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ABSTRACT 
Super oxide anion had been known as a critical role in a phagocytic cell when microorganisms invade inside. 
However, this radical seldom need for a clean environment such in a developed country. Moreover, this agent 
sometimes triggered as serious factor in the site of inflammation. There are many papers which concerned newly 
found anti-oxidative substances. However, many reports only focused on the molecular basis in vitro, how oxida- 
tive stress damaged the human tissue. The key factor for oxidative stress needs to be discussed first for immuno- 
logical standpoint, such as armed reduction treaty. In other words, minimum armed force is necessary for an 
invasion by outer or inner irregular cells. On the basis of phagocytic function of the cell in vivo, we tried to access 
anti-oxidative activity by employing peritoneal murine macrophage and human monocyte. So, the purpose of 
this study is to establish a conventional but tailor made system for which is useful for evaluating the anti-oxida- 
tive activity to different constition. Especially in human peripheral monocyte, the sample was tested each consti-
tution such in granulocyte rich type and lymphocyte rich typ. In order to establish the direct estimation by pha-
gocytic cell, a murine peritoneal exudates cell suspension was obtained after one week of oral administration 
with anti-oxidative sample. The samples we selected were traditional Chinese medicine, Shi-Quan-Da-Bu-Tang 
(SDT), Bu-Zong-Ye-Qi-Tang (BYT) and Shao-Chin-Rong-Tang sCRT), Agaricus, Chlorella, and Propolis. The 
amount of generated super oxide anion was calculated through measuring the optical density change of this su- 
pernatant using cytochrome-C which was reduced by generated super oxide anion in the phagocytic cell. The 
generated super oxide anion after administration of Agaricus, Chlorella, SDT, BYT, sCRT and Propolis were 
2.64, 1.95, 1.24, 1.25, 2.88, 2.55 × 10−5 mmol/ml, respectively, whereas 2.85 × 10−5 mmol/ml in control group. The 
fermented sample from SDT, BYT, sCRT and microfied Propolis were also tested and the value of super oxide 
anion were 0.62, 0.84, 1.50 and 2.55 × 10−5 mmol/ml, respectively. In this report, we discussed the direct method 
for measuring the generated super oxide anion of macrophages, especially from different constitution. 
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1. Introduction 
The first line of defense system is phagocytic cell both 
innate and adoptive immune system in mammal [1-5]. In 
a lower animal, even in invertebrate one, the first and the 
last line of defense is also phagocytic cell. So the phago- 

cytic cell is an essential to maintain the physiological 
system for surviving a conventional circumstance [6-10]. 
In such cell, super oxide anion had been known as criti- 
cal role in a phagocytic cell when microorganisms in- 
vaded inside [11-15]. But, this anion seldom need for a 
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clean environment such in a developed country. Moreo- 
ver, this agent sometimes triggered as a serious factor in 
the site of inflammation. There are many papers which 
concerned newly found anti-oxdants [16-26]. However, 
many reports only discussed with the molecular mechan- 
ism in vitro, how oxidative stress damaged the human 
tissue. The key factors for oxidative stress have to be dis- 
cuses first for immunological standpoint, so called armed 
reduction treaty. In other words, a minimum armed force 
is necessary for an invasion by outer or inner iregular 
cells. On the basis of phagocytic cell, this report aimed to 
select anti-oxidative sample and tried to show a more 
suitable system to select the anti-oxidative selection of 
the sample. For above stand point, we tried to estimate 
anti-oxidative activity by employing peritoneal murine 
macrophage. The purpose of this study is to establish a 
conventional method for which is useful for evaluating 
the antioxidant activity directory with macrophage. Oxi- 
dative stress is an important process that occurs in vivo 
during aging and is considered one of the main causes of 
molecular damage to cellular and tissue structures. These 
changes can accumulate in biological structures during 
aging.  

With aging there is an increase of oxidative stress due 
to an imbalance between the oxidant production and the 
antioxidant levels. Since immune cell functions are espe- 
cially linked to free radical generation, the oxidant and 
antioxidant balance is essential for these cells. Although 
low levels of antioxidants cause a decrease in immune 
system, high levels of antioxidants could damage the 
tissues [27-36].  

In this communication, we further assessed by dif-  
ferent constitution in human namely granulocyte-rich 
type (G-type) and lymphocyte-rich type (L-type). Since 
Abo reported that there were at least two different type 
concerning with the ratio of leukocyte subsets, granulocyte 
and lymphocytes. He reported that G-rich type was over 
60% of granulocyte in peripheral blood and over 40% of 
lymphocyte was L-type [37-40]. So we tried to test the 
anti-oxidative sample for the different type of constitu- 
tion whether the sample mainly affect for g-rich type or 
not? 

In this report, Agaricus, Chlorella, herbal medicine 
(Kampoh), Shi-Quan-Da-Bu-Tang (SDT), Bu-Zong-Ye- 
Qi-Tang (BYT) and Shao-Chin-Rong-Tang sCRT), and 
Propolis are orally administered to mice. After one week, 
the amount of super oxide anion were assessed and tried 
to overall evaluation for human monocyte from different 
constitution of volunteers. 

2. Subjects and Methods 
2.1. Animals 
Eight weeks old female BALB/c and C57BL/6NCrj were 
purchased from Sankyo Laboratory Service Corporation 

(Shizuoka, Japan). All mice were kept under specific 
pathogen-free conditions. The water and food were freely 
accessed by each animal. 

2.2. Human Peripheral Monocytes 
Subjects 
We found 10 healthy volunteers (mean age, 41 ± 15.2 
years) and informed consented according to The Ethics 
Committee of Kanazawa Medical University.  

In addition, the experimental group was further di- 
vided into two groups according to the variation after 
hydrotherapy.  

The whole blood obtained from the subjects by blood 
collection tube containing an anticoagulant EDTA-2K. 
(Becton Dickinson) as a secondary antibody and were 
incubated for 90 minutes at 4˚C. After washing with PBS, 
+FCS, the grass adherent cells were added after washing 
with PBS and served for the processing described in Sec-
tion 2.5 (Figure 1). 

2.3. Reagents 
As for the basic medium, HEPES buffer (HEPES 17 
mM, NaCl 120 mM, Glucose 5 mM, KCl 5 mM, CaCl2 1 
mM, MgCl2 1 mM) was prepared and sterilized by filtra-
tion. Phrbol 12-myristate 13-acetate (PMA, Sigma, USA) 
was diluted to 10−6 M by dimethylsulfoxide (DMSO, 
Sigma, USA) and used as a stimulant for super oxide 
anion generation of murine peritoneal exudative cells. 
Cytochrome-c (Sigma, USA) was diluted to 1 mM by 
HEPES buffer. Since cytochrome-c reduced by super 
oxide showed maximum absorbance at 550 nm, we used 
cytochrome-c to measure the amount of super oxide 
anion generation through spectrophotometrical tech-
nique.  

Oyster Glycogen (type Ⅱ, Sigma, USA) was diluted 
in the purified water (10% w/v, Wako, Japan) and autoc- 
laved at 120˚C for 20 min. This solution was used for 
intraperitoneal injection to mice in order to induce peri- 
pheral neutrophils into the abdominal cavity. 

2.4. Anti-Oxidative Sample 
Agaricus was purchased from Ohbiken Co. Ltd (Yama- 
nashi, Japan), Chlorella was purchased from Taiwan 
Chlorella Co. Ltd (Taipei, Taiwan) and Propolis was 
purchased from Epimedix Co. Ltd (Kanazawa, Japan). 
Traditional herbal medicine, Shi-Quan-Da-Bu-Tang (SDT), 
Bu-Zong-Ye-Qi-Tang (BYT) and Shao-Chin-Rong-Tang 
sCRT), were purchased from Tochimoto-Tenkaidoh Co. 
Ltd (Osaka, Japan) and fermented at the same company. 
Propolis was microfied at Futaba Co. Ltd (Shizuoka, 
Japan) by using mechanical crush system. Both micro-
fied and not microfied Propolis, i.e. native Propolis were 
solublized in water, so we used 10% DMSO as a  
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Figure 1. Experimental design. 

 
solvent.  

Red and white wines were aspirated overnight at room 
temperature in order to eliminate alcohol. 

2.5. A Measuring the Amount of Super Oxide  
Anion Generated by Murine Peritoneal  
Macrophage and Human Peripheral  
Monocytes 

Each sample was orally administered to mice (500 mg/kg) 
for one week. Two ml of 10% Oyster glycogen was in- 
jected intraperitonealy about 10 hours before the assay. 
Sufficient murine peritoneal exudate cells were induced 
ten hours after the stimulation (data not shown). Mice 
were euthanized by cervical dislocation, murine perito- 
neal exudate cells (PEC) suspension was centrifuged 
twice for 5 minutes at 1500 rpm, 4˚C. Then PEC were 
prepared to 1 × 106 cells/ml of HEPES buffer. One hun- 
dred μl cytochrome-c and 10 μl PMA were added to the 
cell suspension and this was incubated for 20 minutes at 
37˚C. The reaction mixture was then centrifuged for 10 
minutes at 1500 rpm, 4˚C. OD of supernatant was meas- 
ured at both 550 nm and 540 nm, the amount of generat- 
ed super oxide anion was shown in the formula; in- 
creased absorbance at 550 nm (⊿A550-540)/19.1 × 103 

(mmol/ml).  
In order to ensure if we really measured the amount of 

generated super oxide anion or not, we tried to add super 
oxide anion dismutase (SOD), famous enzyme for its 

anti-oxidative effect [21-23], into our experimental sys- 
tem. The result was as expected that the reduction of cy- 
tochrome-c was inhibited just after addition of SOD. This 
showed us that our experimental system could be used 
properly for measuring the amount of generated super 
oxide anion. 

2.6. Statistical Analysis 

The statistical comparisons between two groups (before 
and after hot-spring hydrotherapy) for the test of signifi- 
cant difference were performed using paired t-test and 
wilcoxon signed-ranks test. Further, the test of the corre- 
lation were performed a spearman’s correlation coeffi- 
cient by rank test. Data are expressed as means ± stan- 
dard error of mean (SE). A P value < 0.05 was consi- 
dered to be statistically significant. 

Data are expressed as means ± standard deviations. 
The differences between HF-treated and non-treated 
conditions were compared using a one-tailed analysis of 
variance. A P value < 0.05 was considered to be statisti- 
cally significant. 

3. Results 
3.1. The Amount of Generated Super Oxide  

Anion 

The experimental animals were orally administered by 
each sample for 500 mg by a stomach tube. The perito-  

OPEN ACCESS                                                                                        OJRA 



Overall Estimation of Anti-oxidant Activity by Mammal Macrophage 16 

neal excaudate cell were collected 5 days after injection 
with oyster glycogen. The cell sample consisted with 92% 
in macrophages. The collected cell were treated by the 
method described in the section 2.5. The amount of gen- 
erated super oxide anion was calculated in the formula 
shown in the section 2.5. At first, we compared the all 
the sample that we prepared. The generated super oxide 
anion after one week administration of Agaricus and 
Chlorella were 2.64 and 1.95 × 10−5 mmol/ml, respec- 
tively, whereas 2.85 × 10−5 mmol/ml in control group. 
The generated super oxide anion after one week adminis- 
tration of herbal medicine Shi-Quan-Da-Bu-Tang (SDT), 
Bu-Zong-Ye-Qi-Tang (BYT) and Shao-Chin-Rong-Tang 
(sCRT) were 1.24, 1.25 and 2.88 × 10−5 mmol/ml, re- 
spectively. The generated super oxide anion after one 
week administration of Propolis was 2.55 × 10−5 mmol/ 
ml. 

Within these samples, TCM harbs showed excellent 
effect on th anti-oxidative effect except for sCRT, de- 
creased super oxide anion generation after one week ad- 
ministration in mice (Figure 2). 

3.2. The Comparison of Generated Super Oxide  
Anion between the Fermented and  
Non-Fermented TCM herbs 

Traditional Chinese Medicine is one of the possible ma- 
terials for regulating anti-oxidative activity. We tried to 
compare the TCM herbs with or without treatment by 
yeast/fermentation. For the use of TCM herbs usually 
extract only by hot water extraction. All the strained 
usually dumped without further useage. In order to utilize 
the whole components of herbal material, we asked yeast 
cells to cut down into a small molecule, stop to the step 
before making alcohol/wine. Since the anti-oxidative 
effects of herbal medicine were demonstrated, we inves- 
tigated the way to reinforce this effect. The fermentation 
is one of the possibilities. Since the fermentation is 
processed by bacterial digestion and degradation, less of 
the efficient constituents would be lost than commonly 
used extraction by hot water. Therefore we decided to 
ferment the herbal medicine by yeast (Saccharomyces 
cerevisiae), expecting the enhancement of its anti-oxida- 
tive effects. 

 

 

 
Figure 2. Super oxide anion dismutase (SOD) inhibited reduction of cytochrome-c SOD was diluted to 1 mg/ml by HEPES 
buffer. Thirty μl of SOD was added to the reaction mixuture 3, 5 and 10 minutes after incubation began. The reduction of 
cytochrome-c was inhibited just after adding of SOD.  
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The generated super oxide anion after one week ad- 

ministration of fermented herbal medicine Shi-Quan-Da- 
Bu-Tang (SDT), Bu-Zong-Ye-Qi-Tang (BYT) and Shao- 
Chin-Rong-Tang (sCRT) were 0.62, 0.84 and 1.50 × 10−5 
mmol/ml, respectively. All the fermented herbal medi-
cine decreased super oxide anion generation in compare 
with each of non- fermented one (Figure 3). 

3.3. The Comparison of Generated Super Oxide  
Anion between the Microfied and Normal  
Propolis 

The antioxidative activity of Propolis was demonstrated, 
however the particle of native Propolis was seen to be 
quite gross. In order to reinforce its antioxidative activity 
from physical constructive view point, we tried to micro- 
fied Propolis in 0.5 μm, expecting enlarged attachment 
area with reaction mixture.   

The generated super oxide anion after one week ad- 
ministration of microfied Propolis was 2.52 × 10−5 mmol/ 
ml, whereas not microfied Propolis was 2.55 × 10−5 
mmol/ml. The antioxidative activity was the same level 
compared by microfying sample (Figure 4). 

3.4. Constitution Dependent Effect on Human  
Monocyte 

The trial was designed to test for human monocyte de- 
rived from deferent constitution, G-rich type and L-rich 
type. Each sample was administered for 5 time in a week, 
Two weeks after the cooling down, the next sample was 
tested to the same volunteer (Tables 1 and 2). In this way, 
four sample were accessed by the same group of human 
subject. The results were shown in Table 3. In case of 
murine macrophage, fermented TCM were effective to 
regulate super oxide anion. Furthermore, G-type was 
much regulate anti oxidative effect than L-type of mo- 
nocyte, indicting neat regulation for different constitution 
(Table 3). 

4. Discussion 
Reactive oxygen species released by activated polymor- 
phonuclear leukocyte as an expression of their definitive 
function are considered to be major source of cytotoxic 
oxidative stress. Since oxygen free radicals cause DNA 
damage and this may lead to gene modifications, reactive 
oxygen might be carcinogenic. Therefore oxidative stress  

 

 

 
Figure 3. Amount of generated super oxide anion after one week administration of Shi-Quan-Da-Bu-Tang (SDT), Bu- 
Zong-Ye-Qi-Tang (BYT) and Propolis. 
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Figure 4. Fermentation decreased the generation of super oxide anion Amount of generated super oxide anion after one week 
administration of herbal medicine Shi-Quan-Da-Bu-Tang (SDT), Bu-Zong-Ye-Qi-Tang (BYT) and its fermented one. 
 
Table 1. Amount of generated super oxide anion after one 
week oral administration of Shi-Quan-Da-Bu-Tang (SDT), 
Bu-Zong-Ye-Qi-Tang (BYT) and Propolis. 

Samples Generated 2O−  (×10−5 mmol/ml) 

Agaricus burazei 2.64 

Chlorella pirenoidosa 1.95 

SDT 1.24 

BYT 1.25 

sCRT 2.88 

Propolis 2.55 

Control 2.85 

 
Table 2. Amount of generated super oxide anion after one 
week oral administration of fermented Shi-Quan-Da-Bu- 
Tang (SDT), Bu-Zong-Ye-Qi-Tang (BYT), and microfied 
Propolis. 

Samples Generated 2O−  (×10−5 mmol/ml) 

Agaricus burazei 2.64 

Chlorella pirenoidosa 1.95 

SDT 1.24 

BYT 1.25 

sCRT 2.88 

Propolis 2.55 

Control 2.85 

Table 3. Constitution dependent effect on human monocyte. 

Samples Generated 2O−  (×10−5 mmol/ml) 

Agaricus burazei 2.64 

Chlorella pirenoidosa 1.95 

SDT 1.24 

BYT 1.25 

sCRT 2.88 

Propolis 2.55 

Control 2.85 

 
is reported to cause many disorders such as cancer, 
ischemic heart disease and diabetes [18-20]. Although 
there are many reports in which the newly found anti- 
oxidants were reported and discussed about the molecu- 
lar mechanism of how oxidative stress damage the hu- 
man tissue [26-36], few experiments have been done in 
vivo which could reflex more precisely the biological 
response.  

The purpose of this study has been to establish the 
method which is useful for evaluating the activity of an- 
tioxidant ex vivo. As shown above, in our experiment 
design the amount of super oxide anion generation de- 
creased significantly after one week administration of 
some drugs. The advantage of this method might be the 
amount of super oxide anion generation could express 
clearly in concrete numeral, so it makes easy to compare 
various drugs.   

The most interesting in this assay was that the genera- 
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tion of super oxide anion was much inhibited after white 
wine administration than red wine. It is widely accepted 
that polyphenol contained in red wine has great anti- 
oxidative effect. However, as we demonstrated in this 
report, white wine has more efficient anti-oxidative ac- 
tivity. The confusion such as red wine has brilliant super 
oxide anion scavenge effect might be caused by the re- 
ports in which in vitro examined polyphenol’s anti- 
oxidative activity was discussed. Thus, we would like to 
suggest to test the anti-oxidative activity, if possible, in 
vivo in future. 

In this report, the method how to measure the amount 
of super oxide anion generation when drugs were admi- 
nistered ex vivo was shown. Using this method, it would 
make easy to test the anti-oxidantive activity of any 
drugs and supplements. Here we just demonstrated the 
antioxidants, Agaricus, Chrollera, three Shi-Quan-Da- 
Bu-Tang (SDT), Bu-Zong-Ye-Qi-Tang (BYT) and Shao- 
Chin-Rong-Tang (sCRT), and Propolis. We hope other 
proposed drugs and supplements would also be tested 
objectively its antioxidative effects and an appropriate 
information about antioxidants would be reported. 

Human subject. As the same in case of murine macro- 
phage, fermented TCM were effective to regulate super 
oxide anion. Furthermore, G-type was much regulated 
anti oxidative effect than L-type of monocyte, indicting 
neat regulation for different constitution [37-40]. This 
will be brought the difference of oxidative activity in 
monocyte in human blood, as qualitative aspect. The 
anti-oxidative stress regulated as armed forces reduction 
treaty but not dissemination of armed forces. 
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Abbreviations 
BYT: Bu-Zong-Ye-Qi-Tang; A famous TCM decoction 
for augment blood cell in quantitatively and qualitatively. 
CAM: complementary and alternative medicine, beside 
the western medicine, there are many traditional medi-
cine and/or health promoting menu all over the world. 
CD: Cluster of differentiation. Each lymphocyte has 
name that expressed CD number, for example CD2, CD4, 
CD8 etc. 
G-rich type: The individual that exhibit over 60% of 
granulocyte in peripheral blood, finding many in young 
gentleman. 

L-rich type: The individual that exhibit over 40% of 
lymphocyte in peripheral blood, finding lot in ladies and 
senile. 
TCM: traditional chinese medicine. 
QOL: Quality of life. 
SOD: super oxide dismutase. 
SDT: Shi-Quan-Da-Bu-Tang; A famous TCM decoction 
for augment blood cell in quantitatively and qualitatively. 
sCRT: Sao-Chin-Rong-Tang; A famous TCM decoction 
for regulate inflammation such as allergic reaction in 
nose, eye and dermato site. 
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