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Abstract

Purpose: To investigate the pharmacological effects of the active saponins isolated from Panax
ginseng Meyer (P. ginseng) via extraction, heat treatment, and enzyme conversion.

Methods: The effects of active saponins on rat blood were determined using a multichannel analyzer.
The population doubling time (PDT) of mesenchymal stem cells (MSCs) and human-derived leukocyte
cancer cells (A549) was determined by cell counting. b-galactosidase was measured in human tooth-
derived stem cells (HTS) using a B-galactosidase ELISA kit.

Results: Intraperitoneal administration of active saponins resulted in 30.09 % increase in red blood cell
count and 55.55 % decrease in blood triglyceride concentrations. The stimulatory effect of active
saponins (10 ng/mL) on cellular differentiation was determined based on PDT of MSCs, which
decreased by 33.82 % compared to control. A 22.29 % increase in PDT of A549 cells demonstrated the
suppressive effects of active saponins on cancer cell growth. Active saponins (10 ng/mL) also
decreased intracellular B-galactosidase concentration by 20.42 % in HTS cells.

Conclusion: Administration of active saponins to rats extends the lifespan, promotes differentiation in
MSCs, suppresses A549 cell differentiation, and reduces TG and b-galactosidase associated with aging
in HTS. Thus, active saponins have potentially beneficial effects in humans.
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INTRODUCTION

Korean ginseng P. ginseng has long been
regarded as the best traditional herbal medicine
in East Asia [1]. Different types of ginseng such
as wild ginseng, wood-cultivated ginseng,
cultivated roots ginseng, water culture ginseng,
P. quinquefolius L., P. notoginseng, and red
ginseng have varying compositions and contents

of saponin and non-saponin substances [2,3].
Saponin and non-saponin substances (panacen,
polysaccharides, amino acid derivatives,
polyacetylene derivatives, and phenol
compounds) present in P. ginseng exert a wide
range of pharmacological activities such as
elimination of harmful free radicals and
anticancer, antihypertensive, hypolipidemic, and
hepatoprotective effects [4].
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Saponins, the main pharmacological components
of ginseng, can be classified as protopanaxadiol
(PPD)-based saponins and protopanaxatriol
(PPT)-based saponins. PPD-based saponins
have a chemical structure in which various
substituents are bonded to the basic structure of
PPD. Ginsenosides Rbl, Rb2, Rc, Rd, F2, Rg3,
and compound K are representative PPD-based
saponins. Similarly, PPT-based saponins have
PPT as a basic structure and its major
representative ginsenosides are Re, Rf, Rgl,
and Rhl [5]. The major pharmacological
properties of ginsenosides are modulation of
various ion channels and cellular signal
transduction pathways, amelioration of vascular
dysfunction, normalization of lipid profiles,
prevention of myocardial ischemia through
improved blood circulation, cardiac function, and
blood pressure, and anti-oxidant effects [6].
Previous studies have shown that compound K
exerts  anti-inflammatory,  hepatoprotective,
neuroprotective, anticancer, anti-oxidant, and
anti-diabetic effects. [7-11].

The objective of the present study was to
investigate the effects of active saponins from
wood-cultivated ginseng on rat blood. In addition,
this study investigated the effects of saponins on
differentiation and lifespan of MSCs and A549.
Finally, this study investigated B-galactosidase
levelsin HTS.

EXPERIMENTAL
Reagents and animals

Ginsenoside standards (Rbl, Rb2, Rc, Rd, F2,
and compound K) were purchased from Ambo
Institute  (Daejeon, Korea). Ginsenoside
standards (Rgl and Rg3) were provided by the
Ministry of Food and Drug Safety (MFDS). HPLC
solvents were purchased from J. T. Baker
Chemical Co. (Phillipsburg, NJ, USA). Pectinase
TF (Rapidase TF®) was purchased from DSM
Food Specialties (Delft, The Netherlands). All
other chemicals and solvents were obtained from
Sigma (St. Louis, MO, USA) and media were
obtained from Gibco (Invitrogen, Burlington, ON,
Canada), unless otherwise specified. Male
Sprague Dawley (SD) rats were purchased from
Hyochang science (Daegu, Korea).

The rats were housed and allowed to acclimate
for one week to the following conditions: 23 + 1
°C (controlled temperature) , 60 £ 5 % (relative
humidity) and a 12 h light/12 h dark cycle. The
study was performed in accordance with World
Health Organization guidelines and was
approved by the Institutional Review Board of
Kyungsung University for evaluation of safety

and efficacy of herbal medicines (confirmation
no. Research-2014-14A).

Preparation and analysis of active saponins

P. ginseng was purchased from the Simmani
Wild Ginseng Farming Association (Hamyang,
Kyungnam, Korea) in 2014. A voucher specimen
of P. ginseng was deposited at the herbarium
located at the College of Pharmacy, Kyung Sung
University (no. 14-01-WG).

P. ginseng was heat treated three times at 121°C
using an autoclave offset to a pressure of 1.1
kg/cm2 for 10 min. Heat-treated ginseng was
cooled to 90 °C between each autoclave cycle.
Prepared active ginseng (1.5 kg) was ground for
fine powder and active saponins were extracted
with 80 % ethanol (7,500 mL). The extracted
saponins were filtered using a 500 pum particle
filter to remove particulate matter. The filtered
ethanolic solution was evaporated using a rotary
evaporator. The dried active saponins were
dissolved in sterilized distilled water (0.23 %
w/v). Rapidase TF (600 mL) and 50 mM sodium
acetate buffer (3,150 mL, pH 4.5) were added at
a flow rate of 5 mL/min to 25 L of 0.23 % active
saponins using a peristaltic pump.

The solution was then incubated with constant
agitation (150 rpm) at 50 °C for 10 h [12]. The
prepared samples were collected by
centrifugation, resuspended in ethanol, and
filtered to obtain a concentrate. Identification of
active saponins from wood-cultivated ginseng
was performed using an Agilent 1200 series
HPLC system (Agilent Technology, Santa Clara,
CA, USA) equipped with a Zorbax SB-C18
column (150.0 x 4.6 mm, 5 ym) and a Corona
CAD (Thermo Scientific) detector set to 230 nm
with a flow rate of 1 mL/min [5].

Animal studies

Rats were divided into a control group, and an
experimental group (treated with active saponins)
(n = 5). Rats in the control group received 1 mL
saline solution intraperitoneally at 10:00 anti
meridiem (a.m.) daily for 37 days. Rats in the
experimental received 1 mL of intraperitoneal
active saponins solution (1.25 mg/kg body
weight) containing 0.01% polysorbate 80 at
10:00 a.m. daily for 37 days. At day 38, blood
samples were collected and hemoglobin (Hb),
hematocrit (HCT), red blood cells (RBCs),
platelets, high-density lipoprotein (HDL), total
cholesterol (T-CHO), and low density lipoprotein
(LDL) were measured to evaluate anti-aging
effects. Blood analysis data were obtained from
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Green Cross Labs Co. Ltd., a specialized blood
analysis agency.

Isolation and culture of mesenchymal stem
cells (MSCs)

MSCs were isolated from two different human
adult tissue sources: umbilical cord and dental
tissue, according to previously described
protocols [13,14]. Informed consent was obtained
from the patients. Tissue samples were
harvested and aseptically transported from the
Gyeongsang National University Hospital in
accordance with the Gyeongsang National
University Ethical review committee guidelines
for clinical research (GNUH IRB-2012-091-004).
Briefly, umbilical cords (UC) were chopped into
small explant pieces, and placed onto pre-coated
35 mm culture plates, then incubated in an
inverted position inside a humidified incubator
maintained at 5% CO, and 37 °C. After 2 h, 1 mL
of advanced Dulbecco’'s Modified Eagle’s
Medium (ADMEM) supplemented with 10 %
Fetal Bovine Serum (FBS) was carefully poured
to prevent detaching the tissue explants. Cellular
outgrowth from the explants was observed over
8-10 days. Explants were then carefully removed
using sterile forceps.

Cells at 70 - 80% confluence were trypsinized
with 0.25% (w/v) trypsin-EDTA and further
subcultured. Human dental tissues were minced
thoroughly and enzymatically dissociated using
0.1 % collagenase-1 solution. The digested
tissue was serially filtered through 100-um and
40-um cell strainers (Corning, USA) and the
aspirate was centrifuged at 300 g for 5 min. After
washing the pellet twice with Dulbecco’s
phosphate buffered saline (DPBS), cells were
suspended in 10% ADMEM and seeded onto 35-
mm culture dishes. The media were changed
twice per week. A549 cells (a human
immortalized lung cancer cell line) was
purchased and maintained in 10% ADMEM. The
media were changed twice per week. Growth
behavior of cells was monitored using an
inverted phase contrast microscope (Nikon
DIAPHOT 300, Japan).

Assessment time
(PDT)

of population doubling

Cells at the third passage were trypsinized and
centrifuged. Cell pellets were resuspended in 5
mL of culture medium. Cell counting was
performed wusing a hemocytometer. Cell
suspensions were diluted to and plated on 6-well
plates (surface area 9 sz) at a cell density of 1
x 10° cells/well. Cells in culture plates were
mixed well to ensure a uniform distribution, then

transferred to a humidified incubator. Cell
counting was performed after 72 h for all
experimental groups. The PDT of cells treated
with active saponins (1, 5, 10, 20, and 50 ng/mL)
was calculated using Eq 1.

PDT = T(log2)/(logNh — logNt) ............. Q)

where T is the culture time whereas Nh and Nt
represent the initial and final cell number before
and after seeding, respectively. All experiments
were performed in triplicate.

Determination of mammalian B-galactosidase
activity

HTS from three volunteers (Denl, Den2, and
Deng3 cells) were evaluated for the occurrence of
senescence using B-galactosidase kit
(Thermoscientific, Rockford, USA). All the B-
galactosidase assay reagents were slowly
thawed and equilibrated at room temperature
(without heating). Following the third passage,
when MSCs were at 70 — 80 % confluence, the
cells were trypsinized and thoroughly washed
with DPBS. After centrifuging the cells at 2500 x
g for 10 min, the supernatant was discarded, and
the cells were washed one more time. After
discarding the supernatant, M-PER® reagent
(Mammalian protein extraction reagent) was
added to the cell pellet to extract total cellular
protein.

The cells were agitated gently for 10 min at room
temperature. The cell suspension reagent
mixture was centrifuged at 27000 x g for 15 min
and cell debris was removed from the lysate,
resulting in a clear cell supernatant extract. Fifty
microliters of clarified cell extract and 20 pL of
active saponins (10 ng/mL) were transferred to a
microwell plate, followed by addition of 50 uL of
B-galactosidase assay reagent. The plate was
covered and incubated for 30 min at 37 °C. The
reaction was stopped by adding 100 - 150 uL of
B-galactosidase stop solution. Absorbance was
measured at 405 nm using an ELISA reader
(Bio-Tek, USA). All experiments were performed
using 10 ng/mL treatments with active saponins
in triplicate to calculate the standard deviations.

Statistical analysis

Data are expressed as mean + SD values.
Statistical analyses were performed using the
SigmaPlot 10.0 program (Systat Software Inc.,
Chicago, USA). Values were compared to control
using analysis of variance (ANOVA) followed by
Bonferroni post hoc tests. P < 0.05 was
considered statistically significant.
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RESULTS
Active saponins

About 30 g of concentrate was prepared from 1.5
kg of wood-cultivated ginseng. HPLC analysis of
the active saponins showed that the content of
compound K was 52.03 + 2.58 %, Rd was 34.40
+ 1.87 %, F2 was 2.69 = 1.39 %, and Rg3 was
2.01 + 0.58 %, with respect to the total saponin
content.

Biochemical parameters

Table 1 shows results of analysis of rat blood
samples.  Triglyceride (TG) levels were
significantly reduced (by 55.55 %) in the
experimental group (250.33 + 10.07 mg/dL)
compared to those in the control group (450.66 +
9.50 mg/dL). Total HCT increased from 45.04 +
2.76 % to 57.86 = 3.98 %. A 30.09 % increase in
RBC was observed, from 7.01 + 3.12 x 10° /uL in
the control group to 9.12 + 2.67 x 10° /uL in the
experimental group (Table 1).

Table 1. Serum biochemical parameters of rats
administered active saponins intraperitoneally for 37
days

Parameters  Contrel - Experimenta)
RBC (10%uL) 7.0143.12 9.12+2.67
WBC (10%uL) 7.54+2.17 6.65+1.19
HCT(%) 45.04+2.76 57.86+3.98"
Hb (g/dL) 15.76+1.54 16.90+1.11
Zgi’f}'ﬁ_g 1,027+154.63 1,160+129.40
TG (mg/dL) 450.66+9.50 250.33+10.07"

All values are represented as mean * SD (n = 5);
significantly different from the control group (p < 0.05)

MSCs and A549 differentiation potential

In the MSC control group, the doubling time was
46.01 + 2.14 h. Active saponin treatment (10
ng/mL) reduced doubling time of MSCs to 30.45
+ 0.52 h (Figure 1). Doubling times for MSCs
treated with 1, 5, 20, and 50 ng/mL of active
saponins were 44.85 + 1.24, 36.23 = 0.88, 38.97
+ 0.97, and 42.97 + 0.98 h, respectively (Figure
1). For A549 cells, the average doubling time of
the control group was 20.12 + 0.25 h. Treatment
with 10 ng/mL of active saponins increased
doubling time to 25.56 = 1.52 h (Figure 1).
Although the average doubling time of A549 cells
increased  following  treatment  with  all
concentrations of active saponins, the highest

doubling time was observed in response to
treatment with 10 ng/mL of active saponins.
Treatment with 1, 5, 20, and 50 ng/mL of active
saponins resulted in doubling times of 21.44
1.44, 22.43 + 1.88, 22.57 + 0.87, and 23.97
1.24 h, respectively (Figure 1).

+
+
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Figure 1: Doubling time of mesenchymal stem cells
(MSCs) and human-derived leukocyte cancer cells
(A549) following treatment with active saponins. The
population doubling time was calculated based on cell
counts. Results are expressed as means * SD (n = 5).
*p < 0.05 when compared to control

Activity of B-galactosidase in human tooth-
derived stem cells

B-galactosidase levels in HTS were measured by
ELISA [15]. B-galactosidase activity in active
saponin treated-HTS cells was significantly (p <
0.05) lower than that in the control cells (only
HTS cells) (Figure 2). In the first subject, Denl,
B-galactosidase content was reduced by 27.03 £
0.57 % compared with that of the control group.
In the second subject, Den2, B-galactosidase
content was reduced by 22.09 * 0.74%
compared with that of the control group. In the
third subject, Den3, B-galactosidase content was
reduced by 12.14 + 0.17% compared with that of
the control group. An average reduction of 20.42
+ 0.49% was observed, which was associated
with the lifespan extension of the cells. B-
galactosidase activity was observed in HTS cells
treated with or without 10 ng/mL active saponins
as shown in Figure 3.

i
N
1
L]
H
H
—_

Figure 2: Inhibition of B-galactosidase in human tooth-
derived stem cells treated with active saponins (10
ng/mL); *p < 0.05 compared to control
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Figure 3. B-galactosidase staining of human tooth-
derived stem cells treated with active saponins (10
ng/mL). (A) Control, (B) Denl, (C) Den2, and (D) Den3
groups. Positive senescence-associated -
galactosidase staining is represented by blue granules
(arrow), which were seen in a greater number of
control cells than in Denl, Den2, and Den3

DISCUSSION

This study describes extraction, preparation, and
use of active ginseng saponins obtained from
wood-cultivated ginseng roots. At least 90 % of
saponin contents comprised compounds K, Rd,
F2, and Rg3. The findings from these studies
show effects of active saponins on cellular
lifespan  (including  B-galactosidase) cell
differentiation, RBC count, and TG levels.

Ginseng products are typically composed of high
water-solubility saponins. However, inactive
ginseng saponins with high water solubility are
not easily absorbed in the intestines, resulting in
limited pharmacological effects. However, when
saponins are activated (active saponins), they
are less water-soluble, but are more easily
absorbed, in the intestines resulting in improved
pharmacological effects [16]. Many glycoside
compounds show increased physiological activity
when the sugar are degraded to aglycone [17].
The saponins Rg3, Rhl, Rh2, F2, CY, and CK,
produced by hydrolysis of sugars, are more
readily absorbed and exert greater physiological
activity than the saponins Rb1, Rb2, Rd, and Re,
which are bound to three or more sugars [18].
Manufacturing active saponins (compound K)
can be very difficult. In this study, extracts with
high active saponin content (compound K:
52.03%, Rd: 34.40%, F2: 2.69%, and Rg3:
2.01%) were prepared by heat decomposition
(121 °C) and enzymatic reaction (Rapidase).
Several studies have reported that compound K

is to be converted a content of >80% from
ginseng extract, crude saponins, or pure
saponins such as substrate using organic
solvents (butanol, methanol, chloroform, ethyl
acetate, and dichloromethane) [19,20]. The
content of compound K including other active
saponins is higher than this result. However, the
compound K of this result do not use many
organic solvents (only ethanol). It is many
advantages for pharmaceutical uses.

This study attempted to identify internal factors
(biochemical parameters) among various causes
of aging using blood analysis. As individual's
age, deterioration of liver function, deterioration
of kidney function, memory loss, and excessive
increases in total fat and triglyceride levels
contribute to onset and progression of many
diseases. Aging can also be defined as a
process in which susceptibility to disease and
death increases, and the body becomes
debilitated [21]. Study of aging in rodent models
is a time-consuming process due to difficulty in
breeding and designing appropriate experiments
to study biochemical deterioration [22].

Therefore, studies are typically performed
through blood analysis. Active saponins
containing prepared compound K were
administered to aging SD rats, and blood

analysis was performed. Blood analysis in the
experimental group showed a 55.55 % decrease
in TG levels and a 30.09 % increase in RBC
count compared to control group, similar to the
results of Son et al [23] (Table 1). The studies
also confirmed an increased effect of active
saponins using the blood analysis [24].

MSCs, which are multi-potent progenitors with
multi-lineage differentiation ability, are widely
used as stem cells for tissue engineering. [25].
Reducing stem cell differentiation time would
lead to a rapid increase in cell number. Figure 1
shows the results of doubling time of MSCs.
These results indicated that MSCs treated with
10 ng/mL of active saponins showed the lowest
PDT. Wang et al [26] reported that MSCs could
improve tumor drug resistance when compound
K was administered to tumor-bearing mice. This
effect may have been mediated by MSCs.

Figure 1 also shows PDT results for A549 cells.
A549 cells treated with 10 ng/mL of active
saponins showed the highest PDT, highlighting
the cancer growth retardation potential of the
active saponins. This result confirmed those of
Shin et al [27], in which compound K showed
cytotoxic and apoptotic activities in A549 cells.
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Suppression of p-galactosidase activity in
cultured cells suggests an extension of cellular
lifespan [28]. Many researchers have studied
substances that extend cellular lifespan and have
made efforts to identify safe substances that
inhibit B-galactosidase [29-31]. These results
showed suppression of B-galactosidase activity
in response to treatment with active saponins.
Treatment with 10 ng/mL of active saponins led
to an average reduction (Denl, Den2, and Den3)
of B-galactosidase (20.42 = 0.49 %) in HTS cells
isolated from the three volunteers (Figure 2). As
shown in Figure 3, a large decrease in f-
galactosidase activity was also seen following
active saponin treatment compared with that in
controls. Although B-galactosidase staining is not
a representative method for senescence-
associated changes in some human cells, it may
serve as a biomarker of aging [32].

CONCLUSION

These results have industrial applicability as they
demonstrate a pharmaceutical composition
which contains ginseng-derived active saponins

useful for increasing RBC count, reducing
triglyceride and B-galactosidase levels,
promoting MSC cell differentiation, and

suppressing A549 cell differentiation prepared by
removing sugars using heat and enzyme
treatments.
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