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Ginsenosides from Panax ginseng are well known for their diverse pharmacological effects including anti-
thrombotic activity. Since adventitious roots of mountain ginseng (ARMG) also contain various
ginsenosides, blood flow-improving effects of the dried powder and extract of ARMG were investigated.
Rats were orally administered with dried powder (PARMG) or ethanol extract (EARMG) of ARMG (125,
250 or 500 mg/kg) or aspirin (30 mg/kg, a reference control) for 3 weeks. Forty min after the final
administration, carotid arterial thrombosis was induced by applying a 70% FeCl

3
-soaked filter paper

outside the arterial wall for 5 min, and the blood flow was monitored with a laser Doppler probe. Both
PARMG and EARMG delayed the FeCl

3
-induced arterial occlusion in a dose-dependent manner, doubling

the occlusion time at high doses. In mechanism studies, a high concentration of EARMG inhibited platelet
aggregation induced by collagen in vitro. In addition, EARMG improved the blood lipid profiles,
decreasing triglyceride and cholesterol levels. Although additional action mechanisms remain to be
clarified, it is suggested that ARMG containing high amount of ginsenosides such as Rg

3
 improves blood

flow not only by inhibiting oxidative thrombosis, but also by modifying blood lipid profiles.
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Today, cardiovascular diseases (CVD) due to hypertension,

hyperlipidemia, and atherosclerosis are one of the largest

contributors to global mortality, leading to death of 19.5

million people in 2016. According to the World Health

Organization, it will be about 23.3 million deaths from

CVD in 2030 [1]. As the lifestyle of modern society has

changed, high-energy and fat-rich diet, stresses, crapulence,

and reduced exercise are believed to cause increased

cardiovascular risks by affecting lipoprotein metabolism,

platelet aggregation ability, and vessel resistance. It is

well established that the incidence of CVD is due to

hyperlipidemia, a condition characterized by significant

increases in total cholesterol (TC), triglycerides (TG),

and low-density lipoproteins (LDL) as well as decrease

in high-density lipoproteins (HDL) [2,3].

Aspirin is a widely used anti-thrombosis drug for

preventing cardiovascular diseases. Low doses of aspirin

have been shown to have a preventive effect on thrombus

formation in animal experiments [4]. But aspirin is

acidic and stimulates stomach to release gastric acid.

Besides, it affects gastric wall to become weak and

causes gastric hemorrhage. In addition, currently available

anti-thrombotic agents such as tissue-type plasminogen

activator (t-PA), streptokinase, and PA-type agents for

clinical research have some adverse-effects [5]. Therefore,

safe and effective anti-thrombotic agents that can inhibit

thrombosis are needed to be studied. Medicinal plants

are the attractive source of pharmacologically active
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compounds and agents.

Panax ginseng C.A. Meyer is well known as the most

important botanical medicine in traditional eastern Asia

for longer than 2000 years, and now one of the most

extensively used herbal products in the world [6,7]. The

root of Panax ginseng has long been studied for its

pharmacological efficacies [8]. In Korea, mountain

ginseng, wild Panax ginseng which lives in mountain

naturally, has been considered traditionally more effective

than cultivated ginseng products [9]. This plants grow

wild in cool, shady forests from Korea and north eastern

China to far eastern Siberia [8,10,11]. Mountain ginseng

has become extremely scarce and the ginseng supply

depends almost solely on field cultivation, which is a

time-consuming and labor-intensive process. However,

tissue culture techniques for mountain ginseng have

been established by bioreactor technology as a useful

tool for large-scale production of root biomass [12,13].

Tissue culture techniques allowed us to easily obtain a

mass of adventitious roots.

Tissue-cultured mountain ginseng was produced to

contain higher concentration of bioactive ginsenosides or

polyphenols than cultivated ginseng; these compounds are

believed to be beneficial to human health [14]. The

major active ingredients of ginseng are the triterpene

glycosides named ginsenosides, which have been studied

extensively for their pharmacological effects. These

saponins possess diverse pharmacological actions for

treating various diseases including cerebral ischemia

[15], hypertension [16], and symptoms of hyperlipidemia

[17], in addition to anti-fibrotic and antioxidant activities

[18,19], which are associated with circulatory system or

others as well. Polyphenols rich in mountain ginseng

defend tissues from radical damage and have anti-

cholesterol, intestinal regulatory, anti-cancer, and anti-

oxidant effects [20].

Based on the reported biological effects, we suggested

that the adventitious root of mountain ginseng (ARMG)

would influence physiological hemostatic and pathological

thrombotic processes. The present study was designed to

investigate whether dried powder (PARMG) and an

extract (EARMG) of ARMG have potential anti-thrombotic

activity, in addition to underlying mechanisms, when it

was taken orally.

Materials and Methods

Materials

The experimental materials, PARMG and EARMG

treated with methyl jasmonate (50 µM) for 2 days were

obtained from Dongkook Pharmaceutical Co., Ltd.

(Seoul, Korea), and kept at 4oC until use. After steaming,

PARMG was extracted with 70% ethanol to obtain

EARMG. PARMG, EARMG or aspirin was orally

administered in a volume of 10 mL/kg sterile purified

water. Aspirin, a reference material, was used as a well-

known blood flow enhancer.

Animals

Seven-week-old male Sprague-Dawley (SD) rats were

from Daehan-Biolink (Eumseong, Korea), and subjected

to the experiment after acclimation to the laboratory

environment for 1 week. The animals were housed in a

room with constant environmental conditions (temperature:

22±2oC, relative humidity: 40-70%, light-dark cycle: 12

hours, brightness: 150-300 lux, ventilation: 12 times/

hour), and provided with purified water and rodent pellet

diet ad libitum. All the animal experiments were

approved by the Institutional Animal Care and Use

Committee (IACUC) of Chungbuk National University

(CBNU), Korea (Approval number: CBNUA-974-16-

01), and conducted according to the Standard Operation

Procedures (SOP) of Laboratory Animal Research

Center (LARC) of CBNU.

Measurement of platelet aggregation

Blood sample was withdrawn from the male SD rats

directly into anti-coagulant citrate dextrose solution

containing 0.8% citric acid, 2.2% trisodium citrate, and

2% dextrose. Washed platelets were prepared as previously

described [21]. In brief, platelet-rich plasma (PRP) was

obtained by centrifugation at 170 g for 7 min. Platelets

were sedimented by centrifugation of the PRP at 350 g

and washed with tyrode buffer. The washed platelets

were resuspended in tyrode buffer and adjusted to 3×108

platelets/mL [22,23].

Platelet aggregation was measured with an aggregometer

(Chrono-Log Co., Harbertown, CA, USA) according to

the turbidimetric method of Born and Cross [24]. The
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washed platelet suspension was pre-incubated with

PARMG, EARMG or aspirin (125, 250 or 500 µg/mL)

at 37oC in the aggregometer under stirring at 1,200 rpm.

After 3-min pre-incubation, platelet aggregation was

induced by adding collagen (0.625 µg/mL), adenosine

diphosphate (ADP, 10 µM) or thrombin (0.1 unit/mL).

The extent of aggregation was expressed as percentage

of the vehicle control value stimulated with collagen,

thrombin or ADP.

Measurement of blood flow

Rats (n=8/group) were orally administered with PARMG,

EARMG (125, 250 or 500 mg/kg) or aspirin (30 mg/kg)

for 3 weeks. Forty min after the final administration, the

animals were anesthetized by intramuscular injection of

urethane (1 g/5 mL/kg), under constant maintenance of

body temperature (36-37oC) using a heating pad. The

right carotid artery of rats were exposed and detached

away from the vagus nerve and surrounding tissues.

Aortic blood flow rate was monitored with a laser

Doppler flowmeter (AD Instruments, Colorado Springs,

CO, USA). At the time point of 1 hour after the final

administration, arterial thrombosis was induced by

wrapping the artery with a Whatman No. 1 filter paper

(3×5 mm) soaked with 70% FeCl
3
 solution near (5 mm

anterior to) the flowmeter probe for 5 min. The blood

flow was monitored for 40 min, and the time to

occlusion was recorded. Animals were sacrificed at the

time point of 40 min from the application of FeCl
3
, and

the arteries were cut to observe the thrombus in the

artery.

Thrombus weight and histopathology

After 40-min monitoring of the blood flow in carotid

artery applied with 70% FeCl
3
 to the external surface,

the arteries were cut at intervals of 1 mm from the visible

thrombus regions. Then, the length (in mm) and weight

(in mg) of the thrombotic arteries were measured.

For microscopic examination, an 1.5-cm section of the

ascending thoracic aorta was dissected from the heart.

The injured artery was fixed in 4% paraformaldehyde,

and embedded in paraffin. Paraffin sections were cut

(4 µm in thickness), and stained with hematoxylin and

eosin. The proportion of platelet plug to whole blood clot

in cross-sectional area of the vessels was analyzed using

an ImageJ 1.46b image analysis software.

Hematology and blood biochemical analysis

After 16-hour overnight fasting (feed only), blood

samples were collected from rats orally administrated

with PARMG, EARMG or aspirin for 3 weeks. Complete

blood cell counts (CBC) were measured with an automatic

hematology analyzer (INTEGRA 400; Roche, Mannheim,

Germany).

Blood samples were centrifuged at 3,000 g for 15 min

at 4oC. Biochemical analysis was performed in sera

using a blood chemistry analyzer (Hitachi-747; Hitachi

Korea, Seoul, Korea) for lipids including total cholesterol

(TC), low-density lipoproteins (LDL), high-density

lipoproteins (HDL), and triglycerides (TG) as well as

glucose.

Statistical analysis

All data are expressed as a mean±standard error (SE).

Statistical significance was analyzed using SPSS package

(version 18.0; SPSS Inc., Chicago, IL, USA). Differences

among groups were compared with one-way ANOVA,

followed by Dunnett’s multiple-range test. P-value

<0.05 was considered to be statistically significant.

Results

PARMG did not inhibit all the collagen (0.625 µg/

mL)-, ADP (10 µM)- or thrombin (0.1 unit/mL)-induced

platelet aggregation up to 250µg/mL (Figure 1). However,

the significant inhibition on the collagen-induced platelet

aggregation at a higher concentration (500 µg/mL) is

unclear, since turbid PARMG interfered with the analysis

of platelet aggregation. In comparison, a high concentration

(500 µg/mL) of EARMG markedly inhibited the collagen-

induced platelet aggregation to a half level, although it

did not affect the ADP- and thrombin-induced aggregation.

Similar results were attained by aspirin (500 µg/mL),

near-fully inhibiting only collagen-induced platelet

aggregation.

During whole 3-week administration period of PARMG,

EARMG or aspirin, there were no abnormal symptoms

in rats, and the rats gained body weights steadily in

normal state.

Five-min application of 70% FeCl
3
 outside carotid

arterial wall caused gradual decrease in the blood flow

that near-fully ceased in 30 min (Figure 2). However, 3-

week oral treatment with PARMG inhibited the thrombus
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formation in a dose-dependent manner, in which the

blood flow was maintained longer than 40 min in the rats

treated with a high dose (500 mg/kg) of PARMG, as

observed in rats treated with aspirin (30 mg/kg) (Figure

2A). EARMG also delayed the arterial obstruction in a

dose-dependent manner (Figure 2B). The mean occlusion

time in the vehicle control group was calculated to be

18.1 min, based on the time point when the blood flow

dropped to 10% (practical cessation) of initial flow rate

(Figure 3). However, PARMG markedly prolonged the

occlusion time to 25.8, 30.9, and 34.4 min at 125, 250,

and 500 mg/kg, respectively. Similar effects were achieved

with EARMG, extending the occlusion time to 19.4,

31.7, and 34.7 min at 150, 250, and 500 mg/kg,

respectively. Such a blood flow-improving activity was

also attained by aspirin (30 mg/kg) that prolonged the

occlusion time to 39.4 min.

Forty min after FeCl
3
 exposure, thrombi weighing

0.83 mg/mm were formed (Table 1). The thrombus

weight decreased following treatment with PARMG,

leading to a significant reduction to 0.72 mg/mm at 500

mg/kg. Such significant decreases in the thrombus

weight were also achieved with EARMG (125 and 500

mg/kg) and aspirin (30 mg/kg).

Figure 2. Time-course of carotid arterial blood flow following
FeCl

3
 application outside the arterial wall. Dried powder

(PARMG; A) or ethanol extract (EARMG; B) of adventitious
roots of mountain ginseng or aspirin (A & B) were orally
administered for 3 weeks prior to FeCl

3
 exposure. ●: vehicle

(FeCl
3
 alone) control, ▼: low dose (125 mg/kg) of PARMG or

EARMG, ■: medium dose (250 mg/kg) of PARMG or EARMG,
◆: high dose (500 mg/kg) of PARMG or EARMG, ▲: aspirin
(30 mg/kg).

Figure 1. Inhibition of platelet aggregation by dried powder
(PARMG) or ethanol extract (EARMG) of adventitious roots of
mountain ginseng or aspirin. Platelet aggregation was induced
by collagen (0.625 µg/mL; A), adenosine diphosphate (ADP, 10
µM; B) or thrombin (0.1 unit/mL; C). Virgule: 125 µg/mL, gray:
250 µg/mL, black: 500 µg/mL. *Significantly different from
vehicle controls (collagen, ADP or thrombin alone).



Blood flow-improving activity of adventitious roots of mountain ginseng 109

Lab Anim Res | June, 2017 | Vol. 33, No. 2

As dissected 40 min after exposure to FeCl
3
, the

arteries were entirely plugged with thrombi in the

vehicle-treated rats (Figure 4). In the analysis of the

thrombus, it was composed of 82.5% blood clot and

17.5% platelet plug (Figure 5). In the animals treated

with PARMG, EARMG or aspirin, the thrombi were

loose and had larger portions of permeable platelet

plugs, relative to the flow-blocking blood clots. That is,

aspirin (30 mg/kg) enhanced the portion of platelet plugs

to 52%. By comparison, PARMG (500 mg/kg) increased

the platelet plug ratio to 40%, and EARMG (500 mg/kg)

also expanded to 43%.

In the blood biochemical analysis, PARMG (125-

250 mg/kg) reduced blood TC, HDL, and TG levels,

although there was no dose-response relationship (Table

2). EARMG significantly decreased blood glucose level

at all doses tested (125-500 mg/kg), and lowered the

lipids at a high dose (500 mg/kg). In comparison, aspirin

(30 mg/kg) reduced TC, HDL, and TG.

Discussion

This study was designed to investigate whether PARMG

and EARMG have anti-thrombotic potential when it was

taken orally. Furthermore, we attempted to find out

which state of ARMG (dried powder or ethanol extract)

is more effective for blood flow improvement via in vitro

platelet aggregation assay as well as in vivo FeCl
3
-

induced carotid arterial thrombosis model.

A high concentration (500µg/mL) of ARMG significantly

inhibited the collagen-induced platelet activation, in

which EARMG was more potent than PARMG. Collagen

fibers are exposed to circulating platelets following

damage to the vessel wall and play an important role in

hemostasis through the creation of a physical barrier at

the site of vascular injuries, thereby limiting blood loss

[25-27]. The collagen fibers also stimulate platelet

activation, recruiting additional platelets to the site of

damage as well as consolidating the thrombus [27].

Many studies have reported the anti-platelet activity of

ginsenosides [28,29]. It is suggested that the major

ginsenosides in ARMG should be effective in inhibiting

collagen that induces platelet aggregation. Platelet activation

is characterized by shape change, granule secretion, and

ultimately, aggregation. These responses are triggered by

Figure 3. Time to occlusion of carotid arteries after application of FeCl
3
 outside the arterial wall. Dried powder (PARMG) or ethanol

extract (EARMG) of adventitious roots of mountain ginseng or aspirin were orally administered for 3 weeks prior to FeCl
3
 exposure.

*Significantly different from vehicle (FeCl
3
 alone) control (P<0.05).

Table 1. Thrombus weight in the carotid arteries after application
of FeCl

3
 outside the arterial wall

Treatment Dose (mg/kg) Thrombus (mg/mm)

FeCl
3
 alone 0 0.83±0.03

PARMG

125 0.78±0.03

250 0.78±0.01

500 *0.72±0.03*

EARMG

125 *0.73±0.04*

250 0.81±0.07

500 *0.76±0.01*

Aspirin 30 0.76±0.03

Dried powder (PARMG) or ethanol extract (EARMG) of adventitious
roots of mountain ginseng or aspirin were orally administered for
3 weeks prior to FeCl

3
 exposure. *Significantly different from

vehicle (FeCl
3
 alone) control (P<0.05).
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an increase in intracellular Ca2+, which is induced by

collagen [30,31]. Thus, the inhibition of this increase in

[Ca2+]i blocks the collagen-induced aggregation of

human platelets [31]. The inhibitory effect of ARMG on

the collagen-induced aggregation may be involved in the

inhibition of Ca2+ influx by decreasing thromboxan A
2

(TXA
2
) formation. At lower concentrations, many of the

effects of collagen are enhanced by its production of

TXA
2
 [32-35]. The collagen-induced increase in [Ca2+]i

can be blocked by inhibiting the production of TXA
2
 via

the pretreatment of platelets with cyclooxygenase inhibitors

such as aspirin [30,36,37]. It was reported that the anti-

platelet aggregation effect of ginseng may be due to the

decreased production and release of TXA
2
 [28].

Therefore, a part of the mechanisms involved in calcium

mobilization and TXA
2
 release would be needed for

further understanding of the processes whereby collagen

induces platelet aggregation as well as PARMG and

EARMG inhibit the process.

In the present study, the anti-thrombotic activities of

PARMG and EARMG were evaluated in a FeCl
3
-

induced carotid arterial thrombosis model. This model is

widely used to study thrombogenesis in vivo. Since

transition metals such as ferric ion facilitate oxidative

radical formation, lipid peroxidation of cellular and

tissue injuries as well as endothelial cell damage that

leads to occlusive thrombus formation [38]. As shown in

Figure 2 and Table 1, oral administration of PARMG and

EARMG significantly delayed the occlusion time in a

dose-dependent manner, indicating that the adventitious

Figure 4. Representative findings of carotid arterial thrombi produced by FeCl
3
 application outside the arterial wall. Dried powder

(PARMG) or ethanol extract (EARMG) of adventitious roots of mountain ginseng or aspirin were orally administered for 3 weeks
prior to FeCl

3
 exposure. Gray aggregated platelet plugs (empty star) and yellow/pink blood clots (filled star) are seen in the arterial

lumens exposed to FeCl
3
.

Figure 5. Platelet plug (gray) and blood clot (black) ratios in the
carotid arterial thrombi produced by FeCl

3
 application outside

the arterial wall. Dried powder (PARMG, 500 mg/kg) or ethanol
extract (EARMG, 500 mg/kg) of adventitious roots of mountain
ginseng or aspirin (30 mg/kg) were orally administered for 3
weeks prior to FeCl

3
 exposure.
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roots of mountain ginseng was able to inhibit thrombus

formation in vivo and possibly act as platelet aggregation

inhibitors like aspirin.

In the model of FeCl
3
-mediated rat artery thrombosis,

the thrombi are composed of fibrin, activated platelets,

and entrapped erythrocytes. Clinically, this type of

thrombus is found in the coronary arteries after sudden

death and acute myocardial infarction [39,40]. Fibrin

polymers and fibrin clots as the major components of

thrombus are made from fibrinogen via the enzymatic

action of thrombin. In the present study, the thrombi

were observed to be separated into loose platelet plugs

and compact blood (fibrin) clots. Notably, PARMG,

EARMG as well as aspirin decreased the portion of

impermeable blood clots, increasing the permeable

platelet plugs. Such effects on the ratio of platelet plug/

fibrin clot suggest that blood flow-improving compounds

have an ability to change the structure or composition of

fibrin network. As demonstrated in vitro platelet aggregation

assay and in vivo thrombus analysis, ARMG may

interrupt the early stage of hemostasis triggered by

collagen, rather than that induced by thrombin. Thus, it

is supposed that following interference with initial

hemostasis, relatively-loose platelet adhesion remained,

leading to decrease in the strong blood clot formation.

So, this may make the blood vessel obstructs slowly. On

the other hand, the interaction between fibrin structure

and coagulation factors is a complex process, and it has

been reported that the composition of fibrin structure

affects its sensibility to enzymatic activity of thrombin

[41]. Thus, it is suggested that PARMG and EARMG

suppress fibrin clotting by interrupting the interaction

between fibrinogen and thrombin or by decreasing the

thrombin activity in the body environment.

In biochemical analysis, PARMG and EARMG

improved the blood lipid profiles. In addition, EARMG

remarkably decreased the glucose level. It was previously

reported that there was a significant decrease in TG level

in diabetic rats fed with the extracts of tissue-cultured

adventitious roots of mountain ginseng [42]. Such an

effect was also achieved in a human study [43], wherein

ginsenosides stimulated lipid metabolism in diabetic

individuals. Therefore, the beneficial efficacies of ARMG

on the blood lipid and glucose levels may attract attentions

of investigators and practitioners.

The major components of ginseng are saponins called

ginsenosides. Ginsenosides are well known for cardio-

protective, immuno-stimulatory, anti-fatigue, and hepato-

protective activities [44]. According to some studies,

ginsenosides are the main components affecting the

hemostatic and thrombotic processes [45,46]. Among

various ginsenosides, it was reported that both Rg
1
 and

Rg
2
 have an anti-thrombosis activity [47]. Notably, Rg

3

is the most potent ginsenoside in inhibiting platelet

aggregation by decreasing TXA
2
 formation and granule

secretion in platelets, which are mediated by Ca2+ influx

and Ca2+ mobilization from intracellular stores [48].

Interestingly, the tissue-cultured ARMG contained

higher amounts of Rb
1
, Rb

2
, Rc, Rd, Re, Rg

1
, and Rf

ginsenosides when compared to field cultivated Korean

ginseng. In addition, ginsenosides such as Rb
3
, Rg

2
, Rg

3
,

Rh
1
, and Rh

2
 which were lacking in the extracts of field-

cultivated Korean ginseng were abundant in ARMG

[42]. Notably, it is well known that higher amounts of

original ginsenosides and other novel ginsenosides are

accumulated by treatment with methyl jasmonate during

the tissue culture which is not contained process in

Korean ginseng field cultivation [12]. It was reported that

Table 2. Blood biochemistry of the rats with carotid arterial thrombosis induced by FeCl
3
 application outside the arterial wall

Treatment
Dose

(mg/kg)
TC

(mg/dL)
LDL

(mg/dL)
HDL

(mg/dL)
TG

(mg/dL)
Glucose
(mg/dL)

FeCl
3
 alone 0 72.1±2.3 13.3±0.8 68.3±1.7 52.1±5.4 310.0±18.0

PARMG

125 64.4±2.8 12.0±0.9 62.3±2.8 *36.1±3.1* 280.3±23.7

250 061.4±4.1* 13.3±1.3 *57.1±3.9* *37.0±2.7* 324.9±19.8

500 73.5±3.3 14.1±0.9 66.9±2.9 051.8±12.1 347.3±34.2

EARMG

125 68.3±5.2 11.5±1.2 64.8±5.0 070.0±10.2 *210.5±31.2*

250 66.0±5.1 12.3±1.9 63.8±4.5 44.0±5.8 *218.5±22.7*

500 61.5±5.8 10.8±1.4 61.8±5.8 *40.5±1.7* *207.0±23.1*

Aspirin 30 060.3±3.4* 12.0±0.7 *56.5±2.8* *37.8±2.9* 270.1±27.1

Dried powder (PARMG) or ethanol extract (EARMG) of adventitious roots of mountain ginseng or aspirin were orally administered for
3 weeks prior to FeCl

3
 exposure. TC, total cholesterol; LDL, low-density lipoproteins; HDL, high-density lipoproteins; TG, triglycerides.

*Significantly different from vehicle (FeCl
3
 alone) control (P<0.05).
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methyl jasmonate stimulates the ginsenoside biosynthetic

pathway, thus enhancing the accumulation of ginsenosides

up to 5-7 folds in adventitious roots [49,50]. Besides, it

seemed that steaming and extraction processes of

ARMG led to different concentrations of ginsenosides.

In contrast to the low concentration of Rg
3
 in PARMG

(0.18 mg/g), that in EARMG was 0.43 mg/g, implying

that various ginsenosieds including Rg
3
 can be more

obtained during processes of ginseng products. In the

present study, EARMG was somewhat superior to

PRAMG in the anti-thrombotic activity which might be

due to the increased ginsenosides including Rg
3
.

Taken together, ARMG, especially EARMG, improved

blood flow by inhibiting platelet aggregation induced by

collagen as well as thrombus formation induced by

oxidative vascular injury. Although more actual mechanisms

remain to be clarified, the adventitious roots of mountain

ginseng would be good natural candidate without

adverse effects for the prevention and improvement of

cardiovascular and cerebrovascular diseases.
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