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In this study we used cerebral ischaemia-reperfusion
injury (IRI) as an experimental model to analyse the
effects of Bio-normalizer (BN, a naturally fermented
health food product) on reactive oxygen species related
changes in different brain regions of gerbils. Pre-adminis-
tration of BN solutions (¢.1% and 1%) for 45 days pro-
duced a significant reduction in IRI-mediated increase in
membrane lipid peroxidation, as shown by the decreased
carbon-centred radicals and thiobarbituric acid-reactive
substances in several brain regions including the cerebral
cortex, the hippocampus and the striatum. BN however
has no effect on the mitochondrial superoxide dismutase
activity.
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Introduction

Cerebral ischaemia-reperfusion injury (IRI) in the
gerbil generates reactive oxygen species (ROS) which
cause membrane lipid peroxidation and enzyme inacti-
vation (e.g. loss of glutamine synthetase activity).™
Oxidative stress, a major contributory factor in the
aetiology of certain cerebrovascular diseases such as
cerebral ischaemia is in part attributed to superoxide
radical, hydroxyl radical, oxygen- and carbon-centred
radicals, and hydrogen peroxide.>* Antioxidants such
as vitamin E, glutathione, ascorbate, superoxide dis-
mutase (SOD), catalase, bifemelane hydrochloride,
idebenone and indeloxazine hydrochloride, among
others, as well as natural herbal medicines with anti-
oxidant properties like alkaloids, lignans and TJ-960
have been analysed as protective agents in cerebral
IRLG—]O

Bio-catalyser o.p No. 11 (Bio-normalizer), a com-
mercially available natural health food product from a
fermented mixture of Carica papaya Linn. (a Philip-
pine medicinal plant), other tropical herbal plants, and
cereals from Japanese tropical and traditional foods,
exhibits diverse and wide-ranging biological, physio-
logical and therapeutic properties. We have previously
reported that Bio-normalizer (BN) potently scavenged
hydroxyl radicals, quenched superoxide and 1,1-
diphenyl-2-picrylhydrazyl (DPPH) radicals and
inhibited the thiobarbituric acid-reactive substances
(TBARS) in FeCl;-induced epileptic focus in rats.
Pre-treating the same experimental rat model of epi-
lepsy with BN decreased the release of serotonergic
and dopaminergic neurones in the striatum.”? The
mitochondrial and cytosolic SOD activities increased

and the TBARS decreased in several brain regions of
116-week old aged rats pre-administered with BN for
27 weeks, which corresponded to the observed
increased life span and improved physical conditions
of the rats.”

To probe deeper into the ROS scavenging action and
antioxidant role of BN in cerebrovascular diseases, we
investigated its inhibiting effect on membrane lipid
peroxidation presumed to be initiated by hydroxyl
radicals as a result of IRT in gerbil brain. Using electron
spin resonance (ESR) spin trapping technique and
fluorometry, we measured the formed lipid carbon-
centred radicals (CCR) and TBARS, respectively in
selected brain regions to determine the IRI-mediated
changes in lipid peroxidation. The changes in SOD
activity as shown by its ability to dismutate the gener-
ated superoxide radical in vitro was also analysed
through an ESR spectrometer.

Materials and Methods

Test material: BN is a white, sweet, granular, naturally
fermented health food product marketed in Japan and
in the Philippines by Sun-O International Inc., Gifu,
Japan.

Animals and treatment: Experimental animals used
were 40 male Mongolian gerbils (70-90 g) categorized
into two groups: sham-operated and ischaemic. The
sham-operated group was further classified according
to diet—one had ad libitum access to standard diet and
water (A) and the other, the diet and BN in water
(0.1%) in place of pure water (B). The ischaemic group
was subdivided into 3 diet groups—the first was given
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the diet and water (C), the second, the diet and 0.1%
BN solution (D), and the third the diet and 1.0% BN
solution (E). These dosages approximate the rec-
ommended dose for humans (i.e. 3-9 g daily). The five
subgroups of eight animals per cage were housed at
25°C and humidity of 50 * 5% for 45 days. For sur-
gery, the animals were anaesthetized with ketamine
hydrochloride (100 mgkg i.p.). Silk threads were
placed around both common carotid arteries without
interrupting carotid blood flow. On the following day,
both arteries were exposed and occluded with surgical
clips under light ether anaesthesia. The clips were
released after 5 min to restore the carotid artery blood
flow. The sham-operated controls were treated in the
same manner without performing the occlusion pro-
cedure. The gerbils were sacrificed by decapitation
after 30 min of reperfusion (following previous data
that a tremendous increase in TBARS occur at this
time)'* and the brain was immediately excised. The cor-
tex, cerebellum, pons-medulla oblongata, midbrain,
striatum and hippocampus were dissected and homo-
genized separately in 10 volumes of ice-cold 0.1 M
phosphate buffer, pH 7.4.

Measurement of CCR: 0.5 ml of brain homogenate was
incubated in 0.05 ml of 2 mM FeCl,-ascorbic acid mix-
ture and 0.45 ml of 0.1 M phosphate buffer at 37°C for
15 min. To 200 pl of the incubated homogenate was
added 2 pl of 5,5'-dimethyl-1-pyrroline-N-oxide. The
mixture was vortexed and placed in an ESR spec-
trometry flat cell (169 pl volume capacity). The spin
adducts of DMPO-CCR were recorded 50 s after the
addition of DMPO. The number of spin adducts of
DMPOQO-CCR was calculated from the ratio of the sig-
nal height intensity of the sample and the standard
2,2,6,6-tetramethyl - 4 - hydroxylpiperidine - 1 - oxyl
(TEMPOL) having a known spin number. Details are
given in a previous report.'®

Measurement of TBARS: The method of Ohkawa et al
was used.!® Briefly, to 0.1 ml of the homogenized brain
tissue was added (a) 0.2 ml of 8.1% sodium dodecyl
sulfate, (b) 1.5 ml of 20% sodium acetate solution, pH
3.5, (c) 1.5ml of 0.8% sodium thiobarbituric acid
(TBA),and (d) 0.7 ml of distilled water; then mixed and
incubated at 100°C in a water bath for 1 h. After cool-
ing, 1 ml of distilled water and 5 ml of z-butanol and
pyridine mixture (5:1) were added and shaken vigor-
ously for 1 min using an automatic shaker. After cen-
trifugation at 3,000 rpm for 10 min, the absorbance of
the supernatant containing the TBARS was read at Ex
515nm and Em 532 nm using a fluorometer. The
Values WEre determiﬂed from a Standard curve Of
1,1,3,3-tetramethoxypropane. The formed lipid per-
oxide was expressed as nmol TBARS/g tissue wet
weight.

Measurement of SOD activity: The procedure of Hira-
matsu et al was used.” The cerebral cortex homogenate
was centrifuged at 1,650 g for 15 min. The supernatant
was re-centrifuged at 11,000 g for 30 min and the crude
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mitochondrial pellet obtained was suspended in phos-
phate buffer, pH 7.8. This suspension was used as the
mitochondrial Mn-SOD. The amount of the resulting
supernatant after ultracentrifugation at 105,000 g con-
taining the cytosolic Cu/Zn SOD was not enough for
ESR analysis. 50 pl of 2 mM hypoxanthine, 35 ul of
11 mM diethylenetriaminepentaacetic acid, 50 pl of
the mitochondrial pellet suspension, 15 pl of DMPO,
and 50 pl of xanthine oxidase [81.6 pl in 5 ml phos-
phate buffer were vortexed and placed in an ESR spec-
trometry flat cell. The spin adducts of superoxide
radicals (DMPO-OOH) were recorded exactly 60s
after the addition of DMPO. A standard SOD curve
was prepared from different dilutions of SOD. Manga-
nese oxide was used as the internal standard. The spin
number of the DMPO-OOH was calculated based
from the known spin number of the standard TEM-
POL. The ESR parameters used were the same as in the
previous studies.’"

Statistical analysis: Data difference between groups
was tested for significance using Student’s ¢-test.

Results

Sham-operated versus ischaemic gerbils: The reaction
of Fe** and ascorbic acid in the presence of DMPO pro-
duced prominent ESR signals which indicated the
trapped CCR (data not shown) in the brain tissue
homogenate of sham-operated gerbils (control group).
The ESR spectrum consists of six-line signals of the
spin adducts of DMPO-CCR which is characterized
by hyperfine coupling constants from the nitroxide
nitrogen (Ay) and the B-hydrogen (AY) nuclei of
15.52 G (where 1 Gauss =10 Tesla) and 23.03 G,
respectively. 5 min bilateral carotid occlusion in gerbil
produced forebrain ischaemia resulting in significant
increases of CCR in the cortex (p < 0.05), hippocam-
pus (p < 0.025), midbrain (p <0.05) and striatum
(p < 0.001). On the other hand, TBARS levels were
significantly elevated in the cortex (p < 0.01), hippo-
campus (p <0.01) and midbrain (p < 0.005) and
apparently increased in the striatum although not sig-
nificantly. No difference was observed between BN-
treated sham-operated gerbils and untreated sham-
operated with regard to CCR and TBARS in most
brain parts with the exception of a marked reduction in
TBARS in the midbrain of BN-treated gerbils (Figs 1
and 2). On the other hand the TBARS in the cerebel-
lum of ischaemic gerbils pre-administered with 0.1%
and 1% BN significantly decreased compared with
untreated sham-operated gerbils (p < 0.01) and BN-
treated sham-operated gerbils (p <0.01 and
p < 0.025) (Fig. 2).

Ischaemic (control) versus BN-treated ischaemic ger-
bils: Following 5 min hypoxia and 30 min reoxygena-
tion, the CCR were significantly inhibited in the
midbrain (p < 0.05), hippocampus (p < 0.001 or
2 <0.01), and striatum (p < 0.005 or p < 0.001) in
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reperfused gerbils pre-orally administered with 0.1%
and 1.0% BN solutions for 45 days. The TBARS were
also significantly inhibited in the cortex (p < 0.05 or
p <0.025), midbrain (p <0.05), hippocampus
(p < 0.05) and striatum (p < 0.05) (Figs 1 and 2).

Endogenous SOD in gerbils: ESR spin trapping of
superoxide radical with DMPO was conducted using
the hypoxanthine-xanthine oxidase system. The degra-
dation rate of the spin adducts of superoxide radical
(DMPO-OOH) by SOD standard was used in the cal-
culation of SOD activity in the different brain regions.
ESR hyperfine splitting constants for DMPO-OOH
spin adducts are Ay=137G, A} =118G, and
A¥ = 2.1 G. The mitochondrial SOD activity showed a
slight decline during IRI in gerbil cortex, although
insignificant (Fig. 3). Pre-administration of BN sol-
ution (0.1% and 1.0%) for 45 days brought about no
significant change on the mitochondrial SOD in the
cerebral cortex of sham-operated and ischaemic gerbils

(Fig. 3).

Discussion

When ischaemic tissues are reperfused the resulting
superoxide radical (from the reaction between xan-
thine oxidase and xanthine or hypoxanthine) could be a
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FIG. 1. Effect of Bio-normalizer on carbon-centred radicals during
ischaemia-reperfusion injury in gerbil brain. A: sham-operated con-
trols given food and water, B: sham-operated controls given food and
0.1% Bio-normalizer, C: cerebral ischaemic gerbils given food and
water, D: as in C but given food and 0.1% Bio-normalizer, E: as in C but
given food and 1.0% Bio-normalizer for 45 days. Data are expressed as
the mean *+ s.e.m. of 5-7 gerbils and extracted from the ESR spectrum
of spin adducts of carbon-centred radicals having hyperfine splitting
constants A, = 15.52 G and A = 23.03 G.

key intermediate in IRI damage; and in the presence of
hydrogen peroxide and catalytic metal ions such as
iron and copper through Fenton chemistry may gener-
ate hydroxyl radical in the brain.' The hydroxyl rad-
ical initiates the process of lipid peroxidation by
abstracting a hydrogen atom from polyunsaturated
fatty acid side chain in membrane phospholipids.
Abstraction of a hydrogen atom leaves behind CCR in
the membrane. The oxidative process proceeds to form
a peroxyl radical and finally gets converted into lipid
hydroperoxides.* The extent of membrane lipid per-
oxidation could be measured in terms of CCR and
TBARS.

Our results demonstrate that membrane lipid per-
oxidation indeed occurred during IRI in gerbil brain
causing the increased CCR and TBARS levels in the
forebrain regions. The most affected regions in the ger-
bil are the cerebral cortex, hippocampus, striatum and
midbrain. Perhaps due to regional differences, metal-
ion release and variant antioxidant and antioxidant
enzyme contents, the reperfused brain tissues tended
to show different sensitivities to ROS-induced damage
during IRI. Pre-administration of BN in gerbils pro-
duced a significant reduction in IRI-mediated increase
in lipid peroxidation as shown by the decreased CCR
and TBARS in several brain regions including the cer-
ebral cortex, the hippocampus, the striatum and the
midbrain. These data are in congruence with previous
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FIG. 2. Effect of Bio-normalizer on thiobarbituric acid-reactive sub-
stances {TBARS) during ischaemia-reperfusion injury in gerbil brain. A:
sham-operated controls given food and water, B: sham-operated con-
trols given food and 0.1% Bio-normalizer, C: cerebral ischaemic gerbils
administered with food and water, D: as in C but given food and 0.1%
Bio-normalizer, E: asin C but given food and 1.0% Bio-normalizer for 45
days. Data are expressed as the mean * s.e.m. of 5-7 gerbils.
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FIG. 3. Effect of Bio-normalizer on mitochondrial superoxide dismutase
during ischaemia-reperfusion injury in gerbil brain. A: sham-operated
controls given food and water, B: sham-operated controls given food
and 0.1% Bio-normalizer, C: cerebral ischaemic gerbils given food and
water, D: as in C but given food and 0.1% Bio-normalizer, E: as in C but
given food and 1.0% Bio-normalizer for 45 days. Data are expressed as
the mean = s.e.m. of 5-7 gerbils and extracted from the ESR spectrum
of spin adducts of superoxide radicals (DMPO-OOH) having hyperfine
splitting constants of A, = 13.7 G, A =11.8G, and A =2.1G.

findings on BN’s ability to inhibit TBARS in iron-
induced epileptic rats' and in 116-week old aged rats.”

Another possible contributing factor in IRI damage
is the inactivation of glutamine synthetase, a major
enzyme for glutamate removal that allows glutamate
accumulation in the brain.* Glutamate and aspartate are
excitatory neurotransmitters implicated in epileptic
seizures that cause neurones to fire off continuously
until they are damaged, impairing neurotransmis-
sion.®” Using an iron-injected model of epileptic rats
we have demonstrated that pre-treatment with BN
brought about a significant reduction in the intrastria-
tal release of monoamines and their metabolites.”? It
was speculated that the increase in biogenic amines in
iron-induced epileptic rats may be due to the excit-
atory release of amino acids such as aspartate. Recent
data indicate that BN has some inhibiting ability on
potassium-stimulated release of [’H] aspartate in the
hippocampal slices of ddY mice (unpublished) suggest-
ing neuroprotective effects against epileptic seizures
and IRL. Exogenously supplied SOD but not endogen-
ous SOD has some minimizing effects on brain injury
after ischaemia-reperfusion in animals. Corollarily,
the administration of recombinant human SOD can
reduce the delayed vasogenic oedema developingat3 h
of reperfusion.” We found that neither the endogenous
mitochondrial SOD in the cerebral cortex of gerbils
nor the exogenously pre-administered BN afforded
protection during IRI. This may be due to the fact that
BN has weak scavenging action on superoxide rad-
icals' and is a crude naturally fermented health food
product. The 45 day administration of BN seemed
short to counteract the oxidative damage during IRI in
gerbils. The six-month pre-administration of BN in
116-week old rats however, produced a remarkable
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increase in the mitochondrial and cytosolic SOD
activities in the cerebral cortex, pons-medulla oblon-
gata and hippocampus.?

Several reports show that brief (5 min) bilateral
carotid occlusion in the gerbil produces forebrain
ischaemia resulting in almost complete neuronal
loss??? and delayed neuronal cell death in the CA1
region of hippocampus."2* Usually, these transient
ischaemic attacks serve as ominous warning signs of
impending stroke and cerebral infarction.” By reduc-
ing significantly IRI-induced damage on membrane
lipid peroxidation, in particular in the hippocampus, it
is likely that BN could act as a neuroprotective agent
against delayed CA1 hippocampal neuronal death.

Conclusion

This study shows ESR evidence for the role of ROS
in cerebrovascular diseases such as cerebral ischaemia
in the gerbil. Pre-administration of BN in the animals
produced a significant reduction in membrane lipid
peroxidation as shown by the decreased CCR and
TBARS levels in the cerebral cortex, midbrain, hippo-
campus and striatum. The results suggest the BN
(through its antioxidant and free radical scavenging
activities) affords significant cerebroprotection in the
gerbil model of transient forebrain ischaemia.
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