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Ethnopharmacological relevance: Substantial pre-clinical and some clinical data are available showing
that Asian ginseng (Panax ginseng C.A. Meyer) varieties or its particular ginsenosides exert a vasodilatating effect, thus may modulate vascular function. However, the clinical evidence for American ginseng
(Panax quinquefolius L.) is scarce. Therefore, this study evaluates the effect of American ginseng (AG)
on arterial stiffness, as measured by augmentation index (AI), and blood pressure (BP), in type 2 diabetes
patients with concomitant hypertension.
Materials and methods: Using a double-blind, placebo-controlled, parallel design, each participant was
randomized to either the selected AG extract or placebo at daily dose of 3 g for 12 weeks as an adjunct to
their usual antihypertensive and anti-diabetic therapy (diet and/or medications). AI and BP were
measured by applanation tonometry at baseline and after 12 weeks of treatment.
Results: A total of 64 individuals with well-controlled essential hypertension and type 2 diabetes
(gender: 22 M:42 F, age:6379.3 years, BP: 145 710.8/84 7 8.0 mmHg, HbA1c: 7.07 1.3%, fasting blood
glucose (FBG): 8.1 72.3 mmol/L) completed the study. Compared to placebo, 3 g of AG signiﬁcantly
lowered radial AI by 5.3% (P ¼0.041) and systolic BP by 11.7% (Po 0.001) at 12 weeks. No effect was
observed with diastolic BP.
Conclusions: Addition of AG extract to conventional therapy in diabetes with concomitant hypertension
improved arterial stiffness and attenuated systolic BP, thus warrants further investigation on long-term
endothelial parameters before recommended as an adjunct treatment.
& 2013 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction
Complementary and alternative medicine (CAM) use has increased
at a considerable pace in recent years (Barnes et al., 2008). Among
U.S. adults, almost four out of 10 reported using CAM therapy, with

Abbreviations: AG, American ginseng; AI, augmentation index; BP, blood pressure;
CAM, complementary and alternative medicine; NO, nitric-oxide; CVD, cardiovascular
disease; HbA1c, glycated hemoglobin; FPG, fasting plasma glucose; IQOLA SF-36v2,
international quality of life assessment SF-36 Version 2.0; PPD, protopanaxadiol; PPT,
protopanaxatriol; BMI, body mass index; WHR, waist-to-hip ratio; SBP, systolic blood
pressure; DBP, diastolic blood pressure; ACEi, angiotensin-converting enzyme inhibitor; CCB, calcium channel blocker; KRG, Korean red ginseng; baPWV, brachial-ankle
pulse wave velocity
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ginseng being the ﬁfth most commonly used herbal product (Barnes
et al., 2008). The two major species of ginseng that have been well
documented in traditional pharmacopoeias and used as therapeutic
agents are Panax quinquefolius L. and Panax ginseng C.A. Meyer,
commonly referred to as American ginseng and Asian ginseng
(Jia and Zhao, 2009). American ginseng (AG) is mainly grown in North
America (Jia and Zhao, 2009) with Ontario, Canada being one of
the largest producers. To date, various ginsenosides, considered as the
major active constituents of ginseng, have demonstrated mainly in
preclinical studies a potential beneﬁt on vascular endothelial function,
speciﬁcally due to endothelium-dependent release of nitric-oxide (NO)
(Chen, 1996; Kang et al., 1995; Kim et al., 1992; Yuan et al., 1999).
Accumulating clinical evidence concerning the potential beneﬁts
of ginseng roots in vascular pathology imply that ginseng species
might improve endothelial dysfunction and arterial stiffness in healthy
individuals (Jovanovski et al., 2010) and patients with hypertension
and type 2 diabetes by increasing NO bioavailability and preventing
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free radical injury to the vascular endothelium (Han et al., 2005;
Lee and Son, 2011; Xu et al., 2000). Arterial stiffness is increasingly
recognized as an important determinant of cardiovascular disease
(CVD) risks (Mitchell et al., 2012), and has demonstrated independent
predictive value in various patient groups (London et al., 2001; Safar
et al., 2002; Weber et al., 2005; Williams et al., 2006). Individuals with
diabetes are at particularly high risk of CVD events due to the
multifaceted ethiology of disease and associated abnormalities in both
micro and macrovascular structure and function. Augmentation index
(AI), one of several non-invasive methods used to assess arterial
stiffness, provides additional insight concerning arterial wave reﬂections during a cardiac cycle (Laurent et al., 2006), thus rendering
information on hemodynamic potential of compounds such as AG.
Aside from hemodynamic potential of cited ginseng species, the whole
root of AG generated a neutral effect on blood pressure both acutely
and long-term in individuals with hypertension (Stavro et al., 2005,
2006). However, there are substantial compositional alterations in
phytochemical composition, including ginsenoside proﬁles, following ethanol extraction methodologies typically used in production
of marketed AG preparations; hence, the physiological effects of
extracted AG remain unknown.
In light of insufﬁciency of convincing clinical data demonstrating namely AG's effect on arterial hemodynamics, there is a need
for well-designed, randomized clinical trials. This study therefore
explores the effect of AG extract on arterial stiffness and blood
pressure in individuals with type 2 diabetes and concomitant
hypertension. To the best of our knowledge, this is the ﬁrst
randomized, placebo-controlled, double-blind study evaluating
the long term effect of AG root extract on arterial hemodynamics
via pulse wave analysis.

2. Materials and methods
2.1. Participants
Sixty four individuals (30 intervention and 34 placebo) with
essential hypertension were recruited from the diabetes outpatient clinic. All patients had well-controlled type 2 diabetes for 4 6
months without manifest complications and were metabolically stable (average HbA1c: 7.0 71.3% and average FPG: 8.1 7
2.3 mmol/L) on diet and/or conventional diabetes therapies. In
addition to diagnosed type 2 diabetes, eligibility criteria included:
age over 40 years and the use of antihypertensive medications for
46 months prior to the commencement of the study. Exclusion
criteria included systolic BP 4160 mm Hg or diastolic BP 4
100 mm Hg, secondary hypertension, pregnancy, kidney or liver
disease, unstable angina, use of ginseng within 2 months prior to
the initiation of the study, and a weight ﬂuctuation of 72 kg
during the treatment periods. All subjects gave informed written
consent before taking part in the study, approved by the institutional ethics board. Research followed guidelines of the Declaration of Helsinki and Tokyo.
2.2. Treatments
Participants were randomly assigned to one of the two interventions and received, prior to each of the main meals, three times
daily two 500 mg capsules (total 3 g/day), of either American
ginseng extract or identical-appearing placebo capsules containing
corn starch. The AG intervention was prepared using a proprietary
ethanol extraction containing 10% total ginsenosides. The dose
has been selected based on data from the long-term study derived
from the acute-to-chronic clinical testing program for AG (Vuksan
and Sievenpiper, 2005). Furthermore, a dose of 3 g is in alignment
with the 1–3 g dose recommended by the Commission E monograph
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and WHO ginseng monograph (Blumenthal, 1998; World Health
Organization, 1999). Both interventions were taken simultaneously
with usual antihypertensive and hypoglycaemic medications, which
included maintenance of the type and dose of such therapies in
addition to adherence to dietary recommendations. Randomization
to intervention was done using a computer-generated random
number table. Subjects, investigators and statistician were blinded
to the identity of the placebo and ginseng capsules by coding and by
the indiscernible nature of the capsules.
2.3. Protocol
The study used a randomized, placebo-controlled, double-blind
design. Presented data represents a secondary subset analysis
of trial data evaluating AG in diabetes control as a primary outcome
measure (unpublished to date). The ﬁrst study phase was a recruitment phase during which interested patients were invited to the clinic
to attend an information session providing details about the study
procedure. Prospective patients were invited back to the clinic after a
10–12 h overnight fast for screening that included a blood sample and
completion of medical questionnaires. Patients who satisﬁed the
inclusion criteria proceeded to the second phase were they were
randomized to either the AG or placebo arm for the 12-week follow up
period. Throughout the intervention phase, patients attended the
clinic every 6 weeks (weeks 0, 6 and 12) to have biochemical and
anthropometric measurements taken, complete IQOLA SF-36v2 questionnaire (Ware and Sherbourne, 1992), receive a new treatment
batch, return unused pills, and conduct an interview with the dietician.
At the baseline and following 12 weeks of intervention, vascular
assessment was performed. Patients were advised to maintain initial
body weight, and follow consistent dietary and physical activity
patterns throughout the study. They were also asked to refrain from
all medications including AG or placebo during the preceding 12 h
prior to the study visit.
Brachial BP was assessed on the dominant arm with an automatic
oscillometric device (HEM-9000AI; Omron Healthcare, Kyoto, Japan)
according to standard procedure (Chobanian et al., 2003). Prior to
measurements, the patients remained seated in a quiet, temperaturecontrolled room for 5 min with arm supported at heart level to
achieve resting heart rate and blood pressure. Subsequently, three
one-minute-apart readings were obtained from the brachial artery,
and meaned. Thereafter, patients underwent a non-invasive measurement of arterial stiffness using applanation tonometry (HEM9000AI; Omron Healthcare) at weeks 0 and 12 of the treatment.
Pressure sensor was positioned at radial artery for each AI measurement, obtaining continuous steady-state recordings over a period of
30 s; three measurements were taken at each visit, and the mean AI
was used for analysis. Primary vascular endpoint included AI as a
measure of arterial hemodynamics, whereas secondary clinical endpoints included BP, heart rate and pulse pressure.
2.4. Ginseng analyses
American ginseng root was supplied by the Ontario Ginseng
Growers (Simco, ON, Canada), combining ﬁve batches from ﬁve major
farms (ratio 1:1:1:1:1) to be representative of entire growing area. The
ginsenoside extract was produced by repeated extraction using 70%
food-grade ethanol. Analyses of six common ginsenosides were
determined by high-performance liquid chromatography/mass spectrometry by duplicate injection for characterization purposes
(Hwelett-Packard 1100 HPLC with DAD detector). Total ginsenoside
concentrations (%w/w) were 4.092. Individual concentrations for the
protopanaxadiol (PPD) ginsenosides Rb1, Rc, Rb2, and Rd were 2.558%,
0.18%, 0.032%, and 0.402%, respectively, and for the protopanaxatriol
(PPT) ginsenosides Rg1 and Re were 0.086% and 0.834%, respectively.
The PPD:PPT ratio was 3.45.
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no side effects after consumption of either AG or placebo. Analysis
of baseline parameters revealed that the two groups were similar
in all demographic and clinical parameters (P 40.05). However,
baseline body mass index (BMI) was signiﬁcantly higher in the
group randomized to ginseng arm, and waist-to-hip ratio (WHR)
in the control treatment arm (Table 1). Within- and betweentreatment differences in markers of compliance were assessed for
AG and placebo. Body weight change from week 0 to week
12 (0.137 2.86 kg vs. 0.50 73.04 kg) was not signiﬁcantly different between AG and placebo. The proportion of pills consumed
over the 12 weeks was above 80%, and it did not differ between
the two groups.
Within- and between-treatment differences were assessed for
AG and placebo in AI and BP. There was a signiﬁcant dependent
and independent effect of treatment and time on AI changes.
Moreover, a signiﬁcant reduction in AI following AG extract
intervention was observed at 12 weeks compared to placebo
(P ¼0.041) (Table 2). Systolic BP (SBP) was signiﬁcantly improved
during AG compared with placebo (P o0.001). AI decreased by
5.25% and SBP by 11.72% on AG compared with placebo after
12 weeks of treatment. No signiﬁcant between-treatment end
difference in diastolic BP (DBP) was observed. A signiﬁcant withintreatment decrease during AG was found in both SBP (P o0.001)
and DBP (P ¼0.002), and in DBP during placebo intervention
(P ¼0.003) (Table 2).
The mean absolute AI, BP, heart rate and pulse pressure values
did not differ signiﬁcantly between both interventions at baseline.
There was no effect of study period on AI, SBP, or DBP Table 3.

An individual otherwise not involved in the study performed
the weighing, encapsulation, and blinding of treatments. Both
treatments were individually encapsulated and coded in identical
size 500 mg opaque capsules.
2.5. Data analyses
Per-protocol analyses were conducted. Change in radial AI, the
primary vascular outcome measure, was calculated at baseline and
after 12 weeks for each intervention. A sample size of 30 subjects per
group was calculated (80% power, α¼0.05) as efﬁcient to demonstrate a change by 4% (SD¼8) in AI. The demographic ﬁndings and
participant characteristics where compared using a t-test for independent samples and λ2 test for the intervention and control groups.
Comparison between groups and treatment end differences in BP
and AI were assessed using Factorial ANOVA and Fisher LSD test.
Results were expressed as number of participants (n), mean7SD,
range (minimum–maximum), and signiﬁcant at Po0.05. Statistical
analyses were performed using STATISTICA v 6.1 (StatSoft Inc., USA).

3. Results
Eighty-one participants were assessed for their eligibility and
enrolled in the study. Study ﬂow is presented in Fig. 1. Dropouts
on AG and placebo arms were 10 and seven, respectively. Reasons
for dropouts during the protocol included unstable hypertension
control at commencement of the study (n¼10), change in medication therapy (n¼ 5) and inability to continue (n¼2). Medication
change refers to any change in type or dosage of the antihypertensive and/or antihyperglycemic therapy the patients were receiving.
Unstable hypertension control refers to a systolic BP4160 mmHg
and diastolic BP4100 mmHg measured at the commencement of
the study (week 0), following screening. Two patients declined to
continue for the following reasons; one was hospitalized due to
glaucoma, and the other stated lack of time for completion of
the study.
Sixty-four participants (22 men and 42 women), aged 637 9
years (mean7SD), with essential hypertension and type 2
diabetes, who met the eligibility criteria, completed the study.
They followed the study protocol without difﬁculty and reported

Week 0-6

Week 6-12

Analysis

To the best of our knowledge, the present study is the ﬁrst
randomized controlled trial to examine the effect of AG on pulse
wave reﬂection, as measured by AI. We found that the consumption of AG extract signiﬁcantly improved arterial stiffness compared to a control in individuals with type 2 diabetes and
concomitant hypertension following 3 month supplementation.
Recent clinical data conﬁrm the value of arterial stiffness as an
independent predictor of CV events (Laurent et al., 2006). A generally
accepted mechanistic view is that an increase in arterial stiffness and
N=81 screened and
randomized

Recruitment
and
randomization

Week 0

4. Discussion

N= 40 received AG
N=5 excluded
Unstable hypertension
control (n=5)

N= 41 received placebo
N=5 excluded
Unstable hypertension
control (n=5)

N= 35 received AG
N=2 excluded
Medication change (n=2)

N= 36 received placebo
N=1excluded
Medication change (n=1)

N= 33 received AG
N=2 excluded
Declined to continue (n=2)
N=1 excluded
Medication change (n=1)

N= 35 received placebo
N=1 excluded
Medication change (n=1)

N= 30 received AG

N= 34 received placebo

Fig. 1. Schematic of the ﬂow of participants through the trial exploring the effect of AG treatment on arterial stiffness in hypertensive and type 2 diabetic patients.
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Table 1
Baseline characteristics of study subjects.
Variables

P

Group
Intervention

Control

Sample size (n)
Gender male/female
Age (years)
Weight (kg)
BMI (kg/m2)
WHR (%)
HbA1c (%)
FPG (mmol/L)

30
10/20
62.17 8.80
88.5 716.09
33.4 7 5.60
94.4 75.87
7.2 7 1.34
8.6 72.61

34
12/22
63.9 7 10.93
80.8 7 16.43
29.9 7 4.95
100.3 7 3.69
6.9 7 1.28
7.5 7 1.89

Antihypertensive agents
Number taking 1 agent/ Z 2 agents
Number taking speciﬁc agents

30
16/14
BB(8), CCB(7), ACE(15), ARB(0),
D(1), α-B(1), mox(2), ﬁxed comb. (16)a

34
17/17
BB(5), CCB(8), ACE(23), ARB(1),
D(3), α-B(1), mox(2), ﬁxed comb. (14)a

0.988

Oral hypoglycemic agents
Number taking 1 agent/ Z 2 agents
Number taking speciﬁc agents

30
9/21
MET(22), SULPH(23), DPP-4(5),
GLP-1(1), MET þTZL(1), ACA(2)

26
16/10
MET(20), SULPH(12), DPP-4(5),
GLP-1(0), MET þ TZL(0), ACA(0)

0.326

Hypolipemic agents
Number taking 1 agent/ Z 2 agents

23
20/3

29
27/2

0.785

0.869
0.282
0.066
0.012
0.003
0.450
0.057

Data expressed as mean 7 SD.
BMI, body mass index; WHR, waist-to-hip ratio; HbA1c, glycated hemoglobin; and FPG, fasting plasma glucose.
ACE indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BB, β-blocker; CCB, calcium channel blocker; D, diuretic; α-B, alpha-blocker; mox,
moxonidin (central alpha adrenergic agonist); and ﬁxed comb., ﬁxed-dose combination antihypertensives.
P-value by the independent t-test or the Yates corrected Chi-square test, as appropriate.
a

ACE þ D; ARBþ D; and ACEþ CCB.

Table 2
Change in AI, systolic BP, diastolic BP, pulse pressure and heart rate within control and AG intervention groups.
Parameter

Δ (%)

Control group (34)

AI (%)
Systolic BP (mmHg)
Diastolic BP (mmHg)
Pulse pressure (mmHg)
Heart rate (beats/min)

Week 0

Week 12

89.5 7 13.80
142.6 7 11.15
84.6 7 6.99
64.87 17.59
76.7 7 10.33

86.9 7 9.22
143.2 7 16.23
78.3 7 8.09
64.17 12.61
76.8 7 9.60

2.59
 0.64
6.32
0.70
 0.08

Intervention group (30)

(2.89)
(  0.45)
(7.47)
(1.08)
(  0.10)

Week 0

Week 12

85.2 7 12.53
148.57 9.65
84.9 7 9.19
62.5 7 13.27
80.9 7 12.99

80.7 712.36
131.1 713.13
77.8 710.05
56.1 712.43
81.8 7 13.11

Δ (%)

4.47
17.40
7.16
6.42
 0.84

(5.25)
(11.72)
(8.43)
(10.27)
(  1.04)

Data expressed as mean 7 SD.

Table 3
Between and within-treatment change-from-baseline differences in AI, systolic BP,
diastolic BP, pulse pressure and heart rate.
Parameter

Control
Intervention
group week group week 0
0 vs. week
vs. week 12a
12a

Week 0 control
group vs.
intervention
groupa

Week 12
control group
vs.
intervention
groupa

AI
Systolic BP
Diastolic BP
Pulse
pressure
Heart rate

0.378
0.863
0.003d
0.110

0.152
0.068
0.865
0.689

0.041c
o 0.001c
0.821
0.018c

0.145

0.087

0.974

0.154
o 0.001b
0.002b
0.066
0.780

a

Fisher LSD.
Both systolic and diastolic BP have decreased signiﬁcantly in the intervention
group after 12 weeks of intervention.
c
A signiﬁcant reduction in AI (P = 0.041), systolic BP (Po 0.001) and pulse
pressure (P = 0.018) was observed following AG extract intervention at 12 weeks
compared to placebo.
d
A signiﬁcant within-treatment decrease was found in {C}{C}{cke_protected_1}{C}{C}{cke_protected_2}DBP during placebointervention (P = 0.003).
b

peripheral resistance causes a premature and ampliﬁed return of
reﬂected waves in late systole, decreasing ventricular perfusion while

increasing systolic BP (Laurent et al., 2006). In this regard, clinical
trials show that antihypertensive agents, such as CCBs and ACEinhibitors have additional beneﬁcial inﬂuence on central AI beyond
blood pressure (Williams et al., 2006), possibly by decreasing
peripheral resistance (Ting et al., 1995; Taddei et al., 2001; Hornig
et al., 2001). Therefore, additional focus should be placed on
pharmacological treatments that are able to reduce arterial stiffness
including antihypertensive and antihyperglycemic agents (Kool et al.,
1995; Nakamura et al., 2004; Ting et al., 1995).
The potential beneﬁt of ginseng on vascular function has been
suggested by a number of investigators. It has been found that
ginseng extract exerts a direct vasodilatory effect on isolated blood
vessels that may be due to endothelium-dependent release of nitric
oxide (NO) (Kim et al., 1992). Arterial stiffness and endothelial
dysfunction have been clinically linked to decreased NO generation
and increased NO inactivation (De Vriese et al., 2000; Ungvari et al.,
2010). Therefore, improvement of vascular endothelial function
through the NO pathway by treatment with AG could be one of the
proposed mechanisms responsible for decreased arterial stiffness. In
fact, a correlation of NO generation and improved glycemic control in
patients with diabetes was previously reported during AG treatment
(Xu et al., 2000). By assessing arterial wave reﬂection, additional
information on ginseng's potential role in improving vascular function
could be obtained in this patient population.
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Previous studies using steamed Panax ginseng spp., provided
inconsistent results regarding ginseng's impact on pulse wave
reﬂection. A study that investigated the acute effect of Korean red
ginseng (KRG) root on AI found a signiﬁcant amelioration of pulse
wave reﬂection (Jovanovski et al., 2010). Conversely, two previous
3-month studies found that oral administration of KRG did not
signiﬁcantly affect arterial stiffness, as measured by brachial-ankle
pulse wave velocity (baPWV) (Park et al., 2012; Rhee et al., 2011).
However, different ginseng spp. (AG vs. KRG), study population
and measurement methods of arterial stiffness render it difﬁcult
to make direct comparisons.
A decrease in peripheral SBP by AG treatment was observed as
expected, with respect to AI decrease. This ﬁnding suggests that an
earlier return of the wave reﬂection from the periphery,
a distinctive feature of stiffer arteries in hypertension, is associated
with an increase in systolic BP. Therefore, the observed changes in
AI may have occurred dependent of their effects on systolic BP.
Former research evaluating the potential of whole root AG as a
vasodilatatory agent, showed either beneﬁcial (Stavro et al., 2000;
Xu et al., 2000) or neutral effects (Stavro et al., 2005; Stavro et al.,
2006) on BP in subjects with hypertension or type 2 diabetes. AG
ethanol extract used in our study was different from those
previously used which may have had a different ginsenoside
proﬁle and higher total ginsenosides present. The ethanol extract
studied here was concentrated to have 10% total ginsenosides
which is considerably higher (i.e. up to 65%) than the quantity
delivered in the previous trials mentioned. The extraction also
modiﬁes the proportion of individual ginsenosides relative to the
ratios present in the native root. For example, the ratios of Rb1 and
Re and Rd ginsenosides, that may have vasomodulatory potential,
have been proportionally increased compared to the fractions
found in the main root. Due to the compositional differences
present among materials studied the results seen with one ginseng
species might not apply to other or even the same species,
especially if administered as a raw root vs. an extract. In an attempt
to quantify the extent of variability in the active components found
in ginseng, an analysis of the coefﬁcient-of-variation in ginsenosides across ginseng type, assay-technique, and ginsenoside-type
was previously undertaken (Sievenpiper et al., 2004; Vuksan and
Sievenpiper, 2005) demonstrating that the ginsenoside composition
is highly variable across different ginseng source parameters.
Second, we had a group of individuals with both hypertension
and type 2 diabetes. Therefore, to better understand the inﬂuence
of a dose-effect relationship on patients with both comorbidities,
further research is warranted.
Despite signiﬁcant effects on systolic blood pressure, there was
no change in diastolic pressure across intervention groups. In older
individuals with concomitant CVD risk hypertension is characterized by high systolic BP and high PP (Franklin et al., 1997). Higher
SBP, left untreated, may accelerate large artery stiffness and thus
perpetuate a vicious cycle (Franklin et al., 1997). These characteristics were consistent in our sample cohort with the mean age of
63 years. Therefore, it is expected that the greatest pressure shift
was noticed in systolic BP, conﬁrmed by the AI data.
The current study was limited in several ways. First, although
antihypertensives were instructed not to be taken on the test
mornings, they were taken at least 12–24 h beforehand, and could
have thus residually affected BP. Nonetheless, participants were
thoroughly instructed to maintain the type, dose and timing of
their antihypertensives constant, which was not different between
two groups. Finally, the results may not be generalizable to other
sources of AG or any other ginseng extracts. High variability in
ginsenosides which has been detected in various ginseng sources
and different extraction methods (Sievenpiper et al., 2004) may
result in just as high of a variability in efﬁcacy and potentially in
safety across batches. Furthermore, additional insights into

potential vasoactive differences between root and extract should
be undertaken. In the absence of efﬁcacy based standardization,
the use of ginseng in improving vascular parameters must be
approached cautiously. Nevertheless, an AG with a matched
PPD:PPT ginsenoside ratio may show similar efﬁcacy.

5. Conclusion
In conclusion, the selected AG treatment generated rather
convincing and yet preliminary long-term clinical efﬁcacy when
administered as an adjunct to conventional antihypertensive and
antidiabetic therapy. The present study was the ﬁrst to demonstrate that AG can generate favorable effects on pulse wave
reﬂection in addition to systolic BP. This broadens our comprehension on the topic of ginseng and arterial stiffness, which commenced relatively recently and until now has not yielded direct
evidence with regard to long-term effect of AG on arterial stiffness
marker. Also, it draws our attention to the importance of raw
material selection and compositional alteration of the ginseng root
that can induce potentially signiﬁcant differences in physiological
response. Further long-term studies with different ginsenoside
proﬁles, wide range of doses and larger sample size are needed
before recommendations are formed for its use in management of
hypertension in individuals with type 2 diabetes.

Disclosure
Vladimir Vuksan is a holder of an American (No. 7,326,404 B2)
and Canadian (No. 2,410,556) patents for use of viscous ﬁber blend
in diabetes, metabolic syndrome and cholesterol lowering; currently holds grant support for ginsneg research from the Canadian
Diabetes Association, Canada and the National Institute of Horticultural & Herbal Science, RDA, Korea; receives remuneration as
VP and part owner of Glycemic Index Laboratories, Inc. a contract
research organization.

Acknowledgments
This research was in part supported by the Ontario Ministry of
Agriculture and Rural Affairs, Ontario, Canada and Ontario Ginseng
Grower's Association, Simcoe, Canada. The study material was
provided by the Ontario Ginseng Grower's Association, Simcoe,
Canada. We would also like to thank Dr. Y.C. Ma of Canadian
Phytopharmaceuticals Corporation, Richmond, Canada for producing the AG extract and Dr. Paula Brown at BCIT's Natural Health
and Food Products Research Group, Burnaby, Canada for chemical
analysis of ginsenosides.
References
Barnes, P.M., Bloom, B., Nahin, R.L., 2008. Complementary and alternative medicine
use among adults and children: United States, 2007. National Health Statistics
Reports, pp. 1–23.
Blumenthal, M., 1998. Part two monographs: approved herbs. The Complete
German Commission E Monographs: Therapeutic Guide to Herbal Medicine.
The American Botanical Council, Texas, pp. 138–139.
Chen, X., 1996. Cardiovascular protection by ginsenosides and their nitric oxide
releasing action. Clinical and Experimental Pharmacology and Physiology 23,
728–732.
Chobanian, A.V., Bakris, G.L., Black, H.R., Cushman, W.C., Green, L.A., Izzo Jr., J.L.,
Jones, D.W., Materson, B.J., Oparil, S., Wright Jr., J.T., Roccella, E.J., 2003. Seventh
report of the Joint National Committee on Prevention, Detection, Evaluation,
and Treatment of High Blood Pressure. Hypertension 42, 1206–1252.
De Vriese, A.S., Verbeuren, T.J., Van, de V., Lameire, N.H., Vanhoutte, P.M., 2000.
Endothelial dysfunction in diabetes. British Journal of Pharmacology 130,
963–974.

I. Mucalo et al. / Journal of Ethnopharmacology 150 (2013) 148–153

Franklin, S.S., Gustin, W., Wong, N.D., Larson, M.G., Weber, M.A., Kannel, W.B., Levy,
D., 1997. Hemodynamic patterns of age-related changes in blood pressure. The
Framingham Heart Study. Circulation 96, 308–315.
Han, K., Shin, I.C., Choi, K.J., Yun, Y.P., Hong, J.T., Oh, K.W., 2005. Korea red ginseng
water extract increases nitric oxide concentrations in exhaled breath. Nitric
Oxide 12, 159–162.
Hornig, B., Landmesser, U., Kohler, C., Ahlersmann, D., Spiekermann, S., Christoph,
A., Tatge, H., Drexler, H., 2001. Comparative effect of ace inhibition and
angiotensin II type 1 receptor antagonism on bioavailability of nitric oxide in
patients with coronary artery disease: role of superoxide dismutase. Circulation
103, 799–805.
Jia, L., Zhao, Y., 2009. Current evaluation of the millennium phytomedicine–ginseng
(I): etymology, pharmacognosy, phytochemistry, market and regulations.
Current Medicinal Chemistry 16, 2475–2484.
Jovanovski, E., Jenkins, A., Dias, A.G., Peeva, V., Sievenpiper, J., Arnason, J.T., Rahelic,
D., Josse, R.G., Vuksan, V., 2010. Effects of Korean red ginseng (Panax ginseng C.
A. Mayer) and its isolated ginsenosides and polysaccharides on arterial stiffness
in healthy individuals. American Journal of Hypertension 23, 469–472.
Kang, S.Y., Schini-Kerth, V.B., Kim, N.D., 1995. Ginsenosides of the protopanaxatriol
group cause endothelium-dependent relaxation in the rat aorta. Life Sciences
56, 1577–1586.
Kim, H., Chen, X., Gillis, C.N., 1992. Ginsenosides protect pulmonary vascular
endothelium against free radical-induced injury. Biochemical and Biophysical
Research Communications 189, 670–676.
Kool, M.J., Lustermans, F.A., Breed, J.G., Struyker Boudier, H.A., Hoeks, A.P., Reneman,
R.S., Van Bortel, L.M., 1995. The inﬂuence of perindopril and the diuretic
combination amiloride þ hydrochlorothiazide on the vessel wall properties of
large arteries in hypertensive patients. Journal of Hypertension 13, 839–848.
Laurent, S., Cockcroft, J., Van, B.L., Boutouyrie, P., Giannattasio, C., Hayoz, D., Pannier,
B., Vlachopoulos, C., Wilkinson, I., Struijker-Boudier, H., 2006. Expert consensus
document on arterial stiffness: methodological issues and clinical applications.
European Heart Journal 27, 2588–2605.
Lee, N.H., Son, C.G., 2011. Systematic review of randomized controlled trials
evaluating the efﬁcacy and safety of ginseng. Journal of Acupuncture and
Meridian Studies 4, 85–97.
London, G.M., Blacher, J., Pannier, B., Guerin, A.P., Marchais, S.J., Safar, M.E., 2001.
Arterial wave reﬂections and survival in end-stage renal failure. Hypertension
38, 434–438.
Mitchell, G.F., Verwoert, G.C., Tarasov, K.V., Isaacs, A., Smith, A.V., Yasmin,
Rietzschel, E.R., Tanaka, T., Liu, Y., Parsa, A., Najjar, S.S., O’Shaughnessy, K.M.,
Sigurdsson, S., De Buyzere, M.L., Larson, M.G., Sie, M.P., Andrews, J.S., Post, W.S.,
Mattace-Raso, F.U., McEniery, C.M., Eiriksdottir, G., Segers, P., Vasan, R.S., van
Rijn, M.J., Howard, T.D., McArdle, P.F., Dehghan, A., Jewell, E.S., Newhouse, S.J.,
Bekaert, S., Hamburg, N.M., Newman, A.B., Hofman, A., Scuteri, A., De, B.D.,
Ikram, M.A., Psaty, B.M., Fuchsberger, C., Olden, M., Wain, L.V., Elliott, P., Smith,
N.L., Felix, J.F., Erdmann, J., Vita, J.A., Sutton-Tyrrell, K., Sijbrands, E.J., Sanna, S.,
Launer, L.J., De, M.T., Johnson, A.D., Schut, A.F., Herrington, D.M., Rivadeneira, F.,
Uda, M., Wilkinson, I.B., Aspelund, T., Gillebert, T.C., Van, B.L., Benjamin, E.J.,
Oostra, B.A., Ding, J., Gibson, Q., Uitterlinden, A.G., Abecasis, G.R., Cockcroft, J.R.,
Gudnason, V., De Backer, G.G., Ferrucci, L., Harris, T.B., Shuldiner, A.R., van Duijn,
C.M., Levy, D., Lakatta, E.G., Witteman, J.C., 2012. Common genetic variation in
the 3′-BCL11B gene desert is associated with carotid-femoral pulse wave
velocity and excess cardiovascular disease risk: the AortaGen Consortium.
Circulation: Cardiovascular Genetics 5, 81–90.

153

Nakamura, T., Matsuda, T., Kawagoe, Y., Ogawa, H., Takahashi, Y., Sekizuka, K., Koide, H.,
2004. Effect of pioglitazone on carotid intima-media thickness and arterial
stiffness in type 2 diabetic nephropathy patients. Metabolism 53, 1382–1386.
Park, B.J., Lee, Y.J., Jung, D.H., Na, H.Y., Kim, H.B., 2012. Effects of Korean red ginseng
on cardiovascular risks in subjects with metabolic syndrome: a double-blind
randomized controlled study. Korean Journal of Family Medicine 33, 190–196.
Rhee, M.Y., Kim, Y.S., Bae, J.H., Nah, D.Y., Kim, Y.K., Lee, M.M., Kim, H.Y., 2011. Effect
of Korean red ginseng on arterial stiffness in subjects with hypertension.
Journal of Alternative and Complementary Medicine 17, 45–49.
Safar, M.E., Blacher, J., Pannier, B., Guerin, A.P., Marchais, S.J., Guyonvarc’h, P.M.,
London, G.M., 2002. Central pulse pressure and mortality in end-stage renal
disease. Hypertension 39, 735–738.
Sievenpiper, J.L., Arnason, J.T., Vidgen, E., Leiter, L.A., Vuksan, V., 2004. A systematic
quantitative analysis of the literature of the high variability in ginseng (Panax
spp.): should ginseng be trusted in diabetes? Diabetes Care 27, 839–840.
Stavro, P.M., Woo, M., Heim, T.F., Leiter, L.A., Vuksan, V., 2005. North American
ginseng exerts a neutral effect on blood pressure in individuals with hypertension. Hypertension 46, 406–411.
Stavro, P.M., Woo, M., Leiter, L.A., Heim, T.F., Sievenpiper, J.L., Vuksan, V., 2006.
Long-term intake of North American ginseng has no effect on 24-h blood
pressure and renal function. Hypertension 47, 791–796.
Stavro, P.M., Xu, Z., Beljan-Zdravkovic, U., Jenkins, A.L., Sievenpiper, J.L., Vuksan, V.,
2000. American ginseng improves blood pressure in type 2 diabetes. Circulation (II), 417.
Taddei, S., Virdis, A., Ghiadoni, L., Magagna, A., Favilla, S., Pompella, A., Salvetti, A.,
2001. Restoration of nitric oxide availability after calcium antagonist treatment
in essential hypertension. Hypertension 37, 943–948.
Ting, C.T., Chen, C.H., Chang, M.S., Yin, F.C., 1995. Short- and long-term effects of
antihypertensive drugs on arterial reﬂections, compliance, and impedance.
Hypertension 26, 524–530.
Ungvari, Z., Kaley, G., De, C.R., Sonntag, W.E., Csiszar, A., 2010. Mechanisms of
vascular aging: new perspectives. Journals of Gerontology Series A: Biological
Sciences and Medical Sciences 65, 1028–1041.
Vuksan, V., Sievenpiper, J.L., 2005. Herbal remedies in the management of diabetes:
lessons learned from the study of ginseng. Nutrition, Metabolism & Cardiovascular Diseases 15, 149–160.
Ware Jr., J.E., Sherbourne, C.D., 1992. The MOS 36-item short-form health survey
(SF-36). I. Conceptual framework and item selection. Medical Care 30, 473–483.
Weber, T., Auer, J., O’rourke, M.F., Kvas, E., Lassnig, E., Lamm, G., Stark, N., Rammer,
M., Eber, B., 2005. Increased arterial wave reﬂections predict severe cardiovascular events in patients undergoing percutaneous coronary interventions.
European Heart Journal 26, 2657–2663.
Williams, B., Lacy, P.S., Thom, S.M., Cruickshank, K., Stanton, A., Collier, D., Hughes,
A.D., Thurston, H., O’Rourke, M., 2006. Differential impact of blood pressurelowering drugs on central aortic pressure and clinical outcomes: principal
results of the Conduit Artery Function Evaluation (CAFE) study. Circulation 113,
1213–1225.
World Health Organization, 1999. WHO Monographs on Selected Medicinal Plants.
Radix ginseng. Vol. 1, Geneva, pp. 168–182.
Xu, Z., Beljan-Zdravkovic, U., Bateman, RM., Jenkins, AL., Sievenpiper, JL., Stavro, M.P.,
Vuksan, V., 2000. American ginseng increases plasma nitric oxide concentration
in type 2 diabetes. Canadian Journal of Diabetes Care 24, 38.
Yuan, CS., Attele, AS., Wu, JA., Lowell, T.K., Gu, Z., Lin, Y., 1999. Panax quinquefolium L.
inhibits thrombin-induced endothelin release in vitro. American Journal of
Chinese Medicine 27, 331–338.

