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Introduction

Phagocytes including monocytes-macrophages and
neutrophils play important regulatory and functional
roles in the immune system”. Monocytes-macrophages
release many soluble factors associated with host de-
fense and inflammation. Phagocytosis is one of the
representative functions of monocytes-macrophages
and neutrophils. In addition to their phagocytic pro-
perties, monocytes-macrophages are able to synthe-
size a number of biologically important compounds
including several cytokines”. Phagocytosis by ma-
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crophages is enhanced by platelet activating factor
(PAF) in allergic and inflammatory reactions'. A
variety of biological response-modifiers (BMR) has
been reported to have immunomodulating effects in
the host in regard to resistance to infectious orga-
> Beta-endorphin

nisms 0

, dynorphin A’ and tuftsin
(Thr-Lys-Pro-Arg)"* were found to stimulate phago-
cytosis. Chicken egg white derivatives (EWD), an ac-
tive egg white product (AEWP) and chicken egg whi-
te-derived immunoactive peptides (EF203), which are
supposed to stimulate phagocytic functions, have been
also demonstrated to enhance non-specific immunity
in mice, piglet and cattle>*",

Ginseng saponins also increase non-specific resis-
tance of organism and strengthen the defense me-
chanism of the entire body’. Ginseng saponins are
dammarane-type triterpenoid glycosides whose agly-
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cons such as panaxatriol and panaxadiol are bonded
with glucose, rhamnose, xylose and arabinose”. Gin-
senosides show many pharmacological properties in
various organ such as brain, immune system, car-
diovascular system, respiratory system, and endocrine
system. Physiological responses of these saponins are
diverse or sometimes two directional, e.g., stimulant
action of ginsenoside Rgl and depressant action of
Rb1l in central nervous system, increasing action of
ginsenoside Rgl and decreasing action of Rbl in
blood pressure™.

However, despite the advance of the biological
and pharmacological study for ginseng saponins, lit-
tle is known about the effect of ginseng saponins on
the phagocytosis of peripheral blood phagocytes. In
current study, the in vitro immunostimulating effects
of GTS, GPT and GPD on phagocytic responses of
peripheral blood mononuclear cells (MNC) as well
as peripheral blood polymorphonuclear cells (PMNC)
from feline peripheral blood were examined, and a
possible involvement of soluble products, phagocy-
tosis-promoting factors, in the enhancement of the
phagocytic responses of MNC/PMNC by culture su-
pernatant from MNC exposed to ginseng saponins
was described.

Materials and Methods

Laboratory animals

Twenty-four healthy cats, average 1.2-year-old, were
housed at animal cage. All cats utilized in this study
were free from FeLV infection as examined by an
ELISA using a Leukassay F kit (Pitman Moore, NJ,
USA}.

Reagents

Ginseng total saponin (GTS), PT saponin (GPT)
and PD saponin (GPD) were kindly provided by the
Korea Ginseng and Tobacco Research Institute (Tae-
jeon, Korea). FITC-labelled latex (latex beads; 2.0
um) was purchased (Polyscience, Inc., PA, USA).

MNC and PMNC isolation
Peripheral blood was collected in heparinized tubes
by jugular venipuncture. Blood diluted 1:1 in phos-

Korean J. Vet Clin Med, Vol. 15, No. 1, 1998

phate-buffered saline (PBS) at pH 7.6 was layed on
the equal volume of Lymphoprep (specific gravity,
1.077; Nycomed Pharma As, Oslo, Norway) and
centrifuged at 400x g for 40 min at room tempera-
ture. The cells in interface between PBS plus plas-
ma and Lymphoprep were obtained and subjected to
0.83% NH.CI in Tris-base buffer (pH 7.6) contain-
ing 1% bovine serum albumin (BSA; Sigma, MO,
USA) for 5 min at 37°C. The resulting MNC was
washed 3 times with PBS. PMNC was obtained from
layer of erythrocyte sediment containing PMNC. One
ml of pellet of erythrocyte sediment was mixed with
10 ml of 1.5% dextran (molecular weight, 200,000;
Wako, Osaka, Japan) in PBS and allowed to sed-
iment for 60 min. The floating cells were collected
and centrifuged at 400x g for 5 min. The residual
erythrocytes were removed by treatment with 0.83%
NH.CI solution and washed 3 times with PBS. The
purity of neutrophils in PMNC preparations was
greater than 96% when determined by cytospin smear
and Giemsa stain. The MNC was consisted of ap-
proximately 90% lymphocytes and 10% monocytes
by modified Wright and Giemsa stain. Cell viabili-
ties of both PMNC and MNC determined by trypan
blue dye exclusion always exceeded 98%.

Culture supernatants

Isolated PMNC and MNC at a density of 5x10°
cells/ml were cultured in a well of a 24-multiwell
plate (Falcon 3047, Becton Dickinson Labware, NI,
USA) for 24 hr in RPMI 1640 (Sigma, USA) sup-
plemented with 2 mM L-glutamine, 0.02 mg/ml of
gentamicin, and 5% FBS (Gibco, MD, USA). The
cells were cultured with GTS (50 pg/ml), GPT (50
pg/ml) and GPD (200 pg/ml) for 24 hr, respectively.
All supernatants of cultured PMNC and MNC were
collected by centrifugation (5,000x g for 30 min), filter-
ed with 0.45 pm-pore size membrane filter (Millipore,
MA, USA) and stored below -70°C until use.

Phagocytosis assay

The phagocytic activity of PMNC and MNC was
determined as described previously”. The cells at a
density of 1x10° cells/ml were incubated for 10 hr
at 37°C in a 5% CO--humidified air atmosphere in a
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well of a 24-multiwell plate with either ginseng sa-
ponins at different concentrations ranging from 10
to 100 pg/ml or each culture supernatant from MNC
and PMNC exposed to ginseng saponins with vari-
ous concentrations. The control cells were treated
with the equal volume of PBS. The cultures were
thereafter supplemented with 30 pl of 1x10° par-
ticles/ml of FITC-labelled latex for the final 1 hr.
The cultured cells were harvested gently by slow pi-
petting, centrifuged at 2,000 g for 1 min, and wash-
ed three times with PBS containing 3 mM EDTA-
2Na (Wako Pure Chemical Industries, LTD, Tokyo,
Japan). The phagocytized latex cells per total 5,000
cells were immediately estimated by a flow cytometry
(FACS Calibur, Becton Dickinson Immunocytometry
Systems, USA). Positive control was determined by
addition of FITC-labelled latex alone. The experi-
ments of one item were repeated in 3 cats. Results
were expressed as percentages of either absolute ph-
agocytic activities or relative activities, i.e. percen-
tages of latex-phagocytized cells in the stimulated
cells minus percentages of latex-phagocytized cells

in the unstimulated cells.
The data expressed as a representative profile of
flow cytometry in 3 cats.

Results

Direct effect of ginseng saponins on feline MNC
and PMNC phagocytosis

To examine the direct effect of ginseng saponins
on phagocytic activity of feline peripherali blood
phagocytes, freshly isolated MNC and PMNC were
cultured with GTS, GPT and GPD at different con-
centrations ranging from 10 to 100 pg/ml for 10 hr.
The phagocytic activities of MNC (Fig 1) and PMNC
(Fig 2) were not augmented by exposure to GTS,
GPT and GPD as compared with those in cells treat-
ed without ginseng saponins.

Phagocytic response of feline MNC and PMNC
in culture supernatant from PMNC exposed to
ginseng saponins

To determine whether phagocytic activity of MNC
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Fig 1. Profiles of phagocytized cells in feline MNC exposed to different concentrations of 10 to 100 pg/ml of GTS, GPT
and GPD. Numbers in parenthesis indicate net phagocytic activity calculated by reducing the value of unstimulated cells

from that of each stimulated cell.
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Fig 2. Profiles of phagocytized cells in feline PMNC exposed to different concentrations of 10 to 100 pg/mi of GTS,
GPT and GPD. Numbers in parenthesis indicate net phagocytic activity calculated by reducing the value of
unstimulated cells from that of each stimulated cell.
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Fig 3. Profiles of phagocytized cells in feline MNC to culture supernatant (12.5 to 100%) from PMNC exposed to GTS
(50 pg/ml), GPT (50 pg/ml) and GPD (200 pg/ml). Numbers in parenthesis indicate net phagocytic activity calculated
by reducing the value of unstimulated cells from that of each stimulated cell.

and PMNC could be enhanced by addition of culture GTS (50 pg/ml), GPT (50 pg/ml) and GPD (200 pg/
supernatant from PMNC (5x 10° cells/ml) exposed to ~ ml) for 24 hr, freshly prepared MNC and PMNC
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Fig 4. Profiles of phagocytized cells in feline PMNC to culture supernatant (12.5 to 100%) from PMNC exposed to
GTS (50 pyg/ml), GPT (50 ug/ml) and GPD (200 pg/ml). Numbers in parenthesis indicate net phagocytic activity

calculated by reducing the value of unstimulated cells from that of each stimulated cell.

were followed by treatment of culture supernatant
from PMNC for 10 hr. The supplement of culture su-
pernatant (100%) from PMNC exposed to GPT for
MNC increased about 11% as compared with untreat-
ed MNC. Whereas culture supernatants from PMNC
exposed to GTS and GPD did not showed any en-
hancement of phagocytosis (Fig 3). The phagocytosis
of PMNC in culture supernatant (25% and 50%,
respectively) from PMNC exposed to GPD was en-
hanced about 9% when compared to that of untreat-
ed PMNC (Fig 4). But the supplememt of culture su-
pernatants from PMNC exposed to GTS and GPT
tested failed to increase the phagocytosis of PMNC.

Phagocytic response of feline MNC and PMNC
in culture supernatant from MNC exposed to gin-
seng saponins

Phagocytic response of feline MNC and PMNC
in culture supernatant from MNC exposed to gin-
seng saponins was also examined in the same mann-
er. The phagocytic activity of MNC in culture su-
pematant (25%) from MNC exposed to GTS was
enhanced about 9% as compared with that of untreat-

ed cells. The activity of MNC in culture supernatant
(100%) from MNC exposed to GPT but not GPD
was also enhanced about 15% (Fig 5).

However, the phagocytic activity of PMNC in cul-
ture supernatant from MNC exposed to ginseng sa-
ponins was enhanced remarkably. This enhancement
was a dose-dependent manner. As shown in Fig 6,
PMNC in culture supernatant (100%) from MNC ex-
posed to GTS, GPT and GPD exhibited strong pha-
gocytoses and their phagocytic activities were en-
hanced about 54%, 49% and 24% when compared
to those of unstimulated PMNC, respectively.

Discussion

The results demonstrated that ginseng saponins
have an enhancing effect on phagocytosis of feline
PMNC. Culture supernatant of MNC but not PMNC
exposed to GTS, GPT and GPD was capable of en-
hancing the phagocytic activity of feline PMNC
which was consist of approximately 96% neutrophils.
However, the culture supernatant of PMNC exposed
to these saponins had a weak or negligible activity
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Fig 5. Profiles of phagocytized cells in feline MNC to culture supernatant (12.5 to 100%) from MNC exposed to GTS
(50 pg/ml), GPT (50 pg/ml) and GPD (200 pg/ml). Numbers in parenthesis indicate net phagocytic activity calculated
by reducing the value of unstimulated cells from that of cach stimulated cell.
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Fig 6. Profiles of phagocytized cells in feline PMNC to culture supernatant (25 to 100%) from MNC exposed to GTS
(50 pg/mi), GPT (50 pg/ml) and GPD (200 pg/ml). Numbers in parenthesis indicate net phagocytic activity calculated
by reducing the value of unstimulated cells from that of each stimulated cell.

on phagocytosis of MNC and PMNC. Also, direct ~ These findings support that antigenic components of
treatment of ginseng saponins to phagocytes showed ginseng saponins may be not responsible for the
no effect on phagocytosis of MNC and PMNC.  phagocytosis of MNC and PMNC and that MNC ex-
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posed to ginseng saponins may secrete the soluble
products that can activate themselves or other cells.
Thus, these results are strongly suggested that the
enhancing effect on phagocytosis of feline peripheral
blood neutrophils is primarily mediated by soluble
factors from MNC exposed to active components of
ginseng saponins. It is also assumed that antigenic
components of ginseng saponins act on MNC to pro-
duce active soluble products which are involved in
the enhancement of PMNC phagocytosis.

GPT at higher concentration of 200 to 400 pg/ml
exhibited a low viability of cells. Thus, GTS and
GPT was used at concentration of 50 pg/ml show-
ing no cytotoxic effect by dot plot profile in flowcy-
tometry and high cell viablity by trypan blue ex-
clusion (data not shown). Whereas, it is of great in-
terest that the activity of PMNC in culture supernat-
ant from MNC exposed to GTS and GPT was high-
er than that of GPD. But the concentrations of GTS
and GPT used here to prepare the culture supernat-
ant of MNC were lower than those of GPD. These
findings indicate that the magnitude in the enhance-
ment of PMNC phagocytosis in culture supernatant
of MNC is dependent on the kinds of ginseng sa-
ponins, implying the involvement of different humoral
substances in the enhancement of PMNC phago-
cytosis. It is, therefore, suggested that the phagocy-
tic activity by soluble products released from MNC
exposed to GPT is more active than those of GPD.
On the other hand, the phagocytic activity of MNC
to GTS and GPT was lower than that of PMNC.
This low responsiveness on phagocytosis of MNC
may be, in part, associated with fractions in MNC po-
pulations. Because the fractions of MNC isolated from
peripheral blood were composed of both approximate-
ly 10% monocytes and 90% lymphocytes.

The soluble products of activated monocyte-ma-
crophages and lymphocytes seemed to play import-
ant roles in the phagocytosis of phagocytes. These
soluble products have been also reported to be in-
volved in the modulation of neutrophil functions in-
cluding adherence, migration®, respiratory burst’, ly-
sosomal enzyme release, and cell surface receptor
expression"*”'*""*_ Thus, the ability of MNC to
release the soluble factors and stimulate the phago-

cytosis of phagocytes may potentially be implicated
in the regulation of cellular infiltration at sites of in-
flammation or tumor growth. This fact is important
in the immuno-compromised host. In summary, the
results of the present study suggest that GTS, GPT
and GPD stimulate MNC to elaborate soluble pro-
ducts, which may be an important mechanism for
the enhancement of phagocytosis.

Conclusion

The objective of this study is to examine the im-
munostimulating effect of GTS, GPT and GPD on
phagocytosis of feline MNC as well as PMNC. The
phagocytic activities of MNC and PMNC were an-
alyzed by a flow cytometry system. These ginseng
saponins did not show any direct effect on phago-
cytic response of PMNC and MNC. However, the
phagocytic activity of MNC was slightly enhanced
by culture supernatants from PMNC exposed to GPT
and from MNC exposed to GTS and GPT. Similarly,
the phagocytic activity of PMNC was slightly enhanc-
ed by culture supernatant from PMNC exposed to
GPD. However, the phagocytic activity of PMNC was
remarkably enhanced by culture supernatants from
MNC exposed to GTS, GPT and GPD. It is, there-
fore, suggested that the enhanced phagocytic activity
of feline PMNC could be mainly mediated by solu-
ble product(s) released from MNC exposed to active
components of ginseng saponins.
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