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Mechanisms of the protective effect of M K-801
against hypoxic-ischemic brain damage
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Abstract : Objective The activation of NMDA receptor plays an important rolein the pathophysologica process of
hypoxic-ischemic brain damage (HIBD) . This paper aims at studying the mechanism of the protective efect of NMDA
receptor antagonist M K-801 againg HIBD. Methods Thirty 7-day-old SD rats were randomly assigned into Norma
control , HIBD and HIBD + M K801 groups (n =10 each) . The ratsin thelatter two groups were kept in an environment
of 8% O, dter their right common carotid arteries were ligated. The ratsin the HIBD + M K801 group were injected
with 0.3 mg/ kg of MK-801 intrgperitoneally before hypoxia exposure. All rats were sacrificed by decgpitation
immediately hypoxia and ischemia (HI). The sngle cdl sugpenson of each hemigphere was prepared and the
mitochondrial membrane potentid ( Wm) and intracellular free cacium ([Ca®* ]i) of the brain cdl supenson were
measured by flow cytometry and fluorescence gectrophometer repectively. Results Compared to the Norma control
group , the Wm levesof both hemigpheres and the right to Ift  Wm ratio in the HIBD group decreased sgnificantly
and the [Ce® " i level increased sgnificantly ( P <0.05 or 0.01) ; compared to the HIBD growp , the Wm level and
theright-to-lft  Wm ratio in the HIBD + M K-801 group increased sgnificantly ( P <0.05or 0.01). There was no
difference in the right-to-left [Ca2* )i ratio between the HIBD and the HIBD + M K801 groups. Conclusions M K-801
may protect the neonata brain from hypoxicischemic damage by improving the brain cell mitochondria function through
theé* NMDA receptor-other- Wm” pathway , but not through the NMDA receptor-[Ca2* |i- Wm" pathway.
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Neonata hypoxicischemic bran damage
(HIBD) has remained one of the common causes of
the neonata death and
deficits. HIBD isdirectly induced by cerebra hypoxia
and ischemia. Mitochondria are key intracelular or-
ganelles participating in intracellular A TP metabolism

and are related to hypoxiaischemia (HI). The brain

long-term neurological

cdl mitochondria function is damaged in HIBD!Y!. It
was reported that mitochondrial dydunction was
closly related to HI-induced NMDA receptor activar
tion!?! and was an early sgna in glutamate-induced
excitotoxicity!®!. Much research has confirmed that
M K-801, a non-competitive NMDA receptors antago-
nist , can give neurona protection againg HI-induced
damage to CNS*®!. The objective of this study isto
investigate the possble mitochondriarelated mecha
nisms of the protective effect of M K-801 against
HIBD.

Materials and methods

Animalsand grouping

Thirty 7-day-old SD rats were randomly assgned
into Norma control , HIBD group and HIBD + M K-
801 group (n=10 each). The ratsin the HIBD and
HIBD + M K-801 groups were kept in an environment
of 8% O, and 92 % N, and with a temperature of
34+0.1 for 2.5 hours dter their right common
carotid arteries had been ligated. Theratsin the HIBD
+ M K-801 group were injected with 0.3 mg/ kg of M K-
801 intrgperitonedly before hypoxia exposure. All rats
were sacrificed by decepitation right &ter hypoxia.
Preparation of brain cell suspension!®

The right and left cerebra hemigpheres of the
animal's were separated (the cerebellum and olf actory
digest
lution with 2 u/ ml pgpain for 30 minutes. The -

bulb were discarded) and placed in the 37

lution was gently triturated, re-sugpend and cen
trifuged three times and the disociated cells were fi-
nally re-suppended at a density of 2 x 10° cells ml.
Mitochondrial membrane potential (
surement

Ym) mea-
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Fluorescent  Wm indicator Rhodamine 123
(Rho123) with a fina concentration of 1 uM was
added into 1 ml of the above cell suppenson and was
incubated at 37 for 45 minutes. A How cytometry
(COUL TER EPICS ELITE, Coulter Corperation,
USA) was used to measure the fluorescent density of
Rho123 (excitation at 488 nm and emisson at 525
nm) . Ten thousands cells per sample was collected
and put into Listmode files and were then was ana
lyzed by WinMD1 2. 8 Cytometer Andyss Sftware
(Pruduce Universty , USA). The mean fluorescence
levdl (MFL) was considered asthe W m vaue.

Intracellular ~ free calcium ([ Ca®" ]

i)
measurement!”

Fura 2AM with the find concentration of 5 uM was
added to 1 ml cdl sugpendon and was then incubated at
37 for 45 minutes. The [C&E" ]i levd was measured
usng a Hitachi 4500 Huorescence Spectrophometer ,
and the right-to-l€ft [Ca2+ ]i ratio was cdculated.
Satistical analysis

All data were presented as x * s and the un
pared 2-tailed student t-test was used to anayze the

differences.
Results

The mean Wmlevel of each group

Gonpared to the Normd control group, the Wm
levdsof both hemigpheres and the right-to It WY'm ra
tio in the HIBD group decreased dgnificantly ( P <0.05
or 0.01) , with the right hemigphere W mleve decreas
ing by 60 % and the right-to-left Y m ratio decreasng
by 24.5%. Qompared to the HIBD growp, the Wm
levd and the right -to-léft  Wm ratio in the HIBD +
M K-801 group increased and the dfference was dgnifi-
cant ( P <0.050r 0.01) (Tadbe 1).
The right-to-left [ Ca®*]i] ratio of each group

The right-to-left [Ca?* ]i] ratio in the HIBD
group was ggnificantly higher than that of the Nor-
mal control group (1.41+£0.16 vs0.94+0.19) ( P
<0.05) , but no difference was found between the
HIBD and the HIBD + M K-801 groups.
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Table 1 Wm leve and right-to-lft  Wm ratio in the 3 groups (n=10, x £ s)
Ym (MA) ) .
Group - - - right-to-left ~ Wm ratio
right_ hemigphere left_hemigphere
Normd control 18.93+0.74 18.21+1.26 1.06 +0.05
HIBD group 7.59+0.32° 9.76+0.67° 0.80+0.06°
HIBD + M K-801group 10.83+0.41° 10.22+0.42 1.07 +0.06¢

Note: avsthe Normd control group P <0.01; b vsthe Normd control group P <0.05; ¢ vsthe HIBD group P <0.05; dvsthe HIBD group P <0.01

Discussion

Norma mitochondria function is important for
the viability of cells and cerebra energy supply.
Ym has been regarded as one of the markers of
normal mitochondria function'®. Based on the
metabolic demands of the brain, it is reaonable to
geculate that mitochondria are a central target for
glutamate neurotoxicity after HI. The NMDA recep-
tors may be activated by HI and result in an increase
of caciuminflux and accumulation of intracellular free
cacium. The changes can cause mitochondria mem-
brane depolarization (indicated by ¥ m reduction)
under energy depletion. Then the mitochondrial tran-
dtion pore (M TP) isopened and the depolarization of
Wm isaggravated o that cdls die’®. Snce NMDA
receptors are important membrane receptorsin medi-
ating cacium influx , they are condgdered to play a key
rolein intracdlular cacium disequilibrium and Wm
depolarization. Neverthdess, there was dill lack of evi-
dence to explain accuratdy the rdationship between the
cerebrd  Wm change and the [ C&* ]i change dter
NMDA receptors had been antagonized.

Theoretically , it can be deduced that NMDA re-
ceptor antagonist may reduce the intracellular free cal-
cium concentration and the depolarization of mito-
chondrial membrane potentia via by blocking the ac
tivation of NMDA receptors and amdiorate HIFin-
duced cell damage. In this study, the Ym levels
and the right-to-left W m ratio in the HIBD + M K-
801 group were higher than those of the HIBD
group, and the right-to-left [Ca®* ]i ratio was not
different from the HIBD group. It is suggested that
M K-801 could improve mitochondrial function by re-
ducing the cerebra ¥ m depolarization and relieving
HIBD. S it can be deduced that the protective dfect of

M K-801 on HIBD is redized through thé' NMDA recep-
tor-other factors Wm” pathway, but not through the
“ NMDA receptor-[C&** ]+ Wm" pathway.

In this study, the increased cerebral [Ca* i
level and the right-to-left [Ca2+ ]i ratio ater HI was
consstent with the pathophysology of HIBD. But
the change of [Ca" ]i level was observed at only one
time point ater HI (0 h &ter HI). Asthe sscondary
message , cacium can usually make quick regponses to
various gimuli. It has been reported that glutamate
can cause a primary increase and a secondary increase
of intracdlular free calcium ooncentrations of
suprachiasmatic nucleus neurons within an hour ater
application of glutamate!™!. It is therefore necessary
to study further the change of [Ca®* ]i level at the
other time points ater HI to clarify the accurate rela
tionship between the protective effect of M K-801,
Wmand [Ca* ]i levels.

In summary, the NMDA receptor antagonist

M K-801 can ggnificantly reduce the HI-induced
Ym depolarization, but it does not influence the
right-to-left [Ca®* )i ratio at an early stage after HI.
The neuroprotection of M K-801 on HIBD may be re-

and the changes of

alized through the“ NMDA receptor-other factors
Ym” pathway, but not through the* NMDA re-
ceptor-[Ca2* ]i- Wm" pathway.
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