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In the animal model of aseptic inflammation, Bio-normalizer (BN), a natural Japanese health food
known as an agent possessing preventive and therapeutic activities in such pathologies as tumors,
inflammation, immunodeficiency, etc. was tested. A main purpose was to study the in vivo BN .
effects on phagocyte migration to inflammatory site, phagocytosis, and the organism's free radical
status. It was found that BN exhibited deverse effects on inflamed neutrophils and macrophages,
suppressing the neutrophil functions (migration and oxygen radical production), and activating
macrophage migration, phagocytosis and superoxide release. BN also activated macrophage
NADPH oxidase at the earlier stages of inflammation (1-3 days) and inhibited it at the end of one
week period. In addition, BN enhanced the SOD activity in inflamed macrophages but did not
affect that in inflamed neutrophils, blood erythrocytes and plasma and slightly decreased superoxide
release from the blood erythrocytes induced by the prooxidant quinone menadione.

Our results suggest that BN is an effective modulator of oxidative stress associated with
‘inflammation having a capacity to restore pro/antioxidant balance. It was also proposed that
BN potential antitumor capacity may be a consequence of macrophage activation via the
interferon-y mechanism of adaptation to oxidative stress.
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Bio-normalizer (BN), a natural Japanese health ids and other bioactive substances, is thought to
supplementation prepared by fermentation of Cari- manifest preventive and therapeutic effects on nu-
ca papya, and containing yeast, glucose, amino ac- merous pathological states including tumors, aller-
gy, inflammation, immunodeficiency, etc. [1]. Till
now, molecular and cellular basis for these activitics

Abbreviations: _ remains obscure. In most above mentioned pathol-

BN-Bio-normalizer; CL-chemiluminescence; ogies, the changes in the prooxidant/antioxidant
HBSS-Hanks’ balanced salt solution; MEM-mini-  balance are regarded as an important cause of their
mal essential medium; PMA-12-O-myristate-13-ac-  development. It was, therefore, proposed that ther-
etate; SOD-superoxide dismutase. apeutic action of BN may be a consequence of its
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antioxidant properties. Indeed, it has been shown
that BN is a hydroxyl radical scavenger and an in-
hibitor of iron-dependent lipid peroxidation [2]. It
was also proposed that glucose as one of BN con-
stituents is mostly responsible for BN antioxidant
capacity [3].

We have shown mcently [4] that the effects of
BN on free radical processes are more complicated
than it was admitted earlier. Thus, although BN
exhibited free radical-scavenging properties in vari-
ous in vitro systems such as the Fenton reaction,
xanthine-xanthine oxidase, or horse radish peroxi-
dase, it was able at the same time to stimulate or
inhibit oxygen radical production by macrophages
and PMN leukocytes, depending on the nature of
the stimuli and the chemiluminescence amplifiers
applied.

The last findings seem to be especially important
since PMN leukocytes are an essential factor of ev-
olutionary developed host defense system against
microorganism invasion [5]. However, these cells
also play a significant role in the host tissue damage
during noninfectious inflammatory reactions [6].
Upon activation with various inflammatory agents,
PMNs are accumulated within inflammation Jloci
and release specific mediators including active oxy-
gen species, proteolytic enzymes, the products of
arachidonate oxidative metabolism, etc. All these
substances may maintain and increase inflammato-
1y lesions [7].

It is well established that mononuclear phago-
cytes are highly potent to kill microorganisms [8]
and to inhibit tumor cell growth [9]. However, their
microbicidal and tumoricidal activities are appar-
ently regulated by different ways. In response to
inflammatory signal, blood monocytes migrate into
tissues and are -converted there into macrOphages
which are more responsive to the stimuli than resi-
dent macrophages [10]. On the other hand, they
may develop macrophage-mediated tumor cytotox—
icity upon stimulation with interferon-y, bacterial
or yeast lipopolysaccharides [11]. For example, there
is a growing number of evidence that yeast polysac-
charides possess a capacity of increasing host de-
fense against bacterias, viruses, and tumors mainly
by activating macrophages [12].

Thus it seems very important to study the in vivo
effects of BN, which contains both the antioxidants
and the potential activators of PMN and macro-
phage functions such as cell migration, phagocyto-
sis, and oxygen radical production. Aseptic inflam-
mation and subsequent cell influx into the perito-

neum were induced by dextran sulfate injection to

mice. It was found that BN is a very potent inhib-
itor of PMNs accumulation and functions at the

inflammation site and, at the same time, is a pro-
moter of macrophage activity. It was, therefore,
concluded that BN exhibits well-compensated pro/
antioxidant activity.

Materials and Methods

Chemicals

BN is commercially produced by Sun-O Inter-
national Inc., Gifu, Japan. Its partly soluble white
sweet granules are prepared by fermentation of Carica
papaya tropical herbal plants. The granules contain

_yeast (1-5x10° yeast cclls/g), glucose (more 2%),

vitamins B and C, and papain proteases. Ferricyto-
chrome c (type VIII), NADPH, lucigenin, luminol,
menadione, zymosan A, latcx(l mmy), PMA, epine-
phrine, Ficoll-Paque, Monoprep, bovine serum al-
bumin, HBSS, phospate buffer, and bovine CuZn-
SOD (EC 1.15.1.1) were purchased from Sigma
Chem.Co. (St.Louis, Mo.). Dextran sulfate and so-
dium metrizoate were from Pharmacia, Sweden.

Animals N
7-8 week old Balb/C mice weighting 18-20g were
used in the experiments.

In vivo experiments

The mice received intraperitoneal injection of
0.1 ml of a sterile physiological saline (Group 1,
control, 6 animals) or 12.5 mg of a BN saline sus-
pension (Group 2, 10 animals), Peritoneal inflam-
mation was induced by the injection of 0.5 ml of a
0.06% dextran sulfate solution (Group 3, 8 animals
and Group 4, 11 animals). 24 Hours later 0.5 ml of
a BN (12.5 mg) saline suspension was injected to
the mice of Group 4. The mice were sacrified and
examined on the Ist, 2nd, 3nd, and 8th day after
the beginning of the experiment. Peritoneal excu-
date was collected by peritoneal rinsing with 2 mi
of saline solution. The total number. of the cells
collected from the peritoneal cavity was calculated

© by staining a 100 pl aliquot with a 0.2% tryptane

blue and counting in a Goryaev chamber. Differ-
ential cell counting was performed in smears using
Giemza staining.

Phagocytosis assay

A peritoneal cell suspension (0.5 ml) containing
2x10¢ cells was placed on glass coverslips in 24 well
plates (Costar, Cambridge, MA). Then, 0.5 ml (1mg/
ml) of an opsonized zymosan suspension was add-
ed to cell culture, and the samples were incubated
at 37°C for 30 min. The coverslips were fixed with
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methanol and stained with Giemza. The number of
the particles ingested by no less than 300 macro-
phages per coverslip was calculated by a direct vis-
ual enumeration with a light microscope (x900).
Upon the examination, the two parameters were
recorded: the percentage of-phagocytes in a cell
-population and the phagocytosing index (a phago-
cyte has been defined as a macrophage that ingest-
ed at least one zymosan particle). The percentage
of phagocytes was calculated by dividing the number
of phagocytes by the total number of macrophages
counted and multiplying by 100. The phagocytos-
ing index was calculated by dividing the number of
particles ingested by the number of phagocytes [13].

Neutrophil and macrophage preparation

Mouse neutrophils and macrophages were pre-
pared by density gradient centrifugation [14], using
Ficoll-Hypaque (d=1.119) for neutrophil isolation
and Monoprep (d=1.077) for mononuclear cell iso-
lation. The cells were collected and washed twice
with Ca,Mg-free HBSS and finally resuspended in
a minimal essential medium (MEM) at appropriate
concentrations.

Erythrocyte isolation and plasma preparation

The blood of mice was collected in heparinized
tubes (10 IU/ml). The whole blood from each mouse
group was pooled and used for erythrocyte and plas-
ma preparation. 2 ml blood sample was centrifuged
at 150g for 5 min, erythrocyte pellet was collected
and washed twice with a large volume of phosphate
buffer. Washed cells were ajusted by 2% hematocrit
- with the same buffer. Supernatant after the first cen-
trifugation was transfered into another tube, and
white blood cells-were cedimented at 400g for 10

min. Top plasma layer was collected and stored at-

20°C until analysis.

Superoxide production by erythrocytes

Spontaneous and menadione-induced superox-
ide production by erythrocytes was determined by
SOD-inhibitable cytochrome ¢ reduction [15]. 20
pLof an erythrocyte suspension and 50 uM of cyto-
chrome ¢ were incubated in 0.1 M K-phosphate
buffer (2 ml) with or without menadione (10 uM) at
room temperature for 60 min. After centrifugation,
the light absorbance of clear supernatant was meas-
ured at 542, 550, and 557 nm (Beckman DU 600
spectrophotomcter) To eliminate possible hemoglob-
in absorbance, the amount of reduced cytochrome
¢ was calculated by the following equation:

cyt.c= 47.6A,,, - 9.8A,,; - 31.BA,,,

where the extinction coefficients of reduced and

oxidized cytochrome ¢ and oxyhemoglobin were
taken into account. The data were presented as nmol
0,7/60 min/10" exythrocytes. Each measurement was
performed in triplicates, and the results were ex-
pressed as a mean + SD.

Macrophage NADPH oxidase activity

The NADPH oxidase activity of macrophages
was determined as it was described by Bellavite et
al. [16]. Aliquots of 107 cells  were suspended in
HBSS (1 ml) together with 50 pM cytochrome ¢
and 2 mM NaN, (to prevent cyt.c reoxidation by
cytochrome ¢ omdasc) and placed at 37°C in a 1cm
light path polysterene cuvette supplied with a stir-
rer of a LKB “Ultraspec” spectrophotometer. Then,
light absorbance was continuously recorded at 550
nm. The reaction was started by the addition of 10
ng/ml of PMA, stopped at the maximal velocity by
0.05% Triton 100, and restored 1 min later by the
addition of NADPH at appropriate concentrations.

Production of active oxygen species by

neutrophils and macrophages

The production of active oxygen species perito-
neal phagocytes was measured by the chemilumi-
nescence (CL) method using lucigenin as a specific
CL probe for detection of superoxide jon [17], and
fuminol as a CL probe for detection of active oxy-
gen species forming during hydrogen peroxide de-
composition [18]. In these experiments, 5x10° cells
were mixed in polystyrene CL tubes with 0.9 ml of
HBSS containing 50 pM luminol or lucigenin. The
tubes were placed in the CL unit of a LKB model
1251 luminometer (Sweden) equipped with mini-
computer for controlling experimental procedures
and calculation and expression of the obtained data.
Cell-containing mixture was incubated at 37°C and
continuous stirring for 5 min. During this time CL
intensity (spontaneous CL) was registered continu-
ously. Then, 50 pl of an activator solution (opsonized
Zymosan, latex particles, or PMA) was automatical-
ly added through a dispenser and the maximal in-
tensity of CL response to the activator was meas-
ured (stimulated CL). The results were expressed in
arbitrary CL units.

SOD activity in the whole blood, serum,

isolated neutrophils and macrophages

Superoxide dismutase (SOD) activity was deter-
mined by the adrenaline method [19], in which the
rate of superoxide production was measured by lu-
cigenin-amplified CL. Heparinized blood (0.2 ml)
or cell suspension (0.4 ml) was lysed with ice-cold
water. Lysates were added to an equal volume of
an ethanol-chloroform mixture (1:1 v/v) and cen-
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trifuged at 1500g for 30 min. Protein content in
- supernatant was determined by the Lowry method
[20]. To measure the total SOD activity, 50 ul of
top clear supernatant or 50 pl of plasma were add-
ed to a carbonate buffer (pH 10.2, a total volume
of 900 pl) containing EDTA (100 pM) and lucigen-
in (100 pM) in a polysterene CL cuvette, and the
level of basal CL was registered continuously. Re-
action was started by adding 50 ul adrenaline (100
nM) through the dispenser. The CL light sum for 5
min was recorded and compared with that of a con-
trol sample (50 pl of a water:ethanol:chloroform
~ solution (2:1:1 v/v/v)). The total SOD activity was
calculated from calibration curve using commercial
SOD as a standard and expressed as ng/mg protein
(for macrophage, neutrophil and plasma SOD) and
as pg/mg of protein (for the whole blood).

Statistical analysis

The results are presented as meantSD for a giv-
en number of experiments. Differences were ana-
lyzed using the Student’s t-test, the level of signifi-

cance being set at P<0.05.

Results

BN effects on cell influx and phagocytosis

The injection of dextran sulfate sharply stimu-
lated the recovery of cells in the mouse peritoneal
cavity (Fig.1D). BN administration lowered cell
recovery to a normal value of 4x10¢ cells per a mouse
on the 8th day of the experiment. The recruitment
of neutrophils achieved a maximal 35% vyield al-
ready the next day after the dextran injection with
a subsequent slow decrease to 18% on the 8th day
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Fig.1. Effect of BN administration on the functions of phagocytosing cells. 0.5 ml (1 mg/ml) of an '
opsonized zymosan suspension was added to 0.5 ml of a peritoneal cell suspension containing
2x10¢ cells, and the samples were incubated at 37°C for 30 min. '__I'he number of ingested particles

was calculated by direct visual enumeration.
A. Recruitment of phagocytes. 0 and O

are the points corresponding to the neutrophils from

dextran-injected mice without and after BN application; A are the points for the neutrophils from

healthy mice after BN application. ¢

dextran-injected mice without and after BN application;

from healthy mice after BN application.

and ™ are the points corresponding to the macrophages from

@ are the points for the macrophages

B. Percentage of phagocytosis. Symbols are the same as for macrophages in Fig,IA.
C. Phagocytosing index. Symbols are the same as for macrophages in Fig. 1A.

D. Recovery of cells in the murine peritoneal cavity.

Symbols are the same as for macrophages in Fig. 1A,
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(Fig.1A). The amount of peritoneal macrophages
dropped down to 60% on the first day, then en-
hanced to about 70% on the second day, and after
that remained constant. The administration of BN
drastically decreased the amount of neutrophils in
the peritoneal cavity lowering*their content almost
to zero on the second day after BN application; at
the same time the amount of macrophages increased
by 93% (Fig.1A). Application of BN to the dex-
tran-injected mice enhanced considerably the per-
centage of phagocytosis in comparison with both
control and dextran-injected animals (Fig.1B).
Phagocytosing index dropped from 26% to 13% on
the first day after dextran injecting, however, its
initial value was restored on the second day. The
administration of BN enhanced the phagocytosing
index by 45% on the 8th day (Fig.1C).

Effects of BN on cell chemiluminescence

The injection of dextran sulfate to the mice pro-
moted luminol- and lucigenin-amplified CL in the

cells of peritoneal excudate stimulated with opsonized
zymosan, latex particles, or PMA, maximal CL val-
ues being achieved on the first and second days af-
ter dextmn injection. BN administration to the mice
resulted in significant changes in Iuminol- and luci-
genin-amplified CL produced by latex- and PMA-~
stimulated peritoneal cells. (BN did not affect CL
intensities in the case of zymosan stimulation). As it
is seen in Figs.1 and 2, BN affected differently mac-
rophage luminol- and lucigenin-amplified CL. Thus,
at the end of the experiment, when neutrophil-pro-
duced CL was close to zero, lucigenin-amplified
CL of PMA- and latex-stimulated macrophages from
Group 4 mice was enhanced (Figs. 2A and 3B) while
their luminol-amplified CL was inhibited (Figs. 2B
and 3A). BN administration also shortened (at Jeast
in the case of PMA-stimulation, Fig. 2) the number
of days when neutrophilic CL ‘was observed.
Furthermore, we studied the effects of BN on
neutrophils and macrophages of healthy animals
(Group 2). It was found (Fig. 4) that BN admin-
istration sharply increased (by 200-400%) both

CL intensity, mV
- B ES § § g 88
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days

CL intensity, mV

Fig.2. Effects of BN administration to dextran-injected mice on luminol- and lucigenin-amplfied CL
produced by PMA-stimulated peritoneal macrophages and neutrophils. 5x10° cells were mixed with
0.9 ml of HBSS containing 50 pM luminol or lucigenin, and the cell-containing mixture was
incubated at 37°C and continuous stirring for 5 min in the CL unit of a luminometer. During this
time the intensity of spontaneous CL was recorded. Then, 50 pl of a PMA solution was added and
a maximal intensity of CL response was measured.

A. Lucigenin-amplified CL. B. Luminol-amplified CL. ® and @

are the points corresponding to

CL intensities produced by the inflammed macrophages without and after BN application. O and

O are the same for neutrophils.
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Fig.3. Effects of BN adminsitration to dextran-injected mice on luminol- and lucigenin-amplfied CL
produced by latex-stimulated peritoneal macrophages and neutrophils. Experimental conditions
and Symbols are the same as in Fig. 2.

A. Luminol-amplified Cl. B. Lucigenin-amplified CL.

luminol- and lucigenin-amplified CL produced - Similar results were obtained upon stimulation
by non-stimulated and PMA-stimulated macro- with latex particles and opsonized. zymosan (data
phages and inhibited neutrophilic CL by 25-75%. not shown).
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Fig.4. Effects of BN administration to healthy mice on luminol- and lucigenin-amplified CL produced
by isolated peritoneal macrophages and neutrophils, Neutrophils and macrophages were prepared
by density gradient centrifugation using Ficoll-Hypaque (d=1.119) for neutrophils isolation and
Monoprep (d=1.077) for mononuclear cell isolation. CL experiments were carried out as shown in
the legend to Figure 2. Symbols are the same as in Figs. 2 and 3.

A. Spontaneous luminol-amplified CL. B. PMA-stimulated lucigenin-amplified CL.
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Fig.5. NADPH oxidase activity of peritoneal mac-
rophages from dextran-injected mice. An alig-
uot of 107 cells was suspended in HBSS (1 ml)
together with 30 uM cytochrome ¢ and 2 mM
NaN, and placed into the cuvette of a spectro-
photometer at 37°C. The reaction was started
by the addition of 10 ng/ml of PMA, stopped
at the maximal rate by 0.05% Triton, and re-
stored 1 min later by the addition of NADPH.
Duiring the reaction, light absorbance was con-
tinuously recorded at 550 nm. ® and W are
the points c¢orresponding to NADPH activity
of macrophages from the mice without and with
BN application.

" NADPH oxidase activity of peritoneal

macrophages

NADPH oxidase activity of peritoneal macro-
phages from the mice injected with dextran sulfate
(Group 3) changed from 1.8 nmol O, /min/10° cells
to 3.1 nmol O, /min/10¢ cells to the end of the 8-
day period (Fxg 5). The administration of BN to the
aice of Group 4 enhanced NADPH oxidase activ-
ity by about 1.4 times on the second day (the first
day after BN application), but to the end of the
experiment, NADPH oxidase activity became even
lower than that of macrophages from mice without
BN application (Group 3).

Superoxide release by erythrocytes

The injection of mice with dextran sulfate sharply
increased spontaneous superoxide release (measured
as a2 SOD-inhibjtable cytochrome ¢ reduction) from
erythrocytes. Thus, while the rate of superoxide re-

lease by the erythrocytes of the mice from control”
Group 1 was equal to 120-60 nmol/60 min/10'°
cells, that from the dextran-injected mice (Group
2) was 900 nmol/60 min/10" cells on the second
day after BN application (Fig.6). On the contrary,
menadione-induced superoxide release by the eryth-
rocytes from control and dextran-injected animals
was practically the same (about 1500-2100 nmol/60
min/10% cells). BN application seems to make no
affect on both spontaneous and menadione-induced
superoxide release by erythrocytes from dextran-
injected mice, although there was some decrease in
menadione-induced superoxide release after BN
application (Fig.6).
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Fig.6. Superoxide release by erythrocytes. 20 1 of
an erythrocyte suspeasion and 50 M cytochrome
¢ were incubated in a 0.1 M K-phosphate buffer
(2 ml) with and without menadione (10 pM)
at room temperature for 60 min. After centrif-
ugation, the light absorbance of supernantant
was measured at 542, 550, and 557 nm. ® and
® are the points corresponding (o the sponta-
neous superoxide release by the erythrocytes
from dextran-injected mice without and after
BN administration.. and are the same for the
menadione-induced superoxide release.

SOD activity in the whole blood, serum,

peritoneal macrophages, and neutrophils

There was no change in the SOD activity in the
whole blood and serum after BN administration to
dextran-injected mice (data not shown). However,
a significant increase in the SOD activity was ob-
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Fig.7. SOD activity in peritoneal macrophages. A

miacrophage suspension (0.4 ml) was lysed with
ice-cold water, lysates were added to an equal
volume of an ethanol-chloroform mixture (1:1
v/v) and cetrifuged at 1500g for 30 min. Then,
50 pl of top clear supernantant was added to a
carbonate buffer (pH 10.2) containing EDTA
(100 pM) and lucigenin (100 pM), and basal
CL intensity was measured. The reaction was
started by adding 50 pl of an adrenaline solu-
tion (100 M), and a CL light sum for 5 min
was measured. ® and ¢ are the points corre-
sponding to the SOD activity of macrophages

from dextran-injected mice without and after

BN administration. ;

served in peritoneal macrophages on the 7th day -

after BN application (Fig.7). Again, BN did not
affect the SOD activity of peritoneal neutrophils (data
not shown).

Discussion

It is known that in response to inflammatory
signal, blood monocytes migrate into tissue and are
converted there in macrophages with much greater
responsibility to the stimuli than the residential ones.
These recruited prestimulated macrophages may also
develop macrophage-mediated tumor cytotoxicity
under the action of interferon- or bacterial lipopol-
ysaccharide [11]. Furthermore, there is a growing
number of evidence that yeast polysaccharides have
the capacity of increasing host defense against bac-

terias, viruses, and tumors mainly by activating mac-
rophages. For example, it has been shown [21,22]
that tumor cytotoxicity of some yeast components
is a consequence of enhanced macrophage recruit-
ment and functioning (phagocytosis, locomotion,
adgesion, etc.). The macrophages activated with
yeast polysaccharides interact with other immune
cells, first of all, T-lymphocytes. As a result of this
interaction, T-lymphocytes become able to produce
interferon-y [23], thus completing the cycle of mac-
rophage stimulation through specific receptors. Our
present results show that BN can interfere with stim-
ulation of peritoneal macrophages and neutrophils,
enhancing oxygen radical production by macrophag-
es activated with particulate and soluble stimuli and
diminishing the amount of oxygen radicals produced
by neutrophils under the similar conditions. We sug-
gest that the stimulating effect of BN on phago-
cytes may be a consequence of its ability to trigger
the interferon-y formation by T-lymphocytes (as it
has been shown for yeast polysaccharides [23]). In-
terferon-y may in its turn stimulate chemilumines-
cence and hydroxyl radical production by macro-
phages [24]. On the other hand, the antioxidant
properties of BN shown by us [4] and other authors
[2,3] are apparently responsible for inhibition of
neutrophilic oxygen radical production.

BN administration to mice affected weakly su-
peroxide release by erythrocytes. Thus, BN is ap-
parently ineffective in protection of erythrocytes
from an oxidative stress-induced damage. '

We also found that BN stimulated the induction
of SOD in macrophages and did not in neutrophils,
protecting only the first ones from a damaging ac-
tion of oxygen radicals released. It is well known
that a severe oxidative stress plays an important role
in the pathogenesis of many diseases and is likely to
contribute directly to the tumor initiation and pro-
motion [25]. On the other hand, moderate oxida-
tive stress is responsible for a rapid induction of
numerous gene products which are thought to serve .
as adaptogenes to the oxidative stress. Among these
adaptogenes are SODs, catalase, DNA repair en-
zymes, etc. [25]. Therefore, SOD is defined as a
very important endogenous antitumor agent [26].

Our findings show that BN can be regarded as a
new pharmacological agent possessing with double
effect: on the one hand, BN is able to participate in
the antioxidant defense against PMN leukocyte dam-
aging capacity at inflammatory loci, and on the other
hand, BN stimulates phagocytosing activity, oxy-
gen radical production, and perhaps some other
functions of mononuclear macrophages, which are
likely major cells responsible for mammalian anti-
fumor immunity. ‘
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