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INTRODUCTION

Bio-Normalizer (BN) is a functional health food supplement sold in
Japan, the United States, and in other countries. This product is made from
Carica papaya Linn. and other plants (Pennisetum pupureum Schum.,
Sechium edule Swartz) by yeast fermentation under strict quality control.
Although ingredients of the product are still unknown in detail, carbohy-
drate (90%), protein, amino acids, and vitamins have been detected as main
substances by chemical analysis (unpublished data). Bio-Normalizer has
been proposed as a free radical modulating agent (Osato et al., 1995; San-
tiago et al., 1991). In biological studies, Bio-Normalizer has been found to
scavenge hydroxyl radicals in vitro (Santiago et al.,, 1991), and in animal
studies it has been reported to protect the rat brain against oxidative dam-
age caused by aging (Santiago et al., 1993a), iron treatment (Santiago et al.,
1992), or ischemia—reperfusion (Santiago et al., 1993b). From such reports,
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it has been proposed that beneficial effects of Bio-Normalizer might be due
to its free radical scavenging properties. However, Bio-Normalizer has also
been reported to upregulate phorbol ester-induced and zymosan-induced
superoxide production in rat peritoneal macrophages (Osato et al., 1995),
natural killer cell activity (Okuda et al., 1993), and the level of interferon
(IFN-y in human blood (Santiago ef al., 1994). Such evidence suggests that
BN also possesses the ability to modulate immune effector cells in addition
to its direct free radical scavenging activity, Despite accumulating data on
the beneficial effects of Bio-Normalizer, the biological mechanisms respon-
sible for the therapeutic activity of Bio-Normalizer are not well understood.
The authors have evaluated its activity under various conditions in order to
gain further insight into the biological mechanisms of Bio-Normalizer ac-
tion and new possibilities for therapeutic applications.

ANTIOXIDANT PROPERTY OF BIO-NORMALIZER

Free radicals and other reactive oxygen species are formed constantly
in the human body. They play a crucial role in a variety of human physio-
logical functions. However, excess generation of reactive oxygen species can
often give rise to oxidative stress that results from the imbalance in the hu-
man antioxidant/oxidant status. It has now been recognized that prolong-
ing this imbalance is implicated in a number of human diseases (Halliwell,
1993). In fact, there is increasing evidence that reactive oxygen and nitro-
gen species are involved in the pathogenesis of a diverse range of chronic
and degenerative disorders (aging, atherosclerosis, cancer, cataract), as well
as in acute clinical conditions (ischemia—reperfusion injury) (Halliwell ef al.,
1989). Therefore, substances with antioxidant properties have been used as
possible treatments of these disorders (Aruoma, 1994; Maxwell, 1995). To
better define the antioxidant properties of Bio-Normalizer, BN was admin-
istered to rats for up to 6 weeks and the consequences of oral supplemen-
tation on in vitro models of oxidative stress-induced damage were then in-
vestigated.

Myocardiac Ischemia—Reperfusion Injury

It is known that reactive oxygen species such as superoxide radical, hy-
droxyl radical, and hydrogen peroxide are implicated in cardiac is-
chemia—reperfusion injury (Chan, 1996; Ferrari, 1995). Agents with free
radical scavenging ability have been shown to enhance functional recovery
of the heart exposed to ischemia-reperfusion (Janero, 1995; Singh et al.,
1995). To delineate the antioxidant ability of BN against reactive oxygen
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radical-mediated injury, the influence of BN on cardiac ischemia-reperfu-
sion injury was investigated (Haramaki et al., 1995). Male Sprague-Daw-
ley rats (250-300 g) were fed a normal diet, supplemented with or without
0.1% BN (w/v) in drinking water. Six weeks later, the rats were subjected
to 40 min of myocardial ischemia followed by 20 min of reperfusion using
the Langendolff perfusion technique. Lactate dehydrogenase (LDH) leak-
age in the coronary effluent was monitored as an index of cardiac is-
chemia—reperfusion damage. During the reperfusion period, following
40 min of global ischemia, a high LDH leakage was observed in the efflu-
ent of the control rat heart, showing ischemia~-reperfusion damage (Fig. 1).
In contrast, BN-supplemented rat hearts showed a significantly lower level
of LDH leakage (p < 0.01), suggesting that BN or its bioactive metabolites
reached the rat heart through oral supplementation and prevented the
hearts from ischemia—reperfusion injury. :
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Figure 1 Effect of Bio-Normalizer supplementation on leakage of LDH from the isolated
Langendolff rat during reperfusion. LDH leakage into the coronary effluent from control (O)
or Bio-Normalizer-supplemented hearts (®) was measured. LDH leakage of the preischemic
period was expressed as 100%. Values are expressed as mean * SEM obtained in six different
experiments. *p < 0.01 compared with values from control hearts.
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Peroxyl Radical-Induced Oxidative Stress

To further define the protective action of BN in rat heart and other tis-
sues, the effect of BN supplementation on the susceptibility of various rat
tissues to oxidative stress induced by peroxyl radials was analyzed (Mar-
cocci et al., 1996). This radical, formed by the reaction of carbon-centered
radicals with oxygen, has been known to be involved in the chain propaga-
tion step in lipid peroxidation (Halliwell and Gutteridge, 1989). The hy-
drophobic azo initiator [AMVN: 2,2'-azobis(2,4-dimethylvaleronitrile)]
was used as a specific source of the peroxyl radicals generated at a constant
rate on thermal decomposition of the azo initiator. The levels of thiobarbi-
turic acid-reactive substance (TBARS) accumulation in homogenate sam-
ples were measured as an index of peroxyl radical-induced oxidative stress.

The level of TBARS in the absence of AMVN was very low in
all homogenate samples (data not shown). In samples prepared from non-
BN-supplemented animals, the exposure to AMVN resulted in higher
levels of TBARS accumulation. In contrast, among the samples from
BN-supplemented rats, significantly lower levels of TBARS were observed
in kidney and heart (Fig. 2a). However, because the authors did not observe
protection in either liver or brain homogenates, the uptake of BN to the tis-
sue and its metabolism seems to be tissue specific. Moreover, oral supple-
mentation of BN protected kidney homogenates from peroxyl radical-in-
duced time-dependent accumulation of TBARS and depletion of
a-tocopherol (Figs. 2b and 2c). These data further demonstrated BN to
function as a free radical scavenger that protects the heart and cell mem-
branes from free radical-induced oxidative damage. Thus one of the mech-
anisms in these protective effects of BN may be its antioxidant properties.

IMMUNOMODULATING ACTIVITY OF BIO-NORMALIZER

Nitric oxide (NO) is a versatile molecule that has many diverse biolog-
ical functions. In addition to its function as a potent vasodilator and neu-

Figure 2 Effect of Bio-Normalizer supplementation on AMVN-induced TBARS accumula-
tion in various rat organ homogenates. (A) TBARS accumulation in various rat organ ho-
mogenates. (B) Time-dependent accumulation of TBARS in rat kidney homogenates. (C) Time-
dependent depletion of a-tocopherol in rat kidney homogenates. Rat tissues homogenates
(10 mg protein/ml) prepared from control bars or from Bio-Normalizer-supplemented ani-
mals bars were incubated in PBS at 42°C for 1 h or at different periods in the absence or
presence of 5 mM AMVN. Levels of TBARS and a-tocopherol were measured using 1,1,3,3-
tetramethoxypropane (TMP) as standard or the HPLC electrochemical method, respectively,
and given as mean = SEM of six different samples.
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rotransmitter, it is well established that NO plays a crucial role in the im-
mune system as a cytostatic and cytolytic agent against tumorigenic cells
(Nathan, 1992) or pathogenic organisms, including parasites (Green et al.,
1990), viruses (Karupiah et al., 1993, 1995), and fungi (Granger et al.,
1988). NO is synthesized by means of arginine oxidation by a family of ni-
tric oxide synthases. Until now, three distinct isoforms of NO synthase
(NOS, EC 1.14.13.39), neuronal NOS (nNOS), endothelial NOS (eNOS),
and inducible NOS (iNOS), have been isolated and characterized exten-
sively (Nathan et al., 1994). Among these enzymes, eNOS contributes to
the vasodilatation and adherence of platelets and leukocytes to endothelial
cells; iNOS mainly participates in the host defense mechanism. Since the ini-
tial evidence of iNOS expression in murine macrophages was published, it
has become apparent that iNOS is expressed by several cell types, including
hepatocytes, endothelial cells, and smooth muscle cells. These cells have
also been demonstrated to exert host defense activity by having iNOS ac-
tivity in response to the stimulation of endotoxin and cytokines such as
IFN-y, interleukin-18 (IL-18), and tumor necrosis factor-a (TNF-c)
(Nathan, 1992).

Direct Interaction with Nitric Oxide

The authors demonstrated that BN scavenges oxygen radical species in-
duced by either ischemia-reperfusion or a chemical system. In order to
characterize the action of BN against NO radicals, the authors investigated
whether BN interacted with NO directly. This evaluation was performed
using the NO donor, sodium nitroprusside. This compound is known to de-
compose in aqueous solution at physiological pH to produce NO. Accu-
mulated nitrite, which is the stable product of NO, was followed by reac-
tion with the Griess reagent. The sodium nitroprusside solution was
incubated with variods amounts of BN (0-3 mg/ml) at 25°C for different
time periods (0-120 min). BN had no effect on the level of nitrite accumu-
lation in the reaction mixture (Fig. 3). This result suggests that BN itself
does not react with NO in a chemical system.

Modulation of Nitric Oxide Production in Macrophages
by Bio-Normalizer

BN has been used for a variety of pathological conditions, and now BN
has been reported to have beneficial effects against different diseases, such
as cancer, hepatitis, and bacterial infection. BN has been reported to induce
natural killer cell activity (Okuda et al., 1993) and to enhance the capacity
of respiratory burst in neutrophils (Osato et al., 1995). Such evidence en-
couraged us to evaluate BN as an immune modulator agent. The authors in-
vestigated the efficacy of BN to influence NO production in macrophages
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Figure 3 Effect of Bio-Normalizer on NO produced by sodium nitroprusside. Sodium ni-
troprusside (5 mM) was incubated with various doses of BN as indicated in phosphate-
buffered salin at 25°C. After incubation for different time periods, the aliquot of reactions was
mixed with an equal volume of the Griess reagent and then the absorbance at 550 nm was
measured. All values represent the mean * SD of three independent experiments.

and characterized the mechanism by which BN affects cellular NO metab-
olism (Kobuchi and Packer, 1997). The mouse macrophage cell line RAW
264.7, which has been well characterized in NO studies and analyzed for
the accumulation of nitrite/nitrate in culture medium using the Griess
reagent as an index for NO synthesis, was used. Treatment with BN alone
failed to induce an appreciable level of NO production. A major increase of
NO production was observed when cells were treated with a combination
of IFN-y plus BN; the enhancement of NO production by BN was dose de-
pendent (Fig. 4a). In addition, when macrophages were incubated with var-
ious concentrations of IFN-y, a similar effect on NO production was ob-
served (Fig. 4b). IFN-y allows the production of appropriate levels of NO
at concentrations above 5 U/ml. When 3 mg/ml BN was added into this test
system, the IFN-y-induced NO production in macrophages was further up-
regulated by BN. These results suggest that BN itself does not provide a sig-
nal that triggers induction of the NO pathway; however, BN possesses the
ability to enhance the production of NO from activated macrophages.
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In light of the unique properties of BN to act both as a direct free rad-
ical scavenger and as an upregulator of NO production, it was of interest
to determine how it regulates cellular NO metabolism. In general, iNOS is
modulated at different regulatory sites, including transcriptional, posttran-
scriptional, translational, and posttranslational control (Nathan and Xie,
1994). To characterize the mechanism by which BN upregulates IFN-y-
induced NO production in macrophages, the authors tested the effect of BN
on the different steps that regulate NO production.

iNOS Enzyme Activity The ability of BN to affect the enzyme activ-
ity of iNOS directly was investigated (Fig. 5). NOS activity was determined
by monitoring the conversion of [**CJarginine to citrulline using a cell-free
preparation from activated macrophages as a source of iNOS. The direct
modulatory action of BN on iNOS enzyme activity was not observed, even’
at high amounts of BN. These results suggest that the NO upregulation by
BN is not-because of its direct activation of iNOS enzyme activity. -

iNOS mRNA Expression Macrophages did not express INOS mRNA
either constitutively or after treatment with BN alone. However, a low level
of iNOS mRNA was observed following the stimulation of macrophages
with IFN-y alone. In contrast, treatment of macrophages with a combina-
tion of IFN-y and BN resulted in a synergistic induction of iNOS mRNA,
which was evident at a minimum concentration of 0.1 mg/ml BN (Fig. 6a).
The augmentation was threefold greater than that induced by IFN-y alone.
These results were consistent with data on NO production, indicating that
its synergistic interaction with IFN-y to enhance NO production is due to
the augmentation of iINOS mRNA expression. This iNOS gene upregula-
tion effect of BN was also observed in a time-dependent manner (Fig. 6b).
The IFN-y-dependent induction in iNOS mRNA was not observed, even
2 h after stimulation. In contrast, the addition of 3 mg/ml BN caused a ma-

Figure 4 Bio-Normalizer synergizes with IFN-y for NO production in RAW 264.7
macrophages. (A) Dose-dependent effect of Bio-Normalizer on NO production. Macrophages
were incubated with medium alone, Bio-Normalizer (3 mg/ml) alone, IFN-y (5 U/ml) alone, or
IFN-y in the presence of the indicated concentrations of Bio-Normalizer for 24 hr. All values
represent the mean + SD of three independent experiments. *p < 0.05 compared with that of
IFN-y alone treatment. (B) Efficacy of IFN-y on NO production by Bio-Normalizer.
Macrophages were incubated with the indicated concentrations of IFN-y in either the absence
(O) or the presence (@) of 3 mg/ml of Bio-Normalizer for 24 hr. All values represent the
mean * SD of three independent experiments. *p < 0.05 compared with that of IFN-y alone
treatment.
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Figure 5 Bio-Normalizer does not affect iNOS enzyme activity. NOS activity was deter-
mined by the conversion of radiolabeled arginine to citrulline using a cytosolic preparation
from macrophages. Complete indicates the value of iNOS activity in the reaction mixture that
contains appropriate cofactors as a positive control. N®-monomethylarginine (NMMA) was
present in the reaction mixture at 100 wM. Bio-Normalizer was added to the complete assay
mixture as indicated. All values are expressed as a percentage of the control (100%: 178 +
3 pmol/mg protein/min) and represent the mean + SD of three independent experiments.

jor increase of I[FN-y-induced iNOS mRNA expression that was already de-
tectable after 2 h of treatment. After 6 h of incubation, BN caused about a
threefold augmentatién of iNOS mRNA expression over that induced by
IFN-y alone, similar to that observed in Fig. 6a. These data demonstrate
that BN acted synergistically with IFN-y in a dose- and time-dependent
fashion for the induction of iINOS mRNA expression in macrophages.

Stability of iNOS mRNA Upregulation of iNOS mRNA by BN is
most likely caused by decreased mRNA destabilization and/or increased
transcription rate, Weisz et al. (1994) reported that the half-life of iNOS
mRNA in macrophages stimulated with a combination of LPS and IFN-y
was prolonged as compared to IFN-y stimulation alone. In an attempt to
determine the mechanism that may be involved in the augmentation of
iNOS mRNA expression by BN plus IFN-y, the stability of iNOS mRNA
was measured using the de novo RNA synthesis inhibitor, actinomycin D.
These experiments showed that there was no significant difference on iNOS .
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Figure 6 Synergistic induction of iNOS mRNA expression by IFN-y plus Bio-Normalizer.
(A) Dose-dependent induction. Macrophages were incubated with medium alone, Bio-
Normalizer (3 mg/ml) alone, IFN-y (5 U/ml) alone, or IFN-y in the presence of the indicated
concentrations of Bio-Normalizer for 6 hr, and total cellular RNA was applied to RT-PCR us-
ing the iNOS-specific primer. All values are expressed as a percentage of the control (IFN-y
alone) for the iNOS/GAPDH ratio from results obtained by RT-PCR. (B) Time course in-
duction. Macrophages were incubated with IFN-y (5 U/ml) alone or with IFN-y plus Bio-
Normalizer (3 mg/ml) for various periods as indicated, and total cellular RNA was applied to
RT-PCR, All values are expressed as a percentage of the control (IFN-y alone, 6 hr) for the
iNOS/GAPDH ratio from results obtained by RT-PCR.

mRNA stability between IFN-y plus BN-treated cells and IFN-y alone
treated cells (Fig. 7). These results indicate that the mechanism for aug-
mentation of iNOS mRNA expression is not due to an increase in the sta-
bility of iNOS mRNA, but rather to an increase in the transcription rate or
other steps.
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Figure 7 Effect of Bio-Normalizer on iNOS mRNA stability in IFN-y-treated RAW 264.7
macrophages. Macrophages were incubated with IEN-y (5 U/ml) alone (O) or with IFN-y plus
Bio-Normalizer (3 mg/ml) (@) for 6 hr. Actinomycin D (5 pg/ml) was then added to the cul-
ture, and total cellular RNA was extracted at the indicated time and applied to RT-PCR. Data
are presented as the relative amount of iNOS mRINA remaining after the addition of actino-
mycin D and normalization to the respective amount of GAPDH mRINA.

Upregulation of IL-18 and TNF-o mRNA Expression by Bio-Normalizer
It is well documented that the induction of iINOS gene expression is regu-
lated tightly by cytokines (Oswald et al., 1996). For example, IFN-y, TINE-
a, and IL-18 upregulate iNOS expression. Other cytokines, such as trans-
forming growth factoi-B, IL-4, and IL-10, have been shown to block the
signal in the NO pathway. The ability of BN to enhance the expression of
IL-18 or TNF-« genes in macrophages was investigated because these cy-
tokines are implicated in the induction of the iNOS gene as well as in tu-
moricidal activity. This macrophage cell line constitutively expresses IL-13
and TNF-a mRNA, and these mRNAs were slightly enhanced by the treat-
ment with IFN-y (Fig. 8). In the case of IL-13, BN caused an approximately
twofold augmentation over mRNA levels induced by IFN-y alonie. TNF-o
mRINA levels were further enhanced by treatment with BN. These cytokines
may be partially involved in the augmentation of iNOS mRNA expression
in macrophages and in other cellular functions.

Taking these results together, BN was not involved directly in the path-
way for iNOS induction, but showed synergistic interaction with IFN~y to
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Figure 8 Dose-dependent induction of IL-18, TNF-o« mRNA by IFN-y plus Bio-Normalizer.
Macrophages were incubated with medium alone, IFN-y (5 U/ml) alone, or IFN-y in the pres-
ence of the indicated concentrations of Bio-Normalizer for 6 hr. Total cellular RNA was then
extracted and applied to RT-PCR using IL-158- or TNF-a-specific primers. All values are ex-
pressed as a percentage of the control (IFN-y alone) from results obtained by RT-PCR.

induce NO synthesis in macrophages, suggesting that BN may have indirect
mechanisms of microbicidal, tumoricidal activity because of its ability to
modulate immune effector cells. In fact, macrophage-derived NO has been
shown to induce hypoxia and apoptosis in tumor cells and to inhibit metas-
tasis through a decrease in tumor cell-induced platelet aggregation. On the
other hand, the release of high amounts of NO may damage healthy tissues
and contribute to the pathogenesis of a wide range of diseases by the for-
mation of peroxynitrite. However, the physiological function of NO ap-
pears to be determined primarily by the site and the quantity of its produc-
tion. BN itself does not exert the upregulatory action on NO production
unless iNOS inducers such as cytokines are present. Therefore, it would be
interesting to investigate the antitumor effect in combined treatment of BN
and IFN-y in an animal model in order to understand further the mecha-
nisms involved in the modulation of the immune system by BN. Further
studies are needed to elucidate the bioavailability of BN to the human body,
as well as the substances that are responsible for the free radical scavenging
property and/or immunomodulating properties of BN.
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SUMMARY

To better define the biological properties of Bio-Normalizer, the efficacy
of Bio-Normalizer on the antioxidant and immunomodulating activities us-
ing different model systems was investigated. In an animal supplementation
study, Bio-Normalizer protected the isolated rat heart from ischemia-reper-
fusion injury and suppressed AMVN-induced TBARS accumulation and de-
pletion of a-tocopherol content in various tissue homogenates by its free
radical scavenging property. Although Bio-Normalizer failed to scavenge
NO in a chemical system, in experiments using a macrophage cell line,
Bio-Normalizer upregulated IFN-y-induced NO production in these
macrophages in a dose-dependent manner. Such an effect of Bio-Normalizer
on NO production was not due to changes in the activity of iNOS, but
rather to the augmentation of iNOS mRNA expression without any alter-
ation in the stability of mRNA. These results show that Bio-Normalizer ap-
pears to be a free radical modulator that may regulate the antioxidant/
oxidant status in the body through biological events such as radical scav-
enging effects and activation of immune effector cells. These properties of
Bio-Normalizer may be, in part, responsible for its reported therapeutic ac-
tivity toward various diseases.
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Edited by
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The public’s increasing interest in healthy lifestyles and healthy aging has led to
heightened awareness of antioxidant food supplements, The development of
technologies for the study of free radicals and antioxidants has led to many
new discoveries. For example, it is now known that antioxidants modulate
oxygen and nitrogen free radicals, which are important in cell signaling, in
redox regulation of metabolism, and in pathophysiological processes.
Antioxidant Food Supplements in Human Health presents exciting new
research on the identification and biological activity of antioxidants and their
role in health and disease. It is an important resource for researchers,
students, and professionals in food science and nutrition, gerontology,
physiology, pharmacology, and related areas.

HIGHLIGHTS

e Health effects of antioxidant nutrients in cancer, heart disease, and other
health conditions

e The nutrient antioxidants: vitamins C and E, selenium, o-lipoic acid,
coenzyme Qy, carotenoids, and flavonoids

e Natural source antioxidants including extracts from pine bark, Ginkgo
biloba, oyster, and uyaku, beverages such as wine and tea, herbs, and a
fermented product from Carica papaya
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