological deficit" and a cumulative mor-
tality of40% after one week (unpublished data). A total of96
adult gerbils were subjected to this procedure, 48 of which
had received a single intraperitoneal injection of bezafibrate
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(MCP Pharmaceuticals Ltd), 10mg/kg as af%/o suspension in
methyl cellulose (itself a 10% solution in distilled water) one
hour before carotid ligation. The other 48 animals received a
similar dose of methyl cellulose at this time. Operative
procedures on each animal took 5-10 mins, after which the
cutaneous incision was sutured and the animals allowed to
recover under a heat lamp.

Clinical outcome and mortality rate were subsequently
recorded at various intervals up to one week. Clinical status
was assessed by one observer and numerically graded as
follows:
1 Normal behaviour or ptosis of one eye.
2 Right forepaw paresis or splayed limb.
3 Forced circling.
4 Tonic deviation of head and neck, fitting or moribund.
5 Death.

Rats
Twelve male Sprague-Dawley rats (370-620 g) were allowed
free access to food and water before induction of anaesthesia
with ether. Surgical anaesthesia was maintained with
intraperitoneal urethane 1-25 g/kg as a 25% solution in
normal saline. The right femoral artery was cannulated for
arterial sampling and blood pressure recording, and the left
femoral vein cannulated for infusions. A tracheostomy was
performed and the left common carotid artery ligated. Body
temperature was monitored by a rectal probe and maintained
by a heat lamp. After physiological baseline values were
established for arterial blood pressure, PO2, pCO2, pH,
glucose and haematocrit, and core temperature, the left
middle cerebral artery (MCA) was occluded by diathermy as
previously described.'2 13
One hour before MCA occlusion, six animals received an

intraperitoneal injection of bezafibrate similar to the gerbils
(10 mg/kg) and the other six were untreated controls. Both
groups received an intravenous infusion of 2 ml of normal
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Table 1 Numbers ofbezafibrate-treated (B) and control (C) gerbils in the different clinical status groups at various times post
carotid ligaton

2 HR 4 HR 24 HR 48-72 HR I week

Clinical status B C B C B C B C B C

I Normal behaviour or ptosis of one eye 21 13 29 29 28 29 29 29 28 25
2 Right forepaw paresis or splayed hind limb 0 4 1 0 4 1 0 3 0 3
3 Forced circling 2 5 2 6 2 4 0 0 0 0
4 Tonic deviation of head and neck, fitting or moribund 5 7 6 5 2 2 0 0 0 1
5 Death (cumulative) 1 4 9 7 12 1 1 18 17 19 19
Still unconscious after anaesthetic 19 15 1 1 0 0 0 0 0 0

saline over the first 30 minutes after occlusion, so that the
controls could be used for another protocol. All the animals
were maintained for two hours and then killed by immersion
in liquid nitrogen for measurement of cerebral tissue lactate.
Left and right whole hemispheric lactate levels were assayed
as previously described,'4 and expressed in pmol lactate/mg
hemispheric protein.

Results

Gerbil model (table 1)
Two hours after carotid ligation, about one third of
the animals in both groups had not yet recovered
sufficiently from the anaesthetic. At four hours all
survivors, except for one animal in each group were
conscious and could be examined for neurological
deficit.
At two hours, one (2%) treated and four (8%)

untreated animals were dead. By four hours the
cumulative mortality involved nine (19%) treated and
seven (16%) untreated gerbils and thereafter remained
equal though there was a suggestion that at four hours
there was less severe neurological deficit in the
survivors in the treated group (table 1).

Rat model (table 2)
Pre-occlusion values for arterial blood pressure, PaO2,
PaCO2, arterial pH, glucose and haematocrit, and core
temperature were all within normal ranges. In the six
control animals, mean left (ischaemic) hemispheric
lactate at two hours post MCA occlusion was 0-84,
0 019 umol/mg protein (table 2), a mean rise of 116%
above the nonischaemic right hemisphere (p < 0 00 1).

Table 2 Effect ofbezafibrate on hemispheric lactate content
2 hours after occlusion of the left middle cerebral artery in the
rat (SD)

Lactate (pmol/mg protein)

Group L R % Rise

Bezafibrate 0-052 0-046 14.5*
(n = 6) (0 011) (0-007) (28-0)
Control 0-084t 0 040 116.5
(n = 6) (0019) (0-013) (30 5)

*Difference from control p < 0 01
tDifference between L and R hemisphere p < 0-001.

In bezafibrate injected rats, the mean left hemispheric
lactate content was significantly lower at 0-052, 0 011
pmol/mg protein (p < 0-01). This level represents a
mean rise of only 14% above the corresponding
nonischaemic right hemisphere (0-046, 0007 pmol/mg
protein), and is not significantly different from the
nonischaemic hemispheres of either group.

Discussion

PET scanning of human patients in the aftermath of
acute ischaemic stroke has suggested oxygen extrac-
tion may reach 100%.'5 It is not clear, however,
whether this average figure obscures areas below the
spatial resolution of the equipment where increased
oxygen availability might yet influence metabolism
and outcome. Increasing cerebral blood flow by
isovolaemic haemodilution as in the Italian
Cooperative Trial2 produced no improvement in clin-
ical recovery, and it has been suggested that this may
relate to the reduced oxygen content of the blood after
haemodilution. The possible benefit of inducing chan-
ges in the oxygen dissociation curve has been pursued
in this preliminary study.
The uncertain significance of delayed recovery from

anaesthesia in the gerbil model makes the early
observations on only two thirds of the animals difficult
to interpret. However, the possible clinical difference
in outcome at two to four hours and the reduced rise in
cerebral lactate two hours after MCA occlusion in the
rat are compatible with a modified ischaemic result. As
we had no direct measurement on the oxygen dissocia-
tion curve of haemoglobin in the bezafibrate treated
animals, the precise nature of this beneficial response
is not certain. However, these preliminary results
suggest that further studies are warranted, for exam-
ple: combining bezafibrate and haemodilution.

We thank MCP Pharmaceuticals Ltd for supplies of
bezafibrate and Miss AL McCoy for the initial
technical assistance.
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