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A phospholipase C inhibitor, phenylmethylsulfonyl fluoride,
ameliorates ischemic injury to brain mitochondria in rats!
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ABSTRACT

AIM: To study the effect of phenylmethylsulfonyl fluo-
ride (PMSF), a phospholipase C inhibitor, on ischemic
injury to brain mitochondriz in rats. METHODS: The
phospholipid level, membrane fluidity, and respiratory
control ratio of brain mitochondria were measured. The
effect of phenylmethylsulfonyl fluoride was tested. RE-
SULTS; The phospholipid level, membrane fluidity,
and respiratory control ratio of brain mitochondria in is-
chemia group decreased but increased in the PMSF treat-
ment growp{ P < 0.05) . CONCLUSION: PMSF ame-
liorated ischemic injury to brain mitochondria in rats.

INTRODUCTION

It is well known that ischemic injury to brain mito-
chondria takes place during cerebral ischemia. Factors
that have been proposed to account for ischemic injury to
brain mitochondria during ischemia and reperfusion in-
clude intercellular acidosis, Ca*-induced membrane
damage, and free-radical-dependent membrane lipid per-
oxidation. Measures can be taken to manipulate these
factors so that ischemic injury to brain mitochondria may
be minimized and cell viability be optimized during resus-
citation.

During brain ischemia, many kinds of neurotrans-
mitters are released from synaptomes in large amounts by
membrane depolarization. Some neurotransmitter recep-
tors including muscarinic cholinergic, adrenergic, his-
taminergic, and serotonergic receptors activate phospholi-
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pase C (PLC) by a receptor-mediated mechanism coupled
to a G protein and linked to PI tumover. Recently it has
become evident that glutamate, which may play an im-
portant role in neurotoxicity in ischemia, has such a re-
ceptor activating phosphatidylinositol (PI) wmovert.
The activation of PLC may lead, through IP,-mediated
Ca’* mobilization from intracellular stores to increase cy-
tosolic calcium concentration. It therefore seems possible
that the activation of PLIC by the excessive release of neu-
rotransmitters in ischemia is related to neuronal dam-
age?).

It was reported that the release of free fatty acid in
the early period of ischemia can be attributed mostly to
the activation of PLC, and that the activation of PLC fur-
ther influerced the release of free fatty acid by phospholi-
pase A; (PLA;) in the subsequent course. This effect
seemed to be related to IP;-mediated Ca** release. The
activation of PLC seems to trigger some specific events,
such as the activation of PLA, in ischemia’®.

The present study examined the effect of phenyl-
methylsulfonyl fluoride (PMSF), a PLC inhibitor, on
brain mitochondrial damage in rats. The mle of PLC
and PLA, on ischemic injury to brain mitochondria is then
discussed .

MATERIALS AND METHODS

Drugs PMSF was obtained from Sigma Chemical
Co. [t was mixed with 1 mL of 4 % gum acacia sus-
pension before use. In the treatment group, rafs were
treated with PMSF 100 mg/kg ip 60 min before
ischemia. In the vehicle treatment group, rats were
treated with the vehicle (1 mL of 4 % gum acacia sus-
pension) ip 60 min before ischemia.

Animal model Twenty-eight male Wistar rats
(weighing 250-300 g, Certificate No 24301050, Grade
I, from Experimental Animal Center of Third Military
Medical Universtiy) were equally divided into 4 groups:
1) control group, 2) ischemia group, 3) PMSF treatment
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group, 4 ) vehicle treatment group. Under 2 %
halothane anesthesia, both vertebral arteries of each rat
were electrocoagulated. On the following day both com-
mon carotid arteries were gently exposed under 2 %
halothane anesthesia. Three minutes after the halothane
was discontinued both common carotid arteries were oc-
cluded with aneurysmal clips for 20 min'® 1o induce com-
plete brain ischemia.

Isolation of brain mitochondria  The brain
mitochondria were isolated according to the procedure de-
scribed by Michele et @i . Rats were decapitated and
their forebrains were removed immediately and placed in-
to an ice cold isotonic sucrose medium. This mediumn
consisted of sucrose 150 mmol/L, HEPES 10 mmol/L
{pH 7.4}, bovine serum albumin 1 g/L , edetic acid
0.5 mmol/L . The tissues were homogenized with a
Teflon pestel. The homogenate was immediately cen-
trifuged at 2000 x g for 3 min. The supernatant was de-
canted and centrifuged at 12 000 x g for 8 min. The su-
pematant was discarded and the pellet was resuspended in-
to the jsotonic sucrose medium. Then the suspension
was centrifuged at 12 000 x ¢ for 10 min. The pellet
was resuspended into sucrose 0.25 mol/L and centrifuged
at 12 000 x g for 10 min. The mitochondrial pellets
were then rinsed lighly with sucrose 0.25 mol/L and
suspended into it (o give approx concentration of 10 — 20
g protein/L..

Measurement of phospholipids in brain mito-
chondria  Phospholipids in brain mitochondria were
measured by HPLC (Shimadzu LC-9A Japan), using the
method described by Tang et al'®!. ‘The chromatograph-
ic column 150 mm x 6 mm ID was pre-packed with Bio-
Sil HP-10 (10 gm). The guard column was Guard-
PAKTM {( RCSS Silica, Water Associates). Mobile
phase was a solvent of acetonitrile : methanol : 85 %
H;PO, (¢ =250:7:2). The flow mate was 1 ml./min
for 90 min. Phospholipids were obtained from Sigma
Co.

Measurement of membrane fluidity in brain
mitochondria  Membrane fluidity (MF) of brain mi-
tochondria was measured using the method described by
Villagara ef al'®'. MF was determined by a fluorescence
polarization technique using 1, 6-diphenyl-1, 3, 5-hexa-
triene (DPH) as a fluorescent probe. Samples were ex-
cited at 360 nm and emissicn intensity was measured at
435 nm. First, fluorescence anisotropy { P) was got.
The MF was expressed by 7. The 4 was calculated as
follows; n=2P/(0.46 — P). The bigger 7, the less

the MF.

Measurement of respiratory control ratio in
brain mitochondria Respiratory control ratio
(RCR) of brain mitochondria was measured using the
method described by Michele® e al. The reaction
mixture consisted of sucrose 150 mmol/L, Tris-HCL 25
mmol/L, phosphate buffer 10 mmol/L (pH 7.4) and
(.7 - 1.0 mg mitochondrial protein. The final volume
was 1.0 ml and the assay temperature was 30 T. RCR
was calculated as follows: RCR = State 3/State 4.

Statistical analysis Data were expressed as ¥ £
s and compared with 1 test.

RESULTS

As shown in Fig 1, some major phospholipids in-
cluding phosphatidylcholine ( PC), phosphatidylethano-
lamine (PE), and cardiolipin {(CL) in rat brain mito-
chondria were separated by HPLC.

The phospholipid levels of PC, PE, CL, and RCR
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Fig1. Separation of major phospholipids in rat brain mi-
tochondria by HPLC. NL (nonhydroxylipids) ; PE (phos-
phatidylethanolzmine ); PI ( phosphatidylinositol ); PA
{ phosphatidic acids }; CL ( cardiolipin}j; PS ( phos-
phatidylserine) ; PC {phosphatidylcholine); SPH ( sphin-
gomyelin) .
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in ischemia group were lower than control group but 4
was higher indicated that MF was decreased in ischemia
group { P <0.05, Tab1). PMSF increased the level of
PC, PE, CL, and RCR and decreased v compared with
ischemia group ( # <0.05, Tab 1).

DISCUSSION

In the present study, we found that the phosphoiipid
level, membrane fluidity, and respiratory control ratio of
brain mitochondria in ischemia group decreased signifi-
cantly and that ischemic injury to brain mitochondria took
place ‘dun'ng cerebral ischemia. From owr result, we
might. infer the mechanism of ischemic injury to brain mi-
tochondria as follows; (1) Phospholipid hydrolysis on the
mitochondrial membrane will change membrane perme-
ability characteristics to Ca®* , which cause “Ca’* over-
load”. The excessive mitochondrial Ca2* loading led
an uncoupling of oxidative phosphorylation’”. (2) The
elevated cellular levels of polyunsatorated fatty acids
(FFA) and lysophospholipids, resulting from PLA,-
induced phospholipid hydrolysis, also can be toxic to
cells®% . (3) The phospholipids of mitochondrial
mermbrane are particularly good substrates for PLA; ac-
tion. Activation of PLA, results in hydrolysis of cardi-
olipin, which is a critical component of the catalytic sub-
units of the eletron transport chain, ATP synthetase, and
adenine nucleotide translocase!'®*").  (4) Lipid peroxi-
dation causes the release of FFA from the mitochondrial
membrane.  The presence of fatty acids with longer chain
was reduced. This change decreased mitochondrial
mermbrane ﬂuidityi-"'").

PMSF is a serine esterase inhibitor. It is known
that PMSF can pass the blood-brain barrier freely.
PMSF inhibited the increase of arachidonic and stearic
acids that seemed to be released from PI during the early
period of ischemia in rat neocortex™ . Umemura® et af
reported that PMSF pretreatment at any dose significantly

ameliorated ischemic delayed neuronal damage in the rat
hippocampal CAl subfield. In the present study, we
found that the phospholipid level, membrane fluidity and
respiratory control ratio of brain mitochondria in the treat-
ment group were significantly higher than that of the vehi-
cle treatment group, PMSF can ameliorate ischemic in-
jury to brain mitochondria in rats. From our result, we
might infer the mechanism of PMSF treatment as follows:
(1) PMSF treatment might inhibit some specific events
triggered by the activation of PLC, such as the activation
of PLA, in ischemia. (2) PMSF treatment might protect
mitochondrial membrane from phospholipid hydrolysis.
(3) PMSF treatment might stabilize mitochondrial mem-
brane fluidity. (4) PMSF treatment might improve mi-
tochondrial respiratory function.
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