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Abstract

The antitumor and immunologic activities of the glycoproteins extracted from sea cucumber (Stickopus japonicus)
on mice bearing sarcoma 180 cells were investigated. Maximum tumeor suppression (64%) occurred at the dose of
100 mg glycoprotein/kg. The highest prolongation ratie was achieved at the level of 100 mgfkg and increased by 39%
more than that of control. Glycoproteins from sea cucumber exhibited direct cytotoxic effect on the tumor cells. Dose-
dependent increase of leucocyte, peritoneai exadate cell and weights of immunoorgans revealed the improvement
of immunity. When the glycoprotein-administered group was compared with the control, a significant difference
was not noted in the clinico-chemical values such as $-GOT, S-GPT, alkaline phosphatase activity, total protein,
cholesterol, triglyceride, urea nitrogen and glucose levels in blood. These results suggest that the antitumor activity
of sea cucumber glycoprotein is associated with activation of cells in the immune systern.
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INTRODUCTION

Since current chemotherapeutic agents are limited in appli-
cation due to their side effects, tests to develop new medicines
against cancers from natural products in the hopes of finding
substances with low side effects are in progress. In Korea,
for example, it has been verified through clinical studies that
polysaccharides extracted from plants (1-3) and seaweeds
(4,5) are effective in reviving immunity and inhibiting a tumor.
Sea cucumber has been used as a remedy for diabetes and
asthma in Chinese medicine and folk remedies. The studies
about sea cucumber until now include a content of inorganic
substances and analysis on chemical composition such as chon-
droitin sulfate and glycosaminoglycan (6-12). Recently it has
been known that a sea cucumber affects phagocytosis activities
of marcophages and monocytes and activates immune system.
There have been few studies about the physiological activity
of polysaccharides extracted from sea cucumber. Therefore,
the objective of our study was to investigate the antitumor
and imrmunomodulatory activities of the glycoprotein from sea
cucumbers against the mice bearing sarcoma 180 cells, and
to evaluate the possibility of it as the natural antitumor agent
with low side effects.

MATERIALS AND METHODS

Mice and tumor cells

Female Balbfc mice, weighing about 1822 g, were pur-
chased from Dachan Animal Research Center co., LTD.
(Umsung, Korea). Sarcoma 180 cell from ascites fluid was
supplied by Lab. of Microbiology, College of Medical, Kosin
University (Pusan, Korea). 0.05 ml (about 2 X 10° cells) of 7
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days old ascites tumors were transplanted subcutaneously into
the right flank of the mice. After cervical dislocation, ascites
were drawn from the Balb/c mice which were inoculated with
sarcoma 180 tumor cells i. p. To isolate tumor cells, the as-
cites were adjusted with 0.83% NH,Cl and ser for 2 min. at
room temperature to remove red blood cells. Broken cells
were then removed by centrifugation for 3 min at 400 X g.
Pelleted sarcoma 180 tumor cells were washed once with ster-
ile ice~cold PBS (phosphated buffered saline), and resuspended
in the concentration of 1.0% 10° cells/mi with PBS. The cell
suspension above was used to inoculate into mouse.

Glycoprotein from sea cucurnbers (13) was extracted using
20 mM sodium phosphate buffer (pH 7.0), salted out with
80% ammonium sulfate saturation and fractionated through
the DEAE-cellulose ion exchange chromatography (14).

Solid tumor growth inhibition test

Tumor cells (1.0 x 10° cells/mouse} were inoculated subcu-
taneously into the left groin at 24 hours before the start of
sample administration (7 mice distributed to a group). Samples
were administered once a day for ten days by intraperi-
toneal injection with each dose. On the day 26 after tumor
implantation, the mice were killed and the tumors were ex-
tirpated and weighed. The inhibition ratio was calculated by
the following formula : Inhibition ratio = (Cw-Tw/Cw) X 100
where Cw is the average tumor weight of the control group
and Tw is that of the treated group (15).

Survival test

The fernale Balb/c mice received i. p. 0.1 ml (1 10° cells/
mouse) of ascites tumor from 7 day old sarcoma 180. Each
dose of samples was injected ip. once a day for 10 days
after 24 hours from transplantation, and saline was adminis-
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tered to the control groups. The number of survivors of each
group was observed for 40 days and the prolongation ratio
of life was calculated by the following formula : Prolongation
ratio (%) = (T-CJC) X 100 where C is the average survival days
of the control group and T is those of the treated group (16).

Number of circulating leucocytes

The effect of glycoproteins on the number of circulating
leucocytes was examined by following method (16). Each
group consisted of 12 Balbfc mice was given intraperitoneal
injections of the glycoproteins for ten days. Blood was col-
lected from the hearts of mice, on the 1st, 4th, and 7th day
afier the last sample injection. Collected blood was diluted
with citrate saline, stained by Turk’s reagent and the total
number of leucocyte was counted in hemocytometer chamber.
"Tripte counting per sample was carried out and the mean value
of results was calculated (17).

Number of peritoneal exudaie celis (PEC)

Each group that consisted of 12 Balb/c mice was injected
i. p. with 0.1 ml glycoprotein for three days. 4 mice in each
group were sacrificed by cervical dislocation on ist, 4th, and
7th day after the last sample injection. The peritoneal cavity
was washed with 5 ml saline and the ascitic fluid was collected.
The number of total PEC was counted in 2 hemocytometer
chamber by using Turk’s solution (18).

Lymphoid organ weight

Female Baib/c mice of test groups were treated 1. p. with
glycoproteins for ten days and those of control group with
PBS. On the ist, 4th, and 7th day after the last sample in-
jection, mice were weighed and sacrificed by cervical dislo-
cation. Liver and spleen were removed, weighed and compared
with the results obtained from control mice (19).

Characteristics in serum

Female Baib/c mice of test groups were treated i. p. with
glycoprotein for ten days and those of control group with PBS.
On the Ist, 4th and 7th day after the last sample injection,
blood was collected from the heart and centrifuged with at
12,000 X g for 10minutes, The clinico-chemical values, such
as ghutamic oxaloacetic transaminase (GO'T), glutamic pyruvic
transaminase (GPT), alkaline phosphatase, total serum protein
levels, cholesterol, triglyceride, blood urea nitrogen (BUN)
and glucose were determined on the serum of Balb/c mice
administered with sea cucumber glycoproteins (13).

Statistical evaluation

Statistical significance of observed differences among means
of experimental results was evaluated by student’s r-test, using
Sigm::xPI\ot® scientific graphing software ver. 4.0 (SPSS Inc.,
USA).

RESULTS AND DISCUSSION

Solid {umor growth inhibitory activity
The effect of givcoproteins extracted from sea cucumbers
on sarcoma 180 solid tumor was presented in Table 1. Average

tumor weight of control group was 5.41 g, and the maximum
tumor suppression (64%) occurred at the dose of 100 mg/ke.
When sea cucumber glycoprotein was administered at dose
of 50 mg/keg, the tumor growth inhibition ratio was 40.80%
(p<0.05) while a high dose of 150 mg/kg and 200 mg/kg
resulted in 59.70% (p<0.01) and 59.33% (p<0.05) of tumor
suppression, respectively. These are somewhat higher than
the anti-cancer response of the glycoproteins exiracted from
Vibrio anguillarum (20). Other researchers reported that the
higher anti-cancer effect could be obtained with glycoprotein
from celi wall of Aspergillus spp. (21) and Dodemum varians
(22).

Effect of sea cucumber glycoprotein on survival

To examine the effect of sea cucumber glycoprotein on
the survival time of mice bearing sarcoma 180 ascites, life
prolongation experiment was carried out through 40-day ob-
servation. As shown in Table 2, there was some life prolonga-
tion effect in the administered group. The highest life pro-
longation ratio was revealed at the dose of 100 mg/kg with
38.92% (p<0.001), and every prolongation ratio of ascites

Table 1. Antitumor activities of glycoproteins from sea cucumbers
on sarcoma 180 solid tumor in Balbjc

Dose  Tumor weight Inhibidon Complete
Treatment  ooney  (gimousey  ratio? (%) regression™
Control - 541+0.78" - 0110
Glycoprotein 50 2.77+1.35% 40.80 2/10

100 195+1.13*  63.69 3/10

150 2.18+058**  59.70 /10

200 2205094 59.33 0/10

?Mean +SE
*Hnhibition ratio (%) = (Cw-Tw)/Cw » 100
Cw: Tumor weight of control group
Tw: Tumor weight of treated group
The number of mice in the group which tumor was completely
regressed
“The number of mice used
Balb/c mice were s.c implanted with 1 < 10° cells of sarcoma 180
into the left groin and tumors were resected on 35th day after
tumor inoculation
Mice were ip. administered with each samples for consecutive
10 days after tumor inoculation
*1<0.05 and **p<0.01 versus the control group

Table 2. Effect of glycoproteins from sea cucumbers on survival
of Balb/c mice fransplanted intraperitoneally with sarcoma 180 ascite
tumor

Treatment Dose  Average survival Prolongation ratio

(mg/kg) days (%)

Control - 18.5 -
Glycoprotein 50 206 11.35
100 25.7%%* 3892
150 235 27.03
200 208" 12.43

Balb/c mice were i.p. transplanted with 1% 10° cells/mt of sarcoma
180 and administered with samples at 24 hrs after tumor inocula-
tion

*p<0.05, **p<0.0]1 and ***p<0.001 versus the control group
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tumor was lower than the inhibition ratio of solid tumor as
presented in Table 1. Those results indicates that sea cucumber
glycoprotein has better anticancer effect against solid tumor
than against ascites tumor implanted in the abdominal cavity.
Our results were somewhat higher than the reported prolonga-
tion ratio of marine algae (23), Poria cocos (24) and herb
medicines (3). The anticancer effects of glycoprotein seems to
be exerted mainly through a host-mediated reaction rather
than direct action on tumorous cells.

Effect of glycoproteins on the number of circulating
leucocytes

It has been known that the natural glycoproteins has not
any direct cytotoxic action but a host-mediated reaction on
tumerous cells. In order to determine the mechanism of the
anticancer effect in detail, we studied the effect of sea cu-
cumber glycoprotein on murine immune function (Table 3).
The nutnber of circulating leucocytes on 1th, 4th and 7th
day after administration increased, compared to the control
group. The number of leucocytes was increased maximally
on 4th day through all doses, and after that it decreased grad-
vally. Leucocytes are principal blood components and are
composed of neutrophils, cosinophils, basophils, lymphocytes
and monocytes, They protect organisms from bacterial contam-
ination through phagocytosis, and neutrophilic leucocytes are
involved in the leucocytosis in relation to inflammatory actions
of organisms. Neurophilic leucocytes also protect organisms
from inflammation through formation of immune bodies, and
perform a very important function as the primary cell acting
on the immune action (25),

Changes in the number of peritoneal exudate cells
To determine the immunomodulatory effect of sea cucumber

Table 3. Effect of glycoproteins from sea cucumbers on the number
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glycoprotein, changes in the number of peritoneal exudate
cells were observed. As shown in Table 4, the peak of peri-
toneal cell number reached on the st day. Cell numbers were
almost same as those of control at 7th day. The peritoneal
exudate cells are composed of polymorphonuclear leucocytes
and monomorphonuclear leucocytes and marcophages. Phago-
cytosis by these cells contributes greatly to the protection
of it from alien substances entering the body, and an in-
crease in the peritoneal cells represents the improvement
of immunccompetence. Similar immunity from strong cyto-
toxity on tumorous cells could be found in the results of
glycan type Lentinan (26) and Lyophyllum A from Lyophylium
decastes (27).

Changes in the weight of immunoorgans

The changes of immunoorgans weight after 7 experimen-
tal days are presented in Table 5. The higher dose of gly-
coprotein administered, the heavier liver and spleen were
gained. Changes in spleen weight gain were ranged from
23.08% (50 mg/kg) to 61.54% (200 mg/kg) of control. The
percentage of the liver weight to the body weight showed
a notable increase from 4.81% (control) to 6.04 ~6.54% (ad-
ministered group). Spleen/body weight ratic was 0.73% in ad-
ministered group while the control group was 0.58%. Because
liver and spleen coutain kuffer cells and splenic marcrophages
respectively, they have the function of protecting body from
alien substances entering the body.

Clinico-chemical characteristics

S-GOT, S-GPT and alkaline phosphatase activities were
determined to know the hepatotoxicity by administered gly-
coprotein. As shown in Table 6, there was not measurable
differences between the administered and control group. It

Table 4, Effect of glycoproteins from sea cucumbers on the number

of circulating leucocytes in Balbjc mice (celljmma) of peritoneal exudate cells in Balbfc mice (1x 10° cellyml)
Dose Dose
Treatment (me/ke) ist day 4th day 7th day Treatment (mg/ke) Ist day 4th day 7th day
Control - 68902157 69531400  6,800L£275 Control - 0.44+0,12" 0.400.05 0.43*0.13
Glycoprotetn. 50  7,250%=685  7,521L£645  7,0531+320 Glycoprotein 50 0571023 0.4810.13 0.45L0.15
100 8450458* 8947L472% 8.545E516F 160 2.09+023*** 1.04£050 0551021
150 9,650+586* 9,545%715% 9,720+751* 150 1.461041% 0.95+0.23* 0.56+0.38

200 12,000-£751%* 12,150£540%* 10,800 873*

200 291£091%*  097=0.13** 048%0.13

)
Mean+S.E.
*p<0.01 and **p<0.001 versus the control group

UMean £S$.E.
*p<0.05, **p<0.01 and ***p<0.001 versus the control group

Table 5. Effect of glycoproteins from sea cucumbers on the weight of immunoorgans of Balbjc mice

Body weight (g)

Liver weight (g) Spleen weight (g)

Treatment Dose (mg/kg)
1st day 17th day 17th day 17th day
Conttol - 18.25+0.71Y 2222+ 1.65 1.07+0.08 (4.81)° 0.130.01 {0.58)
Glycoprotein 50 17.34+0.77 21.85+1.43 1.32£0.08 (6.04) 0.16 £0.02 (0.73)
100 18.14+1.21 21914151 1.36 £0.05 (6.21) 0.18 0,01 (0.82)
150 17.75+1.32 2252+1.34 142T0.14 (6.31) 020001 (0.89)
200 18424131 22.02+1.32 1441012 (6.54) 0.21:-0.02 (0.95)
UMean + SE

“Data in parenthesis are means % of organ to body weight

*p<0.05 and **p<0.01 versus the control group
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Table 6. Hematological indices of the Balb/c mice administered glycoproteins from sea cucumbers

Dose S-cOoTY (V/L) S-GPT® (V/L) Alkaline phosphatase (V/L)
Treatment
(mg/kg) st 4th 7th st 4th 7th st 4h  Tth
Control - 210 235 227 54.5 525 56.0 9.49 10.95 11.04
Glycoprotein 50 214 217 228 53.0 535 527 10.82 10.74 11.52
100 218 225 220 335 52.0 52.0 10.47 9.27 1191
150 217 215* 212 32.0 52.0 52.0 11.38 10.27 1191
200 205 230 217 36.0 36.5 52.0 10.87 1047 10.63
Dose Total protein (g/dl) Cholesterol (mg/dl) Triglyceride (mg/di}
Treamment
(mg/kg) 1st 4th 7th ist 4th 7th 1st 4th Tth
Control - 7.93 796 8.03 78.05 74.82 75.61 258.31 22385 21042
Glycoprotein 30 8.02 7.92 7.98 77.02 75.15 78.90 23975 22665  223.85
100 7.95 7.84 8.15 76.45 77.32 75.12 23972 25477  251.46**
150 7.83 7.81 8.20 75.59 80.24 75.40 220.59* 23690  239.80
200 8.18 8.91 8.03 68.56* 7518  78.86 23264 22636 22385
Dose Blood urea nitrogen {mg/dl} Glucose {(mg/dl)
Treatment
(mg/kg) 1st 4th 7th st 4th 7th
Control - 31.28 23.47 28.26 156.16 168.77 162,08
Glycoprotein 50 25.11 21.78 22.38 159.21 163.71 160,25
100 2438 30.42 27.02 - 179.25* 160.64 164.73
150 23.93 26.64 21.96 15773 174.62 168.46
200 23.06 27.85 2238 156.45 169.80 164.73
UGlutamic oxaloacetic transminase
BGlutamic pyruvic transminase
*p<0.05 and **p<0.01 versus the comtrol group
indicates that the administered glycoprotein could not damage 6. Albano, R. M. and Mourao, P. A, S.: Presence of sulfated

the liver of mice at all. The contents of total proteins, cho-
lesterol and trigiyceride did not change significantly in all
groups, indicating the administered glycoprotein did not in-
volve in lipid metabolism. Sea cucumber glycoprotein admin-
istration also resulted in any difference in the contents of
blood urea nitrogen and glucose.
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