CHEEX| =2tealX] : Vol. 25, No. 1, 1995

THE EFFECTS OF KOREAN RED GINSENG SAPONIN
ON THE GROWTH AND DIFFERENTIATION OF HUMAN
PERIODONTAL LIGAMENT CELL IN CULTURE

Kim, In-Gu, Jung-Keun Kim, Lee, Jae-Hyun
Dept. of Periodontology, College of Dentistry, Dankook University

I. Introduction

Periodontal disease is characterized by a
loss of attachment apparatus, loss of alveolar
bone from teeth. With the onset of periodontal
disease, pockets develop, with associated loss
of periodontal ligament(PDL) and alveolar
bone”. Therefore, the goal of periodontal the-
rapy is to regenerate the loss of periodontal
attachment apparatus®.

In the previous study, the PDL cells possess
the ability to reestablish connective tissue at-
tachment”. Melcher” suggested that the de-
sign of surgical procedures was allowed colo-
nization of wounds coronal to the alveolar
crest by cells derived from PDL and bone
rather than by cells derived from lamina prop-
ria of gingiva or bone alone. Therefore, PDL
contributes to regeneration of the periodon-
tium. The cells of PDL have been target subje-
cts to study on the aspect of periodontal rege-
neration. Arnold and Baram® have attempted
the in vitro cultivation of cells of PDL which
have been successfully isolated from Macaca
multatta(rhesus monkey) tissue utilizing the
explant technique. Ragnarsson et al.® have re-
ported to provide a rapid, repeatable method
to obtain fibroblast cell culture from the PDL
of single human teeth. Some investigators

have reported the culture of PDL cell with
other in fluencing factor, such as growth fac-
tor, toxic molecules hand cytotoxic substance.
For example, fibronectin and endothelial gro-
wth factor have enhanced PDL cell prolifera-
tion and migration” and platelet-dervied gro-
wth factor-AA(PDGF-AA) and PDGF-BB is
major mitogens for human PDL cells in vitro®.

This experiments were designed to difine
the growth and differentiation of PDL cells.
Using the Korea red ginseng saponin, which
is known to world-wide and the effects of it
have been investigated by many reserchers
for years. Ginseng saponin, one of the major
components of Korea ginseng(Pannax gin-
seng, C. A. Meyer) root, has many various
biologic effects, such as cytotoxic effect™, tu-
moricidal activity'”, protein biosynthesis'® and
membrane modifying effect™.

The present investigation was undertaken
to determine the effects of Korean red ginseng
saponin on the growth and differentiation of
PDL cells according to the investigation of
cell proliferation, alkaline phosphatase activity
using histochemistry and biochemistry and in
vitro bone nodule formation.



II. Materials and Methods

1. Isolation of PDL cells

PDL cells were isolated by a modification
of the method of Ragnarsson et al.* Periodon-
tally healthy premolars extracted for orthodo-
ntic reasons were obtained fresh from the oral
Maxillofacial Surgery Department at Dankook
dental hospital. The teeth were washed 3 ti-
mes with 5ml of Hank’s Balanced Salt Solution
(HBSS, Gibco). The crown portion was dipped
in a microtube with 5% sodium hypochlorite
solution for 2min to romove bacteria and re-
maining gingival tissue. The teeth were wa-
shed 3 times with 5ml of HBSS. Each tooth
was placed in a 15ml centrifuge tube(Cor-
ning) with 5ml of 0.05% trypsin(Gibco), 0.5
mM ethylenediamine tetraacetic acid(EDTA,
Gibco) and 0.1% collagenase. The tube was
placed in water-bath at 37C for 2 hours with
vigorous shaking. After incubation the isolated
cells were centrifuged at 200xg for 6min. After
the supernatant was discarded, the cell pellet
was resuspended in 4ml of Dulbecco’s modi-
fied eagle medium(DMEM, Gibco) containing
10% fetal bovine serum(FBS, Gibco) in the
tube. And the cells were plated into 35mm
culture dishes(Corning). The dishes were in-
cubated in a humidified environment of 95%
air, 5% CO. at 37C for overnight to allow
attachment and then the dishes were incuba-
ted with 2ml of DMEM containing 10% FBS
to change every other day.

2. Cytotoxic effect of total saponin in cul-
tured PDL cell

Total saponin was supplied from Korea Gin-
seng and Tobacco Reserch Institute(KGTRI).
Stock solution of total saponin was prepared
in Dulbecco’s phosphate buffered saline
(DPBS, Gibco) to make final concentration
of each 100mg/ml.

When confluence was attained, the cells
were subcultured by trypsinization. The cells
were transfered to 15ml centrifuge tube and
centrifuged at 800xg for 6 min. The cell pellet
was resuspended in 12ml of DMEM contai-
ning 10% FBS and plated into a 24-well plate
(Corning) at a density of 6 X 10° cells per well.
The cells in 24-well plates were incubated for
24 hours to allow attachment and then the
plate was added to each total saponin concent-
ration(0-1mg/ml). After the cells were incu-
bated for 24 hours, added to 0.2% trypan blue
then the cells were counted at randomly sele-
cted field under the light microscope.

3. Effect of total saponin on the cell viabi-
lity of PDL cell

PDL cells were plated into a 24-well plate
at 6X10° cells/well and cultured with 1ml of
DMEM to change every other day for 1 week.
Then cells were treated with 0.01, 0.1, 1 and
10ug/mi of total saponin for 1 week. Then the
cells were stained with 0.2% trypan blue to
count the survival and total cell number under
the light microscope.

4, Effect of total saponin on the prolifera-
tion of PDL cell

1) Cell proliferation by various concentra-
tion

PDL cells were plated into a 24-well plates
at 5X10° cell per well and cultured with 1ml
of DMEM to change every other day for 1
week. Then 0.1, 1, 10 and 100ug/mi of total
saponin and the media was changed every
other day for 1 week. Two weeks after see-
ding, PDL cells were trypsinized and cell nu-
mber was counted with hemocytometer.

2) Time course of - cell proliferation

PDL cells were seeded into a 24-well plates
at 9X 107 cells per well and cultured with 1ml]
of DMEM to change every other day for 1



week. Cells were cultured in the presence or
absence of total saponin(lug/ml). After cul-
ture of 1, 3, 5, 7 and 9th days, the cells were
trypsinized and added to 0.2% trypan blue
then the cell number was counted with hemo-
cytometer.

5. Effect of total saponin on ALP activity
of PDL cell

PDL cells were seeded into a 24-well plate
at 9 10? cell per well and cultured until conf-
luence was obtained. Then the cells were cul-
tured with 1ml of DMEM containing with total
saponin(0.1-10pug/ml) to change every other
day for 4 days. After removal of the culture
media from the wells, the cells in each well
were washed twice with DPBS. The cells were
trypsinized, ultrasonicated and centrifuged at
1500xg for 15min. After centrifugation, the su-
pernatant was used to ALP assay. In each well
was added to 50pl of 15mM p-nitrophenylpho-
sphate(p-Npp, Sigma) and allowed to proceed
at 37C for 30min. To terminate the enzyme
reaction, the each well was added to 100ul
IN NaOH, followed by spectrophotometer at
410nm to determine the absorbance of relea-
sed p-nitrophenol. The protein content was
measured by the method of Lowry using bo-
vine serum albumin(BSA, Gibco) as a stan-
dard.

6. Effect of total saponin on ALP activity
of PDL cell by histochemistry

PDL cells were seeded into a 24-well plate
at 9X10* cell per well and cultured with 1
ml of DMEM to change every other day for
1 week. Then the cells were treated with 1
ug/ml of total saponin for 1 week. After cul-
ture, the cells were washed with DPBS and
were fixed with the citrate-acetone-formalde-
hyde and were stained with alkaline phospha-
tase kit(Sigma). Naphthol AS-BI phosphate
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was used as substrate and the fast blue BB
as coupling factor. After the reaction was pro-
ceeded at room temperature for 15min, the
cells were counter stained with neutral red
solution(Sigma). The cells were observed at
X100, X200 by light microscope.

7. Effect of total saponin in vitro bone no-
dule formation of PDL cell

PDL cells were plated into two 35mm cul-
ture dish at 5X10° cell per dish and cultured
for 2 weeks. Each dish was added to 3ml of
DMEM containing 50pg/ml ascorbic acid, and
10mM B-glycerophosphate. The cells of the
control group was added to 10pl DPBS and
the cells of the test group was added to 1ug/ml
total saponin. The dishes were changed media
contained with 1ug/ml of total saponin every
other day and cultured for 3 weeks. To obse-
rve the produced calcified materials, Each dish
was stained by von Kossa’s staining. After the
media was discarded. Each dish was washed
2 times with 2ml of DPBS. And each was ad-
ded to 2ml of 2% paraformaldehyde(PFA, Si-
gma) and incubated for 10min. After the PFA
was removed, each dish was washed with 1ml
of 0.1M cacodylate buffer. Each dish was ad-
ded to 2ml of 0.1M cacodylate buffer and was
incubated for 30min. And each dish was added
to 1m! of 3% silver nitrate solution(Sigma).
All the procedures were performed on the
ice. And each dish was incubated for 30min
under the sun light and washed tapwater for
10min. After the procedure was performed,
each dish was counter stained with toludine
blue and stained calcified materials were ob-
served microscopically.

8. Statistical Analysis
Sample mean and standard error of the
means were determined by Student’s ¢ test.



I, Result

1. Cytotoxic effect of the total saponin
in cultured PDL cell

After 001, 0.1, 1, 10, 100 and 1000pg/ml
of total saponin were added in the DMEM
and the PDL cells were cultured for 7 days.
The cytotoxic effect of total saponin on the
PDL cells were increased significantly by 1
mg/ml concentration(P<0.05) (Table 1).

2. Effect of total saponin on the cell viabi-
lity of PDL cell

After 0.01, 0.1, 1 and 10ug/ml of total sapo-
nin was added in the DMEM and the PDL
cells were cultured 7 days. The cell viability
was increased significantly in all concentra-
tions(Table 2).

Table 1. Effect of total saponin on cytotoxicity
of cultured PDL cell

Survival cell rate(%)

TS(ug/mb) Mean+ SE
Control 94,78+ 2.19
0.01 93.82+ 1.10
0.1 97.32+ 0.60
1 96.22+ 0.96
10 9542+ 0.53
100 93.05+ 1.37

1000 87.49+ 1.37*

TS : Total saponin, *P . <0.05

Table 2. Effect of total saponin on cell viabi-

lity of cultured PDL cell

3. Effect of total saponin on the prolifera-
tion of PDL cell

1) Cell proliferation by various concentra-
tion

Table 3 shows the number of PDL cells
that were cultured for 7 days after 0.1, 1, 10
and 100ug/ml of total saponin was added in
the DMEM. 0.1, 1 and 10ug/ml of total saponin
increased the proliferation of PDL cells signi-
ficantly. However, after the test group was
cultured in DMEM containing 100ug/ml of to-
tal saponin, the proliferation of PDL cells were
lower than the control,

2) Time course of cell proliferation

The effect of total saponin on proliferation
of PDL cells culturing in 1ug/ml of total sapo-
nin for 1 to 9 days was increased significantly,
as the time span increased(Table 4).

4. Effect of total saponin on ALP activity
of PDL cell

In case of 0.1, 1 and 10pug/ml of total saponin
adding to the DMEM, 10ug/ml of total saponin
increased the activity of alkaline phosphatase
activity significantly(P<0.01) (Table 5).

5. Effect of total saponin on ALP activity
of PDL cell by histochemistry

Fig. 1, 2 and 3 showes that ALP positive
cells were seen in cultured PDL cells by histo-
chemistry.

Table 3. Effect of total saponin on the prolife-
ration of PDL cell

Cell viability( %) Cell number(x10*)
TS(ug/ml) Mean+ SE TS(pg/ml) Mean+ SE
Control 92.06+ 0.92 Control 7.50+ 0.50
0.01 97.48+ 0.32** 0.1 10.50+ 0.50*
0.1 98.53+ 0.08** 1 11.50+ 0.50**
1 98.41+ 0.36** 10 11.00+ 0.58*
10 96.25+ 2.30* 100 5.50+ 0.50*

TS : Total saponin, **P : <0.01, *P : <0.05

TS : Total saponin, **P : <0.01, *P : <0.05



Table 4. Effect of total saponin on the prolife-
ration of cultured PDL cell

Cell number(X10%
Day Meanz+ SE
C 3.50+ 0.50
1 TS 4.50+ 0.50
C 5.50+ 0.50
3 15 750+ 0.50°
C 6.50+ 0.50
> TS 10.50+ 0.50**
C 7.50+ 0.50
7 TS 11.50+ 0.50**
C 8.50+ 0.50
o TS 12.50+ 0.50**
C : Control, TS : Total saponin(1lug/ml), *P
: <0.05

Table 5. Effect of total saponin on ALP acti-
vity of PDL cell

Alkaline phosphatase activity
n mol PNP cleaved/h/mg protein)
TS(ug/ml) Mean+ SE
Control 149.18+ 8.92
0.1 155.90+ 5.23
1 15150+ 5.06
10 217.53+ 10.29**

6. Effect of total saponin in vitro bone for-
mation of PDL cell

Fig. 4 and 5 showes that the bone nodule
formation was seen in cultured PDL cells by
von Kossa’s staining.

IV. Discussion

The present study demonstrates that the
total saponin have several biologic properties
on the growth and differentiation of PDL cells.

The cytotoxic effect of total saponin on PDL
cells was shown at 1mg/ml concentration. This
finding is similar to the reports by other inve-
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stigators. The ginseng saponin has no tumori-
cidal effect but it increases the tumoricidal
activity of K 562 tumor cells through the tu-
moricidal activity of the macrophage'” and
inhibit the development of sarcoma 180 and
ginseng fraction stimulates the release of TNF
from macrophage'’. As the other study, com-
bined administration of ginseng extract and
vit. C demonstrates a synergistic inhibition
of cancer cell growth in mouse™.

In the effect of total saponin on cell viability
of PDL cells, after 0.01, 0.1, 1 and 10ug/ml
of total saponin was added in the medium
and the cells were cultured for 7 days, cell
viability was increased significantly in all con-
centration. 0.1 and 1ug/ml of total saponin was
the similar result of cell viability. Therefore,
these concentrations may have protective ef-
fect on the PDL cells. Hahn and Kim" studied
preliminary investigation of membrane modif-
ying effects of ginseng components. They sug-
gested the preventive effect of ginseng com-
ponent on the degranulation of mast cells in
the guinea pig mesentery by compound 48.80
and venom toxin.

In the effect of total saponin on cell prolife-
ration of PDL cells, 0.1 1, 10 and 100ug/ml
of total saponin were added in the medium
and the cells were cultured 7 days, the cell
proliferation was increased in 0.1, 1 and 10
ug/ml of total saponin. As the similar studies
about the proliferation of PDL cells, Limeback
® and Ten Cate' described that PDL cell
is capable of collagen synthesis. Terranova*®
reported that fibronectin, the extracellular
matrix protein, have been shown to selectively
enhance PDL cell adhesion, migration and
proliferation. Somerman et al.”” studied PDL
cells and gingival fibroblasts responded diffe-
rently to attachment factors in vitro. They su-
ggested that fibronectin enhanced the attach-
ment and the spread of PDL cells and gingival



fibroblasts. In this study, total saponin may
have the proliferative effect on PDL cells. Ho-
wever, the cell proliferation from cultures in-
cubated with 10ug total saponin/ml medium
were retarded compared to the control. This
result indicates that the low concentration of
total saponin on cell proliferation is more effe-
ctive than the high concentration of total sapo-
nin. Thus, the high concentration(100 and
1000ug/ml) of total saponin is rather cytotoxic
effect than proliferation.

The proliferation of PDL cells was noted
at regular interval and cultures were counted
at 1, 3, 5, 7 and 9 days after the addition of
1pg/ml of total spaonin. As the time sapn inc-
reased, the cell proliferation was increased
significantly.

PDL cells in culture are assayed for ALP
activity, as a marker enzyme for bone cells®.
PDL cells resembles that present in osteobla-
sts, human PDL cells may function as osteob-
lastic fibroblasts™. In our study on the effect
of total saponin on ALP activity of PDL cells,
10ug/ml of total saponin in creased the ALP
activity significantly. AS the similar studies,
many authors described that PDL cells have
high ALP acitivity significantly” and phenoty-
pes typical of osteoblasts include intense ALP
activity™. Melcher” suggested that the cells
of the periodontal ligament are responsible
not only for osteogenesis and osteoclasis, but
also for fibrogenesis and fibroclasis in the liga-
ment itself, and cementogensis. Aukhil et al.*
suggested that the progenitor cells from the
PDL would differentiate into cementoblasts
when they come in contact with root dentin.
In this experiment, after PDL cells were incu-
bated in media containing 0.1, 1 and 10ug/ml
of total saponin for 4 days. ALP activity was
increased by the addition fo 10ug/ml of total
saponin. Thus, it could be concluded that total
saponin may stimulate the differentiation of
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PDL cells.

This study of human PDL cells demonstra-
tes that the total saponin has the cytotoxic
effect on the PDL cells and influence on the
growth and differentiation of the PDL cells.
Our results suggest that the effect of total
saponin and these reactions on growth and
differentiation of PDL cells are very interes-
ting and the total saponin may act as a growth
factor on the PDL cells. Futher investigation
must be performed to elucidate the action of
total saponin on the PDL cells.

V. Conclusion

This study was performed to define the cy-
totoxic effect of total saponin, major compart-
ment of Korean red ginseng, on cultured PDL
cells and knowing the effect of the total sapo-
nin on growth and differentiation of the PDL
cells in vitro. The results are as follows
1. After the various concentrations of total

saponin were added in the medium, the
cytotoxic effect of total saponin on the PDL
cells were shown at 1mg/ml of total sapo-
nin.

2. Seven days culture after addition of 0.01,
0.1, 1 and 10pg/ml total saponin, the cell
viabilities were increased significantly in
all concentration.

3. Seven days culture after addition of 0.1,
1, 10 and 100ug/ml! of total saponin, the
cell proliferation was increased significan-
tly in 0.1, 1, and 10pug/ml of total saponin.

4. 1ug/ml of total saponin increased the pro-
liferation of PDL cells, as the time span
increased.

5. 10pug/ml of total saponin increased the ALP

activity significantly.

ALP positive cells were seen in cultured

PDL cells by histochemistry.

7. The bone nodule formation was seen in

6.



cultured PDL cells by von Kossa’s staining,

On the basis of above results, it is concluded
that total saponin may be possible to affect
the proliferation and differentiation of PDL
cells in culture.
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LIST OF FIGURES

Figure 1. ALP positive PDL cells after histochemical staining for alkaline phosphatase(X 40).
Figure 2. ALP positive PDL cells after histochemical staining for alkaline phosphatase( X 100).
Figure 3. ALP positive PDL cells after histochemical staining for alkaline phosphatase( X 200).

Figure 4. The bone nodule formation of PDL cells are shown.(X100).

Figure 5. The bone nodule formation of PDL cells are shown.(X200).
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