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Antitumor activity and immuno-potentiating actions of
Achyranthes bidentata polysaccharides
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ABRSTRACT Achygranikes bidenfata polysaccharides
(ABP), {solated from the root of Achyrantkes bidenta-
{a Blume. 50 mg kg™’ Ip or 250 mg kg™’ ig to ICR
mice inhibited the growth of sarcoma 180. ABP 50
and 100 mg-kg ™' ip prolongated the survival days of
ABP 50—800 up
*ml™" did not exert direct cytotoxic effect 1n 2iro on
5180 cells, but enhanced the cytotoxicity of peritoneal
macrophages against S180 cells. ABP 50 mg+kg~'ip
® 17 d or 350 mg-kg~'ig X 16 d promoted the plague
forming cells (PFC) response to sheep red blood cells
(SRBC) and serum IgG level as well as splenocyte pro-
liferation induced by mitogen Con A or LPS in tumor-
induced Immunodeficient mice. ABP alsg elevated the
WK cell activity and serum TNF content in mice bear-
ing S180.
effect of ABP may be related to its potentiating effect
on both specific and nonspecific host immunelogical re-

mice bearing Ehrlich carcinoma.

These results indicated that the antitumor

Sponses.
KEY WORDS Achyranibes bideriata; polysaccha-
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transformations natural killer cells; tumor necrosis
factor

Immmunotherapy employing various bio-
logical response modifiers (BRM ) has become
a new arza of tumor therapy. This mobilizes
the natural defense factots against tumaors.
Compared with the conventional chemothera-

Some plant
)

py. it yields less side effects.
polysaccharides show antitumor activities
The antitumor effects of most polysaccharides
are due to their immunomodulating action . not
direct cytotoxic action®™™.,

Achyranihes bidentata Blume is a tradi-
tional Chinese herb with actions-
Achyranthes bidentata polysacchatides (ABP)

fonic
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are isolated from its rool. Compared with
other polysaccharides (eg. lentinan, krestin ;-
and schizophyllan ), the molecular mass of
APBP is much smaller and its chemical struc-
tute is now identified”. In the present
study, the antitumor activity and enhancement
of immuneologic functions of ABP including
natural killer {NK ) cells activity and tumor
hecrosis factor {TNF) content in mice bearing
satcoma 180 were investigated.
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Achyranthes bad enfaic polysaccharides (ABP)
MATERIALS

ABP A water-soluble white powder {m=1. 34

™), was

kDa, glucose 'mannose = 21! in molar ratio }
provided by Shanghai Institute of Organie Chemistry,
Chinese Academy of Sciences.

Inbred ICR mice, 3 months old, weighing 20. 8+ =
1-1 8, were purchased from Shanghai Animal Center,
Chinese Academy of Sciences.

YAC-1 cell line
induced mouse T- ly¥ymphoma cell) was kindly supplied
by Dr WANG Qiu—Da (Shanghai Institute of Cell
LS29 cell
line {(rumorigenic murine fibroblast) was kindly pro-
vided by Prof Q1AN Ding —Hua { College of Pharma-
The two

{a Moloney leukemia virus-

Biology, Chinese Academy of Sciences).

oy Second Military Medical Universicy ).
cell lines were subcultured with 10% new bovine
gserum RPM1 1640 medium.

Concanavalin A {Con A ), lipopolysaccharides
{LPS) and deoayribonucleases {(DNase) were pur-

chased from Sigma Co. Trypsin was purchased from
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Difco Co. Dactinomycin was purchased from Fluka
Co. Baciflug Calmelle-Guertn (BCG ) was obtained
from Shanghai Institute of Biological Products. Chi-
Crystal violet (AR
was purchased from Shanghai Chongming Chemical

nese Ministry of Public Health.

Reagent Factory.

Medium RPMI 1640 was purchased from Gibro
Lab. AU RPMT 1640 media were supplemented with
HEPES buffer 10 mmol L', penlcillin 100 U m1™*,
100 pgemi™',
L}, 2-mercaptoethanol 50 umol+L ™", and 10% new-
born bovine serum, pH 7. 2. B

streptomycin L-plutamine 2 mmol*

METHODS AND RESULTS

Etfect of ABP on S180 cell growth in witro
S180 cells were harvested aseptically from ICR
mice ascites 7 d after inoculation. After
washing twice with RPMI 1640 medium, S180
cells were resuspended to a final density of 22X
10% cells *ml1~". SI80 cell suspension (200 ul)
and 10 pl of various concentrations of ABP
were dispensed into each well of a 96-well flat
bottomed microtiter plate. which was then in-
cubated at 37C in a humidified atmosphere of
5% CO; for 24 h. The S180 cell growth was
expressed by the incorporated radioactivity of
[*H]TdR (9. 25 kBg / well) which was added
ABP 50
—800 pgeml™'did not show any influence on
the growth of S180 cells (Tab I ). This find-
ing indicated that ABP had no direct cytotoxic
action on S180 cells.

Etfect of ABP on the cytotoxicity of perl-
toneal macrophages (M ®) agalnst S180 cells
M were collected from the peritoneal cavity
of ICR mice 4 d after ip 10% {wt/vol) thiogly-
collate broth (1 ml/mouse).
washed twice and resuspended in RPMI 1640
S180 cells were prepared as men-

to each well 6 h before harvesting.

The cells were

medium.
tioned above. The cell suspension 100 pl and
10 ul of ABP {each concentration in triplicate?
were added to each well of 96- well microtiter
(E:T} cell

incubation

plates at ratio of effectoritarget
1011 or 2511. Afteran 18—h

Tabh 1. Effects ol Achyramhes biderdata poiysaccha-
tldes {ABP) on Sarcoma 180 cell growth and ¢ytotoxic-
ity of murine peritoneal macrophages (M®) against
S180 cells in wiltro. n=23 experiments. =t s
*P>>0.05. "P<0.05 °“P<{0.01 s control.

S180 Cytotoxicity of M@ (%)

ABP prolifetation M®$:S180 M5 180
pug-ml* 103~ dpm {10:1) (25:11%

0 1307+48 12.B+B.1 15.8+86.3

50 1307427% 5. 7+2.8 10.745.6°

100 13441458 15.343.9* 18.741.1"°

200 1325+ 346" 22.1+6.2* 28.0+8.5

400 1318+ 324" 29.1+8.4* 3B.5+9.8°

BOO 1360308 55.647.8 739426

(37C in a2 humidified atmosphere with 5%
CO2} each well was added with 9. 25 kBg of
[*H]TdR. Cells were harvested 6 h later on-
to glass fiber filter and [*"H JTdR incorporation
The
% cytotoxicity of M®d=(Control—Treatment}
/Control X 100 % (dpm ». ABP 800 pg
sml™! (E1T=10:1) and 400—800 ug-ml~!
(E:T=25!1) promoted concentration-depen-
dently the cytotoxicity of MP against S180
cells (Tab 1).

Antitumor activity of ABP and its effect
on serum antibody IgG. plague forming cells
{PFC? and lymphocyte proliferation in mice
hearing S180
ed into 8 groups.

was determined by ligquid scintillation.

ICR mice were randomly divid-
S180 ascites (0. 2 ml, about
1 10% cells Y were injected sc into the right ax-
illa of tumor-bearing groups ond 0. ABP was
injected ip ¢50. 100 mg+kg™') for 17 d or ig
(250, 500 mg *kg~ ') for 16 d. Mice were sen-
sitized by ip SRBC 0.2 ml (3 X 10%cells). Af-
ter 5 d the mice were bled to obtain serum for
IgG determination. The spleens were excised
for PFC counting and lymphocyte proliferation
The tumors were excised and
weighed. ABP ip (50 mgkg™') or ig (250
mg +kg™') exerted an inhibitory effect on tu-

assay.

mor growth. the inhibition ratios were 43. 6
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and 50. 5% . respectively (Tab 2}.

Tab 2. Inhibitory eftect of ABF on S180 in mice in
deo E+s "P>>0.05. *P<0.05 o3 normal ssline
{NS).

Dose/ Route Mice Tumor Inhibition/
mg kg~ '™’ begin/ weight/ %
xd end meg
NSX17 ip 8/5 17764730 0
ABP h0x17 ip 8/7 1001 42200 43.6
ABRP 100%17 ip 8/68 16344413 7.9
NS X 16 g 10/9 2263+ 1163 Q
ABFP 250X 186 ig 10/8 11214939 50.5
ABP 500X 16 ig 10/8 201041563 11.2

ABP was injected ip (50, 100 mg ~kg™') into
mice for 4 4 prior to Ehrlich carcinoma {(EC)
ip inoculation (1 X 10° EC celis/0. 2 m] per
After inoculation,» ABP was Injected

Two doses of ABP prolongated the
survival days of EC-bearing mice 85% and
65% , respectively (Tab 3 ).

Tab 3. Eftect of ip ABP on prolongaiing survival time

mouse ).
ip for 7 d.

of mice bearing Ehrlich ¢carclnoms (EC). xts.
P<0.01 28 normal seline {NS).
Dose/ Mice Survival Life
mg-kg ‘-d~! begin time prolongation
Xd Jend /d '
NS X11 15/0 19.3+0. 8
ABP 5011 8/2 35.8+4£17.9° a5
ABP 100x11 8/1 31.8+13. 8° &5

1lgG contents were determined by single
immunodiffusion method. PFC was measured
by improved Cunningham method*®”. Lym-
phocyte proliferation assay was based on the
method previously described™ with some mod-
ifications ; Briefly. spleen cell suspension was
prepared at concentration of 2X 10°% viable cells
*ml™'. To the 98-well micro-culture plate,
200 u1 of the cell suspension. mitogens at sub-

*optimal concentrations (Con A 5 pgeml™!,

LPS 10 uyg-ml~!) were added quadruply. Af-
ter incubation for 66 h at 37°C in a humidified
5% CO;incubator. 9. 25 kBg of [*H]TdR was
added to each well. The plate was incubated
for ancther 6 h and the cells were collected on
glass fiber filters by a multiple sample collec-
tor. The incorporated radicactivity was de-
termined by liguid
Serum 1gG levels. PFC counts, and lympho-
cyte proliferation induced by Con A or LPS in
S180-bearing mice were lower than those of
normal mice (Tab 4). ABP 50 mg kg~ ip or
250 mg -kg ™! ig enhanced these depressed im-
mun¢ parameters toward normal range values-
ABP exhibited an optimal dosage f{ip 50 mg
'y ig 250 mg-kg™') on antitumor and im-

scintillation counter.

kg~
munopotentiating activities {(Tab 2—4).
Enhancement of ABP on matural killer
cell activity of S180-bearing mice S180 cells
were inoculated on d 0. Beginning on d 1,
ABP was injected ip into ICR mice at 50 and
100 mg-kg'for 7d. Ond 8, the spleen was
excised. Splenocyte suspensions were pre-
pared at 2X10° viable cells ml~"in RPM1 1640
media. then plated in a flask and allowed to
adhere for 2 h at 37°C in 5% CO; atmosphere.
After incubation. the nonadherent cells were
resuspended at 13X 107cells*m1~ " in RPM1 1640
media as effectors. Y AC—1 target cells (13X
10" celis *ml™!) were labelled with [*H]TdR
370 xBq *ml~! for 2 h at 37'C and washed
thrice with RPMI1 1640 medium. Finally, the
cell concentration was adjusted to 1X 10° live
cells +ml™t.
ed to 96-well flat-bottom microtiter plates.
RPM]1 1640 (0.1 ml) media in blank group,
2.5% Triton X 100 (0. 1 ml) in maximal re-
lease group, and 0.1 ml effector cells (E:T =
10011) in ABP group were added to each well
in triplicate. A fter incubation for 7. 5 h at
37°C in humidified 5% CO, atmosphere, the
culture cells were treated with 0. 15% trypsin

Target cells (0. 1 ml) were seed-
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Tab 4. Effects of ABP on the immune function of mice beering S$180 in wro.

¥+ 8. *P<{0.0G6., ‘P<0. 01 +8 nor-

mal sakine (NS). ‘P>-0.05, °P<0.06 "P<(0.91 vs S180 group.
Dose/ Route 1§G/ PFC/ [*H]TdR uptake
mgekg ted! gL 10° cells 1072 Xdpm
xd Con A Spgeml~’ LPS 10 ugeml™!
Normal NS xX17 ip 2849 4534238 27.345.1
S180 NS X 17 ip 194 5° 2904 67" 17. 64 2. 2°
5180+ ABP 50X 17 ip 40410F 478175 25.44+2. 8
S180+ABP 100x17 ip 25+49° 3254541 20.34+35.7
Normal NS 16 ig 3245 20174354 8294 101 152433
S180 NS x 16 ig 184-5° 4104+120F 108417 Ba+t7
51804+ ABP 25016 ig 2744 610-+68" 219435 29345
SI80+ABP 50016 ig 2249 470462 103420° 9147

and 0.0125% DNase for 30 min. Then the
cells were collected onto glass tiber papers and
detecied by liquid scintillation. Results were
expressed”: ¥ Specific release = (Blank —
Test)/(Blank — Maximum ) X 100% (dpm).
The NK cell activity of S180-bearing mice was
ABP 50and 1 0 0 mg

*kg~'ip augmented the suppressed NK activi-

greatly suppressed .

ty and even exceeded that of the normal mice
{Tab 5).

Tab 5. Enhencementi of Ip ABP on natural kijller cell

activity of S180-pearing mice- n=4, xts. ‘P>

8.05; *P<C0.05 vs normal group. ‘P<70.01 w3 S180
group.
Dase/ Natural killer cell

mg kg~ '*d "' X 7d activity/ %
Normal NS 43.541.4
S$180 NS 22.54+8.0*
S1804ABP 50 49.746.6¢
5180+ ABP 100 62. 2t 7. 2

Eftect of ABP on serum tumor mecrosis
factor alpha (TNF-o) production induced by
LPS In 5180-bearing mice S180 ascites (1 X
10% cells per 0. 2 m1) were transplanted sc inio
the right axilla of ICR miceond 0. ABP was
injected ip (25, 50. 100 mg-kg™ ') for 7 d.

BCG as a positive control agent was injected ip
once (200 mg+kg~'Yond 1. Ond 8, 90 min
after ip of LPS (0.1 mg kg™ '), mice were
Blood was centrifuged { 400
X g+ 10 min) and TNF-¢-containing serum

exsanguinated.
collected. Sera were stored at — 20°C until
use. The levels of serum TNF-a were deter-
mined by cytotoxic assay against L#29 cells as
described previously™. L929 cells (5 X 10°
cells/ 100 41} were seeded into the flat-bottom
96-well microtiter plates and incubated 24 h at
37C in 5% CO, atmosphere.
um was removed and 100 ] of TNF- contain-
RPM1
1640 medium (100 pl) containing actinomycin

Culture medi-
ing serum were added to each well.

D was added 1o each well yielding a final con-
centration of 1 pg+ml™'. Plates were reincu-
bated for 20 h, medium removed and cells
stgined with 0. 5% crystal violet (containing
3. 2% formaldehyde isotoni¢ solution) for 15
min. Plates were rinsed and dried. The
residve was dissolved in 47. 5% aleohol (100
puifwell) and was measured a1t 490 nm on
ELISA gauicreader. TNF-o activity was cal-
culated : % Cytotoxicily = (A st — Aua )/
Aonire X100%4.  The ability of TNF-a produc-
tion of S180-bearing mice was stronger than

that of normal mice; and that ABP 50 mg
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! ijp increased the production of serum

kg~
TNF-c in tumor-bearing mice. which was as
stfong as the potent macrophage stimulatant
BCG, but ABP 25 and 100 mg kg™ ip had
less effect on TNF-o production in tumor-

bearing mice.

Tab 6. Eftect of ip ABP on serum fumor hecrosis fac-
tor alpha (TNF-o) production of S180-bearing mice.
n=3, ¥+s. ‘"P<0.05 wvs normal group. ‘P
>>0.0%, “P<C0.06 s S180 group.

Dose/ Serum TNF-a activity
mg kg~ 'rd7! K 7d specific lysis/ %

Normal NS x7 7.243.9
5180 NS K7 16. 41 2. 6°
5180+ ABP 257 16.94+1.0°
5180+ ABP 50x7 25.61+2.6°
5180+ ABP 1007 22.14+4. 2
5180-+BCG 20031 29.244. 2

DISCUSSION

The present study demonstrated that
ABP inhibited the growth of S180 tumor in
mice. and that ABP prolonged the survival
time of EC-bearing mice. Immuno-responses
such as PFC counis, serum total IgG con-
tents,» lymphocyte proliferation induced by mi-
togens and NK celi activity of S180-bearing
mice were much lower than those of normal
mice. Previcus reports™! also showed that
both nonspecific and specific immune functions
of tumor-bearing mice were depressed
markedly. In addition, our results indicated
that serum TNF-a production induced by LPS
in $180-bearing mice was significantly high as

This finding
(4] ])_

compared with normal mice.
was coincident with previous study

ABP alone did not affect the [*H]TdR
uptake by S180 cells in vitro suggesting that
the antitumor action of ABP was not a direct
cytotoxic effect. ABP ip or ig promoted the
humoral and cellular immune responses and

enhanced the fumor related NK activity and
TNF-a production which revealed that ABP
ameliorated host immunological defense func-
tions of tumor-bearing mice. ABP also aug-
mented the cytotoxicity of peritoneal
macrophages against S180 cells ir »pifvo.
Taking all these together, it is considered that
the antitumor activity of ABP may be due to
potentiating the host immune defense mecha-
nisms and that it may become a hopeful BRM
in cancer immunotherapy .

Not the whole large molecule of polysac-
charides was necessary for its biological activi-
ties. Goldman™® inferred that more than cne
“bio-active centers” might exist in molecule of
polysaccharides. ABP provided a good clue
for studying the struture-activity relationships

of polysaccharides.
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Synergistic effect of oridonin and cisplatin on cytotoxicity and
DNA cross-link against mouse sarcoma S180 cells in culture

GAO Zhi—Gang+ YE Qi—Xia, ZHANG Tan—Mu
(Depariment of Pharmacology « He-nan Institute of Medical Sciences, Zhengzhou 450052, China)

ABSTRACT Oridonin (Ori) is an active principle iso- DNA cross-link was detected when the cells were
lated from Rabdoma rubescens. The cytlotoxic effect of treated with clsplatin plus Ori than with cisplatin alone
the combination of Ori and cisplatin was tested by (P<C0.05). After lysis by proteinase K, a reduction
MTT [3-(4,5-dimethylthiazol-2-y1}-2, 5-diphenyl te- in DNA cross-link was seen, which suggested that the
trazoliuim bromide ] colorimetric assay. ICsq of cis- drugs could produce both kinds of DNA cross-link-
platin to cultured S180cells in 24 h was 9.38 pg-

ml™'. When the cells were treated with cisplatin plus KEY WORDS cisplatin; oridonin; drug combina-

Or{ 0.5 and | pg-mi™, the ICs were 1/3-4 and 1/6. tionsy cytotoxins) DNA j cross-linking reagents
7+ reapectively. of that with cisplatin alone. Maodified

alkaline elution was used to detect the DNA inter-
strand ctoss-link and DN A-protein cross-link in SI80
cells induced by the 2 drugs- A greater amount of

Oridonin (Ori) is a diterpenoid compound
isolated from Rabdosia rubescens Chemsl). It
has been used alone or in combination with
Recerved 1992-67-31 Accepted 1993-06-30 other drugs to treat human cancers, especially
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