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Introduction

Many acute inflammatory responses are generally
characterized first by neutrophil infiltration and later
by accumulation of monocytes. These neutrophils and
monocytes are vital in host defense against microor-
ganisms and regulation of the inflammatory process.
The passage of PMNC from blood vessel into inflam-
matory sites involves a number of discrete steps in-
cluding rolling, adhesion and transmigration®. Trans-
migration is also known to be mediated by several
chemoattractants such as fMLP (n-formyl-methionine-
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leucine-phenylalanine) of bacterial origin, complement-
derived CSa and leukotriene B,**".

Ginseng has been used as a tonic and restorative
medicine in the Orient for more than two thousand
years. Ginseng has a variety of effects such as pro-
motion of immunity and metabolism function, bio-
modulation action, anti-stress and anti-aging activities,
etc”. In regulation of immune function, ginseng sa-
ponins enhance the resistance to parasitic infection”.
They also induce the production of cytokines in-
cluding interferons®, the increase of numbers of an-
tigen-reactive T-cells and helper T cells, the activa-
tion of NK cell, and the cell-mediated immune re-
sponses*'*. They also increase the synthesis of serum
protein, showing anti-tumor activity in the autochth-
onous lung tumor system”*"*. These findings indi-
cated that ginseng saponins have an enhancing effect
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of non-specific or specific immune responses. In clin-
ics, cats who are sensitive to stresses show many im-
munodeficiency diseases than other animals. To ex-
amine the enhancing effects of ginseng saponin as
an immunopotentiator in the non-specific immunity,
adult cats as laboratory animals are used in this study
based on similarity of clinical signs and molecular
biological characteristics between immune-related dis-
eases of cats and human. Molecular biological charac-
teristics of feline immunodeficiency virus (FIV) are
similar to those of human immunodeficiency virus
(HIV) which induces acquired immune deficiency syn-
drome (AIDS) in human®. Therefore, the aim of cur-
rent study is to examine the immunostimulating ef-
fects of ginseng saponins on chemotaxis of feline
peripheral blood polymorphonuclear cells (PMNC).

Materials and Methods

Animals

Fifteen healthy cats of average 1.5-year-old were
housed at animal cage. All cats utilized in this study
were free from FeLV infection as examined by an
enzyme-linked immunosorbent assay using a Leukassay
F kit (Pitman Moore, NJ, USA).

Reagents

Ginseng total saponin (GTS), PT saponin (GPT)
and PD saponin (GPD) were kindly donated by the
Korea Ginseng and Tobacco Research Institute (Tae-
jeon, Korea).

MNC and PMNC isolation

Blood was collected in heparinized tubes by jug-
ular venipuncture. Blood diluted 1:1 in phosphate-
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 centrifug-
ed at 400x g for 40 min at room temperature. The
cells in interface between PBS plus plasma and
Lymphoprep were obtained and subjected to 0.83%
NH.Cl in Tris-base buffer (pH 7.6) containing 1% bo-
vine serum albumin (BSA; Sigma, MO, USA) for 5
min at 37°C. The resulting peripheral blood mononu-
clear cells (MNC) were washed 3 times with PBS.
PMNC was obtained from layer of erythrocyte sed-
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iment containing PMNC after removal of MNC layer.
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 sedi-
ment for 60 min. The floating cells of upper com-
partment were collected and centrifuged at 400X g
for 5 min, The residual erythrocytes were removed
by treatment with 0.83% NH,CI solution for 5 min
at 37°C and washed 3 times with PBS. The purity
of neutrophils in final PMNC suspension was 96%
when determined by cytospin smear and Giemsa
stain. Cell viabilities determined by trypan blue dye
exclusion always exceeded 98%. All cells were
suspended in RPMI 1640 (Sigma, MO, USA) sup-
plemented with 2 mM L-glutamine, 0.02 mg/ml of
gentamicin, and 5% fetal bovine serum (FBS; Gibco,
MD, USA) and finally adjusted to 2 10" cells/ml.

Culture supernatants

The PMNC and MNC at a density of 2 10° cells/
ml in a well of a 24-multiwell plate (Falcon 3047,
Becton Dickinson Labware, NJ, USA) were incubat-
ed with concentration of 200 pg/mi of GTS, GPT
and GPD for 24 hr at 37°C under 5% CO,-humidifi-
ed atmosphere, respectively. All supernatants were
collected by centrifugation (5,000 g for 30 min), filter-
ed with 0.45 um-pore size membrane filter (Millipore,
MA, USA) and stored below -70°C until use for assay.

Chemotaxis assay

A modified Boyden chamber assay was used to
measure chemotaxis'®. The chemotaxis chamber (Neuro
Probe, MD, USA) and cell suspension solution, RPMI
1640 medium containing 1% BSA were prewarmed
for 2 hr at 37°C. A nitrocellulose filter with 120-um
thick and 3.0-um pore size (Nihon Millipore, Yone-
zawa, Japan) was placed on the top of well of the
lower chamber that previously filled with 200 pl of
either ginseng saponins at various concentration or
culture supernatants at various dilution. The controls
received either medium alone or culture supernatants
from untreated cells in the lower compartment. Then,
200 p! of PMNC suspension (2x10° cells/ml) was
placed in the upper compartment of the chamber.
The chambers were incubated for 45 min at 37°C
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under 5%-CO, in humidified atmosphere. After in-
cubation, the membrane filters were immediately tak-
en out, fixed in ethyl alcohol, dried, stained with
hematoxylin, and mounted on glass slide. The mi-
grated distance of PMNC through the filter toward
the other side was measured by microscopy at 400x
magnification. Five fields for a filter were selected
randomly in triplicate assay. The chemotactic respon-
siveness of input PMNC was evaluated as absolute
distances (Um/45 min+SEM) in the directional mi-
gration of PMNC in response to chemoattractants.

Checkerboard assay
Checkerboard assay was carried out according to
the method of Zigmond and Hirsh".

Data analysis

The Student's ¢ test was used for statistical sig-
nificance determinations. All data expressed mean=+
SEM.

Results

Effect of GTS on feline PMNC chemotaxis

Feline PMNC in response to GTS was migrated
slightly when compared with control cells (Fig 1A).
PMNC did not show any migration in response to
culture supernatant from PMNC exposed to GTS (Fig
1B). But there was a tendency to migrate in all di-
lutions of culture supernatant from MNC exposed to
with GTS (Fig 1C).

Effect of GPT on feline PMNC chemotaxis

GPT reduced PMNC chemotaxis as shown in Fig
2A. This reduction is a weak dose-dependent fashion.
Culture supernatant from PMNC exposed to GPT in-
creased slightly PMNC chemotaxis (Fig 2B). How-
ever, culture supernatant from MNC exposed to GPT
showed a significant enhancement of PMNC chemo-
taxis as compared to that of untreated control (p<
0.01). This enhancement is a dose-dependent manner
(Fig 2C).

Effect of GPD on feline PMNC chemotaxis
GPD at concentrations tested did not enhance the
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Fig 1. Effect of GTS(A) and diluted culture supernatant
of PMNC(B) and MNC(C) exposed to GTS on PMNC
chemotactic activity. The values represent mean+ SEM
(n=3). *p<0.05, compared to control (medium alone)

chemotactic activity of feline PMNC (Fig 3A). Cul-
ture supernatant from PMNC exposed to GPD enhanc-
ed slightly feline chemotaxis (Fig 3B). Culture su-
pernatant from MNC exposed to GPD, however,
enhanced remarkably PMNC chemotaxis (p<0.01).
This chemotactic activity is peaked at 1/4 dilution of
culture supernatant in a dose-response curve (Fig 3C).

Checkerboard assay
In order to determine whether PMNC migration
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Fig 2. Effect of GPT(A) and diluted culture supernatant
of PMNC(B) and MNC(C) exposed to GPT on PMNC
chemotactic activity. The values represent mean+ SEM
(n=3). *p<0.05, **p<0.01, compared to control (medium
alone)

by culture supernatants of MNC exposed to GPT
and GPD is a true chemotaxis, the checkerboard as-
say using the culture supernantant of GPD-exposed
MNC was performed. As shown in Table 1, PMNC
migration strongly depended on both the increase of
a concentration gradient of culture supernatant in
lower chamber and the decrease of a concentration
gradient of culture supernatant in upper chamber.
This indicated that chemotactic activity of PMNC

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

-

(=3

o
1

80
60 -

I\‘/’—/‘\*——t
40

20

Migrated distance (/m/45min)

0 N s L s L 1
0 10 60 100 200 400

Concentration of GPD (ug/ml)

100

80|

wop 5 i

Migrated distance (;m/45 min)

20+
0 1 1 I 1 i 1
0 1/64 1132 118 14 1
Dilution of culture supernatant
100
E C L] L]
E 80| wt/I
. T
3 60 [- -
<
s
2 dor
-]
b
- 20
g
2
= 0 N . L : L L
0 1/64 1/32 118 14 1

Dilution of culture supernatant

Fig 3. Effect of GPD(A) and diluted culture supernatant
of PMNC(B) and MNC(C) exposed to GPD on PMNC
chemotactic activity. The values represent mean+ SEM
(n=3). *p<0.05, **p<0.01, compared to control (medium
alone)

by culture supernatant exposed to GPD was true che-
motaxis but not random migration.

Discussion

Direct responses of GTS, GPT and GPD in the
migration of freshly prepared PMNC were not effec-
tive. It is conceivable that antigenic components of
ginseng saponins themselves may be less respon-
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Table 1. Checkerboard assay of feline PMNC migration to culture supernatant from MNC exposed to GPD

Dilution of culture

Dilution of culture supernatant on lower chamber

supernatant on upper chamber 0 1/128 1/32 1/4
0 33.6x1.5 342429 41.8+34 55.840.8
1/128 274419 29.0+£29 34.8+0.8 50.0%£3.6
1/32 22.8+25 24.8+1.6 27.4+5.1 42.2+21
1/4 18.8+2.7 24.8+1.8 28.8+3.5 354+18

Culture supernatant from MNC exposed to GPD (200 pg/mli) for 24 hr and diluted with RPMI 1640 medium.
Values of migrated distance (um/ 45 min) represent as mean+ SEM of three determinations.

sible for feline PMNC chemotaxis. Especially GPT
failed to induce direct PMNC migration, with reduc-
ed responses at higher concentrations of 200 to 400
png/ml. At these higher concentrations, receptors for
chemotactic factor(s) on PMNC may become desen-
sitized, as already observed with other chemotactic

13.17

ligands™"". Another possibility is due to the cytot-
oxic effect of components of GPT, since it reduced
the cell viability of PMNC and MNC (data not
shown). Culture supernatants of PMNC exposed to
GTS, GPT and GPD were also not active or slight
chemtactic for PMNC. These results indicated that
PMNC did not release chemotactic factors by any
antigenic or mitogenic stimulation. This finding was
consistent with that of prevoius studies on chemo-
taxis and phagocytosis for canine PMNC™.

The results demonstrated that culture supernatants
of MNC exposed to GPT and GPD were able to en-
hance high chemotactic activity for PMNC and that
these saponins were capable of releasing the che-
moattractants from MNC containing both monocytes
and lymphocytes. It was, however, interesting that
chemotactic activity of PMNC in culture supernatant
of MNC exposed to GTS was very weak. Although
it is difficult to explain the reason for low activity
in GTS because it has all components of GPT and
GPD, it would be thought that some pharmacolog-
igcal activities of ginsenosides were contrary to each
other. For examples, ginsenoside Rg; increased the
blood pressure whereas ginsenoside Rb decreased it.
Ginsenoside Rg; stimulated the central nervous sys-
tem whereas ginsenoside Re inhibited it*. The phar-
macological activity of a ginsenoside might be also
counterbalanced by other ginsenosides.

The migration of PMNC to culture supernatant of

MNC exposed to GPD was true chemotaxis by con-
centration gradients of chemoattractants rather than
random migration, called chemokinesis. However, this
activity was very slight in culture supernatant of PMNC
similarly exposed to GPT and GPD when compared
with that of MNC. Therefore, these results sug-
gested that mostly enhancing effect of GPT and
GPD on chemotactic response of feline PMNC is
mediated by humoral factors produced by MNC ex-
posed to GPT and GPD. The elucidation of soluble
products produced from MNC exposed to ginseng
saponins will be considerably important data in the
study of animal cytokines as well as immunostimu-
lators. For the clinical application, the co-administra-
tion of ginseng saponins will be able to augment the
host defense in animals with immunodeficiency or
no response to antibiotic treatment.

Conclusion

The immunostimulating effects of GTS, GPT and
GPD on the chemotactic activity of feline PMNC
were examined. The chemotactic activity of PMNC
was evaluated by a modified Boyden chamber assay.
Ginseng saponins themselves and culture supemnatant
from PMNC exposed to one of the overall ginseng
saponins were not active or slight chemotactic for
PMNC. But culture supematant from MNC exposed
to GPT and GPD except for GTS remarkably enhanc-
ed feline PMNC chemotaxis. This migration of PMNC
by culture supernatant from MNC exposed to GPD
was found to be true chemotaxis by checkerboard as-
say. It is, therefore, suggested that active compon-
ents of GPT and GPD activate MNC to elaborate
chemotactic factor(s), which may be an important

el atala), A15Y, Alls, 1998
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mechanism for the enhancement of chemotactic ac-
tivity of feline PMNC.
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