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Abstract [} Polysaccharide fractions were prepared
from Ginseng root, Mori Radicis Cortex (M.R.C.),
Phellodendri Cortex(Ph.C.), Sappan Wood(S.W.) and
Tigli Semen (T.S.). Water extract was also prepared
from the mixture of Ph.C., S.W. and T.S. Ginseng
polysaccharide and water extract of the mixture sho-
wed marked antitumor activity against sarcoma 180.
Ginseng polysaccharide showed a mild increasing effect
on the number of circulating leucocytes and a marked
increasing effect on the number of plaque forming
cells (PFC). Polysaccharides from ginseng root, S.W.,
Ph.C.+T.S. and water extract of the mixture showed
dramatic inducing activities of peritoneal exudate cells
leucocytes (PMN) and
macrophages. These results suggest the possibility that

(PEC), polymorphonuclear

water extract of the mixture may have the lentinan
like effect and ginseng polysaccharide may have
stimulating effects on the general immune system,
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As the life pattern of man kind becomes more
civilized and sophisticated, cancer hazard of the
myriad chemicals to which our environments
expose all of us, remains one of our most
pressing health problems. Furthemore conven-
tional treatment programs for tumor patients,

such as surgical method, radiation therapy and

chemotherapy-are_faced with some limitations

in effects. Therefore, it is desirable to develope

* new nontoxic anticancer agent or cancer pro-

123

phylactic agent from natural products”.

It is well known that naturally occurring
immunoadjuvants such as Bacillus-Calmette-
Guerine (BCG)?, lentinan from Lentinus edodes™
and schizophyllan from Schizophyllum commune®
manifest the antitnmor effect through the augm-
enting action on host immunological defense
mechanisms* ®. Most of antitumor polysaccha-
rides are practically nontoxic®, which could be
thought to be ideal cancer therapeutic agents.
From ancient period, a number of medicinal herbs
have been used for the treatment of malignant
tumor in orient”. And some of them has an
immune stimulating activity and it suggests that
these provide the rational basis for their thera-
peutic uses as biological response modifiers®.

In these points of view, we start to study
the bioresponses of polysaccharides from plants.
In the present study, some polysaccharides
were examined for their antitumor activity and
immune responses. For the evaluation of anti-
tumor activities of polysaccharides, we have
undertaken survival test and solid tumor growth
inhibition test against sarcoma 180 and we also
investigated the effects of polysaccharides on

the immune responses, such as the number of
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circulating leucocytes, lymphoid organ weight,
the number of plaque forming cells and peritoneal
exudate cell population.

EXPERIMENTAL METHODS

Materials

Ginseng root, T.S., Ph.C., M.R.C. and S.W.
were commercially obtained from market. Male
ICR mice were obtained from the Experimental
Animal Farm of Seoul National University.

Sarcoma 180 was maintained by serial i.p.

passage in ICR mice.
Preparation of Polysaccharides

Polysaccharides were extracted from the plant
materials according to the scheme outlined in
Scheme I, Extraction procedure consisted of
alkali extraction, serial ethanol precipitation,
deproteinization, dialysis and lyophillization.
Also, water soluble fraction was extracted from
the mixture of Ph.C., S.W. and T.S.
Antitumor Test

1) Survival test: The male ICR mice received
i.p. 0.1ml (1x10° cells) of ascites tumor from

_ Plant Material

| 1. Ground ina Waring Blender in cold 0.5M
NaOH, 5ml/g of plant material

2. Kept overnight at 4°C

3. Suction filtered through Whatman #41 filter
paper

Filtrlate
1. Mixed with 3 vol. cold 952 ethanol
2. Kept at 4°C overnight
3. Supernate removed by decantation and centrifugation

Precipitate

|
Residue (discarded)

Supell'natant (discarded)
1. Taken up in cold H;0 and solubilizing

Mixed one volume of cold 159 trichloroacetic acid

Kept in ice bath for 1h.

Centrifuged 1h. at 12,000xg

=

|
Supernatant Precipitate (discarded)
1. Mixed with 4 vol. cold 95% ethanol
2. Kept overnight at 4°C

Pr(!cipitate

1. Taken up in 2% NaAc, solubilizing
Suction filtration
Mixed with 2 vol. cold ethanol
Kept overnight at 4°C

]
Supernatant (discarded)

g W

Supernate removed by decantation and centrifugation
15min. at 12,000xg

Supernatanl (discarded) Precipitate
1. Taken up in H,O, solubilizing
2. Dialyzed 48hr. in distilled water at 4°C
3. Lyophilized

Scheme I: Flow sheet for extraction procedure of water soluble polysaccharide from plants.
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7-day-old sarcoma 180. Each dose of samples
was injected i.p. once a day from 24 hours
following transplantation and survival times of
the mice were recorded. The survival period
was compared with that of the control mice.
The treated and control mice were recorded.
The survival period was compared with that
of the control mice. The treated and control
groups each comprised 10 mice.

2) Solid tumor growth inhibition test: Anti-
tumor test was carried out by approximately
the same method as that reported for the
antitumor activity of lentinan®. Male ICR mice

- weighing about 20g were subcutaneoulsy implan-
ted with 1x10° cells of sarcoma 180 into the
left groin 24 hours before the start of sample
administration. Samples were administered once
a day for ten days by i.p. injection with each
dose. Twenty-one days after the tumor implan-
tation, the mice were sacrificed and the solid
tumors were excised and inhibition ratios were
calculated from their weights.

Number of Circulating Leucocytes

The effects of polysaccharides on the number
of circulating leucocytes were examined by
following method®. Each group of ICR mice,
12 mice to a group, were given intraperitoneal
injections of the polysaccharides for ten days.
Blood was collected from three mice of each
group from the retro-orbital venous plexus 2,4
and 7 days after the sample injection. The blood
was diluted with citrate saline, stained by Turk’s
reagent and the total number of leucocyte was
counted. This number was compared with that
obtained from mice.

Lymphoid Organ Weight

Male ICR mice weighing about 20g were
injected with samples for ten days. Each group
consisted of 5 male ICR mice. 7 days after the

last injection, spleens were removed, weighed

and compared with the result obtained from
control mice.
Plaque Forming Cells

In order to examine whether these polysacc-
harides accelerated the antibody production to
heterologous antigen or not, the slide technique
of Cunningham!® was used. Each dose of
samples was injected i.p. once a day for 6 days
into four groups of five mice. Four and seven
days after the first sample injection, 0. 1ml of
259 sheeep erythrocytes in saline was injected
i.p.. Four days after the second immunization,
the spleens were removed from the mice and
the number of plaque formed by the antibody-
forming cells from 1x10° spleen cells was
counted by the conventional method.
Peritoneal Cell Population

Cell preparation was carried out by the fol-
lowing method. Briefly, samples were injected
into the peritoneal cavity of male ICR mice and
the peritoneal exudate was harvested 24, 48, 72
and 96 hours after the sample injection using
phosphate buffered balanced salt solution (BSS).
Exudate containing erythrocyte was hemolyzed
with 0.83% ammonium chloride solution. Total
cells were counted in hemocytometer chamber
after cytocentrifugation (600 g, 10min.) and
resuspending with 2ml BSS. After further
centrifugation (600 g, 10min.), residues were
resuspended with 1ml BSS and with the use of
Giemsa and nonspecific esterase(NSE) staining!'V,
the number of PMN and macrophage were

counted.
RESULTS AND DISCUSSION

The antitumor activity of polysaccharides was
recognized by the suppression of the tumor
growth and the prolongation of the life span of
the sarcoma 180 bearing mice. As shown in
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Table I: Effects of polysaccharides on survival of ICR mice transplanted i.p. with

sarcoma 180 ascites.

Number of

Average

Number of

Samples (mg/llzgs;days) mice tumor cells survival days
Control - 10 1x10° 10.6
Ginseng 2%10 11 1x108 12.2
20x10 14 14108 13.6
Ph.C.+T.S. 4x10 11 1x108 15.5
Ph.C. 10x10 10 1x108 11.1
S.W. 1010 10 1x10° 10.6
Control s 8 1x108 14.5
M.R.C. 2x10 10 1x108 12.7
1010 10 1x108 14.5
20x10 10 1x108 11.4

Ph.C: Phellodendri Corex
S.W.: Sappan Wood
Table I, we found the prolongations of the life
span in polysaccharides from Ginseng and
Ph.C.+T.S.

above the level NCI commented!?. In tumor

treated mice. These results are
growth inhibition test, as shown in Table 11,
water extract of the mixture and Ginseng
polysaccharide showed marked inhibition effects,
but polysaccharides from Ph.C.+T.S. and S.W.

T.S.: Tigli Semen
M.R.C.: Mori Radicis Cortex

did somewhat low inhibition effects. Complete
regression was shown only for Ginseng polysa-
ccharide at dose 20mg/kg, 2/9.

The effects of polysaccharides on the number
of circulating leucocytes in mice is shown in
Table III. The number of leucocyte in 1mm® of
blood drawn 2,4 and 7 days after the adminis-
tration of the polysaccharides was not significa-

Table II: Antitumor activities of polysaccharides against sarcoma-180 implanted s.c. into ICR mice.

Sl Ny S Tamer neght Inhbidon  Complete
Control 10 — +8.75 4.46+2.79 — —
M.R.C. 10 2x10 +7.87 4.38+2.78 8 -
10 10x10 +7.90 4.67+2.63 - -
10 20x10 +9.56 4.11-F2. 44 7.8 —
Control 10 — +10.51 2.52+0.73 — —
Mixture 9 0.1x10 +6.09 0. 381:0. 21 85 —
Ginseng 9 20x10 +0.17 0. 652:0. 60 74 2/9
9 2X10 + 0. 58 0.79:£0. 32 69 -
S.W. 9 10x10 +9.49 1. 01:4-0. 47 60 -
T.S.+Ph.C. 9 4x10 --10.7 1.261+0.17 51 -
Ph.C. 9 10x10 +10.3 2.47+0.72 2 —

M.R.C,: Mori Radicis Cortex_
Ph.C.: Phellodendri Cortex

S.W.: Sappan Wood  T.S.: Tigli Semen
Mixture: mixture of T.S., S.W. and Ph.C.

Arch. Pharm. Res. Vol. 6, No. 2, 1988
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Table HI: Effects of polysaccharides on the number of circulating leucocytes.
(mean+SE/mm?®)
Sample N Dose(mg/kg x days) 2nd day 4th day 7th day
Control 12 — 86001200 76004:200 6000-+= 500
Ginseng 12 2x10 88001 200 76001200 75001 600
12 10x10 89001 400 9700700 91004 300
12 20x10 8600+ 100 90004900 8200+ 900
M.R.C. 12 2%10 8100+ 600 65001100 6700+ 100
12 10x10 8100+ 300 8400300 8100+ 800
12 20%10 8000+ 300 68004400 78001200
Control 12 - 7600 700 82002600 65001 700
T.S.+Ph.C. 12 4x10 6900+ 300 7000500 6700+ 300
Ph.C. 12 10x10 5700 200 76001400 8500+ 500
Mixture 12 0.1x10 69001 600 7600700 73001 400
S.W. 12 10Xx10 7400+ 600 86001700 8100+ 900

M‘R.CA.: MorirR;d;'EE Cortex
S.W.: Sappan Wood

T.S.: Tigli Semen
Mixture: mixture of T.S., S.W. and Ph.C.

Ph.c.: Phellodendri Cortex

Table 1V: Effects of polysaccharides on the spleen weight.

Smpe N P vl Sleen w5/ o )
Control 5 — 28.13+1.24 0.2340. 062 0.87+0.23
M.R.C. 5 2x10 25.87+2. 44 0.1940. 029 0.74%0.13
5 10x10 27.2542.24 0. 26-+0. 042 0. 80+0.07
5 20X10 25.3040.70 0.243:0. 005 0.97%0.03
Ginseng 5 2x10 26.58+1.57 0.1940. 046 0.73+0.15
5 10x10 27.53+1.86 0.2210. 025 0.80=+0.08
5 20%10 26.83+2.90 0.1520.012 0.58+40.11
Control 5 — 31.2541. 40 0. 251:0. 052 0.80+0. 16
S.W. 5 10x10 29.164:2.42 0.2240. 043 0.74%0.17
Ph.C. 5 10x10 27.93:+3.09 0. 204:0. 040 0.7040.11
Ph.C.+T.S. 5 4x10 27.5012. 26 0.23:+0.022 0. 8510. 06
Mixtur? 5 0.1x10 26.58+1.36 0.2140. 046 0.78+0.19

m.r‘._Mori Radicis Cortex
T.S.: Tigli Semen

ntly different from that of control mice except

Ginseng polysaccharide. Ginseng polysaccharide

showed increasing effect, especially, on 4th and

7th day.

Significant differences in spleen/body-weight

ratio were not observed among the samples.

S.W.: Sappan Wood
Mixture: mixture of T.S., S.W. and Ph.C.

‘ Ph.C.: Phellodendri Cortex

(Table IV)

The plaque forming test was carried out to
show whether polysaccharides would increase
the number of the antibody producing cells in
the spleen ahainst sgeep erythrocytes. As seen
in Table V, the number of PFC in mouse

Arch. Pharm. Res. Vol. 6, No. 2, 1983
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Table V: Effects of polysaccharides on the
number of PFC,

Plaque formirggrz”

Sample N Dose cells per 1x10°
spleen cells
Control 5 - 720--210
Ginseng 5 20mg/kg <6 1220--370
Ph.C.+T.S. 5 4mg/kg <6 770+ 80
Mixture 5 0. 1mg/kg %6 7404-240

Ph.C.: Phellodendri Cortex, T.S.:—&’igli Semen B
Mixture: mixture of T.S., S.W. and Ph.C.

spleen was not significantly different from that
in control mice except Ginseng polysaccharide
at 4th day after the end of sample administra-
tion. Ginseng polysaccharide showed increasing-
effect on the number of PFC.

M.R.C. did not show dramatic effect on the
peritoneal cell composition, but others which
had some degree of antitumor activity, showed
marked changes in the peritoneal cell composi-
tion. Especially, watcer extract of the mixture
has strong inducing effect of PMN and NSE
positive cells. Ginseng polysaccharide showed

No. of Cell ( x 10%/ml )
-~ ®
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T
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Fig. 1: Effect of polysaccharide from Mori Radicis
Cortex on the peritoneal cell population of
ICR mice.

Arch. Pharm. Res.

the similar alteration pattern to that of water
extract of the mixture, but its inducing effect
was lowered compared with that of water
extract of the mixture. The number of PMN
was highest at 24 hours after injection for all
samples, although the number of macrophage
reached to maximum at 48 hours. (Figs. 1-4)

As the results showed, some samples tested
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Fig., 2. Effect of polysaccharide from ginseng on
the peritoneal cell population of ICR mice.
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Fig. 3: Effect of polysaccharide from Sappan Wood
on the peritoneal cell population of ICR
mice.
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Fig. 4: Effect of water extract from mixture of
Ph.C., S.W. and T.S. on the peritoneal cell
population of ICR mice.

showed marked antitumor activities which are
to be less than those of lentinan3®. Taking
into considering that these samples are crude,
if more purifications are made, more strong
effects could be expected. According to unpublis-
hed study, water extract of Ph.C. showed
antitumor activity in vitro, but in this expe-
riment, polysaccharide from Ph.C. was not
proved for its antitumor activity. This fact
suggests the possibility of the existence of other
components of antitumor activity.

In the experiments on the effects on the
immune responses, all the samples except
Ginseng polysaccharide showed no modulating
effects on general immune system. Water extract
of the mixture showed marked effects on in-
ducing PEC, PMN and macrophages. These
effects of water extract of the mixture are
somewhat similar to those of lentinan. That is,
no effects on the general immune system, but
significant effects on the tumor related immune
system were observed* ®,

Recently, a number of articles on the role of

PMN against tumor cells have been repor-
ted!*-®, PMNs play an important role in host
defense against infection and are also capable
of killing a variety of target cells including
tumor cells'é;!” PMNs are cytotoxic to tumor
cells in several in vitro model systems: during
phagocytosis'®, in the presence of pharmacolo-
gical reagents!®, in the presence of antibody
directed against target cells and in the presence
of lectins'®. Although the mechanism of target
cell killing are not fully understood, it appears
that reactive oxygen species produced by PMNs
play an important role in the lytic process!®.
Also, it is well known that macrophage has an
important role in antitumor activity®*=2%. In
this experiment, it was found that the stronger
antitumor effect was proved, the more induction
effect on macrophages and PMN was identified.
The greatest number of macrophages was found
at 48th hours after injection and PMNs reached
to maximum at 24th hours. These results in-
dicate the possibility that these preparations
might have stimulating effect on proliferation
from monocyte stem cell to macrophage.

The mechanism of action for water extract
of the mixture is not yet determined, but
according to an unpublished study (Moon, et.
al.) and results obtained in this study, there
might exist a combination of direct cytocidal
effect and host mediated effect. ’

The effects of ginseng polysaccharide on tumor
cells may be responsible for the stimulating effe-
cts on the general immune system. To elucidate
the mechanism of action of these samples and
to identify the true compon ents responsible

for action, further studies are being continued.

ACKNOWLEDGEMENT

This work was partially supported by the

Arch. Pharm. Res. Vol. 6, No. 2, 1983



130

research grant from the Research Institute of

Pharmaceutical Sciences, Seoul National Univer-

sity.

D

2)

»

)]

5)

6)

D

8

1))

LITERATURE CITED

Yoon, T.K.: An experimental study on tumor
inhibitory effect of red ginseng in mice and rats
exposed to various chemical carcinogens. Pro-
ceedings of the 3rd International Ginseng Sym-
posium 87(1980).

Richard, 1. and Malcolm, S.U.: Modulation of
the immune response by BCG: A review. Tke
Yale J. Bio. Mod. 49, 283(1976).

Chihara, G., Hamuro, J. and Maeda, Y.: Frac-
tionation and purification of the polysaccharides
with marked antitumor activity, especially len-
tinan, from Lentinus edodes (an edible mushroom).
Cancer Res. 30, 2776(1970).

Matsuo, T.: Pharmacological anq Toxicological
Studies of a New Antitumor Polysaccharide,
Schizophyllan. Arzneim-Forsch. 32, 647(1982).
Maeda, Y. and Chihara G.: The effect of neonatal
thymectomy on the antitumor activity of lentinan,
carboxymethylpachymaran and zymosan and their
effects on various immune responses. Int. J.
Cancer 11, 153(1973).

Maeda, Y.: Antitumor polysaccharides and host
defense against cancer: A new way for cancer
immuno-chemotherapy. Protein Nucleotide Enz-
yme 21, 425(1976).

Cha, S.M.: Potential anticancer medicinal plants.
A statistical evaluation of their frequencies of
appearance in oriental medicine formularies. Kor.
J. Pharmacog. 8, 1(1977).

Yan, S. and Evan, M.H.: Immune restoration
and/or augmentation of local graft versus host
reaction by traditional chinese medicinal herbs.
Cancer 52, 70(1983).

Caldes, G.: Characterization of a polysaccharide
from Carthamus tinctorius that cross reacts
with type III pneumococcal polysaccharide. J.
Gen. Appl. Microbiol. 27, 157(1981).

Arch. Pharm. Res

C.H. MOON,K.S. SIM, S.H. LEE, K.S. PARK, Y.P. YUN, B.-J. HA and C.-C. LEE

10) Cunningham, A.J. and Szenberg, A.: Further

11

12

13

14

)

y

)

)

15)

16

17

18

19

20

21

22

g

)

)

=

)

)

~

improvements in the plaque technique for detec-
ting single antibody forming cells. Immunology
14, 599(1968).

Yamm, L.T., Li, C.Y. W.H.:
Cytochemical identification of monocyte and
granulocyte. Am.J. Clin. Pathol. 55, 283(1971).
Instruction 14, Screening Data Summary Inter-

and Crosby,

pretation and Outline of Current Screen, NCI,
U.S.A.

Tsunawaki, S.: Induction of polymorphonuclear
leucocote mediated cytolysis by wheat germ
agglutinin and antitumor antibody. Gann 74,
258(1983).

Tsunawaki, S.: Mechanisms of lectin ann anti-
body dependent polymorphonuclear leucocyte
mediated cytolysis. Gann 74, 265(1983).

M.:
mediated cytolysis
Gann 47, 576(1983).
Fisher, B. and Saffer, A.E.: Tumor cell cyto-

toxicity by granulocytes from peripheral blood of

Yamazaki, Polymorphonuclear leucocyte

induced by animal lectin.

tumor-bearing mice. J. Natl. Cancer. Inst. 60,
687(1978).

Gerrard, T.L., Cohen, D.]. and Kaplan, A.M.:
Human neutrophilmediated cytotoxicity to tumor
cells. J. Natl. Cancer Inst. 66, 483(1981).
Clark, R.A. and Klebanoff, S.]J.: Neutrophil-
mediated tumor cell cytotoxicity: role of the
peroxidase system. J. Exp. Med. 141, 1442
(1975).

Nathan, C.F., Brukner, L.H., Silverstein, S.C.
and Cohn, Z.A.: by
activated macrophages and granulocytes. J. Ezp.
Med. 149, 84(1979).

and Mitshashi, S.: Macrophage
activities in sarcoma 180-bearing mice and EL4-
bearing mice. Gann 73, 85(1982).

Saito, H. and Tomioka, H.: Suppressive factor

Extracellular cytolysis

Kurashige, S.

against macrophage phagocytosis produced by
cultured sarcoma 180 cells. Gannz 70, 671(1979).
Weinberg, J.B.: In vino modulation of macro-

phage tumoricidal activity: enhanced tumor cell

. Vol. 6, No. 2, 1983



Antitumor Activity of Phytobased Polysaccharides 131

killing by peritoneal macrophages from mice 128(1983).

given injections of sodium periodate. J. Natl. 24) Yamazaki, M.: Marine animal lectin-dependent

Cancer Inst. 66, 529(1981). tumor recognition by macrophages. Gann 74, 405
23) Tto, M.: Superoxide anion and hydrogen peroxide (1983).

release by macrophages from mice treated with 95) Mashiba, H.: The role of macrophages in pre-

Nocardia rubra cell-wall skeleton: inhibition of venting metastasis of a homotransplantable hams-

macrophage cytotoxicity by a protease inhibitor ter lymphoma. Gann 74, 548(1983).

but not by superoxide and catalase. Gann 74,

Arch, Pharm. Res. Vol. 6, No. 2, 1983



