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Background: The incidence of halitosis has a prevalence of 22e50% throughout the world and is generally
caused by anaerobic oral microorganisms, such as Fusobacterium nucleatum, Clostridium perfringens, and
Porphyromonas gingivalis. Previous investigations on the structure-activity relationships of ginsenosides
have led to contrasting results. Particularly, the antibacterial activity of less polar ginsenosides against
halitosis-related bacteria has not been reported.
Methods: Crude saponins extracted from the Panax quinquefolius leaf-stem (AGS) were treated at 130�C
for 3 h to obtain heat-transformed saponins (HTS). Five ginsenoside-enriched fractions (HTS-1, HTS-2,
HTS-3, HTS-4, and HTS-5) and less polar ginsenosides were separated by HP-20 resin absorption and
HPLC, and the antimicrobial activity and mechanism were investigated.
Results: HPLC with diode-array detection analysis revealed that heat treatment induced an extensive
conversion of polar ginsenosides (-Rg1/Re, -Rc, -Rb2, and -Rd) to less polar compounds (-Rg2, -Rg3, -Rg6,
-F4, -Rg5, and -Rk1). The antimicrobial assays showed that HTS, HTS-3, and HTS-4 were effective at
inhibiting the growth of F. nucleatum, C. perfringens, and P. gingivalis. Ginsenosides-Rg5 showed the best
antimicrobial activity against the three bacteria, with the lowest values of minimum inhibitory con-
centration and minimum bactericidal concentration. One major reason for this result is that less polar
ginsenosides can more easily damage membrane integrity.
Conclusion: The results indicated that the less polar ginsenoside-enriched fraction from heat trans-
formation can be used as an antibacterial agent to control halitosis.
� 2017 The Korean Society of Ginseng, Published by Elsevier Korea LLC. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Panax quinquefolius (American ginseng), Panax ginseng (Chinese
ginseng), and Panax notoginseng (notoginseng) are ginseng botan-
icals that have been used for thousands of years as important health
food resources throughout the world. The saponins in ginseng, also
called ginsenosides, are considered to be its main biological con-
stituents. Thus far, at least 289 saponins have been reported from
different Panax species [1]. The variety of ginsenosides is coincident
in different parts of ginseng botanicals, but the contents show di-
versity [2]. Accordingly, ginsenosides from the stem and leaf of
ginseng have similar pharmacological activity as those from the
roots [3]. However, as the ginseng leaf and stem can be harvested
hinese Academy of Agricultural Sc
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every year as compared to every 4 yr for the roots, it is more
economical to produce ginsenosides from the leaf and stem.

Most harvested ginseng roots are air-dried to obtain white
ginseng, while others are steamed at 100�C for a few hours before
drying, resulting inwhat is known as red ginseng. Red ginseng has a
unique, less polar ginsenoside profile that is different from that of
white ginseng, including ginsenoside-F4, -Rg3, -Rg5, -Rg6, -Rk1,
-Rk2, -Rk3, and -Rs5, as well as a different biological activity [4,5].
Methods of bioconversion by enzymes and endophytes have been
developed to transform saponins to less polar ginsenosides [6,7]. It
was confirmed that it is possible to transform polar ginsenosides to
less polar ginsenosides by a microwave and vinegar process [8].
However, transformation by heating in a reaction kettle is more
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conducive for application in a factory as compared to the other
methods.

In our previous research, it was shown that steaming American
ginseng roots at a high temperature could favorably change the
ginsenoside structures, resulting in superior antibacterial activity
against Propionibacteria and Staphylococci species [9]. However, to
the best of our knowledge, the antibacterial activity of less polar
ginsenosides against halitosis-related bacteria, such as Fusobacte-
rium nucleatum, Clostridium perfringens, and Porphyromonas gingi-
valis, has not been reported.

The incidence of halitosis is 22e50% throughout the world [10].
Halitosis represents a global healthcare problem that greatly affects
daily activity, hinders interpersonal communication, and can even
cause psychological barriers in people of all ages [11]. Its cause is
the oral production of volatile sulfide compounds, including
hydrogen sulfide (H2S), methyl mercaptan (CH3SH), and dime-
thylsulfide (CH3SCH3), through proteolytic degradation by pre-
dominantly anaerobic Gram-negative oral microorganisms [12].
These bacterial species, such as P. gingivalis, Porphyromonas endo-
dontalis, Prevotella intermedia, and F. nucleatum, are the most likely
to cause oral malodor [13]. Chlorhexidine, essential oils, metal ions,
oxidizing agents, triclosan, and cetylpyridinium chloride are often
used as active ingredients in clinical treatments [13,14]. However,
there are some limitations regarding the use of these drugs, such as
widespread periodontal anaerobe resistance and the risk of urti-
caria [15,16]. Therefore, in the present study, the profile of heat-
transformed leaf-stem ginsenosides was characterized, and their
potential as antibacterials for curing halitosis was investigated.

2. Materials and methods

2.1. Chemicals

American ginseng leaf-stem saponins (AGS) were purchased
from Jilin Hongju Biotechnology Co., Ltd. (Jilin, China). Ginsenoside
standards (-Rg1, -Re, -Rb1, -Rc, -Rb2, -Rd, -20(R)-Rg2, -20(S)-Rg2,
-20(R)-Rg3, and -20(S)-Rg3) with > 98% purity were purchased
from the National Institute for the Control of Pharmaceutical and
Biological Products (Beijing, China). Ginsenoside-Rg6, -F4, -Rh4,
-Rh2, -Rg5, and -Rk1 (> 98% purity) were isolated and identified in
our laboratory by a previously reported method with some modi-
fications [17]. Erythromycin, tetracycline, chlorhexidine, rhoda-
mine 123, Coomassie Blue G250, and dimethyl sulfoxide (DMSO)
were all purchased from Sigma-Aldrich (Shanghai, China). Agar,
Gifu Anaerobic Broth (GAM broth), and CDC anaerobic blood agar
Table 1
Analytical characteristics of ginsenosides (mg/mg)

Peak Ginsenoside Retention time Calibration curve R2

1 Re(Rg1) 9.387 y ¼ 481,999, x þ 93,235 0.9985
2 Rg2(S) 28.011 y ¼ 465,264, x þ 200,215 0.9956
3 Rb2 28.842 y ¼ 108,262, x þ 11,323 0.9933
4 Rd 32.543 y ¼ 271,969, x þ 427,367 0.9837
5 Rg6 38.751 y ¼ 719,696, x þ 188,528 0.9982
6 F4 39.378 y ¼ 1Eþ06, x � 660,748 0.9863
7 Rh4 41.168 y ¼ 774,675, x þ 146,497 0.9995
8 Rg3(S) 41.631 y ¼ 177,999, x þ 62,300 0.9926
9 Rg3(R) 42.105 y ¼ 218,319, x � 56,590 0.9893
10 Rk1 48.011 y ¼ 198,283, x � 56,590 0.9904
11 Rg5 48.653 y ¼ 506,274, x þ 31,631 0.9991
12 Rh2 51.384 y ¼ 485,961, x þ 194,713 0.9942

Total content of
less polar ginsenosides

Data are expressed as mean � standard deviation of triplicate samples
AGS, Panax quinquefolius leaf-stem; HTS, heat-transformed saponins; n.d., not detected
1) HTS-1, HTS-2, HTS-3, HTS-4, and HTS-5 were from the 0, 30%, 60%, 80%, and 95% me
base medium were purchased from Beijing Suolaibao Biotech Co.,
Ltd. (Beijing, China). The other chemicals are analytical or chro-
matographic grade.
2.2. Material and sample preparation

The AGS (500 g) was dissolved in distilled water (2,500 mL) and
then subjected to an autoclave (MLS-3750; SANYO, Osaka, Japan) at
130�C for 3 h. The heat-transformed saponins (HTS, 400 g) were
loaded onto a HP-20 column and sequentially eluted with an
ethanol gradient from 0% to 30%, 60%, 80%, and 95%. The fractions
were collected, evaporated using a rotary evaporator (Buchi, Flawil,
St. Gallen, Switzerland) at 45�C to remove the ethanol, and were
lyophilized to obtain a dry powder. The fractions were named HTS-
1, HTS-2, HTS-3, HTS-4, and HTS-5.
2.3. HPLC analyses

Chromatographic analysis was performed using a SHIMADZU
Prominence LC-20A HPLC instrument (Shimadzu Corporation,
Kyoto, Japan) equipped with a YMC-Pack ODS-AM column
(4.6 mm � 250 mm; YMC Co., Ltd., Kyoto, Japan). The detection
wavelength was set at 202 nm and the column oven at 25�C. The
mobile phase consisted of water (A) and acetonitrile (B). A
gradient elution was used as follows: 25% B at 0e5 min, 30e32% B
at 5e14 min, 32e38% B at 14e28 min, 38e46% B at 28e30 min,
46e74% B at 30e50 min, 74e80% B at 50e51 min, 80e90% B at
51e60 min, 90e100% B at 60e65 min, and 100e25% B at 65e
70 min. The flow rate was kept at 1 mL/min, and the injected
volume was 10 mL.
2.4. HPLC-ESI-MS conditions

The column effluent of the HPLC was introduced into an
Agilent-LC-1100 (Agilent, Santa Clara, CA, USA) mass spectrom-
eter equipped with an ESI source 6,460 (Agilent). The parameters
of the ESI were set according to a previous report with slight
modifications [18]. Briefly, the collision-gas (N2) rate was main-
tained at 10 mL/min and the column oven at 25�C. ESI-MS data
were acquired in negative mode to generate [M-H]� ginsenoside
ions by fully scanning m/z over 50e2,000. The spray voltage was
4.5 kV, the capillary voltage was 10 V, and the capillary temper-
ature was 250�C.
AGS HTS1) HTS-1 HTS-2 HTS-3 HTS-4 HTS-5

0.41 � 0.01 n.d n.d n.d 0.04 � 0.01 n.d n.d
0.07 � 0.01 0.05 � 0.01 n.d n.d 0.07 � 0.01 n.d n.d
0.16 � 0.01 0.02 � 0.01 n.d n.d 0.11 � 0.01 n.d n.d
0.16 � 0.01 0.01 � 0.00 n.d n.d 0.03 � 0.01 n.d n.d
0.07 � 0.01 0.10 � 0.03 n.d n.d 0.07 � 0.01 0.06 � 0.01 n.d
0.01 � 0.01 0.02 � 0.01 n.d n.d 0.04 � 0.01 0.04 � 0.01 n.d
n.d 0.08 � 0.01 n.d n.d 0.02 � 0.01 0.07 � 0.01 n.d
0.01 � 0.01 0.07 � 0.00 n.d n.d 0.02 � 0.01 0.11 � 0.01 n.d
0.01 � 0.01 0.04 � 0.01 n.d n.d 0.01 � 0.01 0.07 � 0.01 n.d
0.01 � 0.01 0.20 � 0.02 n.d n.d 0.02 � 0.01 0.27 � 0.01 n.d
0.01 � 0.01 0.25 � 0.01 n.d n.d 0.02 � 0.01 0.27 � 0.01 n.d
0.01 � 0.01 0.01 � 0.001 n.d n.d 0.02 � 0.01 0.02 � 0.01 n.d
0.91 � 0.03 0.83 � 0.02 n.d n.d 0.45 � 0.04 0.91 � 0.03 n.d
0.10 � 0.01 0.76 � 0.04 n.d n.d 0.20 � 0.03 0.91 � 0.03 n.d

thanol-eluted fractions from an HP-20 column, respectively
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2.5. Preparation of ginsenoside standard curves

Stock solutions were prepared by dissolving ginsenoside-Rg1
(1.53 mg), -Re (1.52 mg), -Rb2 (0.52 mg), -20(S)-Rg2 (1.55 mg),
-Rd (0.83 mg), -20(S)-Rg3 (0.43 mg), -20(R)-Rg3 (0.62 mg), -Rg6
(2.32 mg), -F4 (1.08 mg), -Rh4 (2.51 mg), -Rk1 (0.98 mg), -Rg5
(1.01 mg), and -Rh2 (1.52 mg) in 70% (v/v) ethanol (1 mL). The
injected volumes were 1 mL, 2 mL, 4 mL, 8 mL, 10 mL, and 12 mL. The
working standard solutions were analyzed by the established
method in triplicate. Calibration curves were plotted as the peak
area (y) versus the amount of each ginsenoside standard (x). The
content of ginsenoside in each sample was evaluated by the stan-
dard curve of each analyte. The recovery test was performed by a
previously reported method [19]. Three different amounts of ten
ginsenosides were added to known concentrations of the rean-
alyzed HTS-3 sample solutions. The spiked samples were analyzed
in triplicate by the HPLC method described.
Fig. 1. Chromatograms. (A) Chromatogram of America ginseng saponins, (B) steamed ginsen
Rd; 5, Rg6; 6, F4; 7, Rh4; 8, Rg3(S); 9, Rg3(R); 10, Rk1; 11, Rg5; 12, Rh2.
2.6. Antimicrobial assay

The antimicrobial activity was analyzed by the method of Wang
et al [20]. All standard strains were purchased from Guangdong
Microbiology Culture Center (Guangzhou, China). F. nucleatum
(ATCC 10953), C. perfringens (ATCC 13124), and P. gingivalis (ATCC
33277)were cultured in CDC anaerobic blood agar basemedium for
48 h at 37�C in a YQX-II anaerobic incubator (Shanghai, China) for
further use. The anaerobic incubation atmosphere contained 5% (v/
v) CO2,10% (v/v) H2, and 85% (v/v) N2. Cell suspensions were diluted
in sterile GAM to provide initial cell counts ofw108 colony-forming
units per mL (CFU/mL). Erythromycin, tetracycline, and chlorhexi-
dine were dissolved in DMSO to a concentration of 3 mg/mL for the
subsequent antibacterial experiments as positive controls. All
samples were dissolved in DMSO at a concentration of 20 mg/mL,
except for ginsenoside-Rg6, -F4, -20(R)-Rg3, -20(S)-Rg3, -Rh4, -Rk1,
-Rg5, and -Rh2, which were added at concentrations of 1 mg/mL.
g at 130�C for 4 h, (C) 60% fraction, and (D) 80% fraction. 1, Rg1/Re; 2, Rg2(R); 3, Rc; 4,
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2.7. Determination of bacterial growth

The inhibitory effect on bacterial growth was determined by the
disk-diffusionmethod [20,21]. Briefly, the bacteriawere adjusted to
the Mcfarland 0.5 standard and used to inoculate CDC agar or poly-
beta-hydroxybutyric acid plates. The disk (6 mm in diameter) was
impregnated with 10 mL of 10 mg/mL (100 mg/disc) samples and
placed on the seeded agar. Erythromycin, tetracycline, and chlor-
hexidine (30 mg/disc) were used as positive controls. Discs con-
taining only DMSO were used as negative controls.

2.8. Determination of minimum inhibitory concentration and
minimum bactericidal concentration

The minimum inhibitory concentration (MIC) and minimum
bactericidal concentration (MBC) values were determined by
microbroth-dilution methods [21]. Diluted suspensions (100 mL) of
F. nucleatum, C. perfringens, and P. gingivalis were inoculated into
each well of 96-well microplates, followed by addition of 100 mL of
samples with different concentrations. Agent-free broths were
incubated as growth controls. The final range of test-sample di-
lutions was 1.25e1.225 mg/mL in the GAM broth, and the final
bacteria concentration in each dilution was 1 � 105 CFU/mL. The
plates were incubated in an anaerobic incubator at 37�C for 48 h.
The MIC was defined as the lowest concentration of antibacterial
Fig. 2. Hydrolysis processes from polar ginsenosides to less polar ginsenosides. (A) Hydrolys
ginsenosides Rb2 and Rd to ginsenosides Rg3, Rk1, and Rg5.
agent that inhibited bacterial growth as indicated by the absence of
turbidity. MBC was determined by inoculating 10 mL of medium
from each of thewells of theMIC test that showed no turbidity onto
CDC agar plates and incubating them for 48 h. TheMBC values were
defined as the lowest concentration of antibacterial agents for
which there was no bacterial growth on the plates. All de-
terminations were performed in triplicate.

2.9. Cell membrane integrity

The integrity of the cell membrane was evaluated by measuring
the release of cell constituents, including nucleic acids and proteins,
into a cell suspension [22]. Bacterial cells from suspensions (5 mL)
of P. gingivalis, C. perfringens, and F. nucleatum were collected by
centrifugation for 3 min at 6,000g. The cells were washed three
times and resuspended in phosphate-buffered saline [PBS; 0.1M
(pH 7.4)]. Fivemilliliters of thewashed suspensionwas incubated at
37�C for 12 h in the presence of variable concentrations of HTS-4
(control, MIC, and MBC) and AGS (0.5 mg/mL). Then, the suspen-
sions were centrifuged at 6,500g for 3 min, and the supernatants
were diluted with PBS. One-hundred microliters of each superna-
tant was transferred into the wells of 96-well microplates, and the
absorbance at 260 nm was measured using a Spectramax Plus384
UV-vis spectrophotometer (Molecular Devices, Sunnyvale, CA,
USA). Correction was carried out for the absorbance of the
is process of ginsenoside Re to ginsenosides Rg2, F4, and Rg6. (B) Hydrolysis process of
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suspension with 0.1M PBS (pH 7.4) containing the same concen-
tration of HTS-4 after a 2-min reaction with the tested strains. The
untreated cells (control) were correctedwith 0.1M PBS (pH 7.4). The
suspension was also collected to determine the concentrations of
proteins according to the Bradford method with some modifica-
tions [23].
2.10. Membrane potential

To analyze the effects of HTS-4 on the metabolic activity of
bacterial cells, the membrane potential (MP) of the bacteria was
measured according to the rhodamine 123 fluorescence method, as
described by Comas and Vives-Rego [24], with modifications. Bac-
terial cells were incubated in GAMmedium at 37�C for 24 h. The cell
solutions (w1 � 107 CFU/mL) were added with different concen-
trations of HTS-4 (control, MIC, and MBC levels) and AGS (0.5 mg/
mL) and incubated for 8 h. The suspensions were washed with PBS,
and rhodamine 123was then added to a final concentration of 2 mg/
mL. After standing in the dark for 30 min, the samples were
completely washed and resuspended in PBS. One-hundred micro-
liters of the cell suspension was transferred into the wells of a 96-
well microplate and placed in a SpectraMax M2e spectrofluorom-
eter (Molecular Devices). The rhodamine 123 fluorescence was
excited at 480 nm, and the emission wavelength was 530 nm. The
data were expressed as the mean fluorescence intensity (MFI).
2.11. Statistical analysis

Data were presented as the mean of three replicates � standard
deviation. The statistical analysis of the results was performed in
Microsoft Excel (Microsoft Corporation, Redmond, WA, USA) and
Sigma Plot 10.0 (SPSS Inc., Chicago, IL, USA). The Student t test was
used to compare the differences in mean values at the 5% level.
3. Results and discussion

3.1. Characterization of ginsenosides

The linearity of the calibration curves of the ginsenosides is
demonstrated in Table 1. It was found that the reference com-
pounds showed good linearity (R2 � 0.992), except for ginsenoside-
Rd (R2 ¼ 0.983) and -Rg3 (R) (R2 ¼ 0.989). The average recovery of
Table 2
Growth inhibition of ginsenoside-enriched fractions and the positive control diameter o

Erythrocin Chlorhexidine AGS

Clostridium perfringens 28.2 15.2 6.2
Fusobacterium nucleatum 28.4 14.4 6.1
Porphyromonas gingivalis 30.1 11.0 6.1

AGS, Panax quinquefolius leaf-stem; HTS, heat-transformed saponins
1) HTS-1, HTS-2, HTS-3, HTS-4, and HTS-5 were from the 0, 30%, 60%, 80%, and 95% me

Table 3
MIC (mg/mL) and MBC (mg/mL) of erythrocin, chlorhexidine, AGS, HTS, HTS-3, and HTS-4

Erythrocin Chlorhexidine

MIC MBC MIC MBC MIC

Clostridium perfringens <2.45 19.5 19.5 312.5 >2,500
Fusobacterium nucleatum <2.45 19.5 39.0 312.5 >2,500
Porphyromonas gingivalis <2.45 19.5 39.0 1,250 >2,500

AGS, Panax quinquefolius leaf-stem; HTS, heat-transformed saponins; MBC, minimum ba
1) The MIC and MBC of HTS-1, HTS-2, and HTS-5 were all not detected, even when the
2) HTS-1, HTS-2, HTS-3, and HTS-4 were from the 0, 30%, 60%, and 80% methanol-elute
the ginsenosides ranged from 98.1% to 102.8%, with a relative
standard deviation of < 3.0%.

Thirteen ginsenosides were simultaneously identified according
to the standard retention times and spectra, HPLC-ESI-MS ion
fragments, and nuclear magnetic resonance (results not shown).
The fragment ion results of the ginsenosides were consistent with
those previously reported [18]. Typical HPLC UV chromatograms of
the ginsenoside-enriched fractions are shown in Fig. 1. The content
of each ginsenoside in every sample is shown in Table 1. As shown
in Fig. 1, 12 peaks (peak 1 contains -Rg1 and -Re) were successfully
separated under a gradient elution of water and acetonitrile. AGS
contained a high concentration of polar ginsenosides
(0.81 � 0.03 mg/mg), such as ginsenoside-Re/Rg1 (0.41 � 0.01 mg/
mg), -Rb2 (0.16 � 0.01 mg/mg), and -Rd (0.16 � 0.01 mg/mg). The
contents of ginsenoside-Rb2, -Rg2(S), and eRd, which were abun-
dantly present in AGS, were significantly decreased in HTS (Fig. 1B),
while the contents of less polar ginsenosides in HTS
(0.76 � 0.02 mg/mg) were significantly increased (p < 0.05) as
compared to those in AGS (0.10 � 0.01 mg/mg). The amount of
crude saponins in HTS (0.83� 0.02 mg/mg) was slightly lower than
that observed in AGS (0.91 � 0.03 mg/mg). The polar ginsenosides,
such as ginsenoside-Re/Rg1, -Rb2, and eRd, hydrolyzed to form
low-polarity ginsenosides, such as ginsenoside-Rg6, -F4, -Rh4,
-20S-Rg3, -20R-Rg3, -Rk1, and -Rg5. After purification by HP-20,
the contents of ginsenoside-Rk1 and -Rg5 were significantly
increased in HTS-4 as compared to those in HTS-3 (Fig. 1C, 1D). The
content of the less polar ginsenosides in the HTS fraction was
0.76 � 0.04 mg/mg, but it increased to 0.91�0.03 mg/mg in HTS-4.
Additionally, the less polar ginsenosides in HTS-4 (0.91 � 0.03 mg/
mg) were approximately nine-fold higher than that observed in the
unpurified AGS sample. The HTS-1, HTS-2, and HTS-5 fractions did
not showany ginsenosides, because 0% and 30%methanol could not
elute saponins from the HP-20 column, while 80% methanol eluted
all of the remaining saponins from the resin.
3.2. Structural changes in the heat-transformation process

The structural transformation processes of the ginsenosides are
summarized in Fig. 2. The results showed that natural ginseno-
sides could convert to low-polarity ginsenosides by deglycosyla-
tion at high temperature. Previous research provided ample
evidence to establish the possible mechanisms involved in the
heat-induced chemical conversion of ginsenosides [4].
f inhibition zone (mm) at 100 mg/disk

HTS1) HTS-1 HTS-2 HTS-3 HTS-4 HTS-5

12.6 6.2 6.2 11.2 16.6 6.2
11.7 6.1 6.1 10.5 17.4 6.1
9.6 6.1 6.1 8.1 11.2 6.1

thanol-eluted fractions from an HP-20 column, respectively

1)

AGS HTS2) HTS-3 HTS-4

MBC MIC MBC MIC MBC MIC MBC

>2,500 39.06 1,250 312.5 1,250 19.5 312.5
>2,500 156.25 1,250 156.25 1,250 39.0 625.0
>2,500 39.06 1,250 156.25 1,250 19.5 312.5

ctericidal concentration; MIC, minimum inhibitory concentration
concentration was at 2.5 mg/mL (results not shown)
d fractions from an HP-20 column, respectively
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Ginsenoside-Re could transform to ginsenosides -Rg2, -Rg6, and
-F4, while ginsenoside-Rg1 could convert to ginsenosides -Rk3
and -Rh4. Protopanaxdiol ginsenosides, such as -Rb2 and -Rd, all
transformed to ginsenoside-Rg3. Simultaneously, ginsenoside-
Rg3 loses one molecular H2O at the position of C-20/22(20S) or
C-20/21 (20R) and is converted to ginsenosides -Rk1 or -Rg5,
respectively [5]. It is particularly noteworthy that the amount of
less polar ginsenosides increased with the steaming temperature
from 100�C to 120�C [5]. The total amount of less polar ginseno-
sides in ginseng that was steamed for 3 h was higher than that in
ginseng that was steamed for 1 h [25]. Thus, we can conclude that
the content of less polar ginsenosides was positively related to the
steaming temperature and time.

3.3. Antimicrobial activity

The antimicrobial activity results for the different ginsenoside
fractions and standard antibiotics of erythrocin, tetracycline, and
chlorhexidine are presented in Table 2. HTS, HTS-3, and HTS-4
had inhibition zones of 100 mg/disk against the three tested
anaerobic bacteria. The results of the antibacterial test demon-
strated a dose-dependent increase in the inhibition-zone diam-
eter with higher amounts of less polar ginsenosides in the
medium. AGS, HTS-1, HTS-2, and HTS-5 showed no inhibitory
effect on the bacteria at the tested concentration. The MICs and
MBCs of seven ginsenoside fractions (AGS, HTS, HTS-1, HTS-2,
HTS-3, HTS-4, and HTS-5) against the three bacterial strains, along
with erythrocin and chlorhexidine, are shown in Table 3. Similar
to the inhibition-zone results, the MICs and MBCs of HTS-1, HTS-
2, and HTS-5 (results not shown) were not detected, even at a
concentration of 2.5 mg/mL. C. perfringens and P. gingivalis were
mostly susceptible to HTS-4, with a MIC of 19.5 mg/mL and a MBC
of 312.5 mg/mL. In our test, the less polar ginsenoside HTS-4
fraction demonstrated the highest activity against standard
strains of anaerobic bacteria.

We also investigated which ginsenosides were responsible for
the HTS-4 antibacterial effects. The MICs and MBCs of the eight less
polar ginsenosides in HTS-4 were tested. As shown in Table 4,
ginsenoside-Rg5 exhibited the lowest MIC and MBC among all of
the ginsenosides in HTS-4 (MIC: 16.0 mg/mL; MBC: 31.3 mg/mL).
Ginsenoside-Rg6 and -F4 played the same role for the antifungal
activity of HTS-4, with the same highest MIC and MBC values (MIC:
125 mg/mL; MBC: 250 mg/mL). The other four less polar ginseno-
sides showed medium antimicrobial effects.

Previous investigations of the structure-activity relationships of
saponins reported contrasting results [26e28]. According to Wu
et al [29], ginseng extracts containing ginsenoside-Rb1 and -Rg1
did not affect the growth rate of P. aeruginosa. Moreover,
Table 4
MIC and MBC of different ginsenoside monomers against the three strains of bac-
teria (mg/mL)

Samples Clostridium
perfringens

Fusobacterium
nucleatum

Porphyromonas
gingivalis

MIC MBC MIC MBC MIC MBC

Rg6 125.0 250.0 125.0 250.0 125.0 250.0
F4 125.0 250.0 125.0 250.0 125.0 250.0
Rh4 16.0 62.5 16.0 62.5 31.3 62.5
Rg3(S) 31.3 125.0 31.3 125.0 31.3 250.0
Rg3(R) 31.3 125.0 31.3 250.0 31.3 125.0
Rk1 31.3 125.0 16.0 125.0 62.5 125.0
Rg5 16.0 62.5 16.0 62.5 16.0 62.5
Rh2 31.3 125.0 16.0 125.0 16.0 62.5
Erythrocin 8.0 16.0 8.0 31.3 16.0 62.5

MBC, minimum bactericidal concentration; MIC, minimum inhibitory concentration
ginsenosides in Asian ginseng did not show any in vitro antibacte-
rial effect against P. aeruginosa growth [30,31]. Additionally, an
in vitro study showed that ginsenoside-Rb1 did not inhibit the
growth of H. pylori; however, protopanaxadiol significantly
inhibited H. pylori growth, with a MIC of 50e100 mg/mL [32].
Interestingly, a refined ginsenoside mixture prepared from red
Asian ginseng was useful in the treatment of S. aureus [33]. In
summary, the antibacterial activities of ginseng can be affected by
both extraction and processing methods [34,35].
Fig. 3. Nucleic acid absorbance. Release of 260-nm absorbing material from (A) Por-
phyromonas gingivalis, (B) Clostridium perfringens, and (C) Fusobacterium nucleatum
treated with HTS-4 and AGS. AGS, Panax quinquefolius leaf-stem; HTS, heat-
transformed saponins; MBC, minimum bactericidal concentration; MIC, minimum
inhibitory concentration; NC, negative control.
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3.4. Antibacterial mechanism

Information on the release of cell constituents revealed the
integrity of the cell membrane. It was evident in our study that
nucleic acids (Fig. 3) and proteins (Fig. 4) were released into the cell
suspension, and that their levels increased multi-fold after contact
with increasing HTS-4 concentrations. The absorbance value for the
nucleic acids (OD260nm) of P. gingivalis increased significantly
(p < 0.05), from 0.047 for the control to 0.100 and 0.184 in the
Fig. 4. Protein release. Release of protein from (A) Porphyromonas gingivalis, (B) Clos-
tridium perfringens, and (C) Fusobacterium nucleatum treated with HTS-4 and AGS. AGS,
Panax quinquefolius leaf-stem; HTS, heat-transformed saponins; MBC, minimum
bactericidal concentration; MIC, minimum inhibitory concentration; NC, negative
control.
presence of HTS-4 at the levels of the MIC and MBC at 22 h,
respectively. After 18 h, the OD260nm value of P. gingivalis remained
almost stable. Under similar conditions, there was a progressive
release of nucleic acids from C. perfringens and F. nucleatum for up to
almost 18 h, followed by a steady state. In the present study, the
differences in the OD260nm between samples were narrower than
those for Escherichia coli and Staphylococcus [36]. This phenomenon
was likely due to the bacterial biofilm formed by P. gingivalis,
C. perfringens, and F. nucleatum, and structural differences in the
outer membranes of the bacteria. P .gingivalis, C. perfringens, and
F. nucleatum are critical species in biofilm development [37e39].
The fragments of DNA or RNA combined with the matrix of biofilm
may be removed by centrifugation. The protein values (mg/mL) also
showed a significant increase (p < 0.05) for all bacteria, and the
values of proteins at the MBC level increased faster than those at
the MIC level. Interestingly, the concentrations of proteins and
nucleic acids in bacteria treated with AGS showed no difference
from those of untreated bacteria. The integrity of the cytoplasmic
membrane is a critical factor to bacterial growth; therefore,
analyzing the leakage of cell constituents can provide further
insight into the mechanism of antibacterial action. Previous studies
reported that the evaluation of cell-leakage markers, including
absorbance at 260 nm for nucleic acids, and the determination of
proteins are indicators of membrane integrity [36]. Our results
clearly indicated that bacterial cell membrane integrity was
compromised after exposure to less polar ginsenosides, which
could consequently lead to cell death.

The result of the bacterial MP is shown in Fig. 5. The magnitude
of the MP was illuminated by the MFI of rhodamine 123. After the
addition of HTS-4 at the MBC level, a rapid decrease occurred in all
bacteria, with MFI values decreasing by 77.21%, 64.53%, and 78.7%
as compared with those of the controls. The MFIs of the three
bacteria treated with HTS-4 at the MBC level decreased by 57.66%,
25.85%, and 40.54%. The bacteria treated with AGS were almost
similar to the untreated bacteria. The MP was measured as the
difference in electrical potential between the interior and exterior
of a biological cell, and MP alterations in bacteria can affect their
metabolic activity. An MP of normal bacteria is generated by dif-
ferences in the concentrations of ions on opposite sides of the cell
membrane. For this study, the fluorescence intensity was directly
correlated with the bacterial MP. Our results showed that the mean
fluorescence intensity of rhodamine 123 was significantly reduced
Fig. 5. Membrane potential of Porphyromonas gingivalis, Clostridium perfringens, and
Fusobacterium nucleatum treated with HTS-4 and AGS. AGS, Panax quinquefolius leaf-
stem; AU, absorbance units; HTS, heat-transformed saponins; MBC, minimum bacte-
ricidal concentration; MIC, minimum inhibitory concentration; NC, negative control.



P. Xue et al / Antimicrobial effect of ginsenosides 187
after the addition of less polar ginsenosides. The loss of fluores-
cence indicated cell membrane depolarization, leading to irregular
cell metabolic activity and bacterial death.

4. Conclusions

Our study showed that less polar ginsenosides exhibited higher
antimicrobial efficacy relative to polar ginsenosides. One reason for
this result was that less polar ginsenosides can more easily interact
with and damage bacterial cell-membrane integrity. The antibac-
terial activities of less polar ginsenosides obtained by heat treat-
ment from American ginseng leaf-stem saponins against
F. nucleatum, C. perfringens, and P. gingivalis were reported here for
the first time. The spectrum of action of less polar ginsenosides
against medically important anaerobic bacteria and their consid-
erable minimal inhibitory concentrations can be taken as good
evidence for possible application of those compounds as antibac-
terial agents to control halitosis.
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