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Abstract: Partially purified ginsenoside extract (PGE) and compound K enriched extract (CKE) were
prepared from ginseng sprouts, and their antioxidant, anti-inflammatory and antithrombotic effects
were investigated. Compared to the 6-year-old ginseng roots, ginseng sprouts were found to have a
higher content of phenolic compounds, saponin and protopanaxadiol-type ginsenoside by about 56%,
36% and 43%, respectively. PGE was prepared using a macroporous adsorption resin, and compound
K(CK) was converted and enriched from the PGE by enzymatic hydrolysis with a conversion rate
of 75%. PGE showed higher effects than CKE on radical scavenging activity in antioxidant assays.
On the other hand, CKE reduced nitric oxide levels more effectively than PGE in RAW 264.7 cells.
CKE also reduced pro-inflammatory cytokines, such as tumor necrosis factor-α, interleukin (IL)-1β
and IL-6 than PGE. Tail bleeding time and volume were investigated after administration of CKE at
70–150 mg/kg/day to mice. CKE administered group showed a significant increase or increased
tendency in bleeding time than the control group. Bleeding volume in the CKE group increased than
the control group, but not as much as in the aspirin group. In conclusion, ginseng sprouts could be
an efficient source of ginsenoside, and CKE converted from the ginsenosides showed antioxidant,
anti-inflammatory and antithrombotic effects. However, it was estimated that the CKE might play an
essential role in anti-inflammatory effects rather than antioxidant effects.
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1. Introduction
Ginseng (Panax ginseng Meyer) is a perennial herbaceous plant that has been used for
a long time in Asian countries such as Korea and China for its various medicinal properties.
It has also been developed as processed foods and pharmaceuticals in Eastern countries
and Western countries [1,2]. In general, ginseng roots grown for 4–6 years are preferred
and used for medicinal prescriptions or health foods in the market [3]. However, it does not
seem easy to cultivate ginseng for years without agricultural chemicals such as pesticides
because such slow-growing plants can be susceptible to various diseases and pathogens
during the cultivation [4]. Currently, there is a growing interest in pesticide-free ginseng
resources. For this purpose, ginseng cultivated in an organic agriculture system has been
produced, but it is not widely used because of its much higher price than generally available
ginseng products. As an alternative, various hydroponic or greenhouse cultivation systems
have been applied to ginseng cultivation to provide clean and inexpensive raw materials.
Ginseng sprouts are the young ginseng grown from seedlings for weeks to months in
hydroponic or artificial soil cultivation systems. They have been developed as medicinal
vegetables or foods due to their relatively short period growth in a soil-less cultivation
system without pesticides. The composition and efficacy of the ginseng sprouts have been
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studied extensively. Lee et al. [5] investigated the ginsenoside composition and phenolic
compound content in a hydroponic-culture of ginseng, and reported an increase of antioxidative activity. Kim et al. [6] studied changes of growth and ginsenoside contents of
ginseng cultured in an aeroponic system with some natural additives. Seong et al. [7] reported the changes in growth, active ingredients, and rheological properties of greenhousecultivated ginseng. Changes in ginsenoside content depending on growth period and
harvest time were investigated in different parts of ginseng sprouts [8]. It was reported
that the cultivation of ginseng sprouts with plasma-treated water increased amino acid and
ginsenoside content [9].
However, most studies have been conducted on the intact compounds contained in
ginseng sprouts and their efficacies, and little information is available on the processing
of ginseng sprouts or efficacies of the processed products. Kim et al. [10] reported that
ginsenoside content decreased whereas total phenolic and flavonoid content increased
during the roasting process of ginseng sprouts. Hwang et al. [11] investigated the improved
antioxidant, anti-inflammatory, and anti-adipogenic properties of hydroponic ginseng
fermented by Leuconostoc mesenteroides. More studies on the application and efficacies are
required for the wide use of ginseng sprouts because ginseng sprouts are used mainly as
decorative foods in restaurants or personal favorite foods rather than medicinal vegetables
in the market. In this this study, we investigated whether ginseng sprouts could be an
efficient clean source of ginsenosides such as compound K (CK) and whether the processed,
rare ginsenoside derived from the ginsenosides could have beneficial health effects.
2. Results
2.1. Content of Phenolic Compounds, Crude Saponin and Ginsenoside
Total phenolic compounds and crude saponin content of ginseng sprouts and 6-year
ginseng roots were compared as shown in Table 1. Leaves of ginseng sprouts showed the
highest phenolic compound content, about 5 times higher than that of stems and 4.3 times
higher than roots of ginseng sprouts. Leaves of ginseng sprouts showed the highest saponin
content, about 7.2 times higher than that of stems and 2.8 times higher than roots of ginseng
sprouts. However, the ratio of leaves to the total dry weight of whole ginseng sprout was
relatively low compared to roots. The total phenolic compounds and saponin of the whole
ginseng sprout was 10.20 ± 1.51 mg/g and 15.89 ± 0.71%, which was about 56% and 36%
higher, respectively than that of 6-year-old ginseng.
Table 1. Total phenolic compound and crude saponin content in ginseng sprout and six-year-old ginseng root.
Test Group

Part

Phenolic Compound
(mg/g dry wt.)

Saponin Content
(%, w/w)

Ratio of Dry Weight
(%, w/w)

Ginseng sprout

Leaf
Stem
Root

26.32 ± 1.78 a
5.21 ± 2.02 c
6.12 ± 0.93 c

34.41 ± 0.76 a
4.78 ± 0.29 d
12.23 ± 0.51 c

20.44 ± 0.29 b
11.81 ± 0.15 c
67.84 ± 0.24 a

Total

10.20 ± 1.51 b

15.89 ± 0.71 b

-

c

-

Six-year-old ginseng root

Root

6.54 ± 0.35

c

11.67 ± 0.20

Three independent experiments were carried out for each analysis. Result is expressed as a mean ± SD (n = 3). Values with the different
letters in the column are significantly different by Duncan’s multiple range test (p < 0.05).

Protopanaxadiol (PPD) type ginsenosides, which could be converted to CK were
measured in ginseng sprouts. The contents of PPD type ginsenosides, depending on the
part, showed a similar tendency to saponin (Table 2). The highest ginsenoside content was
obtained in the leaves, which was more than 4 times higher than that of roots or stems of
ginseng sprout. Total PPD type ginsenoside of the whole ginseng sprout was 16.64 mg/g,
which was about 43% higher than that of a 6-year ginseng root.
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Table 2. Protopanaxadiol (PPD) type ginsenoside composition in ginseng sprout and 6-year-old ginseng root.
Ginsenoside (mg/g Dry wt.)

Test Group

Ginseng
sprout

Rb1

Rb2
a

a

PPD Total

ND

41.28 ± 0.22 a

3.01 ± 0.23 b

1.34 ± 0.26 b

1.04 ± 0.25 d

0.63 ± 0.12 c

2.92 ± 0.17 b

ND

8.94 ± 0.21 c

Root

1.54 ± 0.14

c

b

b

bc

c

ND

10.53 ± 31 bc

Total

3.32 ± 0.17 b

1.98 ± 0.23 b

4.68 ± 0.18 b

2.86 ± 0.13 b

3.66 ± 0.20 ab

ND

16.64 ± 0.22 ab

2.52 ± 0.45 b

1.95 ± 0.14 b

2.34 ± 0.32 c

2.58 ± 0.63 b

2.21 ± 0.10 c

ND

11.6 ± 0.21 b

1.95 ± 0.06

9.45 ± 0.40

Rg3
a

Stem

3.92 ± 0.33

7.3 ± 90.24

F2
a

9.56 ± 0.41

1.04 ± 0.43

9.43 ± 0.12

Rd
a

Leaf

Six-year-old
ginseng root

5.54 ± 0.41

Rc

2.08 ± 0.05

ND: Not Detected. Three independent experiments were carried out for each analysis. Result expressed as a mean ± SD (n = 3). Values
with the different letters in the column are significantly different by Duncan’s multiple range test (p < 0.05).

2.2. Enzymatic Conversion of PPD Type Ginsenosides to CK
2.2.1. Preparation of CKE
A commercial enzyme, Plantase AK from a fungal origin, showed high activity for
hydrolysis of the diverse glycosides of ginsenosides. The changes of ginsenosides during
the reaction of the optimized condition were investigated, as shown in Table 3. Ginsenoside
Rb1 and Rb2 were rapidly converted to Rd or F2 while conversion of Rc was relatively slow.
Ginsenoside Rd and F2, the intermediates of conversion to CK, increased in the middle of
reaction and most of them converted to CK at the end of the reaction, but Rd seemed to
convert to CK more efficiently than F2. In addition to CK, a small amount of Rg3 was also
produced. The CK conversion rate from PPD type ginsenoside was about 75%, calculated
as a protopanaxadiol equivalent.
Table 3. Changes of PPD type ginsenosides during the enzymatic conversion process.
Ginsenoside Content (µg/mL)
Ginsenoside
Rb1
Rc
Rb2
Rd
F2
Rg3
Compound K (CK)
Total

Before Reaction

24 h after Reaction

48 h after Reaction

102.51 ± 4.90
125.24 ± 1.92
88.42 ± 5.52
95.43 ± 2.23
97.58 ± 3.54
ND
ND
509.01 ± 4.95

1.55 ± 0.02
89.85 ± 1.91
ND
48.31 ± 0.73
245.60 ± 5.03
17.85 ± 0.60
79.14 ± 0.95
473.71 ± 1.90

ND
50.93 ± 0.41
ND
0.3 ± 0.04
33.6 ± 0.23
53.5 ± 0.91
235.71 ± 5.90
373.21 ± 2.95

ND: Not Detected. Result expressed as a mean ± SD (n = 3).

2.2.2. Mass Spectral Fragmentation of CK
The CK obtained by the enzyme reaction was identified by LC-MS analysis (Figure 1a–c).
CK eluted at 92.42 min under the conditions described. Negative ion mode was applied
for data acquisition because CK showed in-source dissociation in positive ion mode. The
protonated molecular ion of CK at m/z 621.5605 produced fragment ions at m/z 459.3856
and m/z 161.0162 by losing a glucose moiety. An [M + HCOO− ] ion at m/z 667.6130 was
also observed.
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2.3.1. Antioxidant Activity of Partially Purified Ginsenoside Extract (PGE) and CKE
Antioxidant activity was evaluated by 1,1‐diphenyl‐2‐picrylhydrazyl (DPPH) assay
and
2,2′‐azino‐bis‐3‐ethylbenzthiazoline‐6‐sulphonic
acid (ABTS) assay. Measurement of
2.3. Biological Effects of Compound K Enriched Extract (CKE)
DPPHAntioxidant
radical scavenging
is the
direct estimate
method
of antioxidation
activity.
2.3.1.
Activity activity
of Partially
Purified
Ginsenoside
Extract
(PGE) and CKE
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concentration up to 200 µg/mL, while CKE showed a pronounced cytotoxic effect at 100
and 200 µg/mL in both with and without LPS (Figure 3). Based on these results, the rest of
the experiments were carried out at concentrations of 0.1–50 µg/mL.
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Figure 3. Effect of PGE and CKE on cell viability. RAW 264.7 cells were treated with PGE or CKE for
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μg/mL, while that with PGE did not show an effect up to 50 μg/mL (Figure 4a).

Levels of pro-inflammatory cytokines such as tumor necrosis factor-α (TNF-α), Interleukine (IL)-1β and IL-6 were quantified in the culture medium of RAW 264.7 cells using
2.3.4.
Effects on Inflammatory Cytokines
enzyme-linked immunosorbent assay (ELISA) to identify the anti-inflammatory properties
of CKE.
The production
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show
significant differences. The tail bleeding time of test group 70 and 100 mg/kg/day showed a
significant increase in bleeding time compared to the control group (p < 0.01). The bleeding
time of the test group 150 mg/kg/day increased 43.99%, but there was no statistical
difference compared to the control group. The bleeding time of the aspirin group showed a
79.81% increase compared to the control group, but it did not show a statistical difference
with the test group (Figure 5a).
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The test groups at 70, 100 and 150 mg/kg/day showed an increased blood volume by
70.40%, 81.54% and 70.76%, respectively, compared to the control group. The bleeding
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could be used to prevent or treat inflammation and blood coagulation.
CK (20‐O‐β‐D‐glucopyranosyl‐20(S)‐protopanaxadiol) is a minor tetracyclic triterpe‐
CK (20-O-β-D-glucopyranosyl-20(S)-protopanaxadiol) is a minor tetracyclic triternoid which is either absent in natural ginseng or available at very low concentrations [14].
penoid which is either absent in natural ginseng or available at very low concentrations [14].
It is a hydrolyzed metabolite absorbed and found in organs or blood after oral ingestion
It is a hydrolyzed metabolite absorbed and found in organs or blood after oral ingestion of
of PPD type ginsenosides [15]. Akao et al. [16] investigated the absorption of CK in rat
PPD type ginsenosides [15]. Akao et al. [16] investigated the absorption of CK in rat plasma,
plasma, and Lee et al. [17] demonstrated the absorption, distribution, and metabolism of
and Lee et al. [17] demonstrated the absorption, distribution, and metabolism of CK in
CK in humans. CK is one of the rare ginsenosides, and it is of great interest due to its
humans. CK is one of the rare ginsenosides, and it is of great interest due to its diverse
diverse biological activities and high pharmacological activities [18,19]. However, the mi‐
biological activities and high pharmacological activities [18,19]. However, the minute
nute amount of CK in ginseng cannot satisfy the needs of commercial purposes [20].
amount of CK in ginseng cannot satisfy the needs of commercial purposes [20]. Therefore,
Therefore, it is important to develop useful methods for the mass production of the rare
it is important to develop useful methods for the mass production of the rare ginsenoside.
ginsenoside. Many efforts were conducted to provide CK efficiently and at low cost. [21–
Many efforts were conducted to provide CK efficiently and at low cost. [21–23]. It was
23].
It wasthat
reported
that the
ginseng
leavesmuch
contained
higher content
ginsenoside
content
reported
the ginseng
leaves
contained
highermuch
ginsenoside
compared
to
compared
to ginseng
roots
[24,25],
but they
are limited
in their
use because
ordinary
gin‐
ginseng roots
[24,25], but
they
are limited
in their
use because
ordinary
ginseng
is harvested
seng
is harvested
times On
a year
general.
the other
hand,
ginseng
sprouts,
with a
1–2 times
a year in1–2
general.
the in
other
hand,On
ginseng
sprouts,
with
a higher
ginsenoside
higher
ginsenoside
content
than
ginseng
roots,
can
be
cultivated
and
harvested
year‐
content than ginseng roots, can be cultivated and harvested year-round. Regarding
the
round.
Regarding
the
considerable
amounts
of
abnormal
size
and
shape
that
appear
dur‐
considerable amounts of abnormal size and shape that appear during the cultivation
of
ing
the cultivation
of ginseng
not available
for the
market,can
thebe
abnor‐
ginseng
sprouts, which
are notsprouts,
availablewhich
for theare
market,
the abnormal
products
used
mal
products
canfor
be ginsenosides
used as raw materials
for ginsenosides
or processed
products.
Since
as raw
materials
or processed
products. Since
the PPD type
ginsenoside
the
PPD
type
ginsenoside
content
of
ginseng
sprouts
was
much
higher
than
that
of
6‐year‐
content of ginseng sprouts was much higher than that of 6-year-old ginseng roots, CK was
old
ginseng
roots, CK
provided effectively
an the
enzymatic
hydrolysis
from the
gin‐
provided
effectively
bywas
an enzymatic
hydrolysis by
from
ginsenosides.
Therefore,
ginseng
senosides.
Therefore,
ginseng
sprouts
are
considered
as
an
efficient,
clean
source
of
sprouts are considered as an efficient, clean source of ginsenosides than ginseng roots.gin‐
senosides
than
ginseng
roots.
In this
study,
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and antithrombotic effects were investigated to
evaluate the beneficial effects of CK.
Antioxidant activity, which is closely related to anti-inflammatory and antithrombotic
effects, was determined preliminary to anti-inflammatory activity. The concentrated ginsenoside complex, PGE, showed higher activities than the CK enriched fraction, CKE, in
both DPPH and ABTS radical scavenging assay. PGE contained more than 90% of the
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extracted phenolic compounds, whereas CKE contained a relatively low level (about 27%)
of phenolic compounds. The difference in antioxidant activity was presumed to be due to
the difference in phenolic compounds between PGE and CKE. It was estimated that the CK
might not be essential in antioxidant activity than phenolic compounds.
Inflammation is an essential biological response to restore tissue homeostasis. However, immoderate inflammation may result in devastating impacts by causing unnecessary
collateral damage [26]. Various studies have been conducted to understand the pharmacological mechanisms of ginseng and ginsenosides for reducing inflammation. It was
reported that CK exhibited anti-inflammatory effects mainly by reducing inflammatory
mediators, but its efficacies may vary depending on its preparation method, content and
composition of extract or solubility system [27]. In this study, CKE derived from ginseng
sprouts showed reducing effects in a dose-dependent manner on NO and pro-inflammatory
cytokines, such as TNF-α, IL-1β and IL-6 in RAW 264.7 cells. CKE showed higher antiinflammation effects than PGE in RAW 264.7 cells, while PGE showed higher antioxidant
activity than CKE in antioxidant assays. It was presumed that the high content of CK in
the CKE might play an essential role in anti-inflammatory effects.
In vivo, blood clotting and dissolution are always in equilibrium, and blood clots
do not form during normal circulation. However, if the balance is broken due to various
causes such as inflammation, blood clots occur and blood vessels are blocked, blood
circulation is disturbed and the supply of nutrients and oxygen to the tissues is stopped.
It has been studied in vitro and in vivo that inflammation and blood clotting are closely
related, that is, inflammation can beget local thrombosis and thrombosis can amplify
inflammation [28,29]. The pro-inflammatory cytokines such as TNF-α were reported
to be upregulated in most inflammatory conditions and contribute to change in blood
coagulation inducing complement 3 and platelet activation [30–32]. Ginseng and various
ginsenosides, such as Rg1, Rg3, Rp3 and F4, have been studied to effectively inhibit platelet
activation and thrombosis, even though there are some controversial reports [33,34]. CKE
from ginseng sprouts showed antioxidant and anti-inflammatory effects, which indicate
its potential for antithrombotic effect. Platelet aggregation and blood coagulation tests
are widely used as an assessment of hemostatic action for platelets or anti-thrombotic
effect of drugs in vitro and in vivo [35,36]. In this study, a bleeding assay was conducted to
estimate the antithrombotic effect of CKE, because in vivo blood coagulation and in vitro
platelet aggregation may show different results depending on test materials and condition.
Treatment of CKE was considered to reduce blood coagulation, because a significant
increase or increased tendency of bleeding time, and a tendency to increase bleeding
volume were observed compared to the control group. The positive control, aspirin, also
increased bleeding time and volume compared to the vehicle control group. However, a
significant decrease or decreased tendency in bleeding volume was observed between the
CKE group and the aspirin group, while there was no significant difference in bleeding
time between them. Aspirin has been used as an anti-inflammatory and anti-platelet drug,
to prevent the risk of cardiovascular disease, but chronic use of the drug may result in
another risk such as excess bleeding [37,38]. The CKE showed increased effects on both
bleeding time and bleeding volume, but the increase of bleeding volume was not as much
as in the aspirin group. This effect could be an advantage in treating thrombosis because
excessive bleeding is undesirable. Further investigation for the effect of CKE on blood
coagulation and platelet aggregation will be performed.
4. Materials and Methods
4.1. Plant Materials and Extraction
Medium-sized ginseng sprouts (total height of 15–20 cm) were purchased in Yangpyeong, Gyeonggi-do, Korea, in March 2017. The ginseng sprouts were washed with tap
water and soaked in distilled water. Leaves, stems and roots were separated and dried in a
drying oven at below 50 ◦ C. The dried samples were ground into coarse powder and stored
at −20 ◦ C. Six-year-old ginseng roots were purchased in Poonggi, Gyeongsangbuk-do,
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Korea and samples for extraction were prepared in the same method as ginseng sprouts. For
the extraction of saponin or ginsenoside, samples were extracted with 10 volumes of 70%
(v/v) ethanol for 16 h at 40 ◦ C and the extract was evaporated at 40 ◦ C in a rotary evaporator.
4.2. Chemicals
Ginsenoside Rb1, Rb2, Rc, Rd, F2, Re, Rg3 and CK were purchased from Ambo
Institute (Daejeon, Korea), and other analytical reagents were purchased from SigmaAldrich (St. Louis, MO, USA). LPS, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT), dimethyl sulfoxide (DMSO) were purchased from Sigma Chemical Co.
(St. Louis, MO, USA). Dulbecco’s modified eagle’s medium (DMEM) and fetal bovine
serum (FBS) were purchased from Hyclone (Logan, UT, USA) and penicillin/streptomycin
solution was a product of Thermo Fisher Scientific (Waltham, MA, USA). NO detection kit
was purchased from iNtron (Seongnam, Korea). ELISA kits of TNF-α, IL-1β and IL-6 were
purchased from Thermo Fisher Scientific.
4.3. Preparation of PGE and CKE
To increase the enzymatic CK conversion efficiency, it is preferable that the extract
contains fewer impurities and has a high ginsenoside content. PGE was prepared using
an adsorption column filled with a macroporous adsorption resin Amberlite XAD-7 (Dow
Chemical, USA) before enzymatic hydrolysis. The crude extract was loaded onto the
column, washed with water and subsequently 10% (v/v) ethanol, and then eluted with 70%
(v/v) ethanol. Ginsenoside content of the eluted fraction was concentrated about 3 times
compared to before purification. The eluent was evaporated and concentrated at 40 ◦ C in a
rotary evaporator. To prepare CKE from PGE, a commercial enzyme, Plantase AK (Bision
Biochem. Corp., Seoul, Korea) was tested at various temperatures, pH, time and enzyme
concentration to optimize the reaction. The optimized conditions for CK conversion
from ginsenosides were; enzyme concentration 200 mg/g solid, temperature 40 ◦ C, pH
5.0, and reaction time 48 h. After the enzyme reaction, the precipitate was collected by
centrifugation at 3000 rpm. The obtained precipitate was solubilized in absolute ethanol
and filtered through 0.2 µm membrane filter. The filtrate was concentrated again and
dispersed in water, and the precipitate was collected as CKE. The conversion rate of CK
from PPD type ginsenosides was calculated as the ratio of PPD equivalent, that is, PPD
content of CK after enzyme reaction to the sum of PPD content of Rb1, Rb2, Rc, Rd and F2
before enzyme reaction.
Conversion rate (%) =

(Compound K content × 0.74)
× 100
(Rb1 × 0.41) + (Rb2 × 0.42) + (Rc × 0.42) + (Rd × 0.48) + (F2 × 0.58)

4.4. Analysis of Phenolic Compound, Saponin and Ginsenoside
The content of total phenolic compounds was determined by the method of Folin
and Denis [39], using gallic acid as a standard (mg gallic acid equivalents). The total
crude saponin content of ginseng sprouts and 6-year ginseng roots was determined by the
method of Hiai et al. [40] with slight modification. The composition of ginsenosides in
samples was measured using HPLC (Hitachi Chromaster 5110, Japan). A reverse-phase
column (Optimapak C18, 4.6 × 250 mm) was used and the mobile phase was a binary
eluent of A (%, water) and B (%, acetonitrile) under the following gradient system: 0 min
(80:20), 10 min (80:20), 25 min (76:24), 30 min (67:33), 42 min (63:37), 57 min (20:80), 60 min
(0:100). 65 min (40:60), 70 min (80:20%). The flow rate was 1.0 mL/min, injection volume
was 10 µL and ginsenosides were detected at 203 nm.
CK formed by enzyme reaction was identified by LC-MS analysis. The analysis
was performed using an HPLC system (LC-20AD, Shimadzu, Japan), interfaced with a
mass spectrometer (SYNAPT G2, Waters, UK) equipped with an electrospray-ionization
source operated in the negative mode. Chromatographic separations were performed
using a Thermo Hypersilgold C18 column (5 µm, 2.1 × 250 mm) using stepwise gradient
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elution with water (solvent A) and acetonitrile (solvent B) at a flow rate of 0.5 mL/min.
The gradient program was 0–65 min 90% B; 65–150 min 90% B; 150 min 50% B. The
injection volume was 20 µL. The confirmation ion transitions for quantification were m/z
621.5605→161.0162 for CK.
4.5. Determination of Antioxidant Effects
DPPH radical scavenging activity was determined based on the method of Blois [41]
and Ratha et al. [42]. Briefly, 0.4 mM DPPH was prepared in absolute ethanol and 3.8 mL
of the solution was added to each 0.2 mL of diluted sample. After 10 min, optical density
was measured at 525 nm using UV/Vis Spectrophotometer (S22, Biochrom, UK). DPPH
radical scavenging activity was expressed in the percentage of difference of extract sample
compared to control.
ABTS radical scavenging activity was determined based on the method of Re et al. [43].
A 7 mM ABTS radical solution was mixed with a 140 mM potassium persulfate solution
to prepare the ABTS solution, which was reacted for 12 h. The solution was diluted with
absolute ethanol until the absorbance at 734 nm was 0.700 ± 0.02, and then it was used as
the ABTS+ reagent. A 5 mL aliquot of ABTS+ reagent and 0.2 mL of sample solution were
mixed for 6 min at room temperature. The absorbance of the final reacting solution was
measured at 734 nm in a 96-well plate. ABTS radical scavenging activity was expressed in
the percentage of difference of extract sample compared to control.
4.6. Cell Culture and Cytotoxicity Assay
RAW 264.7 murine macrophage cell lines were purchased from Korea Cell Line Bank
(Seoul, Korea). The cytotoxicity was evaluated by MTT assay. The cells were maintained in
DMEM supplemented with 10% FBS and 1% mixture of penicillin (10,000 U/mL)/streptomycin
(10,000 µg/mL). Cytotoxic effects of PGE and CKE were assessed MTT assay [44]. The cells
were cultured at a density of 5 × 104 cells/ well in a 96-well and incubated for 24 h, in an
atmosphere of 5% CO2 . Samples of different concentrations of PGE and CKE were added
and incubated for 3 h, and then stimulated with LPS (1 µg/mL) for 24 h. After discarding
the medium, MTT solution (100 µL) was added to each well and incubated for 2 h at 37 ◦ C,
and then DMSO was added to dissolve the formazan dye crystals. The optical density of
the reaction mixture was measured at 540 nm using an ELISA microplate reader (Epoch2,
Bio Tek, Winooski, VT, USA). The cell viability was calculated as follows: Cell viability
was expressed in percentage of absorbance difference at 540 nm of a test sample compared
to control.
4.7. Determination of Anti-Inflammatory Effects
4.7.1. Determination of NO Levels
The effects of PGE and CKE on NO levels were determined in RAW 264.7 cells. Cells
were seeded in a 96-well microplate at a density of 5 × 104 cells/well and treated with
different concentrations of PGE and CKE for 3 h at 37 ◦ C. Then 1 µg/mL of LPS was added
to each well and incubated for 24 h. After incubation, 100 µL aliquot of each medium
was transferred to a new well and 100 µL of Griess reagent was added to it. After 15 min,
absorbance was measured at a wavelength of 540 nm using the ELISA microplate reader.
The amount of nitrite present was calculated from a sodium nitrite standard curve.
4.7.2. Determination of Pro-Inflammatory Cytokines
Levels of TNF-α, IL-1β and IL-6 were measured in RAW 264.7 cells to evaluate antiinflammatory activity. Cell culture conditions were the same as those used for the NO assay.
After incubation for 24 h, the concentrations of TNF-α, IL-1β and IL-6 in the cell media were
determined using commercial ELISA kits, respectively, according to the manufacturer’s
protocols. The absorbance was measured at a wavelength of 450 nm using an ELISA
microplate reader.
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4.8. Bleeding Assay
The bleeding experiment was approved by the Institutional Animal Experiments Local
Ethics Committee of Biocenter of Gyeonggi Province (No. 2018-06-0004).
SPF ICR mouse was supplied from Orient bio Co. (Seongnam, Korea). The mice were
maintained at room temperature (23 ± 3 ◦ C), relative humidity 55 ± 15%, and they had free
access to a commercial pellet diet and drinking water before experiments. The mice were
randomly and equally divided into 5 groups each containing 6 mice; control/excipient
group (distilled water), positive control group (aspirin 100 mg/kg/day), 3 test group (70,
100 and 150 mg/kg/day of CKE). The test samples were administered orally once a day
for 7 days. The tail transection bleeding time was determined according to the method of
Dejana et al. [45] and Lee and Kim [46]. The mouse tail was transected at 5 mm from the
tip and it was immediately immersed into warmed (37 ◦ C) saline. The bleeding time was
determined as the time from the tail transection to the moment the bleed flow stopped.
Bleeding time beyond 900 s was considered as cut-off time for the statistical analysis. The
increase rate of bleeding time was calculated by an equation as below, where A is the
bleeding time of the control group, B is the bleeding time of the test group.
Increase rate (%) =

B−A
× 100
A

In addition to bleeding time, bleeding volume was measured as a factor of antithrombotic effect. The blood volume was calculated using a calibration curve of an optical density
value (550 nm) measured by adding a constant volume of blood to 12 mL of saline.
4.9. Statistical Analysis
Experiments were conducted using triplicate samples and were repeated three times.
The values were expressed as mean ± standard deviation (or standard error of the mean
in bleeding assay) and one-way analysis of variance (ANOVA) was carried out using
SPSS software (version 22, SPSS Inc., Chicago, IL, USA). Duncan’s multiple range test was
employed to test for significant differences between the treatments at p < 0.05.
5. Conclusions
It was estimated that ginseng sprouts could be an efficient and clean source of ginsenosides, in that they contained higher content of PPD type ginsenoside than that of
6-year-old ginseng roots and CK was converted effectively from the ginsenosides by enzymatic hydrolysis. CKE derived from ginseng sprouts showed higher anti-inflammatory
effects than PGE in RAW 264.7 cells, reducing the levels of NO and pro-inflammatory
cytokines while PGE showed higher antioxidant activity compared to CKE. From these
results, it was presumed that the high content of CK in the CKE might play an important
role in anti-inflammatory effects. In the in vivo test for antithrombotic effect, the CKE
administered group showed increased effects on both bleeding time and bleeding volume
than the control group. The increase of bleeding volume was relatively low compared
to the aspirin administered group, which could be an advantage in treating thrombosis
because excessive bleeding is undesirable. Ginseng sprout itself or the processed product
such as CKE showed potential to be used for anti-inflammation and antithrombosis.
Author Contributions: Conceptualization, I.-H.B., and K.-A.L.; methodology, I.-H.B. and K.-A.L.;
software, I.-H.B.; validation, K.-H.K. and K.-A.L.; formal analysis, I.-H.B.; investigation, K.-A.L.;
resources, K.-H.K. and K.-A.L.; data curation, I.-H.B. and K.-H.K.; writing—original draft preparation, I.-H.B.; writing—review and editing, K.-H.K. and K.-A.L.; visualization, I.-H.B. and K.-A.L.;
supervision, K.-H.K. and K.-A.L.; project administration, K.-A.L.; funding acquisition, K.-A.L. All
authors have read and agreed to the published version of the manuscript.
Funding: This work was supported by the Technology development program (S2492155) funded by
the Ministry of SMEs and Startups (Korea).

Molecules 2021, 26, 4102

13 of 14

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the Institutional Animal Experiments Local Ethics
Committee of Biocenter of Gyeonggi Province (No. 2018-06-0004).
Conflicts of Interest: The authors declare no conflict of interest.

References
1.
2.
3.
4.
5.
6.

7.

8.
9.
10.

11.
12.
13.
14.

15.
16.

17.
18.
19.
20.

21.
22.
23.
24.

Scaglione, F.; Cattaneo, G.; Alessandria, M.; Cogo, R. Efficacy and safety of the standardised Ginseng extract G115®for potentiating
vaccination against common cold and/or influenza syndrome. Drugs Exp. Clin. Res. 1996, 22, 65–72. [PubMed]
Harkey, M.R.; Henderson, G.L.; Gershwin, M.E.; Stern, J.S.; Hackman, R.M. Variability in commercial ginseng products: An
analysis of 25 preparations. Am. J. Clin. Nutr. 2001, 73, 1101–1106. [CrossRef] [PubMed]
Baeg, I.H.; So, S.H. The world ginseng market and the ginseng (Korea). J. Ginseng Res. 2013, 37, 1–7. [CrossRef]
Seo, M.W.; Han, Y.K.; Bae, Y.S.; Lee, S.H. The Disease Severity and Related Pathogens Caused by Root Rot on 6 Years Old Ginseng
Cultivation Fields. Korean J. Plant Res. 2019, 32, 144–152.
Kim, G.S.; Lee, S.E.; Noh, H.J.; Kwon, H.; Lee, S.W.; Kim, S.Y.; Kim, Y.B. Effects of Natural Bioactive Products on the Growth and
Ginsenoside Contents of Panax ginseng Cultured in an Aeroponic System. J. Ginseng Res. 2012, 36, 430–441. [CrossRef] [PubMed]
Lee, J.Y.; Yang, H.; Lee, Y.K.; Lee, C.H.; Seo, J.W.; Kim, J.E.; Kim, S.Y.; Yoon Park, J.H.; Lee, K.W. A short-term, hydroponic-culture
of ginseng results in a significant increase in the anti-oxidative activity and bioactive components. Food Sci. Biotechnol. 2020, 29,
1007–1012. [CrossRef]
Seong, B.J.; Kim, S.I.; Jee, M.G.; Lee, H.C.; Kwon, A.R.; Kim, H.H.; Won, J.Y.; Lee, K.S. Changes in Growth, Active Ingredients,
and Rheological Properties of Greenhouse-cultivated Ginseng Sprout during its Growth Period. Korean J. Med. Crop Sci. 2019, 27,
126–135. [CrossRef]
Jang, I.B.; Yu, J.; Suh, S.J.; Jang, I.B.; Kwon, K.B. Growth and Ginsenoside Content in Different Parts of Ginseng Sprouts Depending
on Harvest Time. Korean J. Med. Crop Sci. 2018, 26, 205–213. [CrossRef]
Song, J.S.; Jung, S.; Jee, S.; Yoon, J.W.; Byeon, Y.S.; Park, S.; Kim, S.B. Growth and bioactive phytochemicals of Panax ginseng
sprouts grown in an aeroponic system using plasma-treated water as the nitrogen source. Sci. Rep. 2021, 11, 2924–2933. [CrossRef]
Kim, S.C.; Kang, Y.M.; Seong, J.A.; Lee, H.Y.; Cho, D.Y.; Joo, O.S.; Lee, J.H.; Cho, K.M. Comprehensive changes of nutritional
constituents and antioxidant activities of ginseng sprouts according to the roasting process. Korean J. Food Preserv. 2021, 28, 72–87.
[CrossRef]
Hwang, J.E.; Kim, K.T.; Paik, H.D. Improved Antioxidant, Anti-inflammatory, and Anti-adipogenic Properties of Hydroponic
Ginseng Fermented by Leuconostoc mesenteroides. Molecules 2019, 24, 3359. [CrossRef]
Laskin, D.L.; Pendino, K.J. Macrophages and inflammatory mediators in tissue injury. Annu. Rev. Pharmacol. Toxicol. 1995, 35,
655–677. [CrossRef]
Guzik, T.J.; Korbut, R.; Adamek-Guzik, T. Nitric oxide and superoxide in inflammation and immune regulation. J. Physiol.
Pharmacol. 2003, 54, 469–487.
Kitagawa, I.; Taniyama, T.; Shibuya, H.; Noda, T.; Yoshikawa, M. Chemical studies on crude drug processing. V. on the
constituents of ginseng radix rubra: Comparison of the constituents of white ginseng and red ginseng prepared from the same
Panax ginseng root. Yakugaku Zasshi 1987, 107, 495–505. [CrossRef]
Yang, X.-D.; Yang, Y.-Y.; Ou-Yang, D.-S.; Yang, G.-P. A review of biotransformation and pharmacology of ginsenoside compound
K. Fitoterapia 2015, 100, 208–220. [CrossRef]
Akao, T.; Kida, H.; Kanaoka, M.; Hattori, M.; Kobashi, K. Drug Metabolism: Intestinal Bacterial Hydrolysis is Required for
the Appearance of Compound K in Rat Plasma after Oral Administration of Ginsenoside Rb1 from Panax ginseng. J. Pharm.
Pharmacol. 1998, 50, 1155–1160. [CrossRef] [PubMed]
Lee, J.; Lee, E.; Kim, D.; Lee, J.; Yoo, J.; Koh, B. Studies on absorption, distribution and metabolism of ginseng in humans after oral
administration. J. Ethnopharmacol. 2009, 122, 143–148. [CrossRef] [PubMed]
Im, D.S. Pro-Resolving Effect of Ginsenosides as an Anti-Inflammatory Mechanism of Panax ginseng. Biomolecules 2020, 10, 444.
[CrossRef] [PubMed]
Sharma, A.; Lee, H.J. Ginsenoside Compound K: Insights into Recent Studies on Pharmacokinetics and Health-Promoting
Activities. Biomolecules 2020, 10, 1028. [CrossRef]
Biswas, T.; Mathur, A.K.; Mathur, A. A literature update elucidating production of Panax ginsenosides with a special focus
on strategies enriching the anti-neoplastic minor ginsenosides in ginseng preparations. Appl. Microbiol. Biotechnol. 2017, 101,
4009–4032. [CrossRef]
Cui, C.; Jeon, B.M.; Fu, Y.; Im, W.T.; Kim, S.C. High-density immobilization of a ginsenoside-transforming β-glucosidase for
enhanced food-grade production of minor ginsenosides. Appl. Microbiol. Biotechnol. 2019, 103, 7003–7015. [CrossRef]
Kim, S.J.; Park, C.S. Production of Compound K using ginsenosides from ginseng leaf by commercial enzyme. Korean J. Food
Preserv. 2019, 26, 703–710. [CrossRef]
Upadhyaya, J.; Kim, M.-J.; Kim, Y.-H.; Ko, S.-R.; Park, H.-W.; Kim, M.-K. Enzymatic formation of compound-K from ginsenoside
Rb1 by enzyme preparation from cultured mycelia of Armillaria mellea. J. Ginseng Res. 2015, 40, 105–112. [CrossRef]
Li, T.S.C.; Mazza, G.; Cottrell, A.C.; Gao, L. Ginsenosides in roots and leaves of American ginseng. J. Agric. Food Chem. 1996, 44,
717–720. [CrossRef]

Molecules 2021, 26, 4102

25.
26.
27.
28.
29.
30.
31.
32.
33.
34.

35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.

14 of 14

Kang, O.J.; Kim, J.S. Comparison of Ginsenoside Contents in Different Parts of Korean Ginseng (Panax ginseng C.A. Meyer). Prev.
Nutr. Food Sci. 2016, 21, 389–392. [CrossRef] [PubMed]
Medzhitov, R. Origin and physiological roles of inflammation. Nature 2008, 454, 428–435. [CrossRef] [PubMed]
Zhuang, Y.; Lyga, Y. Inflammaging in Skin and Other Tissues—The Roles of Complement System and Macrophage. Inflamm.
Allergy Drug Targets. 2014, 13, 153–161. [CrossRef] [PubMed]
De Caterina, R.; D’Ugo, E.; Libby, P. Inflammation and thrombosis—Testing the hypothesis with anti-inflammatory drug trials.
J. Thromb. Haemost. 2016, 116, 1012–1021.
Branchford, B.R.; Carpenter, S.L. The Role of Inflammation in Venous Thromboembolism. Front. Pediatr. 2018, 6, 142. [CrossRef]
Liu, J.; Tan, Y.; Zhang, J.; Zou, L.; Deng, G.; Xu, X.; Wang, F.; Ma, Z.; Zhang, J.; Liu, Y.; et al. C5aR, TNF-α, and FGL2 contribute to
coagulation and complement activation in virus-induced fulminant hepatitis. J. Hepatol. 2015, 62, 354–362. [CrossRef]
Page, M.J.; Bester, J.; Pretorius, E. The inflammatory effects of TNF-α and complement component 3 on coagulation. Sci. Rep.
2018, 8, 1812. [CrossRef]
Grigniani, G.; Maiolo, A. Cytokines and hemostasis. Haematologica 2000, 85, 967–972.
Irfan, M.; Kim, M.; Rhee, M.H. Anti-platelet role of Korean ginseng and ginsenosides in cardiovascular diseases. J. Ginseng Res.
2020, 44, 24–32. [CrossRef] [PubMed]
Bian, Y.; Ana, G.J.; Kim, K.; Ngo, T.; Shin, S.; Bae, O.N.; Lim, K.M.; Chung, J.H. Ginsenoside Rg3, a component of ginseng, induces
pro-thrombotic activity of erythrocytes via hemolysis-associated phosphatidylserine exposure. Food Chem. Toxicol. 2019, 131,
110553. [CrossRef]
Day, S.M.; Reeve, J.L.; Myers, D.D.; Fay, W.P. Murine thrombosis models. Thromb. Haemost. 2004, 92, 486–494. [CrossRef]
Liu, Y.; Jennings, N.L.; Dart, A.M.; Du, X.J. Standardizing a simpler, more sensitive and accurate tail bleeding assay in mice. World
J. Exp. Med. 2012, 20, 30–36. [CrossRef] [PubMed]
Patrono, C. Antiplatelet strategies. Eur. Heart J. Suppl. 2002, 4, A42–A47. [CrossRef]
Whitlock, E.P.; Burda, B.U.; Williams, S.B.; Guirguis-Blake, J.M.; Evans, C.V. Bleeding risks with aspirin use for primary prevention
in adults: A systematic review for the U.S. Preventive Services Task Force. Ann. Intern. Med. 2016, 164, 826–835. [CrossRef]
Folin, O.; Denis, W. On phosphotungstic-phosphomolybdic compounds as color regents. J. Biol. Chem. 1921, 12, 239–249.
[CrossRef]
Hiai, S.; Oura, H.; Hamanaka, H.; Odaka, Y. A color reaction of panaxadiol with vanillin and sulfuric acid. Planta Med. 1975, 28,
131–138. [CrossRef]
Blois, M.S. Antioxidant determinations by the ues of a stable free radical. Nature 1958, 181, 1199–1200. [CrossRef]
Ratha, P.; Jhon, D.Y. Increase of Rutin, Quercetin, and Antioxidant Activity during Germinated Buckwheat (Fagopyrum
esculentum Moench) Fermentation. Ferment. Technol. 2017, 6, 147.
Re, R.; Pellegrini, N.; Proteggente, A.; Pannala, A.; Yang, M.; Rice-Evans, C. Antioxidant activity applying an improved ABTS
radical cation decolorization assay. Free Radic. Biol. Med. 1999, 26, 1231–1237. [CrossRef]
Mosmann, T. Rapid colorimetric assay for cellular growth and survival: Application to proliferation and cytotoxicity assays.
J. Immunol. Methods 1983, 65, 55–63. [CrossRef]
Dejana, E.; Callioni, A.; Quintana, A.; De Gaetano, G. Bleeding time in laboratory animals. II. A comparison of different assay
conditions in rats. Thromb. Res. 1979, 15, 191–197. [CrossRef]
Lee, K.A.; Kim, M.S. Antiplatelet and antithrombotic activities of methanol extract of Usnea longissimi. Phyto. Res. 2005, 19,
1061–1064. [CrossRef]

