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The eŠects of an orally administered hot-water ex-
tract (HW) from cultured mycelia of Cordyceps sinensis
on the activation of macrophages and the intestinal
immune system were studied in mice. The general
composition of HW was 83.9% carbohydrate, 11.8%
protein, 1.9% lipid and 2.4% ash, and the carbohy-
drates were mainly composed of glucose, mannose,
galactose and arabinose (molar ratio of 1.0:0.8:0.5:0.1).
HW stimulated the activation (1.7-fold of the saline
control) of macrophages and IL-6 production (1.5-fold)
at 2.0 gWkgWday. Analyzing the culture supernatant of
Peyer's patch cells from C3HWHeJ mice that had been
fed with HW at 1.0 gWkgWday for 7 days indicated that
the bone marrow cells had signiˆcantly proliferated
(1.9-fold). In addition, the amounts of GM-CSF and
IL-6 in the culture supernatant of Peyer's patch cells at
the same dose were signiˆcantly increased (1.8-fold and
2.2-fold, respectively). These results indicate that an
oral administration of HW may modulate IL-6 produc-
tion by the activation of macrophages, and also enhance
the secretion of hematopoietic growth factors such as
GM-CSF and IL-6 from Peyer's patch cells. Since such
cytokines as GM-CSF and IL-6 from Peyer's patch cells
act on the systemic immune system, it can be assumed
that orally administered HW modulated not only the
local but also systemic immune system.
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Many Cordyceps have long been known to have
medicinal eŠects. The typical Cordyceps used in
traditional oriental medicine is Cordyceps sinensis
which forms a fruiting body on a moth larva. Cor-
dyceps sinensis is also known to aŠect the physiologi-

cal system: it inhibits the proliferation of human
glomerular mesangial cells,1) signiˆcantly contributes
to hypotensive activity,2) and enhances the KupŠer
cell function.3) However, since these physiologically
active substances of various Cordyceps sp. have been
extracted from natural or solid cultured stromata,
and these fungi pose di‹culties for high mass
production, only a few active substances have been
developed for commercial use. Artiˆcial media for
their mass production have therefore been developed
to provide many opportunities for practical use in
Korea. Although Koh et al.4) have reported that a
hot-water extract (HW) from submerged cultured
mycelia of C. sinensis stimulated the proliferation of
bone marrow cells through Peyer's patch cells and
macrophage activation, this eŠectiveness was tested
only in vitro and not in vivo.

The present paper reports the eŠect of HW, which
was the most potent fraction in vitro, on the activa-
tion of macrophages, the proliferation of bone mar-
row cells mediated by Peyer's patch cells and the
production of cytokines in an ex vivo experiment.

C. sinensis, which was presented by Sanming
Microbiological Institute in China, was used in this
experiment. The main culture medium was a
modiˆed potato dextrose broth (Difco, Detroit, MI,
U.S.A.) containing yeast extract (200 g of potato,
20 g of dextrose and 0.5 g of yeast extract per liter).
The batch fermentation for liquid cultivation of C.
sinensis was carried out at 150 rpm, 259C and pH 5
for 7 days in a 5-l jar fermenter in the main culture
medium. After harvesting the cells, freeze-dried
mycelia (50 g) were blanched at 1009C for 5 min and
homogenized with an Ultra-turrax T-50 machine
(Janke & Kunkel IKA-Labortechniker, Germany;
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7,000 rpm, 20 min). After centrifugation (8,000×g,
30 min), the pellet was initially fractionated with
ethylacetate, and then further fractioned with MeOH
and hot water (1 l). The hot water extract was cen-
trifuged to remove the insoluble materials, and the
resulting supernatant was lyophilized to give the hot
water extract (HW, 29.3z yield).4)

HW consisted of 83.9z of carbohydrate and
11.8z of protein, in addition to trace amounts of
lipid and ash (1.9z and 2.4z, respectively). The
component sugar analysis showed that HW was
mainly composed of glucose, mannose, galactose and
arabinose (molar ratio of 1.0:0.8:0.5:0.1).

To determine the macrophage-stimulating activity,
ICR mice (male, 6 weeks old, Daehan-BioLink Co.,
Korea), which had been orally administered with HW
from cultured mycelia of C. sinensis for 7 days with
diŠerent doses, were aseptically injected with 1 ml of
3z thioglycollate broth via the interperitoneal route.
Peritoneal exudated cells were harvested by injecting
5 ml of a cold RPMI-1640 medium (Gibco, Grand
Island, NY, U.S.A.) containing 5 mM HEPES (N-
2-hydrozyethylpiperazine-N?-2-ethanesulfonic acid),
penicillin (100 UWml) and streptomycin (100 mgWml).
After the cell suspension had been adjusted to 1×
106 cellsWml in the RPMI-1640 medium, it was
incubated at 379C in a humidiˆed chamber of 5z
CO2-95z air (48 h). The macrophage-stimulating
activity was measured by an assay of the cellular
lysosomal enzyme based on the activity of acid phos-
phatase from macrophages, using a microplate read-
er (Bio-Rad, model 3550-UV).5)

In addition, the intestinal immune modulating
activity was measured according to the procedure of
Hong et al.6) Suspensions of Peyer's patch cells in the
RPMI-1640 medium supplemented with 5z FBS
(fetal bovine serum; Cell Culture Laboratories,
Cleveland, OH, U.S.A.) (RPMI-1640-FBS) were
prepared from the small intestine of C3HWHeJ mice
(male, 6 weeks old, Daehan-BioLink, Korea) which
had been orally administered with various doses of
HW for 7 days. Two-hundred-ml aliquots of a
Peyer's patch cell suspension (2×106 cellsWml in
RPMI-1640 FBS) were cultured in a 96-well ‰at-
bottom microtiter plate for 5 days at 379C in a
humidiˆed atmosphere of 5z CO2-95z air. The
resulting culture supernatant (50 ml) was incubated
with 50 ml of a bone marrow cell suspension (2.5×
105 cellsWml) from untreated C3HWHeJ mice for 6
days under the same culture conditions. After 20 ml
of an Alamar BlueTM solution (Alamar Bio-Science
Inc., Sacramento, CA, U.S.A.) had been added to
each well, the cell culture was continued to culture
for 5–24 h.7) The ‰uorescence intensity was measured
to count the cell numbers by a Spectra‰uor Plus
instrument (Tecan, Austria) with an excitation
wavelength of 544 nm and an emission wavelength of
590 nm during cultivation.

To quantitatively measure murine IL-6 and GM-
CSF in the supernatant of the macrophage and
Peyer's patch cell cultures, ELISA (enzyme-linked
immunosorbent assay) employing the multiple an-
tibody sandwich principle was used.8) After 2 mg of
the puriˆed anti-mouse IL-6 monoclonal antibody
(mAb) and 10 mg of GM-CSF mAb (clones MP5-
20F3 and MP1-22E9; PharMingen, San Diego, CA,
U.S.A.) in 50 ml of a bicarbonate buŠer (pH 8.5) had
been added to each well of the 96-well plate, the
unbound antibody was removed by washing 4 times
with phosphate-buŠered saline (PBS) containing
0.05z Tween 20 (PBS-Tween). Samples were added
to the antibody-coated wells at 100 ml, and each
100 ml of biotinylated anti-mouse IL-6 mAb and GM-
CSF mAb (MP5-32C11 and MP1-34D15, PharMin-
gen) in PBS containing 10z FBS was added to the
same wells. After the plates had been washed 6 times
with PBS containing 0.05z Tween 20, alkaline phos-
phatase-labelled streptoavidin (Gibco, Grand Island,
NY, U.S.A.) was added to each well. The wells were
then incubated with 150 ml of a chromogenic sub-
strate solution (1 mg of p-nitrophenyl disodium salt
in 1 ml of a 10z diethanolamine buŠer at pH 9.8),
and the absorbance at 405 nm was subsequently
measured with a microplate reader (Bio-Rad, model
3550-UV).

Each result is expressed as the mean±S.E. DiŠer-
ences between the controls and the samples treated in
these experiments were tested for statistical sig-
niˆcance by Student's t-test, a value of pº0.05 being
considered to indicate statistical signiˆcance.

The eŠect of HW on the stimulation of the macro-
phages was investigated ex vivo. After HW had been
orally administrated for 7 days at diŠerent doses, the
stimulatory response of the macrophages was investi-
gated by using a cellular lysosomal enzyme. The
administration of 0.5, 1.0 and 2.0 gWkgWday of HW
for 7 days revealed a dose-dependent increase in the
relative activity of the macrophage lysosomal en-
zyme. A signiˆcant increase in the relative activity
was observed at 0.5 gWkgWday (1.2-fold that of the
saline control), and maximum stimulation appeared
at 2.0 gWkgWday (1.7-fold) (Table 1). These results
suggest that the oral administration of HW enhanced
the stimulatory response of the macrophages. In ad-
dition, the eŠect of orally administered HW at diŠer-
ent doses on IL-6 secretion, which enhances IL-2
production from T cells and stimulates the prolifera-
tion of hematopoeitic cells from macrophages, was
investigated in mice. The oral administration of HW
was found to signiˆcantly increase IL-6 secretion
dose-dependently in comparison with the control,
and HW stimulated IL-6 production at 2.0 gWkgWday
to the maximum level (1.5-fold) (Table 1).

The eŠect of HW on how Peyer's patch cells
mediated the hematopoietic responses of bone mar-
row cells was investigated. Peyer's patch cells were
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Table 1. EŠect of Orally Administered HW from Cultured
Mycelia of Cordyceps sinensis on the Macrophage-stimulating Ac-
tivity and IL-6 Production in the Culture Supernatant

Dose
(gWkgWday)

Relative activity of
lysosomal enzyme

(z)2

Relative content
of IL-6
(z)3

Control1 — 100±4.0 100±7.4

HW
0.5 125±4.6* 110±5.8*
1.0 145±5.8* 135±1.6*
2.0 170±6.5* 155±2.4*

1 Saline alone was administered for the control.
2 Macrophage cells were obtained from ICR mice (n＝4) fed on HW at

diŠerent doses for 7 days, and pooled and cultured at a density of 2×
105 cellsWwell for 2 days in vitro. The stimulating activity of macro-
phages was measured by the lysosomal enzyme activity.

3 Macrophage cells were obtained from ICR mice (n＝4) fed on HW at
diŠerent doses for 7 days, and pooled and cultured at a density of 2×
105 cellsWwell for 2 days in vitro. The resulting cell-free supernatant was
subjected to ELISA for IL-6.

* pº0.05; signiˆcance between the control and samples.
Each value is expressed as a percentage of the control for the mean±S.E.

of quadruplicate assays.

Table 2. EŠect of Orally Administered HW from Cultured
Mycelia of Cordyceps sinensis on the Peyer's Patch Cell Mediated
Hematopoietic Response of Bone Marrow Cells and IL-6WGM-
CSF Production in the Culture Supernatant

Dose
(gWkgWday)

Fluorescence
intensity2

Relative
content of
GM-CSF

(z)3

Relative
content of

IL-6
(z)4

Control1 — 10,500±610 100±6.2a 100±4.6

HW
0.5 13,650±750* 120±11.9* 140±6.8*
1.0 19,950±1,070* 180±4.9* 220±8.3*
2.0 18,900±1,030* 175±12.0* 195±14.7*

1 Saline alone was administered for the control.
2 Peyer's patch cells were obtained from C3HWHeJ mice (n＝4) fed on

HW at diŠerent doses for 7 days, and pooled and cultured at a density
of 4×105 cellsWwell for 5 days in vitro. The resulting cell-free super-
natant was used to stimulate bone marrow cells. The proliferation of
bone marrow cells was measured by a ‰uorometric method, using the
Alamar BlueTM reduction assay.

3 Peyer's patch cells were obtained from C3HWHeJ mice (n＝4) fed on
HW at diŠerent doses for 7 days, and pooled and cultured at a density
of 4×105 cellsWwell for 5 days in vitro. The resulting cell-free super-
natant was subjected to ELISA for GM-CSF.

4 Peyer's patch cells were obtained from C3HWHeJ mice (n＝4) fed on
HW at diŠerent doses for 7 days, and pooled and cultured at a density
of 4×105 cellsWwell for 5 days in vitro. The resulting cell-free super-
natant was subjected to ELISA for IL-6.

* pº0.05; signiˆcance between the control and samples.
Each value is expressed as a percentage of the control for the mean±S.E.

of quadruplicate assays.
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obtained from C3HWHeJ mice that had been fed with
HW for 7 days at diŠerent doses, and the culture su-
pernatant was added to the culture of bone marrow
cells that had been isolated from mice without HW
feeding. As shown in Table 2, the bone marrow cells
proliferated in a dose-dependent manner and almost
reached a plateau at 1.0 gWkgWday. When 1.0 gWkgW
day of HW was used for stimulating the Peyer's
patch cells, the number of bone marrow cells in-
creased by up to 1.9-fold as measured by the Alamar
BlueTM reduction assay. These results indicate that
HW was a potent inducer of the hematopoietic
growth factor. The oral administration of HW for 7
days did not aŠect the body weight, compared with
that of the control mice (data not shown). In a mor-
phological study under microscopic observation,
various types of bone marrow cells in the including
granulocyte- and macrophage-like cells in the HW-
fed group, proliferated more than control (Fig. 1).
This observation suggests that several kinds of
growth factor may have contributed to the prolifera-
tive response. Lymphocytes such as activated T cells
are known to secrete such growth factors as GM-CSF
and IL-6,9) and these growth factors stimulate the
proliferation of hematopoietic cells with subsequent
diŠerentiation to granulocytes or macrophages.10) In
order to understand whether HW enhanced GM-CSF
andWor IL-6 secretion from Peyer's patch cells,
Peyer's patch cells from C3HWHeJ administered with
HW for 7 days at diŠerent doses were cultured for 5
days, and then the levels of GM-CSF and IL-6 were
examined. The amount of GM-CSF in the con-
ditioned medium increased signiˆcantly in compari-
son with the control at 1.0 gWkgWday (1.8-fold). The
amount of IL-6 also signiˆcantly increased in the
conditioned medium when Peyer's patch cells were
administered with HW at 1.0 gWkgWday (2.2-fold)

(Table 2). These results suggest that GM-CSF and
IL-6 may contribute to the proliferation of bone
marrow cells. Since both GM-CSF and IL-6 are mul-
tifunctional hematopoietic growth factors, they also
stimulate granulopoiesis.11)

The function of macrophages can be speciˆed as
(1) initiators of in‰ammation by secreting a battery
of proin‰ammatory and chemotactic cytokines,12) (2)
accessory cells for speciˆc immune response both by
processing and presenting an antigen to T-lympho-
cytes13) and (3) eŠectors in cell-mediated immune
responses against tumor cells and against intracellu-
lar microorganisms.14) To activate the macrophage
function, at least one signals must be provided.15)

This signal, which sensitizes the macrophage to
respond to the other signals, is delivered by the mac-
rophage-stimulating cytokine, IFN-g.16) IFN-g is the
most speciˆc cytokine produced by Th1, Tc and
natural killer cells. It does not induce macrophage
cytokine production but it does regulate macrophage
cytokine production which in turn enhances the
production of IL-1, IL-6 and TNF-a.17) The cytokine
network of macrophages plays an important role in
the in‰ammatory and immune responses,18) and IL-6
especially should play an important role in the
diŠerentiation as a growth factor for macrophages.

We have demonstrated in the present study that an
oral administration of HW from cultured mycelia of
C. sinensis may modulate IL-6 production in macro-
phages. Enhancement of the production of cytokines
and IL-6 by the oral administration of HW suggests
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Fig. 1. Comparison of Bone Marrow Cells between the Control and HW-treated Groups.
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that HW might induce the activation of macro-
phages. In addition, we have demonstrated that the
oral administration of HW enhanced the secretion of
hematopoietic growth factors from Peyer's patch
cells. Since Peyer's patch cells are mainly composed
of T and B cells, and T cells are known as sources of
CSFs and various cytokines as well as macro-
phages,19) T cell activation caused by the oral ad-
ministration of HW may contribute to the secretion
of hematopoietic growth factors such as GM-CSF
and IL-6 from Peyer's patch cells. Since such
cytokines as GM-CSF and IL-6 play an important
role in systemic immune cells,20) it can be assumed
that orally administered HW modulated the systemic
immune system by a Peyer's patch cell-mediated
mechanism. However, the detailed mechanism for T
cell activation in Peyer's patch cells by the oral ad-
ministration of HW requires further study.
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