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Effect of Sedative Dose of Propofol on Neuronal Damage after Transient
Forebrain Ischemia in Mongolian Gerbils

Seong-Ryong Lee
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This study investigated whether propofol, an intravenous, non-barbiturate anesthetic, could reduce brain
damage following global forebrain ischemia. Transient global ischemia was induced in gerbils by occlusion
of bilateral carotid arteries for 3 min. Propofol (50 mg/kg) was administered intraperitoneally 30 min before,
immediately after, and at 1 h, 2 h, 6 h after occlusion. Thereafter, propofol was administered twice daily
for three days. Treated animals were processed in parallel with ischemic animals receiving 10% intralipid
as a vehicle or with sham-operated controls. In histologic findings, counts of viable neurons were made
in the pyramidal cell layer of the hippocampal CAl area 4 days after ischemia. The number of viable
neurons in the pyramidal cell layer of CAl area was similar in animals treated with a vehicle or a
subanesthetic dose of propofol. In terminal deoxynucleotidyl transferase (TdT)-mediated dUTP nick
end-labeling (TUNEL) assay, semiquantitative analysis of dark-brown neuronal cells was made in the
hippocampal CA1l area. There was no significant difference in the degree of TUNEL staining in the
hippocampal CA1l area between vehicle-treated and propofol-treated animals. These results show that
subanesthetic dose of propofol does not reduce delayed neuronal cell death following transient global

ischemia in Mongolian gerbils.
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INTRODUCTION

Transient global forebrain ischemia results in
neuronal damage in vulnerable areas of the brain
(Pulsinelli et al, 1982; Kirino & Sano, 1984;
Schmitdt-Kastner & Freund, 1991; Ferrer et al, 1994).
Neuronal damage in the CAl area of the hippo-
campus in the experimental model of global forebrain
ischemia is observed 2~3 days after a transient
ischemic event (Kirino, 1982; Pulsinelli et al, 1982;
Tortosa et al, 1994). Ischemia-induced neuronal damage
involves several different mechanisms including
glutamate toxicity, disturbance in calcium homeo-
stasis, increase in free radical formation and enhanced
polyamine metabolism (Choi & Rothman, 1990).

Two types of cell death, necrosis and apoptosis
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following cerebral ischemia, have been recognized.
Necrosis is characterized by cell swelling with early
loss of plasma membrane integrity, nuclear swelling,
and inflammatory infiltrates and is commonly asso-
ciated with an acute state of pathology (Baju et al,
1993). In contrast to the changes observed in necrosis,
in apoptosis the nucleus and cytoplasm shrink and
fragment with phagocytosis by neighboring cells or
macrophages (Kerr et al, 1972). The DNA fragmen-
tation in the hippocampal CAl neurons has been
considered as a main phenomenon for delayed
neuronal death which has been investigated using
electrophoresis, in situ DNA fragmentation, and
electron microscope methods (Heron et al, 1993; Iwai
et al, 1995; Nitatory et al, 1995).

Propofol (2,6-diisopropylphenol) is a new intra-
venous, non-barbiturate anesthetic currently used in
the necuroanesthetic field. It has many advantages
including the rapid onset and short duration of
anesthesia with an absence of excitatory side effects
(Sebel & Lowdon, 1989), and widely used for general
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anesthesia (Smith et al, 1994). Propofol decreases
brain electrical activity and suppresses cerebral
metabolism (Dam et al, 1990) and blood flow
(Werner et al, 1990). However, its neuroprotective
effect is controversial. Several studies have attempted
to explain the neuroprotective actions of propofol.
Propofol has been shown to improve neurologic
outcome and to decrease neuronal damage after
incomplete ischemia in rats (Kochs et al, 1992). Hans
et al (1994) reported the protective action of propofol
on neuronal toxicity induced with brief exposure to
low doses of glutamate or N-methyl-D-aspartate
(NMDA) in a culture model. On the other hand,
propofol failed to attenuate the damage in neurons
induced by kainate, @-amino-3-hydroxy-5-methyl-4-
isoxazole propionic acid (AMPA) as well as a high
dose of glutamate (Hans et al, 1994). When compared
with halothane, propofol does not modify neurologic
outcome from temporary middle cerebral artery
occlusion in rats (Ridenour et al, 1992).

Our laboratory has been shown the neuroprotective
effect using sedative dose of propofol to the kainate-
induced neuronal damage (Lee & Cheun, 1999). It
was, therefore, investigated whether propofol can
reduce delayed neuronal death in the CA1l area of the
gerbil hippocampus after transient global ischemia.

METHODS
Animals and treatments

Male Mongolian gerbils (Meriones ungiculatus)
weighing 60~80 g were used in this study. Gerbils
were housed individually and maintained on a
12-/12-h light/dark cycle, with ad libitum access to
food and water before and after surgical intervention.
Seven gerbils received propofol (50 mg/kg, Zeneca,
Macclesfield, Cheshire, UK) intraperitoneally 30 min
before, immediately after, and at 1 h, 2 h, 6 h after
occlusion followed by twice daily administrations for
an additional three days. A second group of ischemic
animals (n=7) received 10% intralipid (Intralipos®,
Green Cross Pharmaceutical Co., Seoul, Korea) as a
vehicle. Finally, sham-operated animals (n=6) were
not subjected to either arterial occlusion or propofol
administration.

Surgical procedures

Gerbils were anesthetized with chloral hydrate (400
mg/kg, i.p.). A midline ventral incision of 2 cm was
made in the neck. Both common carotid arteries were
exposed and separated carefully from the vagus nerve
and occluded for 3 min with atraumatic small
aneurysmal clips. When the clips were removed the
incision was closed with a silk suture. Blood flow
during the occlusion and reperfusion after removal of
the clips was confirmed visually. The rectal tem-
perature maintained as 37+0.5°C with a heating pad
(CMA, Stockholm, Sweden) and light for 3 h to avoid
biased results by hypothermia.

Histologic evaluation

Gerbils were sacrificed 96 h after global ischemia.
They were deeply anesthetized with ether and per-
fused transcardially with cold heparinized phosphate-
buffered saline (PBS, pH 7.2) and 10% formalin in
PBS. The brains were immediately removed from the
skull and fixed in the same fixative solution for 24
h. The brains were then embedded in paraffin and 6-
pm-thick coronal sections, which included the dorsal
hippocampus, were obtained with a rotary microtome.
Tissue sections were stained with hematoxylin and
eosin. Blinded examiner performed histologic exa-
miniation. Hippocampal CA1 damage was determined
by counting the surviving neurons. The mean number
of CA1l pyramidal neurons per millimeter for both
hemispheres in a section of dorsal hippocampus was
calculated for each group of gerbils.

Terminal deoxynucleotidyl Transferase-mediated dUTP
Nick End-Labeling (TUNEL) staining

Histochemical staining for TUNEL was performed
with a kit (Roche Molecular Biochemicals, Mannheim,
Germany). Tissue sections were deparaffinized in
xylene and hydrated in a sequence of ethanol washes
followed by a final wash in phosphate-buffered saline
(PBS). Nuclei of tissue sections were stripped of
proteins by incubation with proteinase K (20 pg/ml
in 10 mM Tris/fHCI, at 37°C) for 15 minutes. The
slices were then washed in distilled water and PBS
and incubated in 0.3% hydrogen peroxide to remove
endogenous peroxidases. After equilibration, each
section was incubated with 50 y1 of TUNEL mixture
(5 gl of terminal deoxynucleotidyl transferase (TdT)
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and 45 pl of fluorescence-labeled nucleotide) for 60
min at 37°C. The sections were treated with
horseradish peroxidase conjugated anti-fluorescence
antibodies. After a detection of double strand breaks
in genomic DNA with 2,3’-diaminobenzidine tetra-
hydrochloride (DAB) (0.5 mg/ml in 50 mmol/L
Tris-HCl buffer, pH 7.4) as a substrate for the
peroxidase. The percentage of TUNEL-positive cells
in the hippocampal CAl area was determined by
measuring the number of CAl neurons possessing
dark-brown staining nuclei as a proportion of the cell
number in a millimeter of CAl area. With the
modification of Matsushita et al. (1996), the staining
reactivities were categorized into four grades in the
following: no staining (0%), small (< 10%), moderate
(10~350%), or large (>50 %) number of stainéd cells

Fig. 1. Effect of propofol on the number of surviving
cells in the CAl area of hippocampus 4 days after
transient global ischemia in gerbils (hematoxylin and
eosin staining). CAl area in sham-operated (A), in
vehicle (10% intralipid)-treated (B), and in propofol-
treated gerbils (C). Bar=100 pm.

into grade 0, I, II, and III, respectively.
Statistical analysis

The data were analyzed using Student’s z-test, and
the level for statistical significance was P <0.05.

RESULTS

It was examined whether subanesthetic dose of
propofol can affect the delayed neuronal cell death
followirig transient global ischemia in Mongolian
gerbils. Histological examination of the nervous
system demonstrated a marked cell death in the
pyramidal cell layer of CAl area in gerbils treated
with propofol or 10% intralipid alone, when com-
pared with sham-operated controls (Fig. 1). CAl
pyramidal neurons showed pyknosis, eosinophilia,
karyorrhexia, and chromosome condensation. Nuclear
fragmentation was detected (Fig. 1B, C) when com-
pared to sham-operated controls (Fig. 1A). No signi-
ficant differences (p=0.66) were observed between
gerbils treated with 10% intralipid and gerbils treated
with propofol (Fig. 2).

TUNEL staining was negative in the sham-operated
controls (Fig. 3A). However, the staining was strong-
ly detected in the pyramidal cell layer of the CAl
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Fig. 2. Effect of propofol on the number of surviving
cells in the hippocampal CAl area 4 days after transient
global ischemia in gerbils. There is no significant differ-
ence in number of surviving neurons between vehicle-
treated and propofol-treated gerbils. Data are presented as
the mean+S.EM. (n=6~7 gerbils/group). Sham, sham-
operated; Veh, vehicle-treated; Pro, propofol-treated gerbils.
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Fig. 3. Effect of propofol on the nuclear DNA
fragmentation, evaluated by the TUNEL method in the
hippocampal CA1 area 4 days after transient global
ischemia in gerbils. The TUNEL method (A) shows no
evidence of nuclear DNA fragmentation after sham-
operation. A similar degree of TUNEL staining after
global ischemic episode is seen in vehicle (10%
intralipid)-treated. Boxed area is shown with higher
magnification of TUNEL- positive cells (B), and in
propofol-treated gerbils (C). Bar=100 um. TUNEL,
terminal deoxynucleotidyl transferase-mediated dUTP
nick end-labeling.

area in the ischemic control group (10% intralipid
administration) and the propofol-treated group (Fig.
3B, ©). The staining was essentially found in the
nucleus of neuronal cells indicating DNA fragmen-
tation occurred exclusively in damaged CA1 neurons.
However, there was no significant difference in the
number of TUNEL-positive CA1 neurons between the
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Fig. 4. Effect of propofol on the number of TUNEL
stained cells in the hippocampal CA1 area 4 days after
transient global ischemia in gerbil. There is no significant
difference in the grade of TUNEL staining between
vehicle-treated and propofol-treated gerbils. See the text
for definition. Data are presented as the mean=+S.E.M.
(n=4 gerbils/group). Veh: vehicle-treated, Pro: propofol-
treated gerbils. TUNEL, terminal deoxynucleotidyl trans-
ferase-mediated dUTP nick end-labeling.

10% intralipid-treated ischemic controls and the pro-
pofol-treated animals (Fig. 4). Propofol did not show
a protective effect on CAl neurons after transient
forebrain ischemia.

DISCUSSION

Our results show that propofol does not have
neuroprotective properties against delayed neuronal
death in a transient global ischemia model in gerbils.
Administration of a subanesthetic dose of propofol
did not attenuate the number of damaged neurons in
the CA1 area of the gerbil hippocampus after a global
cerebral ischemic event.

Several other studies showed the effects of pro-
pofol on ischemic outcome (Kochs et al, 1992:
Ridenour et al, 1992; Tsai et al., 1994; Pittman et al,
1997). These produced inconsistent conclusions. Kochs
et al (1992) examined the effects of propofol on
ischemic outcome by using a hemispheric ischemia
model. Rats anesthetized with propofol showed the
attenuation of histologic injury and improved neuro-
logic scores after a 30 min episode of unilateral
carotid artery occlusion. Ridenour et al (1992) sub-
jected propofol or halothane anesthetized rats to a 2
h interval of middle cerebral artery occlusion
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followed by 96 h of recovery. There were no differ-
ences in resultant cerebral infarct volumes between
the two groups, suggesting that propofol was not
likely to have a prominent neuroprotective action
because halothane was not viewed as a neuro-
protective agent. Tsai et al (1994) studied rats anesth-
etized with xylaxine and ketamine, which were then
given either saline or propofol intravenously. An
insult of permanent middle cerebral artery occlusion
combined with 60 min of bilateral common carotid
artery occlusion was used in their study. Propofol
administration did not affect cerebral infarct volume
measured after 24 h of recovery. Pittman et al (1997)
compared the effects of propofol and pentobarbital on
neurologic outcome and brain infarct size following
transient focal ischemia. They concluded that the
outcome from ischemia was equivalent for pento-
barbital and propofol. The results of the above
mentioned studies indicate that propofol has
complicated actions at least with respect to its effects
on cerebral ischemia.

There is no previous report about the effect of
consecutive treatment of propofol on delayed neu-
ronal injury induced by global ischemia. Previous
studies looked at a focal cerebral ischemia model
regarding the effect of propofol only during anes-
thesia. Transient forebrain ischemia resulted in de-
layed neuronal death in the hippocampal CA1 area 48
to 72 h after injury (Kirino, 1982; Pulsinelli et al,
1982). The delay in neuronal damage provides an
opportunity for therapeutic intervention. In this study,
we examined the effect of propofol on the delayed
hippocampal neuronal damage after transient forebrain
ischemia in gerbils. To evaluate the effect of propofol
on the delayed neuronal injury, unlike previous
studies using a focal or hemispheric ischemic model,
it may be essential to administer propofol to gerbils
as a continuous infusion, or consecutive injections,
because of its short action duration. So, we admin-
istered the subanesthetic dose of propofol intra-
peritoneally 30 min before, immediately after, and at
1 h, 2 h, 6 h after occlusion followed by twice daily
for an additional three days. In addition, the reason
we administered a subanesthetic dose of propofol is
that the administration of propofol in anesthetic doses
needs careful control of the anesthetic depth through
monitoring. If clinicians try to reduce brain damage
by an ischemic attack, it is important to apply any
agent to patients as soon as possible.

Most sedatives can have neuroprotective properties.

Propofol is primarily a hypnotic and the subanesthetic
dose of propofol can induce sedation. The exact
mechanism of its action has not yet been fully
understood. However, evidence suggests that it acts
by enhancing the function of the y-amino-butyric
acid (GABA)-activated channel just as barbiturate-
and benzodiazepine-like effects (Peduto et al, 1991;
Borgeat et al, 1994; Holigel et al, 1996). In addition,
several reports showed the antioxidant effect of
propofol (Musacchio et al, 1991; Eriksson et al, 1992;
Murphy et al, 1992). Some investigators have shown
that propofol attenuates NMDA-induced toxicity and
inhibits NMDA receptors in cultured neuronal cells
(Hans et al, 1994; Orser et al, 1995). Propofol has
been shown to have an anticonvulsant or neuro-
protective effect in experimental seizure models
induced by pentylenetetrazol, electric shock, or kainate
(Lowson et al, 1990; De Riu et al, 1992; Lee &
Cheun, 1999). It was proposed that anesthetics protect
neurons from injury during incomplete ischemia
because of their ability to decrease metabolic demand
(Newberg et al, 1983; Todd & Drummond, 1984).
According to this view, we would expect the
subanesthetic doses of propofol to provide a weak
protection on mild ischemic injury. In the current
study, administration of a subanesthetic dose of
propofol failed to show the neuroprotective effect on
delayed neuronal injury. Zhu et al (1997) reported
that propofol does not have neuroprotective effects on
glutamate excitotoxicity, whereas thiopental reduces
NMDA- and AMPA-induced neurotoxicity. In their
study, propofol enhanced the neuronal damage
induced by NMDA.

In order to evaluate the effect of propofol on
apoptosis more clearly, we used the transient global
ischemic model of 3 min in gerbils similar to
Matsushita et al (1996). Our approach was based on
the idea that a milder ischemic insult might induce
more apoptotic cell death (Bonfoco et al, 1995).
Matsushita et al (1996) suggested that intranuclear
DNA fragmentation is induced prior to total cell death
following transient global ischemia. So, we evaluated
the effect of propofol on TUNEL staining in the
gerbil hippocampus after transient ischemia. Our
results showed that ischemic nuclear damage could
not be rescued by consecutive administrations of a
subanesthetic dose of propofol. They suggest that
propofol may not have the capability of inhibiting the
endonuclease activity.

In conclusion, the present results suggest that
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propofol does not prevent neuronal damage in the
pyramidal cell layer of the hippocampal CAl area
following global forebrain ischemia in gerbils,
although the drug dosage or regimen of propofol in
the current study is not sufficient to determine
whether propofol has neuroprotective properties.
These results also point to the likelihood that,
although propofol has some beneficial roles in certain
forms of ischemia (Kochs et al, 1992; Pittman et al,
1997), the drug has a limited value in the clinical
management of global forebrain ischemia following
cardiac arrest and other causes. The current study,
however, cannot rule out the possibility that the
continuous administration of a maximal anesthetic
dose of propofol could reduce brain damage due to
transient global ischemia.

ACKNOWLEDGEMENT

I would like to thank Prof. Sang-Pyo Kim, Depart-
ment of Pathology, School of Medicine, Keimyung
University for his kind discussion.

REFERENCES

Baju LM, Eigenbrodt ML, Eigenbrodt EM. Apoptosis and
necrosis: basic types and mechanisms of cell death.
Arch Pathol Lab Med 117: 1208 —1214, 1993

Bonfoco E, Krainc D, Ankarcrona M, Nicotera P, Lipton
SA. Apoptosis and necrosis: Two distinct events
induced, respectively, by mild and intense insults with
N-methyl-D-aspartate or nitric oxide/superoxide in
cortical cell cultures. Proc Natl Acad Sci USA 92: 7162
7166, 1995

Borgeat A, Wilder-Smith OHG, Suter PM. The nonhypno-
tic therapeutic applications of propofol. Anesthesiology
80: 642—656, 1994

Choi DW, Rothman SM. The role of glutamate neur-
otoxicity in hypoxic-ischemic neuronal death. Annu
Rev Neurosci 13: 171—182, 1990

Dam M, Ori C, Pizzolato G, Ricchieri GL, Pellegrini A,
Giron GP, Battistin L. The effects of propofol ane-
sthesia on local cerebral glucose utilization in the rat.
Anesthesiology 80: 499—505, 1990

De Riu PL, Petruzzi V, Testa C, Mulas M, Melis F, Caria
MA, Mameli O. Propofol anticonvulsant activity in
experimental epileptic status. Br J Anaesth 69: 177—
181, 1992

Eriksson O, Pollesello P, Saris EN. Inhibition of lipid
peroxidation in isolated rat liver mitochondria by the

general anesthetic propofol. Biochem Pharmacol 44:
391393, 1992

Ferrer 1, Tortosa A, Macaya A, Sierra A, Moreno D,
Munell F, Blanco R, Squier W. Evidence of nuclear
DNA fragmentation following hypoxia-ischemia in the
infant brain, and transient forebrain ischemia in adult
gerbil. Brain Pathol 4: 115—122, 1994

Hans P, Bonhomme V, Collette J, Albert A, Moonen G.
Propofol protects cultured rat hippocampal neurons
against N-methyl-D-aspartate receptor-mediated glutamate
toxicity. J Neurosurg Anesthesiol 6: 249—253, 1994

Heron A, Pollard H, Dessi F, Moreau I, Lasbennes F,
Ben-Ari Y, Charriaut-Marlangue C. Regional vari-
ability in DNA fragmentation after global ischemic
evidenced by combined histological and gel elec-
trophoresis observations in rat brain. J Neurochem 61:
1973 —1976, 1993

Holigel GS, Toth K, Soltesz 1. Neuroprotection by
propofol in acute mechanical injury: Role of GABA
ergic inhibition. J Neurophysiol 76: 2412—2422, 1996

Iwai T, Hara A, Niwa M, Uematsu T, Sakai N, Yamada
H. Temporal profile of nuclear DNA fragmentation in
situ in gerbil hippocampus following transient fore-
brain ischemia. Brain Res 671: 305—308, 1995

Kerr JFR, Wyllie AH, Carrie AR. Apoptosis: a basic
biological phenomenon with wide-ranging implications
in tissue kinetics. Br J Cancer 26: 239—257, 1972

Kirino T. Delayed neuronal death in the gerbil hippo-
campus following transient ischemia. Brain Res 239:
57—69, 1982

Kirino T, Sano K. Selective vulnerability in the gerbil
hippocampus ~following transient ischemia. Acta
Neuropathol (Berl) 62: 201—208, 1984

Kochs E, Hoffman WE, Wemer C, Thomas C, Albrecht
RF, Esch J. The effects of propofol on brain electrical
activity. Neurologic outcome and neuronal damage
following incomplete ischemia in rats. Anesthesiology
76: 245—1252, 1992

Lee SR, Cheun JK. Propofol administration reduces
hippocampal neuronal damage induced by kainic acid
in rats. Neurol Res 21: 225—228, 1999

Lowson S, Gent JP, Goodchild CS. Anticonvulsant
properties of propofol and thiopentone: comparison
using two tests in laboratory mice. Br J Anaesth 64:
59—63, 1990

Matsushita K, Kitagawa K, Matsuyama T, Ohtsuki T,
Taguchi A, Mandai K, Mabuchi T, Yagita Y, Yana-
gihara T, Matsumoto M. Effect of systemic zinc
administration on delayed neuronal death in the gerbil
hippocampus. Brain Res 743: 362—365, 1996

Murphy PG, Myers DS, Webster MJ, Webster NR, Jones
JG. The antioxidant potential of propofol (2,6-diisopro-
pylphenol). Br J Anaesth 68: 613—618, 1992

Musacchio E, Rizzoli V, Bianchi M, Bindoli A, Galzigna



Propofol and Neuronal Damage in Global Ischemia 79

L. Antioxidant action of propofol on liver microsomes,
mitochondria and brain synaptosomes in the rat.
Pharmacol Toxicol 69: 75—77, 1991

Newberg LA, Milde JH, Michenfelder JD. The cerebral
metabolic effects of isoflurane at and above concen-
trations that suppress cortical electrical activity.
Anesthesiology 59: 23—28, 1983

Nitatory T, Sato N, Waguri S, Karasawa Y, Araki H,
Shibanai K, Kominami E, Uchiyama Y. Delayed ne-
uronal death in the CA1 pyramidal cell layer of the
gerbil hippocampus following transient ischemia is
apoptosis. J Neurosci 15: 1001 —1011, 1995

Orser BA, Bertlik M, Wang LY, MacDonald JF.
Inhibition by propofol (2,6 di-isopropylphenol) of the
N-methyl-D-aspartate subtype of glutamate receptor in
cultured hippocampal neurones. Br J Pharmacol 116:
1761—1768, 1995

Peduto VA, Concas A, Santoro G, Biggio G, Gessa GL.
Biochemical and electrophysiologic evidence that
propofol enhances GABAergic transmission in the rat
brain. Anesthesiology 75: 1000— 1009, 1991

Pittman JE, Sheng H, Pearlstein R, Brinkhous A, Dexter
F, Wamer DS. Comparison of the effects of propofol
and pentobarbital on neurologic outcome and cerebral
infarct size after temporary focal ischemia in the rat.
Anesthesiology 87: 1139—1144, 1997

Pulsinelli W, Brierly JB, Plum F. Temporal profile of
neuronal damage in a model of transient forebrain
ischemia. Ann Neurol 11: 491498, 1982

Ridenour TC, Wamer DS, Todd RM, Gionet TX.

Comparative effects of propofol and halothane on out-
come from temporary middle cerebral artery occlusion
in the rat. Anesthesiology 76: 807 —812, 1992

Schmitdt-Kastner R, Freund TR. Selective vulnerability
of the hippocampus in brain ischemia. Neuroscience
40: 599636, 1991

Sebel PS, Lowdon JD. Propofol: a new intravenous
anesthetic. Anesthesiology 71: 260—277, 1989

Smith I, White PF, Nathanson M, Gouldson R. Propofol.
An update on its clinical use. Anesthesiology 81: 1005
— 1043, 1994

Todd MM, Drummond JC. A comparison of the cere-
brovascular and metabolic effects of halothane and
isoflurane in the cat. Anesthesiology 60: 276—282, 1984

Tortosa A, Rivera R, Ferrer 1. Dose-related effects of
cycloheximide on delayed neuronal death in the gerbil
hippocampus after bilateral transitory forebrain ische-
mia. J Neurol Sci 121: 10—17, 1994

Tsai Y-C, Huang S-J, Lai Y-Y, Chang C-L, Cheng C-L.
Propofol does not reduce infarct volume in rats
undergoing permanent middle cerebral artery occlu-
sion. Acta Anaesthesiol Sin 32: 99— 104, 1994

Wemer C, Hoffman WE, Kochs E, Albrecht RF, Esch J.
The effects of propofol on cerebral blood flow in
correlation to cerebral blood flow velocity in dogs.
Anesthesiology 73: A556, 1990

Zhu H, Cottrell JE, Kass IS. The effect of thiopental and
propofol on NMDA- and AMPA-mediated glutamate
excitotoxicity. Anesthesiology 87: 944—951, 1997




