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Abstract

Effect of the boiling water extract from a “Shoma (##%), rhizome of Cimicifuga hera-
cleifolia KOMAROV” on the production of rat gro/cytokine-induced neutrophil chemoattractant
(CINC) was studied i vitro and in vivo. CINC concentrations in conditioned media of cell
cultures and in exudates of inflammatory sites were measured by a sensitive enzyme-linked
immunosorbent assay for CINC. The extract of “Shoma” inhibited dose-dependently the
CINC production by interleukin-18-stimulated rat fibroblasts (NRK-49F cell line),
lipopolysaccharide (LPS)-stimulated rat epithelioid cells (NRK -52E cell line}) and LPS-
stimulated rat macrophages in cultures. In addition, oral administration of the extract
significantly suppressed the CINC levels in the pouch fluids (exudates) at 6 hr after the
injections of LPS or carrageenin into the preformed air-pouch in rats, resulting in the reduced
infiltration of neutrophils into the inflammatory lesion. The results suggest that rhizome of
Cimicifuga heracleifolia KOMAROV contains a component(s) having inhibitory activity on the rat
gro/CINC production by activated inflammatory cells.

Key words Cimicifuga heracleifolia KOMAROV, Shoma, neutrophil infiltration, neutrophil
chemotactic factor, interleukin-8, cytokine-induced neutrophil chemoattractant.

Abbreviations BSA, bovine serum albumin; C. heracleifolia, Cimicifuga hevacleifolia
Komarov ; CINC, cytokine-induced neutrophil chemoattractant ; CMC, carboxymethylcel-
lulose ; DMEM, Dulbecco’s modified Eagle’s medium ; ELISA, enzyme-linked immunosorbent
assay ; IL, interleukin ; LPS, lipopolysaccharide ; PBS, phosphate-buffered saline ; rhIL-1g,
recombinant human interleukin-14.
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Inhibitory effect of a “Shoma” (rhizome of Cimicifuga hevacleifolia KOMAROV)

Introduction

“Shoma”, the rhizomata of Cimicifuga species
are used as antipyretic, analgesic, and anti-
Oriental

inflammatory drugs in Japanese

(Kampo) medicines. Little is known, however,
about the mechanism by which “Shoma” exerts
its anti-inflammatory effects, though the effects

of “Shoma” on some inflammatory reactions have

been reported m2 Neutrophil infiltration into the
inflammatory lesion is an important characteris-
tic of inflammation. Recently, novel neutrophil
chemotactic factors, interleukin-8 (IL-8) family,
have been found in culture media of cytokine-
stimulated  inflammatory  cells  including
monocytes/macrophages, fibroblasts and endoth-
elial cells. Generation of IL-8 can be expected
upon diseases where the levels of cytokines such

as IL-18 and tumor necrosis factor-a are ele-
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vated. IL-8 has been suggested as an important
mediator in the pathogenesis of rheumatoid
arthritis® ; IL-8 accumulates in the synovial
fluid of arthritic joints“” and is released by
stimulated synovial cells ® and chondrocytes ,7)
suggesting that IL-8 is likely to be the main cause
of the local accumulation of neutrophils, and
On the

cytokine-indiced neutrophil

activates the accumulated neutrophils.
other hand,
chemoattractant (CINC) has been purified from
conditioned medium of cytokine-stimulated nor-
mal rat kidney epithelioid cells:™® CINC is the rat
counterpart of the human gro protein which
belongs to IL-8 family ? In the present studies,
therefore, we have focused our attention upon the
effect of Cimicifuga heracleifolia Komarov (C.
heracleifolia) on the production of rat gro/CINC in
cell cultures i vitro and inflammation models of
rats in vivo.

Materials and Methods

Preparation of C. heracleifolia extract . The
dried rhizomata of “Shoma (##R), Cimicifuga
heracleifolia KoMarROV (Heilong Jiang Prov., £#E
T4 ; China)” were cut into small pieces. The
pieces (45 g) were suspended in 400 ml of distilled
water and gently boiled for 50 min, filtered while
warm, and then the filtrate (extract) was adjusted
to 300 ml with distilled water.
stored at -20°C until use.

The extract was
Just before experi-
ments, the frozen extract was thawed in running
tap-water and centrifuged at 800 X g for 20 min at
4°C, and the supernatant was used as the C.
heracleifolia extract for in vitro and in vivo exper-
iments. One ml of the supernatant was 62 mg
after lyophilization.

Cell cultures : Normal rat kidney fibroblasts
(NRK-49F cell line) and epithelioid cells (NRK-
52E cell line) were cultured in Dulbecco’s modified
Eagle’s medium (DMEM) supplemented with 5%
fetal calf serum, 25 mM HEPES, penicillin 0.1 mg/
ml, and streptomycin 0.1 mg/ml in multiwell
dishes (96 wells, Falcon, CA, USA). When the
cells reached a confluent monolayer, the dishes
were washed with serum-free culture medium,
and the effects of C. heracleifolia extract on the

CINC production by the cells were studied ; NRK-
49F cells or NRK-52E cells were cultured for 24
hr with rhIL-18 (10-°M) or LPS 2 xg/ml), respec-
tively, in the presence of various concentrations
of the C. heracleifolia extract in serum-free
medium containing 0.1% (w/v) bovine serum albu-
min (BSA).

Rat macrophages were collected by peritoneal
lavage with phosphate-buffered saline (PBS) 3
days after intraperitoneal injection of 109 (w/v)
proteose peptone/0.9% (w/v) NaCl solution (35
ml/kg body wt. of male Wistar rats). The per-
itoneal cells were washed twice with PBS and
once with 10% (v/v) fetal calf serum/DMEM, and
then centrifuged at 500X g for 5 min at 4C. The
cells were suspended in DMEM supplemented
with 109% fatal calf serum, 10 mM HEPES, penicil-
lin 0.1 mg/ml, and streptomycin 0.1 mg/ml. The
cell suspension (5X10° cells/ 0.2 ml/well) was
added to 96-multiwell dishes and incubated for 24
hr at 37°C under 5% CO./95% air.
adherent cells were removed by washing with

The non-

serum-free DMEM, and the adherent cells (ma-
crophages) were cultured for 48 hr with LPS (5
ug/ml) and various concentrations of the C. hera-
cleifolia extract in a serum-free medium contain-
ing 0.1% (w/v) BSA.

After cultures of NRK-49F cells, NRK-52E
cells and macrophages, the conditioned media
were centrifuged at 900 X g for 30 min at 4°C and
the supernatants were used for the sandwich
enzyme-linked immunosorbent assay (ELISA) to
CINC. '

Air-pouch/LPS- or
inflammation © An inflammation was induced by

carrageenin-induced

a modification of the procedure of Fukuhara and
Tsurufuji.lm Briefly, an air-pouch was formed on
the back of male Wistar rats (weighing 160-190 g)
by the subcutaneous injection of air (10 ml), and 3
days later additional air (10 ml} was injected into
the preformed air-pouch to maintain a large air-
pouch. On day 6 after the first air-injection, the
C. heracleifolia extract (10 ml/kg body wt.) was
orally administered 1 hr before the injections of 7
ml of LPS solution (LPS 0.1 gg/ml of 1%, w/v,
carboxymethylcellulose, CMC) or 4ml of 2% (w/
v) solution of carrageenin (Seakem 202 ; Marine
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Colloid, NJ, USA). The pouch fluids (0.2 ml)
were collected at 2, 4, 6 and 8 hr after the injec-
In the
case of air-pouch/ LPS-induced inflammation, a
part (0.1 ml) of the pouch fluids was diluted with
PBS (0.9 ml) and centrifuged at 2,000 Xg for 20
min at 4°C, and the supernatant was used for
ELISA to CINC. Another part (0.1 ml) was dilut-
ed with PBS (0.9 ml) containing 0.25% (w/v)
EDTA, and the diluted solution was mixed with 1
m! of cellulase solution (0.2 mg/m! of PBS) and
incubated for 40 min at 37°C. After incubation,
the reaction mixture was diluted with 8 mi (for
the 2- and 4-hr pouch fluids) or 18 ml (for the 6-
and 8-hr pouch fluids) of 0.25% EDTA/PBS solu-
tion, and the total number of neutrophils was then
After cell count-

tions of LPS or carrageenin solutions.

counted by a Coulter counter.
ing, the cell suspension was centrifuged at 2,000 X
g for 30 min at 4°C, and protein concentration in
the supernatant was determined by a dye-binding
microassay (Bio-Rad, Richmond, CA, USA). On
the other hand, in the case of air-pouch/car-
rageenin-induced inflammation, a part (0.1 ml) of
the pouch fluids was diluted 10-20 times with 0.1
% (w/v) trypan blue/PBS solution and the num-
ber of neutrophils was counted microscopically.
Another part (0.1 ml) of the pouch fluid was
diluted with PBS (0.9 ml) and centrifuged at
100,000 X g for 30 min at 4°C, and then the super-
natant was used for the measurements of CINC
and protein concentrations.

Gel filtration - The C. heracleifolia extract (30
ml) was fractionated with (NH,),SO, ; the precip-
itate between 25% and 70% (w/v) saturation with
(NH,),SO, was obtained by centrifugation at
10,000 X g for 30 min at 4C. The precipitate was
dissolved in 2 ml of PBS and dialyzed against
PBS using Spectra/Por membrane (molecular-
mass cutoff 3,500) at 4C. A part (Iml) of the
non-dialyzable sample was applied to a Sephadex
G-75 column (1.5X 85 cm) and eluted with PBS at
a flow rate of 6.7 ml/hr. Effluent fractions of 3.7
ml were collected and the inhibitory activity of
fractions on the CINC production by LPS -
stimulated NRK-52E cells was determined by the
method described above.

CINC assay . Samples were diluted 5-10 times

with 0.1% (w/v) BSA/PBS solution, and CINC
concentrations were determined by a sensitive
biotin-streptavidin sandwich ELISA reported by
Nakagawa ef a/.’ in which rabbit anti-CINC
antibody and biotinylated anti-CINC antibody
were used as the capture antibody and the second
layer antibody, respectively. Color development
proceeded for 5 to 15 min by addition of perox-
idase-coupled streptavidin and substrate before
terminating the reaction with 2 M H,SO,. The
absorbance was then measured at 492 nm on a
microplate reader, and the concentration of CINC
was determined by reference to a CINC standard
curve.

The results were subjected to statistical anal-
ysis according to the Student’s ¢ test.

Results

Inhibitory effect of the C. hevacleifolia extract on
CINC production in vitro

Normal rat kidney fibroblasts (NRK-49F
cells), epithelioid cells (NRK-52E cells) and rat
macrophages were stimulated with rhIL-18 or
LPS in the presence of various concentrations of
the C. heracleifolia extract.
(A, B and C), the extract suppressed in a dose-
dependent manner the CINC production by rhlL-
14-stimulated NRK~49F cells (A), LPS-stimulat-
ed NRK-52E cells (B) and rat macrophages (C) in
cultures. Addition of distilled water (final 5%,
v/v) to culture medium had no effect on the CINC
production by LPS-stimulated NRK-52E cells
(data not shown), and no direct influence of the C.
heracleifolia extract on the ELISA for CINC was
found in the present experimental conditions
Our results indicate that the
extract contains a component(s) having inhibitory
activity on the CINC production by the stimulated
To estimate the molecular mass of an

As shown in Fig. 1

(data not shown).

cells.
inhibitory component(s) in the C. heracleifolia
extract, the extract was dialyzed against distilled
water, and then the inhibitory effect of the non-
dialyzable sample on the CINC production by the
stimulated cells was determined. Figure 2 shows
that the non-dialyzable fraction of the extract
dose -dependently suppressed the CINC produc-
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Fig. 1 Effect of the C. heracleifolia extraxt on
the CINC production by rhIL-18-stimulated
NRK-49F cells (A), LPS-stimulated NRK-52E
cells (B) and LPS-stimulated rat macrophages
©).

The stimulated cells were cultured with the

C. heracleifolia extract at the indicated concen-

tration (%, v/v). In the blank group (None), the

cells were cultured without both the stimulant
and the extract. The CINC concentrations in
conditioned media were determined by the
sandwich ELISA for CINC. Experimental
details are described under Materials and

Methods. Data sre shown as the means with

horizontal bars representing SEM of 6 determi-

nations. Values are statistically significant
difference from the control group (Cont.) which
was cultured without the extract; *p <0.05 and

**p<0.01.

tion
52E

by the stimulated NRK-49F cells and NRK-
cells. In addition, the precipitate from the

C. heracleifolia extract between 25% and 70% (w/
v) saturation with (NH,),SO, had a strong inhibi-
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Fig. 2 Effect of the non-dialyzable fraction of C.

heracleifolia extract on the CINC production by
rhIL-18- or LPS-stimulated cells.

rhIL-18-stimulated NRK-49F cells (A) and
LPS-stimulated NRK-52E cells (B) were cul-
tured with various concentrations (%, v/v) of
the non-dialyzable fraction under the condi-
tions similar to those described in Fig. 1. The
CINC concentrations in conditioned media
were expressed as percentage (%) of the value
of control group which was cultured without
the non-dialyzable fraction. Data are shown as
the means with horizontal bars representing
SEM of 6 determinations. Values are statisti-
cally significant difference from the control
group (Cont.) which was cultured without the
non-dialyzable fraction; *»<0.05 and **p <
0.01.
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tory activity on the CINC production by LPS-
stimulated NRK - 52E cells (data not shown).
The precipitate was dissolved in PBS and applied
to a Sephadex G-75 column in order to estimate
the molecular mass of a component(s) which
inhibits the CINC production by LPS-stimulated
NRK-52E cells. As shown in Fig. 3, the inhibi-
tory activity was found in a wide range of molecu-
lar masses (2-6 kDa) with a maximum inhibitory
activity of about 3 kDa on the gel filtration.

Inhibitory effect of the C. hevacleifolia extract on
CINC levels and neutrophil infiltration in vivo
The C. heracleifolia extract (10 ml/kg body
wt.) was orally administered 1 hr before the induc-
tion of inflammation by the injection of LPS or

carrageenin into the preformed air-pouch on the
back of rats.
sed neutrophil infiltration into the pouch (inflam-

The extract significantly suppres-

matory site) at 4-8 hr after LPS injection, while
the treatment with the extract showed a tendency
to suppress the CINC levels in the pouch fluids at
2 and 4 hr and significantly suppressed at 6 hr, but
the CINC level decreased to the level of the
unstimulated group at 8 hr after LPS injection
(Fig. 4). On the other hand, in the air-pouch/
carrageenin-induced inflammation of rats, the C.
heracleifolia extract showed a weak but signifi-
cant inhibition of both CINC level and neutrophil
infiltration; the CINC concentrations and the
number of neutrophils in the pouch fluids were
significantly suppressed at 6 and 8 hr, respective-

~120

- D
- O
-0
- M

100

A
A

% of control (
[¢] o
o o
T I

level,
E-S
o
T

n
o
T

CINC

0 5 10 15 20

30

280nm (—)

Absorbance,

35 40 45 50 55

Fraction No.

Fig. 3 Sephadex G-75 gel filtration of the ammonium sulfate precipitate from the C.

heracleifolia extract.

The precipitate from the C. heracleifolia extract between 25% and 70% (w/v) saturation
with (NH,),S0, was dissolved and dialyzed against PBS. A part (1 ml) of the non-dialyzable
sample was applied to a Sephadex G-75 column (1.5X85 cm). Experimental details are
described under Materials and Methods. The effect of some fractions on the CINC produc-
tion by LPS-stimulated NRK-52E cells was determined, and the CINC concentrations in
conditioned media were expressed as percentage (%) of the value of control group which
was cultured without fractions. Data are shown as the means with horizontal bars represent-
ing SEM of 6 determinations. The following molecular-mass markers were used: blue
dextran (A), BSA (B; 66 kDa), ovalbumin (C; 43 kDa), cytochrome C (D; 12.4 kDa) and

aprotinin (E; 6.4 kDa).
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Fig. 4 Effects of the C. heracleifolia extract on the neutrophil infiltration and the CINC levels
in the pouch fluids of air-pouch/LPS-induced inflammation in rats.

The C. heracleifolia extract (m) or distilled water (® ; control group) were administered
orally in a dosage of 10 ml/kg body weight 1 hr before the injection of 7 ml of LPS/CMC
solution (LPS 0.1xg/ml of 1 % CMC). In the reference group (a), distilled water was orally
administered 1 hr before the injection of CMC solution (1 % CMC alone). The pouch fluids
were obtained at 2, 4, 6, and 8 hr after the injection of LPS/CMC solution. The number of
neutrophils {(A) and the concentration of CINC (B) in each pouch fluid were determined as
described under Materials and Methods. Each point represents the mean with horizontal bar
representing SEM of 5 rats. Values are statistically significant difference from the control
group; *p <0.05 and **p <0.01.
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Fig.5 Effects of the C. heracleifolia extract on the neutrophil infiltration and the CINC levels
in the pouch fluids of air-pouch/carrageenin-induced inflammation in rats.

The C. heracleifolia extract (m) or distilled water (® ; control group) were administered
orally in a dosage of 10 ml/kg body weight 1 hr before the injection of 4 ml of 2 %
carrageenin solution. The pouch fluids were obtained at 2, 4, 6 and 8 hr after the injection
of carrageenin solution. The number of neutrophils (A) and the concentration of CINC (B)
in each pouch fluid were determined as described under Materials and Methods. Each point
represents the mean with horizontal bar repersenting SEM of 7 rats. Values are statistically
significant difference from the control group: *» <0.05 and **p <0-01.
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ly, after carrageenin injection (Fig. 5).

No difference between control group and the
group treated with the extract was found in pro-
tein concentrations of the pouch fluids of both
LPS- and carrageenin-induced inflammation in
rats (data not shown), suggesting that vascular
permeability in the inflammatory sites is not in-
fluenced by the treatment with C. heracleifolia
extract.

Discussion

The boiling water extract from C. hera-
cleifolia inhibited dose-dependently the CINC
production by LPS- or IL-18-stimulated rat cell
lines and rat macrophages in cultures (Fig. 1).
This inhibitory activity of the extract (0.1-5%, v/
v) is roughly equivalent to that of dexamethasone
(107**M—10-"M) (submitted). The
activity was found in the non-dialyzable fraction

inhibitory

of the extract (Fig. 2) and its molecular mass was
about 2-6 kDa as determined by gel filtration on
Sephadex G-75 (Fig. 3).
not rule out the possibility that a small organic

However, our results do

compound has inhibitory activity on the CINC
production, because the inhibitory activity was
found not only in the non-dialyzable fraction but
also in the dialysate when the C. heracleifolia
extract was dialyzed against distilled water by
using the membrane having molecular-mass cut-
off 3,500 (data not shown). Shibata ef al vy
demonstrated that isoferuric acid is a constituent
of Cimicifuga species and has an inhibitory effect
on the dextran-and carrageenin-induced edemas
of rat hind paw. In addition, we have found that
isoferuric acid has a weak inhibitory activity on
the CINC production by LPS-stimulated NRK-
52E cells (data not shown).
inflammatory activity of small compounds in the

However, the anti-

extract remains unclear, because the present
studies were undertaken to ascertain whether a
higher molecular - mass compound has anti -
inflammatory activity, with particular reference
to the suppression of CINC production.

In a previous paper,ll) we have demonstrated
that CINC contributes, at least in part, to the
migration of neutrophils into the inflammatory
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lesion of the carrageenin-induced inflammation in
rats. Similarly, lida e al’”® reported that CINC
is a functional neutrophil chemoattractant in LPS-
The C. hera-
cleifolia extract significantly suppressed both
CINC level and neutrophil infiltration in LPS-or
carrageenin-induced inflammation in rats (Figs. 4
and 5). From our results it should be pointed out
that there is a time lag of 1-2 hr between the
CINC level and the number of infiltrated neutro-
phils; CINC concentrations of the pouch fluids in
the control rats reached a high level at 4 hr,
whereas the number of neutrophils is small at 4 hr

induced inflammation in rats.

but large at 6 hr after injections of LPS or car-
Similarly, the reduced CINC level at 6
hr probably resulted in the suppression of neutro-

rageenin.

phil infiltration at 8 hr after carrageenin injection
in the rats treated with the C. heracleifolia extract
(Fig. 5)7

In summary, our results demonstrate that the
C. heracleifolia extract suppressed the production
of rat gro/CINC by the stimulated inflammatory
cells including macrophages and fibroblasts in
cultures iz vitro and in inflammation models in
vivo. The purification of a component having
inhibitory activity from the extract is currently
under investigation.
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