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(57) ABSTRACT 

Disclosed is a herbal composition comprising a first hot 
water extract from a mixture of the plants Angelicae gigantis 
Radix, Cnidium officinale Makino and Paeonia japonica 
Miyabe et Takeda at an equal weight ratio, and a polysac 
charide fraction as a precipitate formed by adding ethanol to 
a Second hot-water extract from a mixture of the plants 
Angelicae gigantis Radix, Cnidium officinale Makino and 
Paeonia japonica Miyabe et Takeda at an equal weight ratio. 
The herbal composition of the present invention is effective 
in improving the anticancer activity, immune response and 
hematopoiesis of the body, and protecting the body from 
oxidative damage. Therefore, by Stimulating the recovery 
from the damage to the immune function and hematopoietic 
function, often occurring during chemotherapy and 
radiotherapy, and inhibiting oxidative damage, the herbal 
composition can be applied for the prevention of the Side 
effects of cancer therapy, as well as for the prevention of 
various degenerative chronic diseases and the improvement 
of the health of the weak and the elderly. 

10 Claims, 29 Drawing Sheets 
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Fig. 6a 
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HERBAL COMPOSITION FOR IMPROVING 
ANTICANCERACTIVITY, IMMUNE 

RESPONSE AND HEMATOPOESS OF THE 
BODY, AND PROTECTING THE BODY 
FROM OXIDATIVE DAMAGE, AND THE 
METHOD OF PREPARING THE SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a herbal composition for 

improving anticancer activity, immune response and 
hematopoiesis of the body, and protecting the body from 
oxidative damage. More particularly, the present invention 
relates to a herbal composition comprising a first hot-water 
extract from a mixture of the medicinal plants Angelicae 
gigantis Radix, Cnidium Oficinale Makino and Paeonia 
japonica Miyabe et Takeda at an equal weight ratio, and a 
polysaccharide fraction as a precipitate formed by adding 
ethanol to a Second hot-water extract from a mixture of the 
plants Angelicae gigantis Radix, Cnidium Oficinale Makino 
and Paeonia japonica Miyabe et Takeda at an equal weight 
ratio. 

2. Description of the Prior Art 
Cancer has been treated by directly killing cancer cells by 

chemotherapy with anticancer agents and radiotherapy, by 
Surgical removal or by activating the immune System par 
ticipating in the inhibition of cancer cells. In the past, the 
direct-killing method or Surgery were mainly used in cancer 
therapy. Recently, cancer has been treated by immuno 
therapy in combination with the direct-killing method. 
Moreover, with advances in the understanding of the mecha 
nisms of the immune System, much effort has been directed 
to the employment of immunomodulators for cancer treat 
ment. Immunomodulators enhance the body's immunity by 
non-specifically Stimulating the immune cells, resulting in 
enhanced protection against disease-causing factors. 
Examples of the non-Specific immunomodulators include 
inactivated bacterial preparations, chemically Synthesized 
compounds (Synthesized nucleic acid derivatives or 
glycosides), and biological factors (cytokines or hormones). 
Studies of cancer therapies based on improving the body's 
immunity using the immunomodulators are in progreSS. 
However, owing to their toxicity or side effects, most of the 
non-specific immunomodulators are limited in their clinical 
applications. In particular, with the identification of cytok 
ines participating in the immune System, active Studies on 
the use of cytokines in cancer therapy are underway, in 
which cytokines are produced on a large Scale by genetic 
engineering tools. For example, immunostimulators includ 
ing interleukin-2 and tumor necrosis factor (TNF) were 
evaluated for their potential to be applied to cancer therapy, 
but were demonstrated to have severe side effects and thus 
have been tried within limited cases. 

Hematopoiesis is the process of producing a variety of 
blood cells including the immune cells from the hematopoi 
etic Stem cells of bone marrow, and is closely related to the 
activity of the immune System. In particular, cytokines 
acting at each Step of the differentiation of the hematopoietic 
stem cells into the blood cells have been recently identified, 
and factors inducing proliferation of the hematopoietic cells, 
Such as the granulocyte colony-stimulating factor (G-CSF), 
have been actively Studied to apply them to the treatment of 
diseases. However, to obtain therapeutic effects, they should 
be administered to the body in a large quantity. Moreover, in 
this case, Severe Side effects are often exhibited, thus lim 
iting their applications. 
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Cancer treatment by chemotherapy or radiotherapy is 

accompanied by damage to the hematopoietic System and 
Self-renewal tissues. Such Side effects originate from Oxida 
tive damage to the tissues by anticancer drugs or radiation. 
Many efforts have been made to find substances capable of 
protecting the body from radiation. After the first report in 
1949 that cysteine, having a thiol group, has an effect of 
protecting the body from radiation, research has been 
focused on aminothiol derivatives (particularly, WR series 
compounds synthesized by Walter Reed Army Hospital in 
Washington, D.C.). However, the aminothiol radioprotectors 
are limited in their clinical application owing to their tox 
icity. Subsequently, the radioprotective effect of chemically 
Synthesized compounds was Studied, including 
dipyrida mole, a de no Sine monophosphate and 
deoxyspergualin, but they were also limited in practical 
applications owing to their Severe toxicity. Other efforts to 
obtain radioprotective effects were made by Stimulating the 
immune and hematopoietic Systems using polysaccharides 
Such as glucan and inactivated bacterial preparations Such as 
the Streptococcal agent OK-432. Recently, factors associated 
with the immune responses and hematopoietic functions, 
which are exemplified by immunostimulators including 
interleukin-1, the tumor necrosis factor (TNF), hematopoi 
etic cell proliferation-inducing agentS Such as the granulo 
cyte colony-stimulating factor (G-CSF), and hormones, 
have been used in Studies to obtain the radioprotective effect, 
but, owing to their side effects, Such attempts have been 
carried out in very limited cases. 
AS described above, there is an urgent need for the 

development of Substances capable of improving the anti 
cancer function, immune function and hematopoietic func 
tion by activating the immune System, as well as protecting 
the body from the Side effects caused by cancer therapy Such 
as radiotherapy. In this regard, a large number of recent 
Studies have focused on the development of physiologically 
active Substances having mild side effects using natural 
products. In particular, based on the fact that various dis 
eases including aging and cancer are caused by oxidative 
damage to the body by radiation or chemical compounds as 
well as by harmful active oxygen Species or free radicals, 
anti-oxidant agents have been Studied for their preventive 
and therapeutic effects against diseases. In addition, efforts 
to discover physiologically active Substances from natural 
products having the effects of regulating and protecting the 
body have been actively performed, and some of the dis 
covered natural Substances have been applied to food 
Supplements for improving health or as therapeutic agents. 

Research aimed at discovering immunomodulators from 
natural products has focused on the evaluation of the effects 
of natural plant components or known Chinese herbal 
materials, and Some of the natural Substances identified to 
have immunomodulating activity have been put to practical 
use. A research group in France reported that the plant 
EleutherOCOccuS SenticOSuS has an effect of improving 
recovery from hematopoietic disorder caused by radiation. 
Also, ginseng, natural pigments, the plant Codonopsis 
piloSula, the plant Cnidium Oficinale Makino, the fungus 
Ganoderma lucidum, and other Chinese herbs and herbal 
components have been Studied for their radioprotective 
activity, mainly in Japan, Taiwan and China. 

Radiation causes disorders of the immune System and the 
hematopoietic System, as well as damage to the Self-renewal 
tissues. Based on the results of researches for Chinese herbal 
materials with a protective effect against each Symptom 
accompanying radiation treatment, the present inventors 
previously tried to find a herb combination capable of 



US 6,964,785 B2 
3 

overcoming all of the Symptoms following radiation 
treatment, resulting in the finding that a herbal composition, 
prepared by mixing the plants Angelicae gigantis Radix, 
Cnidium Oficinale Makino and Paeonia japonica Miyabe et 
Takeda at an equal weight ratio, and extracting the mixture 
by hot water, was Safer than the conventional immunostimu 
lating drugs. The herbal composition is disclosed in Korean 
Pat. Application No. 2000-23772. However, with respect to 
increasing the body's immune function and the hematopoi 
etic function, the herbal composition has just 2-3-fold 
higher effects when compared to a control with no admin 
istration of the herbal composition, and limited effects on 
activation of the anticancer immune responses. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide 
a herbal composition having the effects of improving the 
anticancer activity, immune response and hematopoiesis of 
the body, where the effect is higher than the conventional 
drugs having the effects of enhancing the immune and 
hematopoietic functions, as well as being capable of pro 
tecting the body from oxidative damage, using the medicinal 
plants Angelicae gigantis Radix, Cnidium Oficinale Makino 
and Paeonia japonica Miyabe et Takeda. 

It is another object of the present invention to provide a 
pharmaceutical composition comprising Such a herbal com 
position as an effective ingredient. 

It is a further object of the present invention to provide a 
functional food comprising Such a herbal composition as an 
effective ingredient. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objectives, features and other advan 
tages of the present invention will be more clearly under 
stood from the following detailed description taken in con 
junction with the accompanying drawings, in which: 

FIG. 1 is a graph showing the immune cell-activating 
effects of the fractions of a hot-water extract and a herbal 
composition of the present invention (C: control, W: hot 
water extract, P: polysaccharide fraction, M: methanol 
soluble fraction, and E: ethanol-soluble fraction); 

FIG. 2a is a graph showing the hematopoietic function 
improving effects of the fractions of a hot-water extract and 
the herbal composition of the present invention by Stimu 
lating the proliferation of the bone marrow Stem cells, 

FIG. 2b is a graph showing the hematopoietic function 
improving effects of the fractions of a hot-water extract and 
the herbal composition of the present invention by Stimu 
lating the proliferation of the bone marrow Stromal cells, 

FIG. 3a is a graph showing the inhibitory effects of the 
fractions of a hot-water extract and the herbal composition 
of the present invention against DNA oxidative damage 
induced by radiation (N: normal control, R: radiation 
exposed control, W: hot-water extract, P: polysaccharide 
fraction, M: methanol-soluble fraction, and E: ethanol 
soluble fraction); 

FIG. 3b is a graph showing the inhibitory effects of the 
fractions of a hot-water extract and the herbal composition 
of the present invention against DNA oxidative damage 
induced by hydrogen peroxide (N: normal control, H: H.O. 
treated-control, W: hot-water extract, P: polysaccharide 
fraction, M: methanol-soluble fraction, and E: ethanol 
soluble fraction); 

FIG. 4a is a graph showing the inhibitory effects of the 
fractions of a hot-water extract and the herbal composition 
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4 
of the present invention against chromosome oxidative 
damage induced by radiation; 

FIG. 4b is a graph showing the inhibitory effects of the 
fractions of a hot-water extract and the herbal composition 
of the present invention against chromosome oxidative 
damage induced by hydrogen peroxide, 

FIG. 5a is a graph showing the inhibitory effects of the 
fractions of a hot-water extract and the herbal composition 
of the present invention against lipid oxidative damage 
induced by radiation; 

FIG. 5b is a graph showing the inhibitory effects of the 
fractions of a hot-water extract and the herbal composition 
of the present invention against lipid oxidative damage 
induced by CC (N: normal control, C. CCI treated 
control, W: hot-water extract, P: polysaccharide fraction, M: 
methanol-soluble fraction, and E: ethanol-soluble fraction); 

FIG. 5c is a graph showing the inhibitory effects of the 
fractions of a hot-water extract and the herbal composition 
of the present invention against protein oxidative damage 
induced by radiation; 

FIG. 6a is a graph showing the DPPH radical-scavenging 
effect of the fractions of a hot-water extract and the herbal 
composition of the present invention; 

FIG. 6b is a graph showing the OH radical-Scavenging 
effect of the fractions of a hot-water extract and the herbal 
composition of the present invention; 

FIG. 7a is a graph showing the inhibitory effect of the 
herbal composition of the present invention against tumor 
growth in male mice, resulting in an increase of their life 
Span; 

FIG. 7b is a graph showing the inhibitory effect of the 
herbal composition of the present invention against tumor 
growth in female mice, resulting in an increase of their life 
Span; 

FIG. 8 is a graph showing no effect of the herbal com 
position of the present invention on the direct killing or 
growth inhibition of tumor cells in vitro; 

FIG. 9a is a graph showing the effects of the herbal 
composition of the present invention for improving the 
anticancer immune response of the body by activating the 
NK cells to increase their tumor cell-killing activity; 

FIG. 9b is a graph showing the effects of the herbal 
composition of the present invention for improving the 
anticancer immune response of the body by activating the 
macrophages to increase their tumor cell-killing activity; 

FIG. 9c is a graph showing the effects of the herbal 
composition of the present invention for improving antican 
cer immune response of the body by activating the cytotoxic 
T cells to increase their tumor cell-killing activity; 

FIG. 10a is a graph showing the stimulating effect of the 
herbal composition of the present invention on the regen 
eration of leukocytes in the blood after exposure to radia 
tion; 

FIG. 10b is a graph showing the stimulating effects of the 
herbal composition of the present invention on the regen 
eration of lymphocytes in the blood after exposure to 
radiation; 

FIG.11a is a graph showing the Stimulating effects of the 
herbal composition of the present invention on the regen 
eration of each Subset of the immune cells in the Spleen at 
day 14 after exposure to radiation (1: total lymphocytes, 2: 
B lymphocytes, 3: T lymphocytes, 4: helper T cells, 5: 
cytotoxic T cells); 
FIG.11b is a graph showing the stimulating effect of the 

herbal composition of the present invention on the regen 
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eration of each Subset of the immune cells in the Spleen at 
day 47 after exposure to radiation; 

FIG.12a is a graph showing the Stimulating effects of the 
herbal composition of the present invention on the recovery 
of the function of the regenerated B cells, in the assay for the 
antibody-producing activity of the B cells at day 14 after 
exposure to radiation; 

FIG.12b is a graph showing the stimulating effects of the 
herbal composition of the present invention on the recovery 
of the function of the regenerated B cells, in the assay for the 
antibody-producing activity of the B cells at day 25 after 
exposure to radiation; 

FIG.13a is a graph showing the stimulating effects of the 
herbal composition of the present invention on the recovery 
of the function (response to allogeneic immune cells) of the 
regenerated T cells at day 21 after exposure to radiation; 

FIG. 13b is a graph showing the stimulating effects of the 
herbal composition of the present invention on the recovery 
of the function (response to allogeneic immune cells) of the 
regenerated T cells at day 36 after exposure to radiation; 

FIG. 14a is a graph showing the regulating effects of the 
herbal composition of the present invention on the disturbed 
pattern of antibody production by recovering the reduced 
production of IgG after exposure to radiation; 

FIG. 14b is a graph showing the regulating effects of the 
herbal composition of the present invention on the disturbed 
pattern of antibody production by lowering the overproduc 
tion of IgE after exposure to radiation; and 

FIG. 15 is a graph showing the stimulating effects of the 
herbal composition of the present invention on the recovery 
of the tumor cell-killing activity of the regenerated NK cells 
after exposure to radiation. 

DETAILED DESCRIPTION OF THE 
INVENTION 

To achieve the objectives as described above, the present 
invention provides a herbal composition comprising a first 
hot-water extract from a mixture of the medicinal plants 
Angelicae gigantis Radix, Cnidium Oficinale Makino and 
Paeonia japonica Miyabe et Takeda at an equal weight ratio, 
and a polysaccharide fraction as a precipitate formed by 
adding ethanol to a Second hot-water extract from a mixture 
of the plants Angelicae gigantis Radix, Cnidium Oficinale 
Makino and Paeonia japonica Miyabe et Takeda at an equal 
weight ratio. 

Also, the present invention provides a pharmaceutical 
composition for treating cancer, improving the immune 
function and hematopoietic function of the body, protecting 
the body from oxidative damage, and preventing the side 
effects of cancer therapy, which comprises Such a herbal 
composition as an effective ingredient. 

The present invention further provides a functional food 
comprising Such a herbal composition. 

The present invention still further provides a method of 
preparing a herbal composition, comprising the following 
Steps: (1) preparing the mixture consisting of the plants 
Angelicae gigantis Radix, Cnidium Oficinale Makino and 
Paeonia japonica Miyabe et Takeda at an equal weight ratio, 
adding water at 5 to 20 times the total weight of the mixture, 
and heating the resulting mixture to prepare a first hot-water 
extract; (2) adding ethanol to a second hot-water extract 
prepared according to the same method as Step (1), and 
collecting a precipitate to obtain a polysaccharide fraction; 
and (3) mixing the polysaccharide fraction prepared at Step 
(2) with the hot-water extract prepared at Step (1) to 
generate a herbal composition. 
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The present inventors believed that the hot-water extract 

from a mixture consisting of an equal weight ratio of the 
plants A. gigantis, C. Oficinale and P. japonica contains 
ingredients especially effective in improving the anticancer 
function, immune function and hematopoietic function of 
the body, and in protecting the body from oxidative damage, 
and that the identification of Such ingredients can lead to the 
development of a herbal composition having a better anti 
cancer activity than the conventional anticancer composi 
tions. 

In this regard, the hot-water eXtract from a mixture 
consisting of an equal weight ratio of the plants A. gigantis, 
C. Officinale and P. japonica was separated into a methanol 
fraction, an ethanol fraction, and a polysaccharide fraction 
that is the precipitate formed by ethanol addition. Various 
tests resulted in the finding that the polysaccharide fraction 
has an excellent effect on the improvement of the anticancer 
function, immune function and hematopoietic function of 
the body. With respect to the protection from oxidative 
damage, the polysaccharide fraction was found to be slightly 
less effective than the methanol fraction and the ethanol 
fraction. 

Based on these findings, the present inventors identified 
that, when the hot-water extract from a mixture consisting of 
an equal weight ratio of the plants A. gigantis, C. Oficinale 
and P. japonica is used in combination with the polysac 
charide fraction that is a precipitate formed by adding 
ethanol to the hot-water extract to increase the content of 
polysaccharide, the resulting mixture, referred to as “herbal 
composition' herein, has an improved effect of protecting 
the body from oxidative damage, and improving the hemato 
poietic function, anticancer function and immune function. 

In the following, the effects of the hot-water extract from 
the mixture of the plants A. gigantis, C. Officinale and P 
japonica at an equal weight ratio, and its three fractions, i.e. 
methanol-soluble, ethanol-Soluble, and polysaccharide 
fractions, will be shown and compared in figures regarding 
each parameter as described above, So it can be shown that 
the combined composition prepared by adding the polysac 
charide fraction to the hot-water extract, thus increasing the 
content of the polysaccharide, has improved effects. Next, 
the effects of the herbal composition prepared by combining 
the hot-water extract with the polysaccharide fraction will be 
described in more detail in conjunction with examples. 

Effects of Fractions Isolated from the Hot-Water Extract 
from the Herb Mixture 

(1) Isolation of Fractions from the Hot-Water Extract 
from the Herb Mixture 
The three plants A. gigantis, C. Officinale and P. japonica, 

which are registered as food materials in the Korean Food 
Code and used as Chinese herbal materials, were dried in the 
shade, cut and mixed at an equal weight ratio. The plant 
mixture was added with 10 weight equivalents of distilled 
water, and boiled for 8-10 hrs in a vessel for extracting 
Chinese medicinal herbs, thus giving a hot-water extract 
(hot-water extract: W fraction). Methanol was added to the 
hot-water extract to obtain a methanol-soluble fraction (M 
fraction). Ethanol was added to the hot-water extract to 
obtain an ethanol-soluble fraction (E fraction). Also, when 
ethanol was added to the hot-water extract at a final con 
centration of 80%, followed by incubation at 5-15 C. 
overnight, a precipitate was obtained, resulting in the pro 
duction of a polysaccharide fraction (P fraction). 

(2) Evaluation of the Effects of the Isolated Fractions 
Each fraction of the hot-water extract was evaluated for 

the effects of activating the immune cells, enhancing the 
hematopoietic function, and reducing oxidative damage in 
the body. 
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First, the activation of the immune cells was investigated 
as follows. 

If the Splenic immune cells are activated when cultured in 
a culture medium Supplemented with each fraction of the 
hot-water extract, the immune cells proliferate with 
increased cellular metabolism and cell division involving 
DNA replication. Therefore, activation of the splenic 
immune cells can be analyzed by adding a radioactive DNA 
precursor (H-labeled thymidine) to the culture medium, and 
measuring the amount of the isotope incorporated in the 
immune cells. Such a H-thymidine uptake assay was per 
formed as follows. 

The immune cells (lymphocytes) collected from mouse 
Spleens were Suspended in a complete medium and aliquot 
ted onto a 96-well flat-bottomed microplate at a density of 
2x10 cells/ml, and treated with each fraction of the hot 
water extract. After incubation for 3 days in a CO incubator, 
H-thymidine was added to the culture-well at an amount of 
1.5 uCi per well. After incubation for 4 more hrs, cells were 
harvested on a glass-fiber filter paper using a cell harvester. 
The paper Strip was put into a counting vial and 3 ml of a 
scintillation cocktail was added to the vial. H-thymidine 
incorporated in the cells was measured in a B-Scintillation 
counter, and the results were expressed as the arithmetic 
mean of the counts per minute (cpm). 
As shown in FIG. 1, it was found that the polysaccharide 

fraction significantly activated the Splenic immune cells, and 
such an activation was 3-fold higher than that of the hot 
water extract. In contrast, the methanol-Soluble fraction and 
the ethanol-soluble fraction were barely effective in activat 
ing the immune cells. 

Next, the effect of the hot-water extract and its isolated 
fractions on the hematopoietic function was investigated as 
follows. 

Primarily, the hot-water extract and its fractions were 
evaluated for their effect on the proliferation of the bone 
marrow Stem cell. 

The bone marrow stem cells, which are non-adherent cells 
obtained from bone marrow cells, differentiate into 
monocytes/macrophages, platelets, erythrocytes, etc. After 
culturing bone marrow cells in a culture medium Supple 
mented with each fraction of the hot-water extract, the 
non-adherent cells were collected along with the culture 
Supernatant. Proliferation of the bone marrow stem cells was 
investigated by measuring the cell numbers using a cell 
counter. The results are given in FIG. 2a. 
As shown in FIG. 2a, it was found that the polysaccharide 

fraction of the hot-water extract Significantly Stimulates the 
proliferation of the bone marrow Stem cells, and Such a 
stimulation effect was about 2-fold higher than that of the 
hot-water extract. On the other hand, the methanol fraction 
and the ethanol fraction were found to have a much weaker 
Stimulation effect than the hot-water extract. 

Then, the hot-water extract and its fractions were evalu 
ated for their effect on the proliferation of the bone marrow 
Stromal cells. 

It has been reported that a variety of hematopoietic factors 
(proteinacious factors, cytokines, etc.) Secreted from the 
Stromal cells participate in the proliferation of the bone 
marrow stem cells and their differentiation into diverse 
mature cells, and the contact of the bone marrow Stem cells 
with the stromal cells near them is critical for such prolif 
eration and differentiation. Therefore, it is believed that the 
Stromal cells in the hematopoietic microenvironment play an 
important role in regulating hematopoiesis. 

Effect of the hot-water extract and its fractions on the 
proliferation of the bone marrow stromal cells was investi 

5 

15 

25 

35 

40 

45 

50 

55 

60 

65 

8 
gated. Bone marrow cells were cultured to obtain Stromal 
cells adhering to the bottom of the culture dishes. The 
isolated bone marrow Stromal cells were cultured for a long 
period of time. During the culturing, about half of the 
cultured medium was exchanged with a fresh medium at 
intervals of 7 days. The cells were treated with each fraction 
of the hot-water extract, followed by incubation for 2-3 
weeks. Proliferation of the bone marrow stromal cells was 
analyzed by measuring the cell numbers. The results are 
given in FIG. 2b. As shown in FIG.2b, the polysaccharide 
fraction exhibited a strong Stimulating activity toward pro 
liferation of the Stromal cells, and Such an activity was over 
4-fold higher than that of the hot-water extract. 

Finally, the hot-water extract and its fractions were evalu 
ated for the reducing effect against Oxidative damage in the 
body. 

Cells were treated with each fraction of the hot-water 
extract, incubated for 4 hrs in a CO2 incubator, and treated 
with radiation or hydrogen peroxide. DNA damage and 
chromosome damage were compared with a control, and the 
results are given in FIGS. 3a, 3b, 4a and 4b. As shown in 
FIGS. 3a, 3b, 4a and 4b, the polysaccharide fraction was 
found to have a reducing effect against DNA damage and 
chromosome damage caused by radiation or hydrogen 
peroxide, and Such a reducing effect was slightly Stronger 
than or Similar to the ethanol fraction, the methanol fraction 
and the hot-Water extract. 

In addition, the inhibitory effect of each fraction of the 
hot-water extract against peroxidation of the membrane 
lipids and proteins caused by radiation and oxidative dam 
age is shown in FIGS. 5a to 5c. As shown in FIGS. 5a to 5c, 
the polysaccharide fraction has a Slightly weaker inhibitory 
effect against peroxidation of the membrane lipids and 
proteins than the ethanol fraction and the hot-water extract. 

Further, the reducing effect of each fraction of the hot 
water extract against oxidative damage by the Scavenging 
free radicals generated in the body is shown in FIGS. 6a and 
6b. As shown in FIGS. 6a and 6b, the polysaccharide 
fraction has a weaker free radical-Scavenging effect than the 
ethanol-soluble fraction and the methanol-soluble fraction. 
As described above, with respect to the effects of improv 

ing the anticancer function, immune function and hemato 
poietic function, the polysaccharide fraction was found to be 
Superior to the ethanol and methanol fractions and the 
hot-water extract. However, the hot-water extract displayed 
a slightly higher protective effect against Oxidative damage 
than the polysaccharide fraction. Therefore, when a herbal 
composition is prepared by combining the hot-water eXtract 
with the polysaccharide fraction to increase the content of 
the polysaccharide, all of the aforementioned advantageous 
effects can be obtained. The herbal composition having an 
increased polysaccharide content by combining the hot 
water extract with the polysaccharide fraction is described in 
more detail, as follows. 

Herbal Composition According to the Present Invention 
The herbal composition of the present invention compris 

ing a first hot-water extract from the mixture of the plants 
Angelicae gigantis Radix, Cnidium Oficinale Makino and 
Paeonia japonica Miyabe et Takeda at an equal weight ratio, 
and a polysaccharide fraction as a precipitate formed by 
adding ethanol to a Second hot-water extract from the 
mixture of the plants Angelicae gigantis Radix, Cnidium 
Oficinale Makino and Paeonia japonica Miyabe et Takeda 
at an equal weight ratio. 

In detail, the herbal composition of the present invention 
is prepared by a process comprising the following steps: (1) 
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preparing the mixture consisting of the plants Angelicae 
gigantis Radix, Cnidium Oficinale Makino and Paeonia 
japonica Miyabe et Takeda at an equal weight ratio, adding 
water at 5 to 20 times the total weight of the mixture, and 
heating the resulting mixture to prepare a first hot-water 
extract; (2) adding ethanol to a second hot-water extract 
prepared according to the same method as Step (1), and 
collecting a precipitate to obtain a polysaccharide fraction; 
and (3) mixing the polysaccharide fraction prepared at Step 
(2) with the hot-water extract prepared at Step (1) to 
generate a herbal composition. 

The hot-water extraction at Step (1) is preferably per 
formed by boiling the plants for 8-10 hrs in a vessel for 
extracting Chinese medicinal herbs using hot water. The 
boiled product may be filtered, and concentrated by an 
evaporator under a negative pressure. At Step (2), it is 
preferable that the ethanol is added to the second hot-water 
extract at a final concentration of 80%, and the Second 
hot-water extract is then incubated at 5-15 C. overnight to 
obtain a precipitate, that is, the polysaccharide fraction. 

To produce a herbal composition, the polysaccharide 
fraction is mixed up with the first hot-water extract prepared 
at Step (1), in which the mixture may be used itself, or 
formulated into powder by freeze-drying. 

Preferably, the polysaccharide fraction is contained in the 
herbal composition at a 1.5 to 4-fold higher concentration 
than in the first hot-water extract. Therefore, to obtain the 
polysaccharide fraction within the above range, at Step (2), 
the Second hot-water extract is preferably used at an amount 
of 0.5 to 3 times that of the first hot-water extract prepared 
at Step (1). 

In accordance with the present invention, a pharmaceu 
tical composition comprising the herbal composition as 
described above as an effective ingredient is provided. The 
pharmaceutical composition may be administered orally or 
parenterally, and used in a pharmaceutical formulation com 
mon in the art. 

That is, upon being clinically applied, the pharmaceutical 
composition of the present invention may be administered 
orally or parenterally in various formulations. The pharma 
ceutical composition may be formulated into a pharmaceu 
tical preparation using a filler, a thickening agent, a binder, 
a humectant, a disintegrator, a diluent Such as a Surfactant, 
or an excipient. Examples of Solid preparations for oral 
administration include tablets, pills, powder, granules and 
capsules. Such Solid preparations may contain one or more 
excipients Selected from Starch, calcium carbonate, Sucrose 
or lactose, and gelatin. In addition to the Simple excipient, 
the Solid preparations may also contain a lubricant Such as 
magnesium Stearate or talc. Examples of liquid preparations 
for oral administration include Suspensions, liquid Solutions 
Such as elixirs, emulsions and Syrups. The liquid prepara 
tions may contain a simple diluent Such as water or liquid 
paraffin, and various excipients, which are exemplified by 
humectants, Sweetening agents, aromatic agents and preser 
Vatives. Examples of pharmaceutical preparations for 
parenteral administration include Sterilized aqueous 
Solutions, non-liquid Solutions, Suspensions, emulsions, 
freeze-dried preparations and Suppositories. The non-liquid 
Solutions and Suspensions may be prepared using propylene 
glycol, polyethylene glycol, Vegetable oils. Such as olive oil, 
and injectable esterS Such as ethyloleate. BaseS for the 
Suppositories may include Witepsol, Macrogol, Tween-61, 
cacao butter, laurin fat and glycerogelatin. 

Daily dosage of the pharmaceutical composition of the 
present invention is 30-300 mg/kg, but preferably, 80-150 
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mg/kg. The daily dosage may be separately administered 
over 1-3 times. 

In accordance with the present invention, a functional 
food comprising the herbal composition as described above 
as an effective ingredient is provided. The functional food 
may further comprise a food additive according to consum 
ers preferences and to improve quality of the final food. 
The present invention will be explained in more detail 

with reference to the following example in conjunction with 
the accompanying drawings. However, the following 
example is provided only to illustrate the present invention, 
and the present invention is not limited to the example. 

EXAMPLE 

Preparation of the Herbal Composition 
The three plants A. gigantis, C. Officinale and P. japonica, 

which are registered as food materials in the Korean Food 
Code and used as Chinese herbal materials, were dried in the 
shade, cut and mixed at an equal weight ratio. The plant 
mixture was added with 10 weight equivalents of distilled 
water, and boiled for 8-10 hrs in a vessel for extracting 
Chinese medicinal herbs. The boiled product was filtered 
and concentrated using an evaporator under a negative 
preSSure, thus yielding a hot-water extract. A fourth to 
two-thirds of the concentrated Solution was Stored, and the 
remainder, a third to three-fourths of the concentrate, was 
mixed with ethanol at a final concentration of 80%, followed 
by incubation at 5-15 C. overnight. The resulting precipi 
tate polysaccharide fraction was collected, and mixed with 
the stored hot-water extract. The mixture can be used itself 
or in a formulation of powder prepared by freeze-drying. To 
be used in the following tests, half of the concentrate is 
Stored and ethanol is added to the remaining half of the 
concentrate. Then, the remaining half added with ethanol is 
incubated at 5-15 C. overnight and the resulting precipitate 
polysaccharide fraction was collected, and mixed with the 
half of the concentrate Stored. After freeze-drying this 
mixture, the resulting herbal powder was properly dissolved 
in distilled water, and sterilized by filtration via a 0.45 um 
membrane (Millipore) and used in the following tests. 

In the following experimental example, “control' is the 
group treated with Saline instead of the herbal composition 
of the present invention, and among this control, the group 
additionally treated with radiation is referred to as the 
“radiation control', the group additionally treated with HO 
is referred to as the “H-control', the group additionally 
treated with CC1 is referred to as the “C-control', and the 
group treated with no radiation or chemicals is referred to as 
the “normal control”. 

Experimental Example 1 

Evaluation of the Anticancer Activity of the Herbal 
Composition and its Effects on the Immune 

Function 
1) Inhibitory Effect Against Tumor Growth 
To investigate anticancer activity of the filtered herbal 

composition prepared in the above Example, tumor-injected 
mice were treated with the herbal composition, in which a 
Saline Solution was used as a control. As a result, the herbal 
composition of the present invention was found to have an 
effect of inhibiting tumor growth. 
Male and female mice (BDF1, 7 weeks old) were intra 

peritoneally injected with 1x10 B16FO melanoma cells. 
From the following day, the herbal composition of the 
present invention and the control Sample were intraperito 
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neally administered into the mice for 10 days. Thereafter, 
Surviving mice were counted every day, and the results are 
given in FIGS. 7a and 7b. 
As shown in FIG. 7a, in the case of the tumor-injected 

male mice, all mice of the control group were dead by day 
21, while some mice of the group treated with the herbal 
composition survived until day 25, in which the Survival 
time of the male mice treated with the herbal composition 
was prolonged by about 15%. As shown in FIG. 7b, in the 
case of female mice, the mice of the control group were dead 
by day 19. In contrast, about 50% of the female mice of the 
treatment group Survived until day 24, and Some of them 
survived until day 26, in which the survival time of the 
female mice was prolonged by about 34%. 

These results indicate that the herbal composition of the 
present invention exhibits anticancer activity by inhibiting 
the growth of the tumor cells. 
On the other hand, to investigate whether the herbal 

composition exhibits anticancer activity by directly killing 
tumor cells, tumor cells were treated with the herbal com 
position of the present invention in a test tube, and their 
viability was analyzed. That is, B16FO melanoma cells were 
Suspended in complete medium and aliquotted onto a 
96-well flat-bottomed microplate at a density of 5x10" cells 
per well, and treated with the herbal composition. After 
incubation for 1 day in a CO incubator, a MTT solution was 
added to the culture-wells, followed by incubation for 4 
more hrs. Living cells convert MTT into formazan, and the 
formazan product is deposited in the living cells. The 
water-insoluble formazan product deposited in living cells 
was solubilized by adding 0.07 NHCl in isopropanol to each 
well, and quantified by measuring the absorbance at 570 nm 
using a UV spectrometer. The measured absorbance was 
converted to a relative number of living cells. The results are 
given in FIG.8. As shown in FIG. 8, there is no difference 
in living cell numbers between the groups treated with the 
herbal composition or not. These results indicate that the 
herbal composition of the present invention neither directly 
kills tumor cells nor directly inhibits their proliferation. 
2) Effect of Enhancing the Immune Function 
2.1) Effect of Activating the Immune Cells 

If the Splenic immune cells are activated when cultured in 
a culture medium Supplemented with the herbal composition 
and the hot-water extract from a mixture of three plants A. 
gigantis, C. Oficinale and P. japonica, which were prepared 
in the above Example, the immune cells proliferate with 
increased cellular metabolism and cell division involving 
DNA replication. Therefore, activation of the splenic 
immune cells can be analyzed by adding a radioactive DNA 
precursor (H-labeled thymidine) to the culture medium, and 
measuring the amount of isotopes incorporated in the Sple 
nocytes. Such a H-thymidine uptake assay was performed 
as follows. 
The immune cells (lymphocytes) collected from mouse 

Spleens were Suspended in complete medium and aliquotted 
onto a 96-well flat-bottomed microplate at a density of 
2x10 cells per well, and treated with the herbal composition 
and the hot-water extract. After incubation for 3 days in a 
CO incubator, H-thymidine was added to the medium at an 
amount of 1.5 uCi per well. After incubation for 4 more hrs, 
cells were harvested on a glass-fiber filter paper using a cell 
harvester. The paper Strip was put into a counting vial and a 
3 ml Scintillation cocktail was added to the vial. 
H-thymidine uptake was measured in a f-scintillation 

counter, and the results were expressed as the average counts 
per minute (cpm). The results are given in FIG. 1. 
As shown in FIG. 1, the herbal composition was found to 

be remarkably effective at activating the immune cells, and 

15 

25 

35 

40 

45 

50 

55 

60 

65 

12 
Such an effect was 2 times higher than that of the hot-water 
extract, and 10 times higher than the control not treated with 
any herbal extract. 
2.2) Effect of Improving the Anticancer Function by Acti 
vating the NK Cells 

Natural killer (NK) cells, which belong to a primary 
protection System against tumor cells, eliminate tumor cells 
in a non-specific manner. In this test, the herbal composition 
of the present invention was evaluated for its effects on 
increasing the cytotoxicity of the NK cells against the tumor 
cells. 
Mice were intraperitoneally administered with the herbal 

composition (1 mg/mouse) once daily for 3 days. Next day, 
after Sacrificing the mice, Splenic immune cells were isolated 
from the Spleen, and used as effector cells in the following 
chromium release assay to analyze their cytolytic activity 
against the target cells (tumor cells). 
2x10 YAC-1 cells (mouse lymphoma) as target cells 

were labeled with NaCrO (40 uCi) in a 37° C. water bath 
for 1 hr. The isolated splenocytes as effector cells (referred 
as E) and the labeled target cells (referred as T) were 
aliquotted onto a 96-well microplate at ratios of 50:1 and 
100:1. After incubation for 4 hrs, 100 ul of the culture 
Supernatant was collected into a tube, and was analyzed for 
the amount of radioactive chromium released from the dead 
tumor cells in a gamma-counter, and the results were 
expressed as the average counts per minute (cpm). All tests 
were carried out in triplicate, and the cytotoxicity of the NK 
cells against the tumor cells was calculated according to the 
following Equation 1: 

% Cytotoxicity=(ER-SR)/(MR-SR)x100 (Equation 1) 

wherein, ER (experimental release, cpm) is the experi 
mental Cr release from the labeled target cells co-cultured 
with the effector cells to the culture Supernatant, SR 
(spontaneous release, cpm) is spontaneous Cr release from 
the labeled target cells incubated alone to the culture 
Supernatant, and MR (maximum release, cpm) is obtained 
by adding 1% Triton X-100 to 2x10" target cells labeled 
with Cr at an efficiency of over 90%. 
As shown in FIG. 9a, NK cells were found to have a 1.5 

times higher cytotoxicity against the tumor cells. This result 
indicates that the herbal composition of the present inven 
tion activates NK cells to increase their cytotoxicity. 
2.3) Effect of Improving the Anticancer Function by Acti 
Vating the Macrophages 

Activated macrophages play an important role in immune 
response Systems by phagocytosis, and can also directly 
destroy tumor cells. The herbal composition of the present 
invention was evaluated for its effect on activating the 
macrophages to kill tumor cells. Peritoneal macrophages 
were isolated from abdominal cavity of the mice, aliquotted 
onto a 96-well flat-bottomed microplate at a density of 
2x10 cells per well, and treated with the herbal composition 
of the present invention, followed by incubation for 24 hrs. 
After Washing each well three times, the adherent macroph 
ages were used as effector cells in the following chromium 
release assay to analyze their cytotoxicity against tumor 
cells. 
5x10'Cr-labeled YAC-1 cells as target cells were added 

to each well containing the cultured macrophages, in which 
the ratio of the effector cells to the target cells was about 
40:1. After incubation for 24 hrs, 100 ul of the culture 
Supernatant was collected into a tube, and was analyzed for 
the radioactive chromium released from the dead tumor cells 
in a gamma-counter, and the results were expressed as the 
average counts per minute (cpm). All the tests were carried 
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out in triplicate, and the cytotoxicity of the macrophages 
against the tumor cells was calculated according to the same 
method as described above (Equation 1). 
As shown in FIG. 9b, cytotoxicity of the macrophages 

against the tumor cells was found to be about 10% in a 
negative control, and increased to about 80% in a group 
treated with the herbal composition of the present invention. 
The increase in cytotoxicity of the macrophages treated with 
the herbal composition was comparable to that of the 
macrophages treated with a positive control chemical, LPS 
(lipopolysaccharide). 
On the other hand, when treated with the herbal compo 

Sition of the present invention, the macrophages displayed 
an improved phagocytosis against the added microparticles 
(data not shown). 
2.4) Effect of Improving the Anticancer Function by Acti 
vating the Cytotoxic T Cells 

Destruction of tumor cells is accomplished by activation 
of various immune cells, and can be effectively achieved by 
the immune System in a Specific manner. Immune cells 
performing Such a function include cytotoxic T cells, which 
are able to directly kill tumor cells. 
To investigate whether the herbal composition of the 

present invention improves the anticancer function by acti 
Vating cytotoxic T cells, Splenic immune cells isolated from 
a mouse Sensitized with tumor cells were analyzed for 
cytotoxicity against the tumor cells. Mice were intraperito 
neally administered with the herbal composition (1 
mg/mouse) once daily for 3 days. Next day, mice were 
intraperitoneally injected with 1x10 B16FO melanoma cells 
killed by being exposed to radiation. Thereafter, the herbal 
composition was intraperitoneally adminstered into the mice 
once daily for 2 more days. On day 7 after the injection with 
the killed tumor cells, mice were Sacrificed, and the Sple 
nocytes Sensitized with the tumor cells were isolated, and 
their cytotoxicity against tumor cells was investigated by the 
chromium release assay. The Splenic immune cells as effec 
tor cells and 'Cr-labeled B16FO melanoma cells were 
aliquotted into each well of a 96-well microplate at ratios of 
50:1 and 100:1. After incubation for 4 hrs, 100 ul of the 
culture Supernatant was collected into a tube, and was 
analyzed for the radioactive chromium released from the 
dead tumor cells in a gamma-counter, and the results were 
expressed as the average counts per minute (cpm). All the 
tests were carried out in triplicate, and the cytotoxicity of the 
cytotoxic T cells against the tumor cells was calculated 
according to the same method as described above (Equation 
1). 
As shown in FIG. 9c, the herbal composition of the 

present invention was found to increase the cytotoxicity of 
the cytotoxic T cells against the tumor cells by about 2 times 
compared with the control. 

Experimental Example 2 

Evaluation of the Effect of the Herbal Composition 
on the Improvement of the Hematopoietic Function 
and the Recovery of the Hematopoietic Immune 

System from Oxidative Damage 
1) Effect of Improving the Hematopoietic Function 
1.1) Stimulation of the Proliferation of the Bone Marrow 
Stem Cells 

The herbal composition of the present invention was 
evaluated for the effect on the proliferation of the bone 
marrow Stem cells. When culturing bone marrow cells, 
Stromal cells grow adhered to the bottom of a culture dish, 
and non-adherent cell populations grow in Suspension. The 
non-adherent cells proliferate via contact with the Stromal 
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cells, and differentiate into monocytes/macrophages, 
platelets, erythrocytes, etc. Bone marrow cells were isolated 
from a mouse femur. The bone marrow cells were cultured 
in a medium Supplemented with the herbal composition and 
the hot-water extract prepared in Example 1. The culture 
Supernatant containing non-adherent bone marrow Stem 
cells was collected, and the cell number was determined 
using a cell counter. The results are given in FIG. 2a. 
As shown in FIG. 2a, the herbal composition was found 

to have a stimulatory effect on the proliferation of the bone 
marrow Stem cells, and Such an effect was 1.6-fold and 
7-fold higher than the effects of the hot-water extract and the 
control, respectively. 
1.2) Stimulation of the Proliferation of the Bone Marrow 
Stromal Cells 

It has been reported that a variety of hematopoietic factors 
(proteinacious factors, cytokines, etc.) Secreted from the 
Stromal cells participate in the proliferation of bone marrow 
Stem cells and their differentiation into diverse mature cells, 
and contact of the bone marrow stem cells with the stromal 
cells near them is critical for Such a proliferation and 
differentiation. Therefore, it is believed that the stromal cells 
in the hematopoietic microenvironment play an important 
role in regulating hematopoiesis. 

Effect of the herbal composition, and the hot-water extract 
and its fractions on the proliferation of the bone marrow 
Stromal cells was investigated. Bone marrow cells were 
cultured to obtain stromal cells adhered to the bottom of a 
culture dish. The isolated bone marrow stromal cells were 
cultured in a medium Supplemented with the herbal com 
position and each fraction of the hot-water extract for 2-3 
weeks. During the culturing, about half of a culture medium 
was exchanged with a fresh medium Supplemented with the 
samples at intervals of 7 days. Proliferation of the bone 
marrow Stromal cells was analyzed by measuring the cell 
numbers. The results are given in FIG. 2b. 
As shown in FIG. 2b, the herbal composition of the 

present invention was found to have a Stimulatory effect on 
the proliferation of the Stromal cells, and Such a Stimulatory 
effect was 2-fold and 8-fold higher than that of the hot-water 
extract and the control, respectively. 
2) Effect of Improving the Recovery of the Hematopoietic 
Immune System from Oxidative Damage 
2.1) Effect on the Recovery of the Hematopoietic Function 
after Exposure to Radiation: Stimulatory Effect on the 
Regeneration of the Blood Cells (Immune Cells) and Splenic 
Immune Cells 

It is known that, when an animal is exposed to radiation, 
blood cell numbers are sharply reduced, and then recover 
slowly. 

Before and after exposure to radiation (5 Gray), mice 
were administered with the herbal composition of the 
present invention, and the cell numbers of the blood cells 
and Splenic lymphocytes was analyzed. 36 hrs and 12 hrs 
before, and 30 min and 24 hrs after exposure to radiation, the 
herbal composition was intraperitoneally administered into 
mice, and then Such an administration was carried out 3 
more times at intervals of 2 dayS. 

Blood was collected from the mouse via orbital vein, and 
the number of blood cells was determined using an animal 
blood cell analyzer. 
The Subsets of Splenic immune cells (lymphocytes; 

referred as 1 in FIGS. 11a and 11b) were analyzed using a 
flow cytometer. The prepared Splenic lymphocytes were 
washed with phosphate-buffered saline containing 0.1% 
bovine Serum albumin and 0.1% Sodium azide, and aliquots 
of 10° cells were transferred into test tubes. To prevent 
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non-specific binding of the cell Subset-Specific antibodies to 
Fc YII/III receptors, the Fc receptors were blocked by 
incubating the lymphocytes with anti-CD16/CD32 antibody 
at 4 C. for 5 min. Thereafter, the lymphocytes were 
incubated with specific monoclonal antibodies at 4 C. for 
40 min, in which anti-IgM antibody for B lymphocytes 
(referred as 2 in FIGS. 11a and 11b), anti-Thy 1.2 antibody 
for all types of T lymphocytes (referred as 3 in FIGS. 11a 
and 11b), anti-CD4 antibody for helper T cells (referred as 
4 in FIGS. 11a and 11b), and anti-CD8 antibody for cyto 
toxic T cells (referred as 5 in FIGS. 11a and 11b) were used. 
All of the antibodies were monoclonal antibodies conjugated 
with a fluorescent dye (FITC, fluoroisothiocyanate). 
Thereafter, the lymphocytes were washed twice with a 
phosphate-buffered saline containing 0.1% bovine serum 
albumin and 0.1% Sodium azide, the cell numbers of each 
cell Subset was determined by quantifying the monoclonal 
antibody bound to a specific cell Surface marker using a flow 
cytometer (FACStar, COULTER, USA). 
As shown in FIGS. 10a and 10b, in case of the radiation 

exposed mice treated with the herbal composition, from 3 
weeks, the numbers of leukocytes (FIG. 10a) and lympho 
cytes (FIG. 10b) in the blood recovered to near the normal 
level, and was much higher than that of the control group 
exposed to radiation but not administered with the herbal 
composition, indicating that the herbal composition of the 
present invention Stimulates regeneration of the leukocytes 
and lymphocytes in blood. In contrast, in case of the 
radiation-exposed control group, the numbers of leukocytes 
and lymphocytes recovered to a normal level after about 7 
weeks. 

The results of the regeneration test of splenic lymphocytes 
are given in FIGS. 11a and 11b. As shown in FIG. 11a, on 
day 14 after exposure to radiation, in the case of the 
treatment group administered with the herbal composition, 
the total cell number of Splenic lymphocytes was recovered 
to a much higher level than the radiation-exposed control 
group not administered with the herbal composition. With 
respect to the cell Subsets, in the treatment group, B cells 
almost recovered to the normal level, while T cells and their 
Subtypes were recovered to a higher level than the control 
group, but such a recovery level was no more than 50% of 
the normal level. Day 47 after exposure to radiation, as 
shown in FIG.11b, in both the treatment and control groups, 
the cell numbers of the total splenic lymphocytes and B cells 
recovered to the normal level. Cell numbers of the T cells 
and their subtypes was recovered to about 50% of the normal 
level in the radiation-exposed control group, while almost 
80% of the normal level in the treatment group. 
2.2) Effect on the Recovery of the Function of the Regen 
erated Immune Cells after Exposure to Radiation 
2.2.1) Effect of Improving the Activity of the Regenerated B 
Cells 

In order to investigate whether the herbal composition of 
the present invention improves the activity of the regener 
ated B cells in mice exposed to radiation, a plaque forming 
cell assay against SRBC was performed as follows. 

36 hrs and 12 hrs before, and 30 min and 24 hrs after 
exposure to radiation (5 Gray), the herbal composition was 
intraperitoneally administered into mice, and then Such an 
administration was carried out 3 more times at intervals of 
2 days. Day 14 and 25 after exposure to radiation, C57BL/6 
mice were injected via the tail vein with 1x10 sheep red 
blood cells (SRBC) in a 0.2 ml saline. After 4 days, splenic 
lymphocytes were isolated from the mice, adjusted to a 
density of 7x10 cells/ml, and placed on ice. SRBC were 
washed three times with a phosphate-buffered Saline, and 
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resuspened in a medium to generate a 20% (v/v) cell 
suspension. A 0.5% agarose-RPMI solution was prepared in 
a 45 C. water bath for fixing the lymphocytes and SRBC. 
100 ul of the lymphocyte Suspension was gently mixed with 
100 ul of the SRBC suspension in 1600 ul of the 0.5% 
agarose-RPMI Solution, and the resulting mixture was plated 
onto a culture dish. After hardening, the culture dish was 
incubated for 2 hrs in an incubator, and 600 ul of a 70-fold 
dilution of a Guinea pig complement (GPC) was added to 
the dish. After incubation for 2 more hrs, hemolytic plaques, 
which were formed at the surrounding of the antibody 
producing cells by the interaction of the complement with 
the antigen(SRBC)-antibody complexes, were counted, and 
converted to the number of plaque forming cells (PFC) per 
Spleen with consideration of the dilution degree of the 
lymphocytes. The results are given in FIGS. 12a and 12b. 
As shown in FIGS. 12a and 12b, in the case of a 

radiation-exposed control not treated with the herbal 
composition, on day 14 after exposure to radiation, although 
the number of B cells was recovered to about 60% of the 
normal level (FIG.11a), the antibody-producing function of 
the B cells was only about 4% of the normal level, while 
being only about 41% of the normal level on day 25 after 
exposure to radiation. In contrast, in the case of the treatment 
group with the herbal composition, on days 14 and 25 after 
exposure to radiation, the B cells exhibited an antibody 
producing function of about 20% and 57% of the normal 
level, respectively. These results indicate that the herbal 
composition of the present invention has an activity to 
improve the antibody-producing function of the regenerated 
B cells, as well as Stimulating the regeneration of the B cells 
(FIGS. 11a and 11b). 
2.2.2) Effect of Improving the Activity of the Regenerated 
Helper T Cells 

In order to investigate whether or not the herbal compo 
Sition of the present invention improves the activity of the 
regenerated helper T cells in mice exposed to radiation, T 
cell response to the Stimulation of allogeneic immune cells 
was analyzed by the mixed lymphocyte reaction (MLR). 

36 hrs and 12 hrs before, and 30 min and 24 hrs after 
exposure to radiation (5 Gray), C57BL/6 mice (MHC type 
H-2b) were intraperitoneally administered with the herbal 
composition, and then Such an administration was carried 
out 3 more times at intervals of 2 days. On days 21 and 36 
after exposure to radiation, mice were Sacrificed, and Splenic 
immune cells (lymphocytes) were isolated to use as 
responder cells. Stimulator cells were prepared by killing 
splenic immune cells (lymphocytes) from BALB/c(H-2d) 
mice by exposure to gamma-ray (3,000 rads). The responder 
cells and the Stimulator cells were mixed and plated onto a 
96-well flat-bottomed microplate at a concentration of 1x10 
cells each in a 0.2 ml of complete medium per well, and 
cultured for 4 days in an incubator. 4 hrs before harvesting 
the cells, H-thymidine of 2 uCi was added to each well. 
Thereafter, cells were harvested on a glass-fiber filter paper 
using a cell harvester. The paper Strip was put into a counting 
vial and a 3 ml Scintillation cocktail was added to the vial. 
H-thymidine uptake by the responder cells was measured in 
a B-Scintillation counter, and the results were expressed as 
the average counts per minute (cpm). 
As shown in FIGS. 13a and 13b, in the treatment group 

with the herbal composition of the present invention on day 
21 after exposure to radiation, the response (proliferation) of 
the regenerated helper T cells in the MLR assay was found 
to be much higher than the radiation-exposed control not 
treated with the herbal composition. About 5 weeks after 
exposure to radiation, in the treatment group, the response 
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(proliferation) of the regenerated helper T cells had recov 
ered to the normal level. These results indicate that the 
herbal composition of the present invention has an activity 
to improve the response of the regenerated helper T cells. 
2.2.3) Effect of Normalizing the Disturbed Pattern of Anti 
body Production after Exposure to Radiation 

In order to investigate whether or not the herbal compo 
Sition of the present invention regulates the disturbed anti 
body production pattern in radiation-exposed mice, the 
production level of each antibody type was measured after 
injection with a T cell-dependent antigen. 

36 hrs and 12 hrs before, and 30 min and 24 hrs after 
exposure to radiation, mice were intraperitoneally adminis 
tered with the herbal composition, and then Such an admin 
istration was carried out 3 more times at intervals of 2 dayS. 
On week 1, 2, 3, 5 and 8 after exposure to radiation, mice 
were intraperitoneally injected with a protein antigen (DNP 
KLH). On day 7 and 14 after the antigen injection, blood 
was collected from the mice via orbital vein, and Serum was 
isolated and stored at -70° C. until use. The stored serum 
was analyzed for antibody titer by enzyme-linked immun 
oSorbent assay (ELISA), as follows. After coating each well 
of a microplate with the antigen, the Serum was added to the 
well to allow the antibody in the serum to interact with the 
coated antigen. After washing the well, peroxidase 
conjugated goat anti-mouse IgG or biotin-conjugated anti 
mouse IgE was added to the well to interact with antigen 
bound antibody. In the case of the addition of the biotin 
conjugated IgE, Streptavidin-conjugated horse peroxidase 
was added to the well to interact further with the conjugated 
biotin. A TMB substrate of the peroxidase was added for 
colour development. After stopping the colour development, 
absorbance was measured at 450 nm using an ELISA reader, 
in which a reference wavelength was 570 nm. 
As shown in FIGS. 14a and 14b, when exposed to 

radiation, mice exhibited reduced IgG production in com 
parison with the normal control (FIG. 14a), while displaying 
an increased IgE production (FIG. 14b). Such a change in 
IgG and IgE production by irradiation was almost recovered 
to the normal pattern by the administration with the herbal 
composition of the present invention. 
2.2.4) Effect of Improving the Cytotoxicity of the Regener 
ated NK Cells Against the Tumor Cells 

In order to investigate whether or not the herbal compo 
Sition of the present invention improves the activity of the 
regenerated NK cells in radiation-exposed mice, the Splenic 
lymphocytes isolated from the mice were evaluated for 
cytotoxicity against tumor cells by the chromium release 
assay (See, 2.2). 
36 hrs and 12 hrs before, and 30 min and 24 hrs after 
exposure to radiation (5 Gray), mice were intraperitoneally 
administered with the herbal composition. On days 22, 29, 
35 and 49 after exposure to radiation, Splenocytes were 
isolated from the mice, and lymphocytes were obtained from 
the Splenocytes by Ficoll-Hypadue density gradient centrifu 
gation. The lympocytes were resuspended in a complete 
medium to use as effector cells in the following chromium 
release assay, in which YAC-1 cells (2x10 cells/ml) labeled 
with Cr were used as target cells. Both the effector cells 
and the target cells, at 0.1 ml each, were plated onto a 96 
well-round bottomed microplates at ratios of 6.5:1, 12.5:1, 
25:1 and 50:1. After incubation for 4 hrs, 0.1 ml of the 
culture Supernatant was collected, and the amount of radio 
active chromium was measured in a gamma-counter. All the 
tests were carried out in triplicate, and the cytotoxicity of the 
lymphocytes against the tumor cells was calculated accord 
ing to the same method as described above (Equation 1). 
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To compare tumor cell-killing activity of the Splenic 

lymphocytes in individual mice, the number of lymphocytes 
(lytic unit: LU) required for killing a desired number of 
tumor cells was calculated. In this test, 1 LUo was defined 
as the number of effector cells necessary for 10% lysis of the 
target cells. LUo was calculated from a dose response curve 
by linear regression analysis. Tumor cell-killing activities 
between individual mice were compared by calculating the 
LU per spleen by multiplying LU per 1x107 lymphocytes by 
the total number of Splenic lymphocytes. 
As shown in FIG. 15, in the case of the control exposed 

to radiation, the regenerated NK cells exhibited remarkably 
diminished tumor cell-killing activity for a long period of 
time after exposure to radiation. In contrast, in the case of 
the treatment group administered with the herbal 
composition, the function (tumor cell-killing activity) of the 
regenerated NK cells was remarkably recovered to about a 
2-fold higher level than the radiation-exposed control. 

Experimental Example 3 
Evaluation of the Effect of the Herbal Composition 
on the Protection of the DNA and Chromosomes 

from Oxidative Damage 
1) Inhibitory Effect Against Oxidative Damage of the Intra 
cellular DNA and Chromosomes 

After treating lymphocytes with the herbal composition, 
and the hot-water extract and its isolated fractions for 4 hrs, 
and then exposing them to radiation or treatment with H2O, 
the damage of the intracellular DNA and chromosomes was 
compared with that of the control eXposed to radiation. 
1.1) Inhibitory Effect Against Oxidative DNA Damage 

In order to investigate whether or not the herbal compo 
Sition of the present invention prevents Single-strand DNA 
breakage resulting from Oxidative damage induced by radia 
tion or chemical compounds, a Single-cell gel electrophore 
sis assay (comet assay) was performed as follows. 

First, the treated cells were mixed with agarose gel and 
Spread on a microScope Slide. The cells were then lysed in 
a lysis buffer at 4 C. for 1 hr. The slide was subjected to 
electrophoresis, and the DNA fragments were stained with 
ethidium bromide (20 ug/ml). The migrated DNA fragments 
were analyzed by an image analysis System (Komet 4.0, 
Kinetic imaging, Ltd., Great Britain) under a fluorescent 
microscope equipped with a CCD camera. Extent of DNA 
damage was expressed as the tail moment (TM), where 
TM=migration length of the DNA fragments (tail length)x 
the percentage of DNA fragments in the tail. A higher tail 
moment means higher DNA damage. 
AS a result, the herbal composition of the present inven 

tion was found to effectively inhibit single-strand DNA 
breakage induced by radiation (FIG. 3a) and H2O (FIG. 
3b), in which the inhibition rate was about 49% and 37%, 
respectively. 
1.2) Inhibitory Effect Against Oxidative Chromosome Dam 
age 

In order to investigate whether or not the herbal compo 
Sition of the present invention prevents chromosome aber 
ration caused by oxidative damage by radiation and chemi 
cal compounds, the frequency of the micronucleus formed 
during the nuclear division of the cells with chromosome 
damage was measured in a micronucleus test. 

First, lymphocytes were cultured in a medium added with 
the herbal composition of the present invention for 4 hrs, and 
then exposed to radiation or treated with H2O. The cells 
were treated with cytochalasin B to prevent the division of 
the cytoplasmic membrane. After 24 hrs, the cells were 
collected, placed onto a microScope Slide, and Giemsa 
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stained. Micronucleus frequency was scored in 1,000 
binucleated cells that had undergone nuclear division. 
AS a result, the herbal composition was found to effec 

tively inhibit chromosome aberration caused by oxidative 
damage by radiation (FIG.4a) and HO (FIG. 4b), in which 
the inhibition rate was about 33% and 64%, respectively. 
2) Inhibition of the Oxidation of the Intracellular Lipids and 
Proteins 
2.1) Inhibition of Lipid Peroxidation 

In order to investigate whether or not the herbal compo 
Sition of the present invention inhibits peroxidation of 
membrane lipids induced by radiation and chemical 
compounds, malondialdehyde produced by lipid peroxida 
tion in mouse liver was measured in the thiobarbituric acid 
reactive substance (TBARS) assay. 

36 hrs and 12 hrs before exposure to radiation (8 Gray), 
mice were intraperitoneally administered with the herbal 
composition and each fraction of the hot-water eXtract. 

To induce oxidative damage by a chemical compound, 
mice were intraperitoneally injected with a mixture (0.5 
ml/kg) of CC1 and corn oil, and starved for about 18 hrs to 
induce liver damage. In this case, the herbal composition 
and each fraction of the hot-water extract were intraperito 
neally injected into mice 27 hrs and 3 hrs before treatment 
with CC1. 

After Sacrificing the mice, the livers were excised, and 
homogenized. The homogenized liver Samples containing 3 
mg of protein were mixed with 0.2 ml of 8.1% SDS (sodium 
dodecyl sulfate), 1.5 ml of 20% acetic acid and 1.5 ml of 
0.8% TBA solution, and the mixture was incubated at 95 C. 
for 30 min in a water bath. Absorbance was measured at 532 
nm. On a standard curve obtained using a standard solution 
of 1,1,3,3-tetraethoxypropane, the amount of the produced 
malondialdehyde was estimated and expressed as nmol/mg 
protein. 
AS a result, the herbal composition of the present inven 

tion was found to effectively inhibit lipid peroxidation 
induced by radiation (FIG. 5a) and CCI (FIG.5b), in which 
the inhibition rate was about 31% and 36%, respectively. 
2.2) Inhibition of Protein Oxidation 

In order to investigate whether or not the herbal compo 
Sition of the present invention inhibits protein oxidation by 
radiation, carbonyl groups in mouse liver proteins were 
quantified, in which the carbonyl groups are formed in Some 
amino acid residues of the proteins by Oxidation thereof. 

36 hrs and 12 hrs before exposure to radiation (8 Gray), 
mice were intraperitoneally administered with the herbal 
composition and each fraction of the hot-water extract. 4 
hours after exposure to radiation, mouse livers were excised, 
and homogenized. Homogenized liver Samples containing 4 
mg of protein were mixed with an equal volume of 20% 
TCA (trichloroacetic acid) to precipitate the proteins. The 
precipitated protein sample was reacted with 500 ul of 10 
mM 2,4-dinitrophenylhydrazine (DNPH) for 1 hr., and an 
equal volume of 20% TCA was added, followed by cen 
trifugation. After discarding the Supernatant, the protein 
pellet was washed with 1 ml of ethanol/ethyl acetate (1:1), 
and resuspended with 1.2 ml of 6M guanidine.HCl, followed 
by centrifugation. The absorbance of the Supernatant was 
measured spectrophotometrically at 370 nm. The concen 
tration of carbonyl groups was calculated from the 
absorbance, using a molar absorption coefficient of 22,000 
mol/L cm. 
AS a result, the herbal composition of the present inven 

tion was found to remarkably inhibit the protein oxidation 
induced by radiation, So the protein oxidation was similar to 
that of the normal control (FIG. 5c). 
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3) Effect of Scavenging Free Radicals 
3.1) Effect of Scavenging DPPH Radical 

In order to investigate whether or not the herbal compo 
Sition of the present invention has a radical Scavenging 
activity by donating electrons to free radical molecules 
generated in the body, the electron-donating ability of the 
herbal composition to the DPPH (1,1-diphenyl-2- 
picrylhydrazyl) radical was measured. 

1.8 ml of 4x10" M DPPH was added to 0.2 ml of the 
herbal composition, and the hot-water extract and its frac 
tions at various concentrations, and the mixture was well 
mixed with a vortex for 10 Sec. After incubation for 30 min, 
absorbance was measured at 517 nm using a spectropho 
tometer (Shimadzu UV-1201, Japan). The DPPH radical has 
a deep violet color due to its unpaired electron. When the test 
sample donates electrons to the DPPH radical, that is, the 
unpaired radical electron is Stabilized by pairing with the 
donated electron, the color turns from deep violet into pale 
yellow and the absorbance at 517 nm decreases. Using this 
principle, the electron-donating ability (EDA) of the test 
Samples was expressed as the percentage of the difference in 
absorbance at 517 nm between the test Solution and the 
control Solution. 

EDA (%)=(Ac-As)Acx100 
wherein, Ac is the absorbance of the control Solution not 

containing the test Sample, and AS is absorbance of the test 
Solution containing the test Sample. 
AS a result, the hot-water extract, and its ethanol and 

methanol fractions showed a very high electron-donating 
activity, and the polysaccharide fraction and the herbal 
composition exhibited a significant electron-donating activ 
ity (FIG. 6a). 
3.2) Effect of Scavenging OH Radical 

In order to investigate whether or not the herbal compo 
Sition of the present invention has an activity to Scavenge 
OH (hydroxyl) radicals mostly responsible for in vivo 
oxidative damage, which has a relatively strong reactivity 
among the reactive oxygen Species, the herbal composition 
was evaluated for OH radical-Scavenging activity, in which 
the OH radical was produced in vitro using H2O 
(2-deoxyribose oxidation method). 

0.2 ml of each Sample of the herbal composition, and the 
hot-water extract and its fractions was mixed with 0.2 ml of 
0.1 mM FeSO/EDTA, 0.2 ml of 10 mM 2-deoxyribose, and 
1.2 ml of 0.1 M phosphate buffer (pH 7.4). Then, 0.2 ml of 
10 mM HO was added to the mixture. After incubation at 
37 C. for 4 hrs, reaction was stopped by the addition of 1 
ml of 2.8% TCA (trichloroacetic acid). After the addition of 
1 ml of 1% TBA (2-thiobarbituric acid), the final reaction 
mixture was incubated at 95 C. for 10 min in a water bath, 
and cooled. Absorbance at 532 nm was measured in an 
UV-spectrophotometer. Hydroxyl radical Scavenging activ 
ity was expressed as the percentage of the difference in 
absorbance at 532 nm between the test Solution and the 
control Solution. 

Hydroxyl radical scavenging activity (%)=1-(AS-AO)/(Ac-AO)x 
1OO 

wherein, AO is the absorbance of the negative control not 
containing both the test Sample and H2O, Ac is the absor 
bance of the positive control treated with HO but not 
containing the test Sample, and AS is the absorbance of the 
test Solution containing the test Sample and treated with 
H.O. 
The results are given in FIG. 6b. The herbal composition 

of the present invention was found to have the highest OH 
radical-Scavenging activity. 



US 6,964,785 B2 
21 

Experimental Example 4 

Toxicity Test 

AS a result of a toxicity test in which the herbal compo 
Sition of the present invention was administered orally and 
intraperitoneally into mice, a 50% lethal dose (LD50) was 
found to be over 2g per kg body weight, indicating that the 
herbal composition has no toxicity. 

Effect of the Invention 

As described hereinbefore, the herbal composition of the 
present invention has an effect of improving the anticancer 
activity, immune function and hematopoietic function of the 
body, and inhibiting oxidative damage to the body. 
Therefore, the herbal composition can be applied for the 
prevention of Side effects of cancer therapy by Stimulating 
the recovery of the damaged immune function and hemato 
poietic function, and inhibiting oxidative damage. Further, 
owing to its advantageous properties, the herbal composition 
can be applied for preventing various degenerative chronic 
diseases and improving the health of the weak and the 
elderly. 
What is claimed is: 
1. An herbal composition for improving anticancer 

activity, immune response and hematopoiesis of the body, 
and protecting the body from oxidative damage, comprising 
an effective amount of a first hot-water extract from a 
mixture of the plants Angelicae gigantis Radix, Cnidium 
Oficinale Makino and Paeonia japonica Miyabe et Takeda 
at an equal weight ratio, and an effective amount of a 
polysaccharide fraction as a precipitate formed by adding 
ethanol to a Second hot-water extract from a mixture of the 
plants Angelicae gigantis Radix, Cnidium Oficinale Makino 
and Paeonia japonica Miyabe et Takeda at an equal weight 
ratio. 

2. The herbal composition as set forth in claim 1, wherein 
the amount of the second hot-water extract is 0.5 to 3 times 
the amount of the first hot-water extract. 

1O 

15 

25 

35 

22 
3. A pharmaceutical composition for treating cancer, 

comprising the herbal composition of claim 1 as an effective 
ingredient. 

4. A pharmaceutical composition for improving the 
immune function, comprising the herbal composition of 
claim 1 as an effective ingredient. 

5. A pharmaceutical composition for improving the 
hematopoietic function, comprising the herbal composition 
of claim 1 as an effective ingredient. 

6. A pharmaceutical composition for protecting the body 
from oxidative damage, comprising the herbal composition 
of claim 1 as an effective ingredient. 

7. A pharmaceutical composition for preventing the Side 
effects of cancer therapy, comprising the herbal composition 
of claim 1 as an effective ingredient. 

8. A functional food for treating cancer, improving the 
immune function and hematopoietic function, protecting the 
body from oxidative damage, and preventing the Side effects 
of cancer therapy, comprising the herbal composition of 
claim 1 as an effective ingredient. 

9. A method of preparing an herbal composition, com 
prising the following Steps: 

(1) preparing a mixture consisting of the plants Angelicae 
gigantis Radix, Cnidium Oficinale Makino and Paeo 
nia japonica Miyabe et Takeda at an equal weight ratio, 
adding water at 5 to 20 times the total weight of the 
mixture, and heating the resulting mixture to prepare a 
first hot-water extract; and 

(2) adding ethanol to a second hot-water extract prepared 
according to the same method as in Step (1), and 
collecting the precipitate to obtain a polysaccharide 
fraction; and 

(3) mixing an effective amount of the polysaccharide 
fraction prepared in Step (2) with an effective amount 
of the hot-water extract prepared in Step (1) to generate 
a herbal composition. 

10. The method as set forth in claim 9, wherein, in Step 
(2), the second hot-water extract is used at 0.5 to 3 times the 
amount of the first hot-water extract prepared in Step (1). 
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