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ABSTRACT

AIM: To investigate the effect of Misgurmus anguil-
licaudarus polysaccharides ( MAP) on immuse responses
of splenocytes in mice. METHODS: T lymphocyte
proliferation { TLP) was measured by [*H | thymidine
incorporation assay. Cytotoxic T lymphocyte ( CTL)
cylotoxicity and natral killer ( NK) activity were
determined by release of radioactive chromium [°' Cr ]
from pre-labeled target cells, RESULTS: MAP 5 and
10 mg-kg™'+d~!, ip for 7 d, could increase TLP,
enhance the cytotoxicity of CTL and NK cells, and
antagonize the effect of concanavalin A (ConA) on TLP
suppressed by cyclophospharaide (CP).  Inhibitory rates
of CTL cytotoxicity were decreased from 51.4 % in CP
control mice to 18.2 % and 35.1 % in MAP-treated CP
mice, respecitvely.  Furthermore, administration of
MAP 10 and 20 mg+kg™'+d~", ip for 7 d, restored the
reduced NK cell cytotoxicity caused by CP administration
in mice. CONCLUSION; MAP has protective effect
on augmenting T-cell-mediated immunity and NK activity
in normal and CP-treated mice.

INTRODUCTION

I is widely recognized that phagocytosis plays an
outstanding role in the defense of human and animals
from numerous infectious and non-infectious faciors.
Since phagocytes act as regulatory and effective cells in
the immupe system, the enhancemeni of phagocyte
function is expected to be applicable for therapy of
microbial infection and cancer. Cell-mediated immunity
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plays an important role in host resistance against tumor
development and infection by microbial organisms''2 .
Particularly, cytotoxic T lymphocytes (CTL) and natural
killer (NK) cells can directly kill certain tumor cellst*!.
Depression of their function will decline the antitumeor
ability of the host.

Polysaccharides from plant and fungi are well known
to possess an immunomodulating activity that primarily
implies the non-antigen dependent stimulation of the
function and efficiency of granulocytes and macrophages.
Despite the numerous polysaccharides with the reported
immuostimulating function'’, it is of great interest to
search for new sources. Immunoactive polysaccharides
have been also isolated from the cell culture of some
plantst® . But the reports on the immunoactive polysac-
charides from fish have rarely been seen.

The loach { Misgumus anguillicaudatus ) has long
been employed as traditional Chinese medicine in folk
remedies for the treatment of hepatitis. osteomyeitis,
carbuncle, inflammation, and cancer, as well as for the
restoration of health in debilities caused by varions
pathogenes and aging.  Misgurnis  anguillicaudatus
polysaccharide (MAP)} was extracted from the mucus of
the loach and found to have effects on removal of reactive
oxygen species and protection of DNA chains 7 The
present study was carried o examine whether MAP could
enhance the cytotoxicity of CTL and NK cells. The
protective effect of MAP on the suppressed immune
function of T, CTL, and NK cells by cyclophosphamide
was also investigated,

MATERIALS AND METHODS

Materials MAP was isolated and purified by our
research group and the homogeneity and molecular weight
of MAP were determined by gel permeation chromato-
graphy {GPC) with a Waters HPLC apparatus. The
chromatography gave a single sharp peak and showed that
the average M, of MAP was 130 300. The analysis by
gas chromatography indicated that MAP mainly composed
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of D-galactose, L-fucose, and D-mannose'” . Drugs

such as cyclophosphamide {CP, No 12 Pharmaceutical
Faclory of Shanghai) and Levamisole (IMS, Mo 5
Pharmaceutical Factory of Shanghai) were dissolved in
sterile 0.9 % Na(l solution, respectively. The chemical
reagents were commercially available.

Animals Female Kunming mice, SPF grade,
5-6 weeks old at the bepinning of the experiments,
weighing 20 g+ 2 g, were provided by Hubei province
Medical Research Center, Wuhan, China { Certificate No
19082). Female C57BL/6 mice, 7 -9 weeks old, body
weight 20 g + 2 g, were purchased from Animal Center of
Academy of Military Medical Science, Beijing, China
( Cetificate No 19064) .

Culture medium Culture Medium RPMI-1640
{Gibeo, New York, USA), containing 15 % calf bovine
serum, 2-mercaptoethanol 50 pmol/L, benzylpenicillin
100 kU/L, and streptomycin 100 mg/L was kept in 5 %
Q0 at 37 T and used as culture mediwm.

Preparation of spleen cells  Spleen cells
prepared from groups of mice were collected aseptically,
pooled on ice, and squeezed in nylon sack in Hank’s
solution. Then, the cells were suspended in culture
medium and adjusted to the stated cell concentrations,
cell viability was over 90 %. Mastocytoma P815 cell
( provided by Beijing Medical University) or leukemia
Yac-1 cells (supplied by Beijing Institute of Radiology)
grown in suspension cultures were harvested with [*Cr]
( specific activity 525 GBq/g, Beijing Institute of Nuclear
Energy). Half ml of the cell suspension in a cell
density of 4 x 10°/L were incubated with 3.7 - 7.4 MBq
of radioactive [ Crl in 5% OOy for 1 h av 37 C.
Then, the cells were suspended and washed five times
with culture medium'® .
adjusted to 2x 107/L.

T lymphocyte proliferation test T lymphocyte
proliferation was measured by [*H] thymidine ( radio-
concentration 99.9 MBq/L, Shanghai Institute of Nuclear
Energy) incorpotation assay'”. ,

Cytotoxic T Iymphocyte cytotoxicity!™
Female C57BL mice were sensitized by ip injection of
5 x 10° mastocytoma P815 cells in ascitic form.  Spleen
cells were harvested 12 — 15 d later. Spleen cell
suspensions containing 2x 10f cells were mixed with
equal volumes of pre-labeled target cells containing
2x10% cells. Two mL of the reaction mixtures were
placed in round bottom tubes and the cells incubated in
3% C0, at 37 T for 4.5 h. At end of incubation,

The cell suspensions were then

1 mL of supernatant was removed and the radicactive was
measured in a gamma counter.

The cytotoxic effect of CTL was calculated from the
following formula;

CTL cytotoxicily { %) = (A/B) % 100 %

A= [50Cr] release in the presence of immune
lymphocytes — [* Cr| release in the presence of nomal
Iymphocytes

B = Maximum release - [°'Cr. release in the
presence of normal lymphocytes

The maximum release was determined by the
addition of Triton X-100 instead of effect cells.

Assay for NK activity  Spleen celis 4 x 10°/1,
from female Kunming mice were mixed with equal
volumes of [*'Cr] labeled Yac-1 cells 2 x 10°"L. Two
mL of the reaction mixtures were added in each of the
triplicate round bottom tubes,  After incubation (at 37 T
for4.5h), 1 mL supematant was measured in a gamma
counter'’),  The percentage of |* Cr] release was
caleulated from the counts in mean value of triplicate
tubes according to the following formula:

NK activity (% )=
Test release — Spontaneous release
Maximuen release ~ Spontaneous release

Spontaneous release was the release ( cells/mL )
from the target cells incubated i the culture medium
without effect cells, maximum release was determined by
the release from the target cells incubated in 2 % Triton
X-100. Spomaneous release was below 15 %, and
maximum telease was over 85 % of the release from the
target cells,

Statistical analysis = The data shown were
expressed as x + 5, Significance of difference was
calculated by Student’s f-test.

x 100 %

RESULTS

Influence of MAP on immune response of T,
CTL, and NK cells in normal mice The effect of
MAP on splenic T lymphocyte proliferation induced by
concanavalin A (Con A) were shown in Tab 1. MAP 5
or 10 mg/kg, ip, could increase the splenic T lympho-
cyte proliferation in normal mice.

Female C57BL mice were divided into 4 groups.
The first group served as control. The other 3 groups
were inoculated PBI5 cells 5 x 10° cells/mice on 4 0.
The results showed that levamisole (LMS, 10 mg/ke,
ip) could increase the CTL cylotoxicity and MAP
(5 mg/kg, ip) beginning on d 8 could significantly
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increase the CTL cytotoxicity (Tab 2).

Tab1. Effect of MAP (5 or 10 mg/kg, ip for 7 d) on
splenic T lymphocyte proliferation in normal mice. n=8.
%+s. P<0.01 vs control.

[*H]TdR incorporation,/Bq

-l
MAP me ™ wihow ConA  With Cona (10 my/kg)
0 (Control) 603 W64l
5 5.142.0 503 + 34°
10 63+4 871432

Tab2. Effect of MAP (10 mg/kg, ip, for 7 d} on cyto-
toxic function of CTL in immunized mice. n=8. xzs.
bp <0.05, ‘P <0,01 vs immunized mice without drug.

Specific
' Supernatant/ Bg cytotoxicity/ %
Control 2.80£0.2 -
Immunized 8.00+1.7 3.5
Immunized + LMS 10.86+1.9 50.2
Immunized + MAP 14.7+0.9 6.1

MAP {5 mg/kg, ip) could increase NK cell
cytotoxicity in normal mice. MAP (10 mg/kg, ip) did
not increase NK cell cytotoxicity (Tab 3).

Tab3. Effect of MAP on splenic natural killer cytotoxi-
city in mice. MAP was administered ip for 7 d, begin-
ning on d 0, and splenic natural killer cytotoxicity was

assayedond7. n=8. x+s. P<0.01 vs control.
MAP/mgkg~! Supematant/Bq  Cytotoxicity/ %
0 (Control) 5.4020.19 13.0
5 6.40£ 0. 28 16.9
10 3.40x0.20 10.1

Effect of MAP on the immune function of T,
CTL, and NK cells in CP-induced immmmeo-
suppressed mice  The enhancement of splenic
lymphocyte proliferation by MAP in CP-treated mice.
CP (25 mg/kg, sc) could depress relative proliferation
index (RPI) fell from 100 % 10 34 % ond 7. When
MAP was administered intraperitoneally 10 mg-kg ™' -d "
x 7 d, beginning on d 0, the splenic T lymphocyte
proliferation induced by ConA in CP-treated mice was
significanily restored, RPI rose from 34.2 % (0 103 %
ond7 (Tab4).

Tab4. Enhancement of splenic lymphocyte proliferation
by MAP in CP-treated mice. n=8. x+s5. “P<0.01l vs
CP alone. dRPI: relative proliferation index = A cpm of
test mice/A cpm of control mice x 100 %, Acpm = cpmn
with ConA - ¢pm without ConA.

" *H]TdR incorporation’ Bq

Pru i dRPL %
2 Without ConA With ConA s
{10 my/kg)
Control RSEY 12613 100
CP 36+6 6719 342
CP+ MAP Mz6 127+3 103

In our experiments, female C57BL mice were
administered CP (50 mg/kg) on d 6 after PBL5 cells were
noculated and the CTL cytotoxicity determined on d 12.
CP markedly inhibited CTL activity, treatments with
MAP 5 or 10 mg+kg™'-d™' x 7 d, ip, induced an
enhancement of the suppressed CTL cytotoxicity
(Tab5).

Tab 5. Enhancement of splenic CIL cytotoxicity by MAP

in mice treated with CP. n=8. xts. P<0.01 vs CP
alone.
Specific "
Supernate” .. Inhibitory
Group Bg Cytﬂf[:;lClTy rates %
Immunized 12.1+0.3 008 0
Immunized + CP 8.1+£0.4 By 51.4
Immunized + CP+ MAP5  10.8+0.4 571 18.2
[mmnunized + CP+ MAP 10 9.3+ 0.2 45.3 35.1

Another aspect of cytotoxicily is natural kiiler
activity using Yac-1 tumor cells as targets. Effect cells
were spleen cells from control mice, CP-treated mice and
CP + MAP treated mice. Afier admimistered with a
single dose of CP (50 mg/kg, sc) on d 0, the mice were
served with MAP (10 or 20 mg-kg™'+d™". ip for 7 d),
beginning on d 0. Splenic NK cytotoxicity was assayed
ond 7. CP50 mg/ kg intibited the NK cell activity, it
was restored by MAP 10 or 20 mg*kg ™' (Tab 6).

DISCUSSION

The mucus coat of fish skin contains a variety of
secretions from epidermal goblet cells and epithelia} cells.
These secretions have been implicated in many important
biological functions''?.  Some vertebrate lectins were
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