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Abstract : Recent studies suggest that Nimodipine, a potent
calcium-channel antagonist that causes significant cerebrovascular
dilatation, may improve neurological outcome after acute ex-
perimental permanent focal cerebral ischaemia in animals when
given before or immediately after occlusion of the middle cerebral
artery (MCA).

In this study. the effect of Nimodipine and Mannitol, singly
or in combination was investigated on focal cerebral ischaemia
induced by MCA ocdlusion using the transorbital approach in the
rabbit model. At 1 hour after occlusion, the rabbits were treated
for 6 and 24 hours duration in a double-blind technique with either,

saline, nimodipine. mannitol and nimodipine + mannitol.
Neurological outcome was better in rabbits treated with 6 and 24
hours nimodipine + mannitol at 1 hour after occlusion. and the
size of areas of infarction was statistically the smaller in the
nimodipine + mannito] treated group when compared with the
controls. The degree of ischemic injury in the nimodipine + mannitol
group was statistically reduced compared with the other groups.
These results suggest that the possible mechanism of action of
nimedipine + mannitol is on the “penumbra” of the ischaemic
area
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INTRODUCTION

A few minutes after the onset of severe
ischaemia, depolarization of cell membranes causes
increased permeability resulting in an influx of
Ca**, H,0 and Na* from the extracellular to the in-
tracellular space and an increase of extracellular K*.
Increased intracellular Ca** induces arachidonic
acid cascade which consequently produces throm-
boxane A,, leukotriene and free radicals. Thrombox-
ane A, and leukotriene are the most important
vasoconstrictors. In addition,leukotriene causes brain
aedema by changing the membrane permeability.
Free redicals are directly responsible for cell injury.
As a consequence of these physiological and
biochemical events, it has been shown that Ca** is
the most important factor in cell death
(7.15.25,34,36,42,43)

The aim of the therapy of cerebral ischaemia is

to increase ischemic tolerance by increasing cerebral
blood flow (CBF) and improve biochemical changes
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caused by cell injury (18). Blood viscosity has an im-
portant role for the CBF in ischaemic brain injury. In
several experimental and clinical studies of cerebral
ischaemia it has been shown that hypervolemic
haemodulition and mannitol decrease blood viscosity
(4.22), and nimodipine increases CBF, thus both pre-
vent vasospasm due to vasoactive agents and
decrease intracranial pressure (ICP) (3.8.12,16,41).

This study was carried out to determine the ef-
fects of nimodipine, mannitol and their combination
on cerebral ischaemia.

MATERIAL AND METHODS

To produce cerebral ischaemia in rabbits the
technique introduced by Sundt and Waltz (39) was
modifed. The experiments were carried out in the
Clinical and Experimental Research Centre of Erciyes
University Medical School, Kayseri.

In the study. 37 New Zealand Rabbits, 2.5-3.8 kg
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in weight, were sedated with 6 mg/kg IM ketamine
then anaesthetized with 15 mg/kg IV Thiopentone.
Paralysis and analgesia was maintained with 0.2
mg/kg IV Pancroniumbromide and 0.1 mg/kg IV fen-
tanyl. Trachaostomy was performed. The animals
were ventilated with air-room following the arterial
canula was inserted into the femoral artery for con-
tinuous recording of blood pressure and blood gas
samples. The animals were placed in the right lateral
position with the head stabilised. A skin incision was
made 2-3 an. along the superior lateral rim of the or-
bit and the soft tissue was dissected to the rim of the
orbital bone. The bone was removed with rongeur.
The remaining orbital content was dissected
subperiosteally and removed at the apex of the in-
traorbital muscular cone and the optic nerve. Using
a surgical microscope, craniectomy (6x10 mm?) was
carried out just above the optic foramen with a high
speed drill. After 5x6 mm? excision of dura and
dissection of the underlying arachnoid membrane,
the intracranial portion of the middle cerebral artery
(MCA), the mternal carotid artery (ICA) and the
anterior cerebral artery (ACA) were identified. The
ICA was closed 2-3 mm distal of the birfucation with
bipolar electrocoagulation. The middle of the closed
artery was cut prevent recanalization. The craniec-
tomy defect was covered with gelfoam and the
wound was closed with 3/0 sutures. 100mg/kg IM Sef-
triakson was given prophylactically. 8 rabbits were
used to improve the technique of MCA occlusion.
Sham operations were performed on 5 rabbits. There
was no neurologicil deficit or infarct in any rabbit at
the 7% day. Thus it was demonstrated that the rab-
bit did not die and had no neurological deficit do to
anaesthesia and the surgical process.

Treatment group: The rabbits were divided in-
to four groups: control, nimodipine, mannitol, and
nimodipine + mannitol. Three rabbits in each group
were treated for 6 hours and another three for 24
hours. Treatment was begun in the first hour of MCA
occlusion. Nimodipine at a dose of 1ug/kg/dk was
given via intravenous infusion.

Mannitol was given at a dose of 0.2 g/kg/10 min
twice in the 6-hour treatment group and six times
in the 24-hour treatment group. The total liquid given
to all animals was 4.2 ml/kg/h.

Physiological measurement: Physiological
parameters were recorded one hour before, during
and one and three hours after ocdlusion (temperature,
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pulse, respiration rate, hct, MABP, pH. pCO;, pO; ).
Body temperature was monitored by a rectal ther-
mometer and animals were maintained normother-
mic (37°C) by external heating when required. Blood
gas analysis was measured by CIBA CORNING 278
Blood gas system. Arterial pH, pO, and pCO, were
measured periodically and kept constant.

Neurological examination: Blind neurological
examinations were made by two observers. Results
were classified as a normal, abnormal and died (24).
Abnormal findings included generalized weakness,
markedly reduced motor activity. decreased feeding
.grooming or obtundation. The findings of the
observers were in agreement. Neurological examina-
tion was made before surgical procedure,
postoperative 6 hours on the first day and the 7%
day.

Neuropathological examination: On the
seventh day of MCA occlusion, following
neurological determination, the rabbits were
anaesthetized with ketamine and killed with an in-
travenous injection of Potassium chloride. The brains
were removed. Coronal sections were made at the
level of 5mm anterior to the optic chiasm and 5mm
brain slices were obtained for biochemical examina-
tion. The infarct area was measured at the left
hemisphere and the right hemisphere was used as
a control. The remaining brain was fixed with 10%
formalin. After 7th days coronal sections were ob-
tained at the middle of the optic chiasm 5mm
anteriorly and posteriorly. The slices were stained
with Hematoxylin and Eosin. The volume of infarc-
tion at the same hemisphere, and the total of infarc-
tion at the cortex and basal ganglia were calculated.
The intensity of ischaemia was calculated as a ratio
of the affected neurons to total neurons at 8 areas
measured 1 mm? from the cortex, subcortex and
basal ganglia. The infarct area was measured by
planimetry of tracings from projected photographic
slides of the section.

Biochemical examination: The volume of cor-
tical aedema was measured as mentioned previous-
ly. The samples were dried at 110°C for two days
and the percentage water content.

Na* and K* values: For determining Na* and K*
rates at left ischaemic and right nonischemic regions
the equal amounts of Nitric acid (HNO,) and
Percloric acid (HCO;) solution were hydrolised by
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boiling up to clear. Then Na* and K* amounts were
measured.

Statistical analysis: Mann Whitney U and
Kruskall Wallis tests were used. All results were
presented as mean + standard deviation.

RESULTS

During the surgical procedure, temperature,
respiration rate, pH, pCO, and pO, kept constant.
Minimal metabolic acidosis was observed following
ischaemia in all groups.

The mean arterial blood pressure (MABP) was
kept between 90-118 mmHg permanently. A slight
decrease 'of MABP was observed in the nimodipine
treated animals but did not reach statistical
significance (p>005). The blood lost was between 5-12
ml in the cour se of the surgical procedure.

The rabbits hct was 38.79+3.59 % before surgical
procedure and 35.04+3.65 % after procedure hct
changes are presented (Table I).

Table I: Haematocrit levels of experimental groups

Groups -1 +1 +3
Control 06h 37.67+252 32.67+2.52 32.00+1.73
24h 38334351  35.67+3.79  34.67+3.06
Nimodipine 06h 3633+4.16 33.00+3.61  32.00+3.46
24h  40.00£849  36.00£6.93  3500+436
Total 38.08+3.94 34.33+4.16  33.4243.18
Mannitol 06h  40.67+7.02 37.004£6.24 33.00+4.36

24h 3933+058 34.67+1.15 30674153

Nimodipine+ 06h  383340.58  34.67+0.58 31.00+1.00
Mannitol 24h 39.67+1.53  36.67+2.08  32.00+1.00

Total 39.5043.07 35.72+3.08  31.68+2.27
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6. In the postoperative 7% day, there were no
neurological deficit in the 8 animals but abnormal fin-
ding in the & animals.

Table II: Water content, sodium and potassium levels of
ischaemic and non-ischaemic regions

Groups Water content (%) Sodium levels (mEq/kg) Potassium levels (mEglkg)
non-ischaemic ischaemic non-ischaemic ischaemic mon-ischaemic ischaemic

€ b 8LIT1056 84194101 52034419 60304515 101740736 73.70+05.15
MhOSM4SLTT BAA2ELHE SLO0EIS)  SESTST BSATA0142  8363:0044

NOG b 69055 BL40:040° 41100 SLA0HA2 TA0IM2 619741538
b RA2Y BRI WL BI0D RIME 705520671
M 06h M50 RIGIT S0M0:601 BHIH TN 000557
HhoOSLUELS] S0 08865 5048175 B0 091164

N+ 00h 80264039 84121090 48834275 SLU41T2 SL4Ts1I4) 798331112
M Hho 08105 B8 667101 51804852 SLYTA0200 791340001

C:control, N: nimodipin, M: mannitol, N+M: nimodipine + mannitol

* Significantly different from control and other groups, P +0.05 (Kruskal
Wallis Variance analysis)

** Significantly different from control, P +0.05 (Mann Whitney U test)

Infarct area: The size and location of infarct was
slightly different between groups. The infarct area
was at deep middle line and near the basal ganglia
in some animals but extending superficially to cor-
tex in most. The area of infarction of the affected
hemisphere following MCA occlusion was
45.97+18.58 % in controls, 24.48+11.81% in the
nimodipine, 22.85+17.52 % in mannitol, and 5.7+5.8
% in the nimodipine + mannitol group. The size of
infarct at the cortex and basal ganglia and its rela-
tion to outcome is presented in Table III. Generally,
the degree of neurological deficit showed close
relation to its location rather than size. However,

Table III: Infarct distribution at the cortex and basal ganglia
and its relation to the clinical outcome

—1: one h. before occlusion, +1:0ne h. after occlusion,
+3: three h. after occlusion

Electrolyts and cerebral water content
changes: The only significant changes were found
in the nimodipine treated group in which the water
content and sodium amount at 6 hours were found
to be decreased. Other data is presented in table IL.

Neurological outcome: At clinical examination
on the first day.there were signs of cerebral infarct
in all rabbits of which MCA were occluded. Five of
8 animals with severe neurological deficits died on
the 4% day postoperatively, 2 at the 5t day, 1 at day
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Groups TL Coter  Bas.gang. Normal Abnormal Death
(%) (¥T1)  (WTL)

Control O6h  39.23:1170 52701818 473041818 0 2 1
Mho 52702425 807041679 19301679 0 1 2

Nimudjpint 00h 21741301 598743652 401313652 2 0 1
Hho N0 7653504 DAT504 0 2 1

Mannitol 06h 342041676  7057:279¢ 943:27.% 2 0 1
Hh o OL5041002*  BON0+05 198042305 1 1 1

Nunodjplinh 00h 050040452 970044041 030040424 1 1 1

Mannitol Hho 00310084 7667+4041 2333:4041 2 1 0

(T.I: total infarct area)

* Significantly different from control. P0.05 (Mann Whitney U test)

** Significantly different from control ard other groups, P+0.05 (Kruskal
Wallis Variance analysis)
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wakefulness of animals was in accordance with the
size of the infarct. There was severe infarct
histopathologic ally with a mean infarct size of
28.01+23.24 % in the & animals had severe
neurological deficit at neurological examination
which died (3 control, 2 mannitol, 2 nimodipine and
1 nimodipine + mannitol). In the 8 neurologically ab-
normal animals (3 control, 2 nimodipine, 1 mannitol,
2 nimodipine+mannitol) mean infarct size was
26.45+16.90 %. In the & neurologically normal animals
(2 nimodipine, 3 mannitol, 3 nimodipine + mannitol)
the mean infarct size was 20.81+19.54 % with a less
severe infarct histologically. The best effect was
found in the nimodipine + mannitol treated group
though nimodipine or mannitol per se were both ef-
fective at the 24" hour.

Histopathological examination:

Microscopic examination: Distribution of the
ischaemic changes was similar but the intensity was
different in all groups. Ischaemic damage was more
severe in the basal ganglia region.

6-hour control group: The cortex, subcortex and
basal ganglia were entirely affected. As a result of
ischaemic change, perikaryon showed dark
eosinophil colour and the nucleus was either absent
or hardly seen. Nissl bodies were lost and the size
of cell was usually small. Histiocytes were more pro-
minent in every region of the cortex and subcortex.
Congestion and aedema were severe.

24-hour control group:The aedema was intensive
and necrosis was prominent. There were particles of
necrotic cells in the ground. Histiocytes, eosinophils
and neutrophils were prominent. In addition to
ischaemic changes, neuronal necrosis was seen.

6-hour nimodipine group: Necrosis was seen in
the subcortex and basal ganglia. Polymorphonuclear
leucocytes, particles of cells and histiocytes were
seen. Severe aedema and ischaemic neurons were
determined at the cortex.

24-hour nimodipine group: Intensive histiocytes.
lymphocytes, ischaemic neurons, particles of cells
and polymorphonuclear leucocytes were determin-
ed but the aedema was less severe.

6-hour mannitol group: The ischaemic changes
were prominent at the cortex, subcortex and basal
ganglia. Aedema was intensive. Perikaryons were
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small and dark. Niss] bodies were lost. Polymorph
and cell particles were found at the subcortex. There
was histiocytosis in all regions

24hour mannitol group: There was minimal
aedema at the cortex, subcortex and basal ganglia.
The neurons showed ischaemic changes. Polymor-
phonuclear leucocytes, histiocytosis and dense
mononuclear leucocytes around the vessels were
observed. These changes were more prominent in
the cortex.

6-hour nimodipine+mannitol group: Histiocytosis
was observed at the cortex and subcortex. There was
minimal aedema in the basal ganglia. The number
of ischaemic neurons was less than in other groups.
Normal neurons were also seen.

24-hour nimodipine+mannitol group: Neuronal
ischaemic changes showed marked improvement
and aedema was minimal.

Quantitative findings: The total number of cells
in the cortex, subcortex and basal ganglia are shown
in Table IV. Minimal differences were observed bet-
ween areas. This could be attributed to difficulty in
determining the exact borders of areas rather than
cell phagocytosis.

Table IV: Total neurons

Control  Nimodipine  Mannitol  Nimod+Mannitol

Cortex 2416743842 260.00+61.78  318.67+85.78
Subcortex 204.33+58.71  264.00+54.96  289.60+68.19
Basal ganglia  290.60+5042 3243316453 3173347041

36067413959
344 67+103.46
33067+ 6208

Cortex: {schaemic neuronal damage was relative-
ly less severe than other area. However 24 hour
nimodipine and nimodipine + mannitol treated
groups showed significantly less neuronal damage
(p<0.005). (Table V).

Tablo V: Quantitative results of cortex with ischaemic neuronal
damage

Groups Total neurons  Ischaemic newrons  %(isc neurftot neur)

Control 06h 2380041732 15633+7032  64.82+26.01
24h 24533457.87  194.67+3029  83.76+28.13
Nimodipine 06h 2080049042  117.33+101.93 54.30+47.03
24h 2346742309 693317687  27.96+31.00
Mannitol  06h 2640045246  152.00+52.46  60.73+26.69
24h 373338171  170.67+95.44  44.44+17.88

Nimodipine+ 06 h  314.67+66.61 34.07400.04  14.44+25.02
Mannitol 24h 418.67+190.38 0.00+ 0.00*  0.00+ 0.00

= Significantly different from control and mannitol groups, P<0.05
(Mann Whitney U test)
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Subcortex: Ischemic neuronal damage was more
severe than in the cortex. The damage in the
nimodipine + mannitol treated group was significant-
ly slight. (p<0.005), (Table VI).

Table VI: Quantitative results of subcortex with ischaemic
neuronal damage

Groups Total neurons  Ischaemic newons % (isc neurftot neur)

Control 06h  267.33+9188 141.67+33.47  60.14+ 7.46
24h 20133+1222 24267+ 9.24  92.88+ 1.49
Nimodipine 00h 220,67+ 462 109.33+67.00  41.07+29.40
24h 301.33457.87  98.67+5897 31.79+17.21
Mannitol 06h  29333+7259  156.00+100.66 50.51+31.08
24h  258.67+87.76  160.00+83.52  59.60+10.68
Nimodipine+ 00 h  270.67+33.94  21.33+36.95% 07.84+13.58
Mannitol 24h  41867+8848  10.67+1848* 03.17+05.50

* Significantly different from control ard other grups. P<0.05
(Kruskal Wallis Varyans analysis)

Basal ganglia: Ischaemic damage was similar to
the subcortex. The 24-hour nimodipine and
nimodipine + mannitol treated groups demonstrated
sligth damage (p<0.005). (Table VII).

Table VII: Quantitative results of basal ganglia with ischaemic
neuronal damage
Groups Total neurons  Ischaemic neurons % (isc neurftot neur)

Control 00h  26833+65.61  124.00+77.87 43.32+22.29
24h  30933+28.10 2693315676  86.42%10.86
Nimodipine 06h  344.00+56.00  170.67+12.22 50.12+05.09
24h 3066747893  42.67+44888 138241336
Mannitol 06h  32267+4822  93.33+88.48  30.63+27.62
24h 31200+9992 14133114093 44.88+38.69
Nimodipine+ 06h 2933346804  24.00+41.57* 08.11+14.04
Mannitol  24h 3680015246  29.3325081% 07.80313.51

* Significantly different from control and 6 h. nimodipine groups,
P<0.05 (Mann Whitney U test)

DISCUSSION

Kato et al. (20) studied the ratio of Na*, Ca** and
K+ in the ischaemic zone induced by occlusion of the
right common carotid artery in gerbils. In their study,
while the water content of the non-ischaemic region
of the cerebral cortex was 79.0+03, it was 82.0+4 and
80.7+04 all the periphery and the centre of the
ischaemic regions, respectively. Na* content was 1n-
creased and K* content was decreased most pro-
minently in the periphery of the ischaemic region.
K* depletion and exogenous Ca*+ accumulation in
the peripheral region were visualized by K* staining
and Ca** autoradiography respectively.
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The experimental study of Betz et al.(1) confirm-
ed the study of Kato et al. (20) that the water and
electralyte content in the ischaemic zone undergoes
important changes. It has been noted that Na*
transport across the blood brain barrier is the most
important factor for the development of ischaemic
brain aedema and this can be limited by using drugs
which prevent Na* transport across the brain
capillary.

In several studies, the ratio of aedema accumula-
tion is related to the increase in tissue of Na* con-
tent (9.35,44).

Borzeix and Chan (2) showed experimentally that
an increase in cerebral water. Ca** and freefatty
acids content is associated with a decrease in cerebral
potassium content.

In our study, decreased K* content was
significantly less in the nimodipine + mannitol group
than other groups (p<0.05), probably due to milder
cerebral ischaemic injury in this group. The increase
of Na* and water content in nimodipine treated
group wa s statistically significant compared to the
other groups (p<0.05) when mannitol was added to
nimodipine, the water and Na* content showed
some increase probably related to increased CBF in
the ischaemic region.

The effect of nimodipine on CBF, MABP, and
cerebral perfusion pressure is dose-dependent
(12.14.21). McCalden et al. (26) experimentally show-
ed that lug/kg/min of nimodipine caused a modest
increase in basal CBF without significant alteration
in cerebral metabolism and systemic blood pressure.

Hadley et al. (13) in their experimental study.
found a 18-20 % decrease in MABP with nimodipine
(2ug/kg/min loading and lug/kg/min maintenance
dose) but Steen et al. (38) and Germano et al. (8) sug-
gested that nimodipine caused no significant chan ge
in MABP

In the study of Hadley et al.(13) nimodipine
treated animals tended to have smaller areas of in-
farction but it was not statistically significant,
However, Germano et al. (8) showed that the size of
area of infarction was statistically smaller in
nimodipine treated groups. The most important con-
dlusion which can be drawn from these studies is that
the neurological outcome was better in the
nimodipine treated groups compared to controls.
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In our study, we observed some decrease in
MABP with nimodipine (lug/kg/min IV infusion) but
this effect was not important. Despite the minimal
decrease of MABP, the neurological outcome was bet-
ter and the areas of infarct were small in the
nimodipine treated animals compared to the controls
at 7 days postoperatively.

Following ischaemia, systemic blood pressure
decreases after a few days in humans and after
several hours in mammals and then again increases
to a normal level (11).

There are different opinions regarding the timing
of nimodipine administration to prevent cell death
due to cerebral ischaemia Gotoh et al. (10) claimed
that treatment with nimodipine started within as
short a time as 5 min after the production of the focal
ischaemic lesion was ineffective. Steen et al. (37.38)
previously reported that nimodipine improves the
outcome only when given before 10 min of complete
cerebral ischaemia but their next study. showed that
nimodipine dose improved the outcome even after
complete ischaemia.

Germano et al. (8) found the neurological outcome
was better in rats treated with nimodipine 1.4.6,
hours after occlusion and the size of areas of infarc-
tion was statistically smaller in nimodipine treated
groups.

Mohamed et al. (31) found profound reductions
in CBF in the neocortical areas and the caudat nucleus
30 min after MCA occlusion and in animals
pretreated with nimodipine (30 min before and 30
min after MCA occlusion) the decrease in'CBF was
significantly less than in control animals.

Meyer et al. (30) investigated the effects of
nimodipine on intracellular pH, cortical CBF and EEG.
The results showed that in nimodipine treated
animals, the increase of CBF was associated with the
increase in intracellular pH.

Haws et al. (17) concluded that nimodipine caus-
ed an increase in CBF with no change in cerebral O,
consumption. This increase in blood flow was
thought to be a result of the direct vasodilatating ef-
fect of the drug and not secondary to increased
cerebral metabolism.

It has been reported that intracellular Ca** con-
centration decreases after reperfusion in cerebral
ischaemia(27). The restoration of CBF and/or preven-
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ting mflux of Ca** into the cell can prolong the
viability of the cell. As a consequence of this finding,
it has been thought that the area of importance in
ischaemia is the “ischaemic penumbra” the zone of
nonfunctioning but structurally preserved brain
tissue at the periphery of the infarcted area(8.37).

In our study, neurological outcome was better, the
size areas of infarct was smaller and the number of
ischaemic neurons was less than in controls in the
nimodipine treated animals (1,6.24 h of postocclu-
sion) but its effect was not superior to mannitol. The
effect of nimodipine is probably dependent on the
restoration of CBF and/or the blockage of calcium ions
entering the cell and therefore prolongs the viability
and restores the activity of the cell.

Meyer et al. (29) examined the values of in-
tracellular brain pH, cortical CBF and EEG in severe
and moderate ischaemic areas by giving 1g/kg man-
nitol after permanent occlusion of MCA in rabbits,
While mannitol moderately improved CBF in the
severe ischaemic area, it was not able improve the
metabolic consequences determined by brain pH. On
the other hand, mannitol markedly improved CBF
in the moderate ischaemic areas and thus would
have a useful effect on moderate ischaemic areas but
not severe isch a emic areas.

In a recent study of Meyer et al. (28) on the same
model similar results were obtained. Mannitol im-
proved the microcirculation flow in moderately af-
fected areas by reducing the progressive aedema
which prevents the residual circulation and thus
restores the basal metabolism.

Little (23) showed that neurological results im-
proved and the infarct area decreased by giving man-
nitol after the closure of MCA in cats. He believes
that this effect is a result of decreased blood viscosi-
ty, increasing tissue oxygenation by preventing defor-
mation of erythrocytes and enlarging intravascular
volume(5,32.33). In addition. it has been shown that
mannitol had a positive inotropic effect on the
myocardium and also increased cardiac output (6).

In our study. the slight decrease of haematocrit
in the first hour of occlusion might be related to loss
of blood during the surgical procedure, the decreas-
ed haematocrit at the 3th hour of occlusion in animals
receiving only mannitol could be attributed to in-
creased the plasma volume due to the osmolar ef-
fect of mannitol. The neurological outcome of the
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animals treated with mannitol was relatively better
in comparison to controls but not significant
statistically.

The infarct size in animals treated with mannitol
for 24 hours was significantly less in comparison with
controls (P<0.05). It was also less on 6 hours treat-
ment but not statistically significant. The number of
ischaemic neurons at 6 and 24 hours was less in com-
parison to the controls but not statistically significant.
This useful effect of mannitol is probably the result
of pulling intracellular liquid to the extracellular com-
partment, as a consequence of in¢reasing plasma
osmolarity, the decrease of viscosity and haematocrit
concentration and improvement of the microcircula-
tion of blood.

Sutherland et al. (40) examined the effects of man-
nitol (0.25g/kg over 60 min). nimodipine (10ug/kg 5
min before ischaemia. additionally two 5ug/kg doses
with 10 min intervals), indomethasin and their com-
binations on temporary global cerebral ischaemia in
rats. By counting the ischaemic neurons directly
definite improvement of ischaemic injury (ischaemic
neurons/ total neurons) was obtained with mannitol.
The useful effect of nimodipine was only in the hip-
pocampal area. and indomethasin had no useful ef-
fect. When compared with the controls, nimodipine
+ mannitol combination showed a significant useful
effect on neuronal damage. However, this effect was
no better than that achieved with mannitol only.

In our study, the neurological symptoms of most
rabbits treated with nimodipine-mannitol combina-
tion one hour after the permanent focal ischaemia
had improved though not important statistically and
the infarct area was statistically smaller than controls
and other groups (P<0.05).

The differentiation of our results from Sutherland
et al.(40) may be related to the different experimen-
tal model and infarct type and to the dose of drugs.

In conclusion, the useful effects of this combina-
tion is probably due to the sum of the effects of
nimodipine and mannitol. This combination may in-
crease CBF over the ischaemic threshold and prevent
the insufficiency of energy and may put the ion flow
in order. Thus optimal diffusion may be continued
both for oxygen and for materials
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