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Abstract—Bio-catalyzer o-p No.11 (Bio-normalyzer) and its by-product are natural health products made by yeast fermentation
of glucose, Carica papaya Linn., Pennisetum pupureum Schum., and Sechium edule Swartz. Their effects on free radicals were
examined by electron spin resonance spectrometry using spin trapping agent 5,5-dimethyl-1-pyrroline-1-oxide (DMPQ). It was
observed that both Bio-catalyzer and its by-product scavenged 95% of DMPO-OH spin adducts (89 % 10" spins/ml) generated by
FeS0,-H,0,-diethylene triamine pentaacetic acid system at 45.45 mg/ml each. Five percent of DMPO-O,~ spin adducts (27 X
10'® spins/ml) generated by hypoxanthine-xanthine oxidase system and 119 of 1,1-diphenyl-2-picrylhydrazyl radicals (7 x 10%°
spins/ml) were quenched using 25 mg/ml of Bio-catalyzer while 5% of superoxide and nil DPPH radicals were scavenged by its
by-product. Vivo tests showed that oral administration of 1-g/kg body weight of Bio-catalyzer significantly inhibited thiobarbituric
acid reactive substances formation, which is an index of lipid peroxidation, in the FeCl;-induced epileptic focus of rats. These
findings suggest that Bio-catalyzer or its by-product may be useful health foods against neural lipid peroxidation, traumatic epi-
lepsy and aging.
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INTRODUCTION

Bio-catalyzer ap No.11 (bio-normalyzer) is a white,
sweet, granular, natural health food commercially sold
in Japan and the Philippines. It is made by yeast fer-
mentation of Carica papaya Linn. (a widely known
Philippine herb), Pennisetum pupureum Schum. (Napier
grass), Sechium edule Swartz (vegetable} and glucose
as main carbon source. Its by-product, called Bio-cata-
lyzer 2-B, also a white sweet granule made by the
same fermentation process, is being tested in humans,
plants, microorganisms, animals and poultry for im-
proved yield, growth enhancement and disease pre-
vention.

Oxygen free radicals have been implicated in neuro-
logical disorders such as epilepsy,’ aging,®> isch-
emia,*® trauma,® and rheumatoid arthritis,” as well as
in cancer,®? and other diseases. Among the active ox-
ygens, hydroxyl radicals are the most reactive which
damage proteins, break deoxyribonucleic acids (DNA)
and promote lipid peroxidation.'® Hydroxyl radicals
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arise from ionizing radiation, ultrasound, lithotripsy,
lyophilization, ozone and ethanol metabolism (MEOS),!
iron solutions,'” and brain guanidino compounds.'?

Antioxidants that quench active oxygens are well
documented.'*® Not much literature however, has
been published on antioxidants produced by fermenta-
tion. To our present knowledge, Bio-catalyzer and its
by-product are the first fermented health products with
antioxidant action.

To initially provide a scientific basis for bio-cata-
lyzer’s purported therapeutic action on human diseases,
we examined its antioxidant action on active oxygens
by electron spin resonance (ESR) spectrometry and its
role in the prevention of neural lipid peroxidation. Qur
findings and evaluations suggest a link between the
curing ability of Bio-catalyzer and its free radical scav-
enging action and inhibiting property against neural
lipid peroxidation in iron-induced epileptic focus in
rats.

We also examined the antioxidant action of the by-
product of Bio-catalyzer.

MATERIALS AND METHODS
Animals

Male adult Sprague-Dawley rats (Clea Japan Inc.,
Tokyo) weighing 270-290 g were used.
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Fig. 1. Schematic diagram of preparation of Bio-catalyzer a-p No.11
(Bio-normalyzer) and its by-product/Bio-catalyzer 2-B.

Chemicals

Hypoxanthine, 1,1-diphenyl-2-picrylhydrazyl (DPPH)
and diethylene triamine pentaacetic acid (DETAPAC)
were acquired from Sigma Chemical Co., USA. Xan-
thine oxidase (20 units/ml) and 5,5-dimethyl-1-pyrro-
line-1-oxide (DMPQ) were obtained from Boehringer
Mannheim GmbH, Germany and Daiichi Pure Chemi-
cal Co., Tokyo, respectively.

Bio-catalyzer o-p No.11 (Bio-normalyzer) and its
by-product '

Bio-catalyzer a'p No.11 (Bio-normalyzer) and its
by-product, Bio-catalyzer 2-B are commercially pro-
duced by Sun-O International Inc., Gifu, Japan. The
preparation is shown in Fig. 1.

Free radical analysis

Free radicals were examined by ESR spectrometry
(JES-FE1XG, JEOL, Tokyo) using manganese oxide as
an internal standard. Details are as follows:

a) DPPH — Thirty micromoles of DPPH was dis-
solved in ethyl alcohol. One hundred microliters of this
solution and 100 ul of sample dissolved in ethyl alco-
hol were mixed for 10 s then placed in an ESR spec-
trometry flat cell. The DPPH radicals were measured
exactly after 60 s.

b) Hydroxyl (OH) radicals — Seventy five microli-
ters of 1-mM FeSO, and 1-mM DETAPAC, 75 pl of
IM H,0,, 50 pl of sample, and 20 pl of 0.092-pM
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Fig. 2. Effect of Bio-catalyzer and Bio-catalyzer 2-B on ESR signals
on 1,1-diphenyl-2-picrylhydrazyl (DPPH) radicals and DMPO spin
adducts of superoxide and hydroxyl radicals.

DMPO were mixed for 10 s, then placed in an ESR
spectrometry flat cell. The DMPO-OH spin adducts
were measured exactly after 40 s.

¢) Superoxide (O, ) — Fifty microliters of 2-mM
hypoxanthine, 35 ul of 11-mM DETAPAC, 50 ul of
sample, 15 pl of DMPO, and 50 pl of freshly prepared
xanthine oxidase suspension (81.6 wl in 5 ml phosphate
buffer, pH 7.8) were mixed for 10 s, then placed in an
ESR spectrometry flat cell. The DMPO-O,~ spin ad-
ducts were measured exactly after 50 s.

Conditions of ESR spectrometric analysis

DPPH radicals were measured under the following
conditions: magnetic field, 334 + 10 mT; response,
0.3 s; sweep time, 0.5 min, and; amplitude, 3.2 X
1,000. For DMPO-0,~ spin adducts, the magnetic
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Fig. 4. Effect of Bio-catalyzer treatment on TBARS levels in the FeCl;-induced epileptic focus of rat cerebral cortex. Five microliters of 0.1-M
FeCl,; or saline (control group) were injected into rat sensorimotor cortex. Bio-catalyzer at 1-g/kg body weight was orally administered to rats
prior to FeCl, injection. The values are the means (n=8) = SEM. *p < 0.0025 versus control; **p < 0.005 versus iron-injected group; no
significant difference between control and Bio-catalyzer-administered-iron-injected group.

tration of 1-g/kg body weight of bio-catalyzer 30 min
prior to iron injection.

DISCUSSION

Bio-catalyzer has been in Japanese and Philippine
markets for three years. The beneficial effects of the
product as a health food have been widely attested by
its users. Reports on cured cases of Bio-catalyzer on
various simple and serious ailments have generated
much interest in the product. Scientific reports or evi-
dences however, were sorely lacking to explain such
claims.

Our study reveals that Bio-catalyzer and Bio-cata-
lyzer 2-B are potent scavengers of hydroxyl radicals
and have some ability in quenching superoxide and
DPPH radicals. The ESR parameters of the spin ad-
ducts of DMPO-OH of the study agree well with
the report of Buettner® for Fe(II)-DETAPAC-H,0,
system.

Subpial isocortical injection of iron salts®*>? or
iron-containing blood products®**? caused significant
increase in superoxide®®?”-**3? and hydroxyl® radi-
cals, fluorescence® or malondialdehyde®? in epilepto-
genic foci in rats with subsequent initiation of lipic
peroxidation,”®**3? recurrent epileptogenic discharges
with focal brain edema, cavity necrosis, and gliosis.*’
Vivo tests using similar model of iron-induced epileptic
rats as those of TJ-960,>* EPC-K,,"** and Guilingji*®
showed that Bio-catalyzer significantly inhibits TBARS
formation in these animals. The nearly similar TBARS
of the control group (saline injected) and Bio-catalyzer-
treated-iron-induced epileptic rats indicate that the harm-
ful effects of such radicals were counteracted by Bio-

catalyzer. Sensorimotor cortex of rats treated with Bio-
catalyzer before iron-injection showed low levels of
TBARS in contrast to the observed high TBARS level
in untreated iron-induced epileptic rats. These imply
that Bio-catalyzer, with its free radical scavenging ac-
tion (specially on hydroxyl radicals) and ability to sup-
press the formation of TBARS, may help prevent neural
lipid peroxidation, traumatic epilepsy, and aging.*'’

Since Bio-catalyzer 2-B is prepared by the same
method, has the same composition, and exhibits same
free radical scavenging ability as that of Bio-catalyzer,
it is expected that similar data on iron-induced epilep-
tic rats will be obtained.

Yeasts are the most likely free radical quenching
components of Bio-catalyzer and Bio-catalyzer 2-B,
The plate count in 2% glucose-1% peptone-0.5% yeast
extract, pH 5 at 30°C yield 1-5 X 107 yeast cells/g in
these products. Antioxidant enzymes like glutathione
reductase®” and superoxide dismutase (SOD)** have
been found in yeasts. SOD in particular, has been
linked as a therapeutic agent for human diseases.?
Bio-catalyzer and Bio-catalyzer 2-B showed some abil-
ity in quenching superoxide radicals (although to a
lesser extent than their scavenging actions on hydroxyl
radicals). Based on this finding and the yeast content
of these products, it is likely that Bio-catalyzer and
its by-product may also contain SOD or SOD-like
activity.
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Fig. 3. Dose-response of Bio-catalyzer and Bio-catalyzer 2-B on DMPO-OH spin adducts. The values are the means (n= 6-8) + SEM.

field, response, sweep time, and amplitude were 335
+ 5mT, 0.1s, 2 min, and 1 X 1,000, respectively.
For DMPO-OH spin adducts, the conditions were 334
+ 5 mT, 0.1 s, 1 min, and 4 X 100, respectively.
The modulation amplitude was set at 0.2 mT for DPPH
radical analysis and 0.08 mT for superoxide and hy-
droxyl radicals analysis at 8 mV power. The spin
number was calculated using the signal height intensity
of known quantities of 2,2,6,6-tetramethyl-4-hydroxyl
piperidine-1-oxyl (TEMPOL).?! Six to eight determina-
tions of samples were done for the analysis of free
radicals.

Iron-induced epileptic focus in rats

Preparation of FeCl;-induced epileptic rats were done
following the procedure of Willmore et al.** The cere-
bral cortex was dissected on an ice plate as described
in Glowinski’s method®® and kept at —80°C until
thiobarbituric acid reactive substances (TBARS) analy-
sis. One gram of bio-catalyzer per kilogram body weight
of the animal was dissolved in 1 ml of distilled water
and orally administered to rats 30 min before iron in-
jection.

TBARS analysis

TBARS in tissues was measured as described by
Ohishi.?* Statistical analysis was performed using Stu-
dent’s T-test.

RESULTS

The scavenging actions of bio-catalyzer and its by-
product, Bio-catalyzer 2-B on DPPH radicals and su-
peroxide radicals were both found to be weak (Fig. 2).
Five percent of DMPO-O,~ spin adducts (27 X 10'°
spins/ml) generated by hypoxanthine-xanthine oxidase-
DETAPAC system and 11% of DPPH radicals (7 X
10" spins/ml) were quenched by Bio-catalyzer while
5% of superoxide and nil DPPH radicals were scav-
enged by Bio-catalyzer 2-B. At more than 25 mg/ml
each, Bio-catalyzer and its Bio-catalyzer 2-B still showed
weak quenching ability on DPPH and superoxide radi-
cals (data not shown). ESR parameters of spin adducts
of DMPO-0, " in sodium phosphate buffer, pH 7.8 are
AN/G = 14.6, Ay/G = 11.4, and Ay/G = 1.2.

However, Bio-catalyzer and Bio-catalyzer 2-B both
exhibited strong scavenging actions against DMPO-OH
spin adducts (89 X 10'° spins/ml) generated by FeSO,-
H,0,-DETAPAC system. At concentrations of 23 mg/ml
each, Bio-catalyzer and Bio-catalyzer 2-B quenched 91
and 94% of DMPO-OH spin adducts, respectively (Fig.
2). The spin adducts of DMPO-OH show ESR param-
eters of A/G = Ay/G = 15.2,

Figure 3 depicts the dose-dependent activities of
these two products on hydroxyl radicals. At 45.45
mg/ml each of Bio-catalyzer and Bio-catalyzer 2-B,
95% of the hydroxyl radicals were quenched. Figure 4
shows the effect of Bio-catalyzer on TBARS formation
which is an index of lipid peroxidation in the FeCl,-
induced epileptic focus of rats. TBARS formation in
rats was significantly inhibited with the oral adminis-
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