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ABSTRACT Achyranthes bidentata polysaccharides
(ABP) . extracted from the root of Achyranthesr biden
tata, induced interleukin-1 (IL-1) synthesis gs well as
tumor necrosis factor-¢ (TNF-a) synthesis and secre-
tion from thioglycclate-primed mouse peritones)
macrophages in vitre. ABP 100 — 800 pg -ml™! en-
hanced both synthesis and release of IT.-1 when stimu-
lated by lipopolysaccharides (LPS) (5 pgeml™*), but
had no significant influences on synthesis and release of
TNF-u induced hy LPS (10 pg+ml™'). Studies on
IL-1 and TNF -= production induced by ABP {300
pg-ml™') alone or plus LPS showed that peak levels of
IL-1 relesse reached at 24 h and that of TNF-a relesse
at about Z — 6 h after
macrophages from mice ip ABP 25 and 50 mg - kg™’
*d~? X5 d praduced much more II.-1 than those from
control group, Perioneal macrophages from ip ABP
100 mg-kg~'+d~' X 6 d alone released more TNF-a vs
control group, and showed a synergetic action with
LPS (10 pg+ml™'), which was as strong as the posi-
tive control agent BCG. These results provide an ex-
planation for the immunopotentiating effect of ABP.

incubation. Peritoneal
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A number of macrophage functions such
as phagocytosis, lysosomal enzyme activity,
cytocidal activity, and production of cytokines
were modulated by some polysaccharides from
Q=3 Achyranthes bidentata
The bio-
active polysaccharides isolated from its root is
called Achyranthes bidentata polysaccharides
(ABP).
potentiating effects but also antitumor activity

different sources
is a Chinese traditiocnal tonic herh.

ABP possessed not only immuno-
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in mice*”. In this paper, the effects of ABP
on IL-1 and TNF-a production from murine
peritoneal macrophages were studied ¢n vitro
and in wfve to explain its mechanism at cy-
tokine levels.

MATERIALS AND METHODS

ABP A water-soluble white powder (m=1.34
kDa, glucose, marnose = 2;1 in molar ratio)*, was
prepared by Prol TIAN Geng-Yuan (Shanghai Insti-
tute of Organic Chemistry?.

Mice Inbred ICR mice (3 montha old, 21.5%
1.3 gy for IL-1 and TNF-a production) and BALB ¢
mice {6—8 wk old, for IL-1 activity assay) were pur-
chased from the Shanghai Animal Center, Chinese
Academy of Sciences.

Cell line L1929 cell line (tumorigenic murine
fihroblast) was kindly supplied hy Prof QIAN Ding-
Hua (College of Pharmacy, Shanghai Second Military
Medical University).

Reagents Concanavalin A (Con A) and lipo-
polysaccharides (LPS) from E coli were purchased
from Sigma Co. Dactinomycin was purchased from
Fluka Co. Crystal violet was obtained from Shanghai
Chongmin Chemical Reagent Facrory, and [*H]TdR
was obtained from Shanghai Institute of Nuclesr
Sciences . Medium RPMI1 1640 was purchased from
Gibco Co.  All RPMI1 1640 containing media were sup-
plemented with HEPES buffer 10 mmo} - L~', peni-
cillin 100 TUJ «ml™, strepromycin 100 pgeml™*, L-
glutamine 2 mmol * L™', 2-mercaptoethanol 50
pmoi+«L"", and 10% newborn bovine serum, pH 7. 2.

Peritoneal mucrophages (PM®} Mouse peri-
toneal lavage with cold RPMI 1640 medium was col-
lected from the ICR mice injected ip 10% (wt/vol)
thioglycolate broth {1 ml/mouse’ 4 d before harvest
(in vivo test, mice were not given ip thioglycolate
heoth), and resuspended in RPM1 1640 medium at a
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concentration of 2 10* cells »ml™". The cell suspen-
sion (1 ml) was seeded to 24-well culture plate. After
incubation for 2 h at 37C in a 5% CO; atmosphere,
nonadherent cells were removed hy washing twice with
RPM]1 1640 medium- The cells were used as PM®.

Production of IL-1 by PM®

1 In vitro study To the PM® monclayer cells in
24-well tissue culture plate, RPMI-1640 medium, var-
ious concentrations of ABP or/and LPS (5 pg-ml™')
vrere added to each well (final volume per well waa 1
ral?. Then the plate wes incubated at 37°C in air with
5% CO; for 24 h. After incubation, all the super-
natants containing extracellular TL-1 were collected and
clarified by centrifugation (600X g, 10 min}. The re-
maining cells- were washed and disrupted by 3 freeze-
thawing cycles in 1 ml RPMI 1640 media and the solu-
ble fraction containing intracellular TL-1 wes obtained
by centrifugation (600X g). The two kinds of sample
supernatants were stored at — 25°C until assay for IL-1
Acrivity.

2 In vivo study Mice were treated with ip ABP
25 and 50 mg-hkg~'«d"1X5d. PM® were prepared on
d 6 and cultured with LPS (5 pgml™") for extracellu-
lar IL-1 production. .

IL-1 mmsay IL-1 activity was measured by thymo-
cyte proliferation assay'”. Suspension of thymocytes
(210" cells per well) taken from BALB/cA mice wes
distributed over a flat-bottomed 96-well microtiter
plate. To the cell suspension, 50 pl of PM® culture
supernatant were added. The cultures were then incu-
bated in the presence of a suboptimal concentration of
Con A (5 pg'ml™) for 72hat 37C ina 5% CO; in-
cubator. These cultures were added with PH]TdR
(9. 25 kBq/well ) for the final 6 h of incubation period
and were harvested onto glass fiber filters. TL-1 ac-
tvity was expressed as dpm/2 X 10° thymocytes.

Inducton of TNF-o by PM®

1 /n vitro study To the PM® monclayer cells in
24-well culture plate, RPMI 1640 medium., various
concentions of ABP alone or plus LPS (10 pgeml™")
were added to each well yielding a final volume of 1
ml. The plate was reincubated for 4 h at 37C in a
humidified 5% CO, atmosphere. At the end of incu-
bavion, ell the supernatants cootaining extracellular
TNF-a were harvested by centrifugatfon (600 % g, 10
min). The remaining cells were covered with 1 ml
fresh RPM1 1640 medium, frozen and thawed 3 times.

These superngtants containing intracellular TNF-a
were collected by centrifugation (600 X g, 10 min).
All samples were stored at —-25C unitil assay.

2 /nvivo study Mice were treated with ip ABP
25, 50, and 100 mg kg~ t+d"* X 6d. In positive con-
trol group, BCG was ip once 200 mg*kg™’. Ond 7,
PM& were prepared and cultured alone or with LPS
(10 pg+ml~*) for extracellular TNF-a production.

TNF-a nctivity assay The TNF-a activity in dif-
ferent samples were determined by using the cytotoxic-
ity assay against 1.929 cells as descrihed previgusly'",
L929 cells (5% 10% cells /100 pl? were seeded into the
flat-bottom 965-well micronter plates and incubated 24
h st 37C in 5% CO; atmosphere. Culture medium
was removed- TNF-a supernatant (100 ul» and RPMI
1640 medium containing dactinomyein D (final concen-
tration 1 pg ml™') were added to each well. Plates
were reincubated for 20 h.  The cella stained with
0.5% erystal violet (containing 3. 2% formaldelyde
isotonic solution) for 15 min. Plates were rinsed and
dried- The residue was dissolved in 47.5% EtOH
(100 ul/well} which was measured at 490 nm on an
ELISA autoreader. TNF-a activity was calculated ;
% cytotoxicity = (A control —A testd /A control.

RESULTS

IL-1 preduction from PM® treated with
ABP PM® were cultured with ABF 200 pg
*ml~!({in preliminary experiment, this concen-
tration enhanced IL-I production) alone or
plus LPS 5 pg ml~" for 2—72 h. The super-
natants were collected and assayed. The lev-
els of IL-1 induced by ABF alone or ABP plus
LPS reached peaks at 24 h and then declined
gradually {(Fig 1). Hence, in subsequent ex-
perienents, IL-1 activity was usually detected
at 24 h after ABP treatment.

Eftects of ABP on exiracellular and intra-
cellolar IL-1 production Irom PM® PMD
were treated with ABP 50—800 pg-ml~! for 24
h. Extracellular IL-1 production was not af-
fected, but ABP 200—800 pg-mi~' augmented
intracellular IL-1 synthesia.- ABP (100 —800¢
pg *ml™') promoted both extracellular and
intracellular IL - 1 from PM® when induced
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Fig 1. Extracellular IL-1 and TNF-u production from
mouse peritoneal macrophages induced by ABP (200
pg-ml~')LLPS in vitre. a=3, x+t>.

by LPS (5 pg-ml™') and that the stimulating
effect of ABP on IL-1 synthesis was more po-
tent than that on IL-1 secretion (Tab 1).
Effect of ip ABP on extracellular IL-1
production from PMQ induced by LPS Mice
were treated with ip ABP 25 and 50
mg kg !-d"?' x5 d, and PM® were collected
and assayed for extracellular IL-1 activities.
ABP enhanced the extracellular IL-1 produc-
tion induced by LPS (5 pg-ml~) (Tab 2).
TNF-a production from PMQ® stimulated
with ABP PM® were cultured with ABP
{200 pg *ml™')  glone or plus LPS (10
pg+ml™!, suboptimal concentration ) at 2—72
intervals, The levels of TNF-a stimulated
with ABP zalone reached the peak at 2 h and
then dropped. The levels of TNF-a induced
by ABP and LPS reached the maximum &t 6 h
after incubation (Fig 1>. For convenience, a

Tab 1. Extracellular and imiracellolar TL-1 activities
after APP 4 LPS mice peritonesl macrophages in wiro.
=3, ¥ts. "P>0.05, "P<0.05, """P<0.01 vs
conirol.
ABP LPS 10° X dpm /2% 10* thymocytes
pg-ml™  pg-ml™  Extracellular  Intracellular
0 — 137415 117411
50 — 129420 126424"
100 — 135427" 134429
200 — 1411+24" 238437
400 — 132431" 228426
80 — 1384+23" 223422
Q 5 5118 170422
50 5 70+11" 2081+ 18"
100 5 94117 426438
200 5 10512 40477
400 5 129421 483+ 37"
300 S 148+12""" 408+ 29""
Tab 2. Effect of Ip ABP on extracellular IL-1 produoce-
tion frem murime pe'i:ll&lul macrophages induced by
ILPS (S pyg-ml™). aAa=3 %ts ""“P<0-01 vs
saline.
Dose IL-1 activity
mg-kg™l+d™ Xd dpm/2x10* thymocytes
Saline X5 1 339+240
ARP 255 5142+ 742""
ARP 505 2 824+ 306°""

4-h time point was chosen for evaluating the
amounts of TNF-a produced by PM® after
various treatment schedules.

Effects of ABP on extracellular and intra-
cellular TNF-o production in vitre PM®
were treated with ABP (50—800 pg-ml™') for
4 h. TNF-a activities in extracellular and in-
tracellular supernatants were assessed. ABP
(50 — 800 pg-ml™') increased extracellular
TNF-a production concentration-
dependent manner, and that the intracellular
TNF-a evels were elevated by ABP (400, 800
pg+ml~'} (Teb 3). But ABP had no signifi-
cant influences on extracellular and intracel-
lular amounts of TNF-a induced by LPS

in a
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(10 pge-ml™".

Tab 3. Effects of ABP+LPS on exirncellular and in-
tracellolar TNF-a production from mouse peritoneal
macrophages in witro. r=3, xts.

*P>0-03, UCP<{0.05, " P<0.01 vs control.

ABP LPS TNF-a activity/ %
pgerml™" pgeml™' Extracellular  Intracellular
0 - 17.6+2.9 4. 44+2.3
50 — 23-5+1.5" 8.9+2.1"
100 - 25.54+1-5 10.1+2.7°
200 et 31.44:3. 0% 8.9+2. 7"
400 - 31.6+2.1""" 11-5%2.5°
800 - 33-3t2.6*" 15.6%1.2
0 10 37.31+2. 3 20.0+2.2
50 10 39.243.2° 20.1%2.1"
100 10 39.441-0° 22.243.3°
200 10 37.4%2.5° 15.6+3. 87
400 10 36.7+3.1° 20.04+1.1°
800 10 39.843.2" 17-8+2.4°

“ffect I _ip ABP on extracellular TNF-a
production from PM® After mice were
treated with daily ip ABP, PM® were pre-
pared and cultured in the presence or absence

"of LPS (10 pg+ml™) for 4 h. Then the su-

pernatants were collected and TNF-¢ activity
was measured. ABP 100 mg-kg™! enhanced
extracellular TNF-ea production from PM®
without LPS stimulation, and ABP 100
mg-kg " also elevated the extracellular TNF-a
production induced by LPS markedly (Tab 4).
BCG exerted a significant increase effect on
extracellular TNF-a production induced by
LPS.

PISCUSSION

Through comparison of the time course
between IL-1 and TNF-a production in vitro,
it was found that the peak level of IL-1 Wwas
reached at 24 h but that of TNF-cat 2—6 h
after incubation. The discrepancy may be
related to different mechsnisms of IL-1 and
TNF-a production in peritoneal macrophages.

Tab 4. Effect of ip ABPLLPS (10 yg-ml™') om pro-
duction of exiracellular TNF-a lrom mouse peritoneal
macrophages. n=3, +s. " P>0.08. " P<0 01
vs saline-

Dose TNF-a ax:tivityf%
mgeml”™'*d"!Xd without LPS  with LPS
- Saline X 6 14-94+1.5 25.3+3-1
ABP 26 X6 16.441.7* 19.-442.6"
ABP 50% 8§ 16.540.9° 26.943. 0"
ABP 100X 6 25.7+3.6""" 35.41%1.5"*"
BCG 2001 16. 942 7° 39.6543. 27

Primed macrophages were reported to have ex-
pressed high levels of TNF-« mRNA, and in-
duction with triggering agents (such as LPS)
resulted in immediate synthesis and release of
TNF-a'®. The peak time of TNF-a produc-
tion different from that of IL.-1 may be closely
involved in the preexistent TNF-¢ mRNA in
cytoplasm.

The full activation of macrophages needs
2 stages — priming and triggering. Macro-
phages at different stages of activation exhibit
different physioclogic capacities, reflecting
their potential to execute distinct complex
functions. Only fully activated macrophages
possess the ability to produce cytokines such
as IL-1 and TNF-a*’. In witro experiments,
ABP could induce synthesis of IL-1 as well as
secretion and synthesis of TNF-a from
thioglycolate-primed macrophages. These re-
sults suggested that ABP may have properties
of triggering agents. In addition, ABP in
vitre has an evident synergistic effect with LPS
in IL-1 synthesis and secretion from thioglyco-
late- primed macrophages too, but has no
effect on extracellular and intracellular TNF-a
production induced by LPS. The differences
of ABP on IL-1 and TNF-a production
stimulated by distinct suboptimal LPS may re-
sult from different subpopulations of
macrophages which produce distinct cytoki-

nes. It would be of interest to investigate the -
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interaction of ABP with LPS cn both IL-1 and
TNF-a production further.

In in wvivo experiments , the levels of
release of IL-1 and TNF-a induced by the trig-
gering agent LPS from peritoneal macrophages
obtained from mice treated with ip ABP were
The effect of ABP on
TNF-a release was as potent as that of the

substantially elevated.

well-known priming agent BCG. These re-
sults indicate that ABP also exerts a priming
effect on macrophages. Taking all these find-
ings together, it was suggested that ABP may
not only be a priming agent but also be a trig-
gering agent on macrophages. This nature of
ABP closely resembled IFN-7'®.

IL-1 and TNF-a are important cytokines
with diverse biological functions, and play key
roles in immune responses®'”’. The en-
hancement of ABP on beth IL-1 and TNF-a
production not only provided an explanation
for the mechanism of its immunomodulating
action, but alsc suggested the possible appli-
cation of this novel immuncpotentiating agent
to a wider range of discrders such as in neo-
plasms and chronic viral infections.

Though both dosages enhanced IL-1 pro-
duction very significantly, it seemed that 25
mg -kg~! was more potent than 50 mg-kg™'.
From our experience, the dose-respense rela-
tionship of polysaccharides are not so evident
as other compounds, it always shows an apti-
mal dosage which gives the highest effects.
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