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Purpose: To ascertain whether propofol prevents lipid peroxidation on delayed neuronal death induced by tran-
sient forebrain ischemia in the hippocampal CA1 subfield in gerbils.
Methods: Forty gerbils were randomly assigned to five groups: Group I, control, sham operation treated with
physiological saline solution (PSS); Group II, ischemia/reperfusion treated with PSS; Group III, ischemia/reperfu-
sion treated with 50 mg·kg–1 propofol; Group IV, ischemia/reperfusion treated with 100 mg·kg–1 propofol; Group
V, ischemia /reperfusion treated with 150 mg·kg–1 propofol. Transient forebrain ischemia was induced by occlud-
ing the bilateral common carotid arteries for four minutes under N2O/O2/halothane anesthesia after propofol or
PSS. Five days later, the cerebrum was removed and each forebrain was cut into two including the hippocampus.
Lipid peroxidation was determined using the production of malondialdehyde (MDA), and histopathological
changes in the hippocampal CA1 subfield were examined.
Results: In group II, the pyramidal cells were atrophic and pycnotic; vacuolation and structural disruption of the
radial striated zone was observed. In the other four groups, these changes were not observed. Degenerative
ratios of pyramidal cells were: Group I: 4.9 ± 2.3, Group II: 94.1 ± 4.5 (P < 0.01), Group III: 12.5 ± 5.7,
Group IV: 11.0 ± 4.6, Group V: 9.6 ± 4.9%. Production of MDA was: Group I: 83 ± 22, Group II: 198 ± 25
(P < 0.01), Group III: 153 ± 39, Group IV: 113 ± 34, Group V: 106 ± 27 nmol·g–1 wet tissue. 
Conclusion: Propofol attenuated delayed neuronal death by preventing lipid peroxidation induced by transient
forebrain ischemia in the hippocampal CA1 subfield in gerbils.

Objectif : Vérifier si le propofol empêche la peroxydation lipidique qui survient à la mort neuronale différée
induite par une ischémie transitoire du prosencéphale, dans le sous-champ CA1 de l’hippocampe chez des ger-
billes.
Méthode : On a réparti au hasard 40 gerbilles en cinq groupes : dans le groupe 1, témoin, elles ont subi une
opération fictive traitée avec une solution physiologique salée (SPS); dans le groupe II, une ischémie/reperfusion
traitée avec une SPS; dans le groupe III, une ischémie/reperfusion traitée avec 50 mg·kg –1 de propofol; dans le
groupe IV, une ischémie/reperfusion traitée avec 100 mg·kg–1 de propofol et dans le groupe V, une
ischémie/reperfusion traitée avec 150 mg·kg–1 de propofol. L’ischémie transitoire du cerveau antérieur a été
induite par l’occlusion bilatérale des artères carotides communes pendant quatre minutes sous anesthésie au
N2O/O2/halothane après l’administration de propofol ou de SPS. Cinq minutes plus tard, le cerveau a été retiré
et chaque prosencéphale a été coupé en deux, incluant l’hippocampe. La peroxydation lipidique a été déterminée
en utilisant la production de malondialdéhyde (MDA), et les changements histopathologiques du sous-champ CA1
de l’hippocampe ont été examinés.
Résultats : Dans le groupe II, les cellules pyramidales étaient atrophiques et pycnotiques; une rupture vacuolaire
et structurale de la zone radiale striée a été observée. Dans les autres groupes, ces changements n’ont pas été
notés. Les taux de cellules pyramidales dégénératives ont été : groupe I : 5,8 ± 2,5 %, groupe II : 94,1 ± 4,5
(P < 0,01), groupe III : 12,5 ± 5,7 %, groupe IV : 11,0 ± 4,6 %, groupe V : 9,4 ± 6,6 %. La production de
MDA a été dans le groupe I : 83 ± 22, II : 198 ± 25 (P < 0,01), III : 153 ± 39, IV : 113 ± 34 et V : 106 ± 27
nmol·g–1 de tissu. 
Conclusion : Le propofol a réduit la mort neuronale différée en empêchant la peroxydation lipidique induite par
l’ischémie transitoire du prosencéphale dans le sous-champ CA1 de l’hippocampe de gerbilles.
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few clinical reports suggest that propofol
may benefit patients with severe head
injury,1,2 because it reduces cerebral meta-
bolic rate,3 , 4 cerebral blood flow,4,5 and

intracranial pressure.1,2,6

Therefore, propofol has increasingly been used for
the maintenance of neurosurgical anesthesia and seda-
tion for head-injured patients. Also, several studies
have reported that propofol improved neurological
outcome and decreased neuronal damage in vivo.7,8 We
have shown that propofol reduces neuronal damage
following transient forebrain ischemia using the model
of delayed neuronal death developed by Kirino.9,10 The
neuronal protective property of anesthetics has been
frequently attributed to their ability to reduce cerebral
metabolism and to suppress brain electrical activity.
However, recent reports suggest that cerebral meta-
bolic reduction is not sufficient to provide neuronal
protection and that alternative mechanisms supporting
this effect could be related to the cascade of biochem-
ical events triggered by ischemia /reperfusion.1 1

However, the mechanism remains to be established.
Propofol has antioxidant actions and reduces oxidative
stress.12–21 Since propofol attenuates oxidative stress,
propofol may prevent lipid peroxidation following
ischemia /reperfusion in the brain. Therefore, we
designed the present study using delayed neuronal
death after transient forebrain ischemia in gerbils to
ascertain whether propofol may prevent lipid peroxida-
tion in the hippocampal CA1 subfield.

Methods
The study was conducted according to the animal
experimentation guidelines of Dokkyo University
School of Medicine, which adhere to the National
Institute of Health Animal Experimental Guidelines.

Experimental protocol
Forty Mongolian gerbils weighing between 75-95 g
were divided into the following five groups.

Group I: 15 ml·kg–1 physiological saline solution
(PSS) were administered ip 30 min before a sham
operation (n=8).

Group II: 15 ml·kg–1 PSS were administered ip 30
min before ischemia/reperfusion (n=8).

Group III: 50 mg·kg–1 propofol with 10 ml·kg– 1

PSS were administered ip 30 min before
ischemia/reperfusion (n=8).

Group IV: 100 mg·kg– 1 propofol with 5 ml·kg– 1

PSS were administered ip 30 min before
ischemia/reperfusion (n=8).

Group V: 150 mg·kg–1 propofol were administered
ip 30 min before ischemia/reperfusion (n=8).

After ether induction of anesthesia in a glass cage, a
rubber bag was placed over the head of each gerbil and
nitrous oxide 50% in oxygen with halothane (end-tidal
concentration: 1.0 - 1.5%) was administered through-
out the procedure. The animals were then placed in the
supine position and the common carotid arteries were
exposed bilaterally. In group I, no further procedures
were performed. In groups II through V, the common
carotid arteries were occluded with miniature aneurys-
mal clips for four minutes. During this period, the
absence of blood supply from the vertebral arteries was
verified microscopically. Four minutes after bilateral
carotid artery occlusion, the clips were released and
spontaneous reperfusion was confirmed with the micro-
scope. The temperature of the tympanic membrane was
monitored (Mon-a-therm Model 6510 ; Mallinckrodt)
and maintained with a heating blanket at 37 ± 0.2°C
during the experiment.

Respiration of the animals, by visual inspection, was
temporarily shallow during the procedure but this
improved after reperfusion. The animals were kept
and fed in the cage at 26°C. Five days later, each ger-
bil was decapitated under ether anesthesia and the
forebrain was removed within two minutes. Each fore-
brain was cut into two portions including the hip-
pocampus in the coronal direction: in one portion we
assessed lipid peroxidation, and in the other we exam-
ined histopathological changes in the hippocampal
CA1 subfield. 

Assessment of lipid peroxidation
Lipid peroxidation in the first portion of the forebrain
was determined according to the method of Ohkawa
et al.2 2 and its level was expressed as nanomoles of
malondialdehyde (MDA) per gram of wet tissue.

Examination of histopathological changes
The second portion of the forebrain was fixed by solu-
tion, containing formaldehyde 4%, phosphate buffer
solution and distilled water in a ratio of 1:2:7, and
embedded in paraffin, then sliced into 5 µm sections in
the coronal direction and stained with hematoxylin and
eosin. Histopathological changes in the hippocampal
CA1 subfield were examined using a light microscope
(Olympus BH-2, Olympus, Japan). Morphological
changes were detected in the pyramidal cells and struc-
tural changes in the cell layers of the CA1 subfield of
the hippocampus. In order to compare the ratios of
degenerative pyramidal cells among the five groups, the
total number and the degenerative number of pyrami-
dal cells were counted for a uniform 1 mm length of the
central area of the hippocampal CA1 subfield. The
degenerative ratios were determined according to the
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following formula: degenerative ratio (%) = (number of
degenerative pyramidal cells/total number of pyramidal
cells per 1 mm of hippocampal CA1 subfield) × 100.

Signs of degenerative processes such as atrophy of
the pyramidal cells, deep staining of their cell bodies,
vacuolation, and disappearance of the radial striated
zone were taken to indicate cell degeneration, and
cells in which these signs were absent were regarded as
normal neurons.14,15

Statistical analysis
Data are presented as mean ± SD. Kruskall-Wallis one-
way analysis of variance was used for the statistical
comparisons between each group. Statistical signifi-
cance was considered to be P < 0.05.

Results
Assessment of lipid peroxidation
The production of MDA in group I was 83 ± 22
nmol·g– 1wet tissue. In group II, however, it was 198 ±
25 nmol·g–1 wet tissue and higher than in group I (P <

0.01). The MDA in groups III, IV and V were 153 ±
39, 113 ± 34 and 106 ± 27 nmol·g–1 wet tissue, respec-
tively. These values were lower than in group II. The
production of MDA in group III was higher than in
group IV (P < 0.05) and V (P < 0.01). The production
of MDA after ischemia/reperfusion was prevented by
propofol, and incremental doses of propofol produced
weak to strong antioxidant action. (Table I)

Histopathological findings
In group I, normal pyramidal cells were well preserved
and no disruption of the radial striated zone was
detected. In group II, however, almost all the pyrami-
dal cells were atrophic and pycnotic, and they exhibit-
ed deep staining of the cell cytoplasm, vacuolation, as
well as structural disruption of the radial striated zone
due to degenerative necrosis. In groups III, IV and V,
the pyramidal cells of the hippocampal CA1 subfield
were maintained as morphologically normal structures
and no structural disruption was observed in the radi-
al striated zones. (Figure 1)

Cell degenerative ratios
The degenerative ratios of each group are shown in
Table II. The degenerative ratio in group I was 4.9 ±
2.3% and was the lowest among the other groups. In
group II, however, it was 94.1 ± 4.5% (P < 0.01 vs
group I). The degenerative ratio in groups III, IV and
V was lower than that in group II. There were no sig-
nificant differences among groups III, IV and V. The
administration of propofol before ischemia/reperfu-
sion produced an inhibitory action on delayed neu-
ronal death. In this study, the neuronal protective
effects of propofol were not dose-dependent.

Discussion
Five days after forebrain ischemia, lipid peroxidation and
histopathological changes were observed simultaneously.
The administration of propofol before transient fore-
brain ischemia prevented degeneration in hippocampal
CA1 pyramidal cells. This suggests that anti-peroxidation
may play an important role in the neuronal protective
properties after ischemia/reperfusion.

A short period of ischemia/reperfusion induces a
selective death which is called delayed neuronal death in
the pyramidal cells of hippocampal CA1.9 There was no
histopathological change in the pyramidal cells on the
first or second day after cerebral ischemia/reperfusion,
and they became degenerative on the third or fourth
day. Since delayed neuronal death caused by a short
period of ischemia/ reperfusion was similar to that
observed in humans,23,24 this model has been widely
used for cerebral ischemia and infraction. The mecha-
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TABLE I Production of malondialdehyde.

Group malondialdehyde
(nmol·g– 1 wet tissue)

I Sham operation, saline-treated 83 ± 22
II Ischemia-reperfusion, saline-treated 198 ± 25*
III Ischemia-reperfusion, propofol 153 ± 39

(50 mg·kg– 1) treated
1 V Ischemia-reperfusion, propofol 113 ± 34†

(100 mg·kg– 1) treated
V Ischemia-reperfusion, propofol 106 ± 27†

(150 mg·kg– 1) treated

* P < 0.01 vs groups I, III, IV and V.
† P < 0.05 vs group III.
Values are mean ± SD.

TABLE II Cell degenerative ratio.

Group Degenerative ratio
(%)

I Sham operation, saline-treated 4.9 ± 2.3
II Ischemia-reperfusion, saline-treated 94.1 ± 4.5*
III Ischemia-reperfusion, propofol 12.5 ± 5.7

(50 mg·kg– 1) treated
IV Ischemia-reperfusion, propofol 11.0 ± 4.6

(100 mg·kg– 1) treated
V Ischemia-reperfusion, propofol 9.6 ± 4.9

(150 mg·kg– 1) treated

* P < 0.01 vs other groups I, III, IV, V . Values are mean ± SD.
Degenerative ratio (%) = (number of degenerative pyramidal
cells)/(total number of pyramidal cells per 1 mm hippocampal
CA1 subfield) × 100.



nisms of delayed neuronal death after a short period of
ischemia/reperfusion are unclear and continue to be
discussed. In some reports, it was considered as pro-
grammed cell death such as apoptosis.25–28

We reported that the generation of free radicals may
play an important role in delayed neuronal death.2 9The
generation of free radicals is considered to be depen-
dent on an abnormal electron transport system of mito-
chondria, an abnormal hypoxanthine-xanthine oxidase
system and activated neutrophils.29–33 Furthermore, the
increase in neuronal damage induced by free radicals is
usually accompanied by disturbance of antioxidant
defenses.2 1The generation of free radicals derived from
oxygen after ischemia/reperfusion, which leads to the
production of lipid peroxides in cell membranes, is one
of the major mechanisms of tissue damage in
ischemia/reperfusion.30–33

Propofol has antioxidant properties and prevents
lipid peroxidation 12–21 and has been reported to
enhance tissue antioxidant capacity clinically in a few
studies.13,14,16 Propofol is similar in chemical structure
to the active nucleus of the endogenous antioxidant -
tocopherol and butylhydroxytoluene.15,17 These mol-
ecules bind to cell membranes or to phospholipids to
form free radicals, and terminate lipid peroxidation by
reacting with lipid peroxyl radicals to form the non-
reactive phenoxyl radical. Propofol may act through a
similar mechanism when it is administered prior to
insult. Its antioxidant effect results from the inhibition
of lipid peroxidation by the formation of relatively low
reactive free radicals that disrupt the chain of forma-
tion of other radicals potentially being able to cause
greater damage to cell membranes.3 4

In the present study, we examined the histopatho-
logical changes and product of MDA in the hippocam-
pal CA1 subfield five days after ischemia/reperfusion.
Degeneration of hippocampal CA1 pyramidal cells and
a product of MDA in the forebrain were observed
simultaneously in gerbils which received PSS.  Toxic
metabolites of MDA are produced by lipid preoxidation
and may be evaluated as a simple and sensitive assay of
lipid peroxidation for application to laboratory and clin-
ical study.2 2 The tissue level of MDA indicates the pres-
ence of oxidant mediated injury, in response to the
condition of ischemia/reperfusion. These results sug-
gest that lipid peroxidation induced by free radicals may
cause delayed neuronal death after transient forebrain
ischemia. Then, propofol may attenuate the degenera-
tion of hippocampus CA1 pyramidal cells and prevent
lipid peroxidation. In all gerbils that received propofol,
the similar effects of propofol on cell degeneration were
observed without dose-dependence. Although the
grades of sedation for each group were not shown in
the present study, we reported that 50 to 150 mg·kg–1

propofol appeared to produce mild sedation to deep
anesthesia in our previous study.1 0It is suggested that a
small dose of propofol might depress delayed neuronal
death. On the other hand, incremental doses of propo-
fol produced weak to strong antioxidant action. The
administration of a dose of propofol that provides deep
anesthesia may produce a strong antioxidant action, fol-
lowed by attenuation of the neuronal damage. Some
clinical reports also showed that propofol prevented the
production of MDA and acts as an antioxidant.13,14

These results suggest that propofol may protect neu-
ronal damage which is induced by oxidative stress after
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FIGURE 1(a) - (e) The histological pictures of hippocampal CA1 from each group. (a) group I; normality of the CA1 pyramidal cells
was well preserved. (b) group II; changes of the CA1 pyramidal cells were present: cell shrinkage, nuclear pycnosis, dark cytoplasmic
colouration and vacuolation. (c) groups III, IV and V; normality of the CA1 pyramidal cells was well preserved.



ischemia/reperfusion such as unexpected cardiac arrest
during anesthesia.

In conclusion, administration of propofol prevent-
ed lipid peroxidation and delayed neuronal death after
transient forebrain ischemia. These results suggest that
propofol may play an antioxidant during the oxidative
stress.
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