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Korean red ginseng (steam treated Panax ginseng C.A. Meyer), among most prized traditional herbal remedies, has been clini-
cally shown to improve cardiovascular disease (CVD) risk factors. Whether this holds true for the dried non-steamed variety,
known as Korean white ginseng (KWG) is unclear. This study therefore, investigated the efficacy and safety of escalating doses
of KWG on vascular and glycemic parameters in type 2 diabetes (T2DM). Using an acute, randomized, placebo-controlled, dou-
ble-blind, crossover design, 25 participants with well-controlled T2DM (12-males: 13-females, age: 63 + 9 years, Alc: 6.9 + 0.7%,
BMI: 29.3 + 4.3 kg/m’) underwent five visits during which they received 1 g, 3 g, or 6 g KWG or 3 g wheat-bran control (twice)
together with 50 g-glucose load. For the duration of 240 minutes, augmentation index (Al), and central blood pressure were
measured at baseline and at 60 min-intervals, and ambulatory blood pressure was assessed at baseline and at 10 min-intervals.
Additionally, capillary blood was collected at time zero and at 15, 30, 45, 60, 90, 120, and 180 minutes post-treatment. A symp-
toms questionnaire was used to assess safety and adverse events. Two-way ANOVA demonstrated a significant time-treatment
interaction effect on Al (p = 0.01) with one-way ANOVA showing significant reductions in Al with 3 g KWG relative to control
(p = 0.04). Compared to control, acute administration of KWG appeared to be safe, but did not affect any other postprandial,
vascular or glycemic parameters. KWG might have a beneficial effect on Al, a cumulative indicator of arterial health. However,
these results are preliminary and highlight the need for long-term investigation with a focus on its accountable components.
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The incidence of type 2 diabetes mellitus (T2DM) has been
rising at an alarming rate over the last 2 decades and it is now
considered to be a global epidemic. Latest statistics indicate
that it affects 382 million people worldwide, with projec-
tions of a 55% increase by 2035 [1]. T2DM compounds an
individual's risk for developing cardiovascular disease (CVD)
[2]. Prolonged hyperglycemia and vascular abnormalities, the
physiological hallmarks of diabetes, result in diabetes related
micro- and macro-vascular complications [3]. As such, tight
glycemic control and well managed blood pressure (BP) are
fundamental to achieving optimal diabetes care [4]. However,
these treatment goals generally go unmet [5], as recent esti-
mates revealed that only half of the diagnosed individuals with
diabetes are meeting their glycemic targets, and only 36% are
achieving goals for blood pressure [6]. The progressive nature
of the disease, along with the unmet treatment challenges
generates a compelling argument for safe, effective, and af-
fordable alternative treatments that can be used as an adjunct
to current medical therapies. Concurrent with the increasing
demand for more effective medications is the recent upsurge
in the use of herbal remedies amongst the general public [7].

Ginseng, a traditional medicinal plant, embodies an impor-
tant position in the oriental pharmacopeia. Traditionally, it is
used primarily for treating illness, restoring homeostasis, and
promoting longevity [8], but more recently it has been identi-
fied as the most commonly used herb for controlling CVD
factors [8]. Of the thirteen ginseng species identified, the most
commonly consumed and well established therapeutic herb is
Asian ginseng (Panax ginseng) [9]. More specifically, varieties of
Korean red ginseng (KRG), a type of Asian ginseng, have been
shown to improve glycemic control and certain cardiovascular
parameters when used in addition to conventional medication
[10-12]. However, despite it being the most popular form of
ginseng used in traditional dishes [13], scant clinical evidence
exists on the health benefits of the white, non-steamed cul-
tivars of Korean ginseng, Korean white ginseng (KWG@). It has
been suggested that steaming results in a more pronounced
biological effect compared to raw dried ginseng [14], however
the the process significantly alters the profile of dammarane
type saponins, a pharamacologically active fraction of ginseng,
also known as ginsenosides [15], and also results in loss of
malony! type ginsenosides [16,17], all of which may possibly
alter its therapeutic benefits. Given the favorable metabolic
properties of KWG seen in animal models [18,19] along with the
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added cost of steaming of KRG [20], KWG may hold promising
potential in improving certain CVD risks, and thus, serve as a
less expensive therapeutic alternative to KRG. As clinical data
on its medicinal properties is relatively scarce, there is a com-
pelling need for exploring its CVD health benefits. Therefore,
the objective of this exploratory study was to investigate a
dose-response relationship between escalating doses of KWG
and its effects on vascular and glycemic parameters, which
may lead into potential long term benefit exploration.

Thirty participants with T2DM were recruited through news-
paper advertisement and research database. All gave informed
written consent to take part in the study, which was approved
by the Research Ethics Board at St Michael's Hospital. Inclusion
criteria included individuals with presence of T2DM (Alc 6.5-
8.5%0) for at least 1 year, treated with diet alone or diet and
oral hypoglycemic medication that was unchanged starting
at least three months prior to the study. In addition, eligible
participants were between the ages 18-75 years, body mass
index (BMI) between 25-35 kg/m?, systolic blood pressure (SBP)
< 160 mmHg and diastolic blood pressure (DBP) < 100 mmHg,
clinically euthyroid, normal renal and hepatic functions; no
major illness, non-pregnant, not taking herbs or supplements,
no excessive alcohol (> 3 drinks/day) or cigarette use (> 10
cigarettes/day), no allergy or sensitivity to the study interven-
tions or gelatin used in the capsules.

This study followed a randomized, double-blind, placebo-
controlled, crossover design. On five separate occasions, each
participant received one of 4 single-dose interventions in
random order: 1.g, 3 g, 6 g KNG, and 3 g wheat bran (admin-
istered twice). Randomization to treatment was done using a
computer-generated random number table.

Four-year old dried powdered whole root samples of KWG
were provided by the Department of Herbal Crop Research; Na-
tional Institute of Horticultural & Herbal Science, RDA, Korea. Al
treatments were administrated in a set of twelve opaque #00
white gelatin capsules. An individual otherwise not involved in
the study performed treatment concealment and randomization.
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Participants attended the Clinical Nutrition and Risk Fac-
tor Modification Center, St. Michael's Hospital (Toronto, ON,
Canada) on outpatient basis on five separate occasions in the
morning after a 10-12h fast. Each participant was instructed
to maintain the same dietary and exercise patterns in the eve-
ning before each test. Compliance with these conditions was
assessed at each study visit using a preclinical information
questionnaire. Subjects were asked to refrain from taking their
diabetes and antihypertensive medications on the morning
of the visits. Each visit was at least 4 days apart to minimize
carry-over effects. At the start of each study visit, anthro-
pometric measurements including weight, body mass index
(BMI), waist circumference, and body fat percentage were
taken and a preclinical questionnaire was filled out. Baseline
measurements of augmentation index (Al) and central blood
pressure (CBP) followed using SphygmoCorVx instrument
(AtCor Medical, Sydney, Australia). Subjects were then fitted
with an ambulatory blood pressure monitor (ABPM) (Spacelabs
Inc., Redmond, WA, USA) which automatically measured two
BP readings, each 5 minutes apart. The mean of the two
ambulatory BP readings were used as baseline BP. A capillary
baseline blood sample preceded vascular measurements after
which subjects consumed orally 12 capsules containing either
wheat bran or a KWG intervention along with a 50-g avail-
able carbohydrate oral glucose challenge. Finger prick blood
samples were subsequently taken at 15, 30, 45, 60, 90, 120
and 180 minutes post-treatment and analyzed for plasma glu-
cose levels. Al and CBP were measured at 60, 120,180 and 240
minutes post-treatment. The ABPM obtained automatic blood
pressure readings every 10 minutes for 240 minutes following
treatment administration. After the third hour post-treatment,
subjects consumed a standardized snack, which included 15 g
(1 tbsp) low fat cream cheese (Philadelphia, Kraft Canada Inc.,
North York, ON, Canada), 1 slice whole toast (Dempster's 100%
whole wheat bread) and 200 mL water. For the duration of
the visit, occurrence of adverse events was documented on a
symptoms questionnaire using a 100 mm visual analog scale.
At the end of each visit, a 24-hour symptoms form was given
which was returned at the next scheduled visit.

The ginsenoside profile of the 4 yr-old KWG root was ana-
lyzed by the Department of Herbal Crop Research; National
Institute of Horticultural & Herbal Science; RDA; Korea, using
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thin-layer chromatography (TLC) technique. The total gin-
senoside concentrations in the 4yr-old KWG root was 1.8%.
The individual concentrations for the protopanaxadiol (PPD)
ginsenosides Rb1, Rc, Rb2, and Rd were 0.24%, 0.13%, 0.07%,
and 0.03% respectively, and for the protopanaxatriol (PPT)
ginsenosides Rg1 and Re were 0.30% and 0.91%, respectively.
The PPD:PPT ratio was 0.35.

All samples were analyzed within three days of collection.
Finger prick blood samples were collected in 7 mL flat base
polystyrene tubes (Sarstedt Inc., Montreal, QC, Canada) con-
taining potassium oxalate and sodium fluoride inhibitor and
immediately stored at -20°C pending analysis. Samples were
analyzed for glucose concentration using the YSI 2300D STAT
Plus Glucose & Lactate Analyzer (YSI Inc., Yellow Springs, OH,
USA) which utilizes a glucose oxidase method. The YSI was
calibrated with a standard 10 mmol/L glucose solution prior
to and during analysis of each set of seven samples. Measure-
ments were expressed in mmol/L.

Change in Al, the primary outcome, normalized for a heart
rate of 75 beats/minute, was calculated at 60, 120, and 180,
and 240 minutes. Similarly, change in CBP was calculated at
each hour time point across the 4 hr visit duration. Change in
ABP was calculated at the 10 minute intervals from 10 to 240
minutes inclusive. Incremental areas under the glucose curve
(IAUC) were calculated geometrically ignoring areas below the
0 value for each subject and were averaged for each interven-
tion. Changes in postprandial blood glucose (PPBG) measures
were calculated at each capillary blood sampling time point (15,
30, 45, 60, 90, 120, and 180 minutes). Statistical analyses were
performed using the Statistical Package for the Social Sci-
ences (SPSS) release 21.0 (SPSS Inc., Chicago, IL, USA). A box
plot method was applied for the detection of any potential
outliers in the data. For normally distributed data, two-way re-
peated measures GLM ANOVA assessed the independent and
interactive effects of treatments and protocol time on change
in Al, CBP, ABP, and PPBG. One-way repeated measures GLM
ANOVA with Tukey's test determined differences between
treatment-associated means at each time point. All data was
considered statistically significant at p < 0.05. Given that the
study employs a crossover design, and based on our previous
observations with similar studies [11], a treatment difference
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of 4% in Al (SD = 5%) was used for determination of sample
size, indicating that approximately 21 individuals would be
required (¢ = 0.05 and 1-4 = 0.8). Assuming a 30% attrition
rate, a total of 30 subjects were to be recruited.

Results
Subject characteristics, compliance and symptoms

A total of 30 subjects with T2DM provided written informed
consent and were enrolled in the study, of which five dropped
out due to time conflicts. Twenty-five subjects completed the
study, 12 males and 13 females, mean + SD age: 63 + 9 years,
BMI: 29.3 + 4.3 kg/mQ, waist circumference: 101.7 + 10.5 cm,
fasting blood glucose: 7.4 + 0.05 mmol/L, A1C: 6.9 + 0.7 %, rest-
ing SBP/DBP: 133 + 15.9/74 + 7.5 mmHg. The mean duration of
diabetes was 9 + 7 years while the onset of hypertension was 14
+ 12 years, with 15 subjects taking glucose lowering and 9 sub-
jects taking anti-hypertensive medications. Inclusion criteria were
maintained throughout the duration of the study, and there were
no differences in reported symptoms between KWG treatments
and control during the clinic visits or the washout periods.

Effects of KWG on Augmentation Index, central and am-
bulatory blood pressure

Change in Al, %

Shishtar E et al.

Two-way repeated measures GLM ANOVA demonstrated
a significant time-treatment interactive effect on Al (p =
0.01). Thus, the effect of treatment was explored at individual
time points of the Al curves using repeated measures one-
way ANOVA. The Tukey's post hoc test showed that 3g KWG
elicited significant reduction in Al at 240 minutes relative to
control (p = 0.035) (Figure 1). There was no effect of treat-
ment or time-treatment interaction on change in mean central
(Table 1) and ambulatory systolic and diastolic BP (data not
shown). There were also no significant differences in the mean
absolute Al and BP values between any of the treatments at
baseline.

Effects of KWG treatments on post-prandial glycemia

After eliminating an outlier from the data, repeated mea-
sures one-way ANOVA did not demonstrate a significant ef-
fect in blood glucose iAUC of KWG doses relative to control
(Figure 2A). As well, two-way repeated measures GLM ANOVA
did not show a significant time-treatment interactive effect on
PPBG (p = 0.38) (Figure 2B).

Discussion
We present here, for the first time, that KWG - the most

t
—A— 1gKWG
—o— 39KWG
—%— 6gKWG

—m— Control

0 1 2

3 4

Figure 1. Acute dose effects of KWG treatments on Augmentation Index relative to control. Acute effects of treatment dose 1 g,
3 g, 6 g KWG or control on Al. Values are presented as the mean change from baseline in Al over 4hr post-intervention (n = 25).
Control represents the mean response to two placebos. Values are mean + SEM. KWG, Korean white ginseng; Al, Augmentation
index. Two-way ANOVA: Significant time x treatment interaction (p = 0.01). *One-way ANOVA: Significant treatment effect
between control and 3 g KWG (p = 0.035); "One-way ANOVA: Significant treatment effect between 3 g KWG and 6 g KWG (p =
0.005); *One-way ANOVA: Significant treatment effect between 1 g KWG and 6 g KWG (p = 0.02).
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Mean acute changes in central blood pressure from baseline following KWG consumption

Parameter
1 g KWG 3 g KWG
Central SBP, mmHg
0 hr - -
1hr 24+21 17+23
2 hr 43+ 17 30+22
3hr 6.4+25 4.6+26
4 hr 74 +24 40+27
Central DBP, mmHg
0 hr - -
1hr 1.2+19 0.2+21
2 hr 11+£15 0.7+2.0
3hr 47+15 1.8+1.2
4 hr 21+15 1.2+15

All data are mean + SEM, all data are mean changes from baseline.

Intervention

6 g KWG Control p value’
14+21 0.8+ 1.1 0.95
11+£17 24+14 0.72
42+21 49+ 14 0.91
6.3+21 6.2+18 0.75

-04+£13 -01+10 0.91

-0:5/+:11.0 05+10 0.88
23+ 14 29+ 1.2 0.45
09+14 14+13 0.94

DBP: diastolic blood pressure, KWG: Korean white ginseng, SBP: systolic blood pressure.
*One-way ANOVA assessing between treatment differences at individual time points.

commonly consumed form of ginseng in Korea [13] - exhibits
a favorable acute effect on Al, a marker of arterial stiffness, in
individuals with T2DM. More specifically, we show that this ef-
fect is associated with the consumption of 3 g KWG dose, and
the effect appeared to not be dose dependent. These findings
are of interest given the well-established predictive ability of
Al in determining future CVD events [21,22]. Our results also
indicate that KWG does not significantly reduce postprandial
glycemia relative to control. A U-shaped relationship was ob-
served between escalating doses of KWG and PPBG, with 3 g
KWG showing the greatest reduction, and 6 g KWG eliciting
an increase, albeit not significant.

Arterial stiffness has emerged as a novel marker of CVD
risk, displaying a clear independent predictive value [22,23]. As
such, acute improvements in Al demonstrated with 3 g KWG
may have a clinical potential, and could aid in broadening our
understanding on the hemodynamic potential of ginseng.

The acute effects seen on Al add to those from previous
clinical trials though different ginseng species and varieties
were explored. In an acute randomized controlled trial, 3 g
KRG significantly lowered arterial stiffness in healthy indi-
viduals, relative to control, with no improvements in BP [11].
Another recent study conducted by our group in individuals
with T2DM and concomitant hypertension showed that 3 g
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American ginseng (AG) significantly lowered radial Al and at-
tenuated systolic BP after 12 weeks of consumption [24]. Con-
versely, our results are not in line with data from two studies
where 3 g and 4.5 g of KRG administered daily for 3 months
did not improve arterial stiffness in subjects with metabolic
syndrome and hypertension [25,26]. The inconsistency in the
findings could be possibly attributed to the differences in the
method by which arterial stiffness was assessed in the current
(radial pulse wave analysis) versus the two studies (brachial-
ankle pulse wave velocity).

Accumulating data from animal and in vitro work have dem-
onstrated that certain ginsenosides, such as Rb1, Re, and Rg1,
display cardioprotective effects, chiefly on vascular endothelial
function via endothelium dependent release of nitric-oxide (NO)
[27-29]. In view of the clinical implications linking arterial stiff-
ness and endothelial dysfunction to decreased NO generation
and increased NO inactivation [30,31], together with evidence
from preclinical data, the beneficial Al findings seen with 3
g KWG may be possibly explained by NO driven mechanism
stimulated by these ginsenosides, including Rb1, Re, or Rg1, two
of which (Re and Rg1) were found to be present in fairly similar
concentrations as in our efficacious KRG roots [11]. While it is
tempting to attribute our favorable vascular observation to
these ginsenosides, the possibility that other potential active
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Figure 2A. Acute dose effects of KWG treatments versus control on post-prandial blood glucose incremental area under the
curve. Acute effect of treatment dose 1 g, 3 g, 6 g KWG, or control PPBG iAUC (n = 24) after 3hr of intervention. Control
represents the mean response to two placebos. Values are mean + SEM. PPBG: post prandial blood glucose, iAUC: incremental
area under the curve, KWG: Korean white ginseng. One-way ANOVA: (p = 0.92)
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Figure 2B. Acute dose effects of KWG treatments compared to control on post-prandial blood glucose levels. Acute effects of
treatment dose 1 g, 3 g, 6 g KWG, or control on incremental PPBG. Values are presented as the mean change from baseline in
PPBG over 3 hr post-intervention (n = 24). Control represents the mean response to two placebos. Values are mean + SEM. PPBG:
post prandial blood glucose, KWG: Korean white ginseng. Two-way ANOVA: (p = 0.29).

fractions of ginseng, including unmeasured ginsenosides, poly- might have played a role, cannot be eliminated [8].
saccharides, peptides, fatty acids, and polyacetylenic alcohols The lack of a significant amelioration in peripheral systolic BP
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is not unexpected and is partly in line with our previous obser-
vations, where KRG showed either neutral or moderate effects
[11,32]. Although KWG did not lower BP relative to control, the
neutral BP observations are significant in light of the concern
in the literature that ginseng may increase blood pressure [33],
which resulted in advice given to individuals with hypertension
to avoid ginseng products. Thus, this study adds further infor-
mation on the safety of ginseng in hypertension.

An extensive number of clinical, laboratory and animal stud-
ies have investigated the therapeutic potential of ginseng in
improving glycemia, with much focus being placed on two
species: Asian, typically the steamed variety of Korean gin-
seng, and AG [34,35]. Presently, a number of reports from
animal models reveal a possible anti-diabetic potential of
the non-steamed variety of Asian ginseng [18,36-38]. Yet, to
date, no randomized controlled trials have explored the acute
glycemic and vascular effects of such varieties in T2DM. With
respect to findings seen with other ginseng species and types,
our results do not demonstrate a favorable acute glycemic
effect as observed with the original efficacious batch of AG
following standard oral glucose tolerance test (OGTT) in both
healthy and subjects with T2DM [39]. As well, our findings are
inconsistent with the favorable postprandial glycemic results
of Panax ginseng extracts (Ginsana G115) and KRG rootlets,
seen either alone or with standard glucose tolerance tests in
healthy individuals [40,41]. On the other hand, we are only
aware of two studies that have assessed the acute glycemic
effects of the non-steamed Asian ginseng variety in healthy
subjects. In these studies, both null and opposing glycemic ef-
fects were observed with single and combined ginseng doses
following a 75 g-OGTT [42]. In relation to these two studies,
we show similar null but not increasing glycemic effects fol-
lowing acute administration of escalating KWG doses. Com-
paring the total ginsenoside profile of the present ginseng to
the one used in these two studies reveals that the concentra-
tion in the present sample is nearly twice as much (1.8% vs.
0.8% ginsenosides). However, despite having a greater ginsen-
oside concentration, as well as including subjects with T2DM,
no glycemic lowering benefits were observed. On the other
hand, our neutral glycemic observations are in contrast with
evidence from animal studies [18,36]. In a recent 3 week inves-
tigation, it was found that the malonyl ginsenosides, a type
of ginsenosides that exist in both fresh and air dried (non-
steamed) root, significantly lowered fasting blood glucose
when given at 50 and 100 mg/kg/wt doses to high fat diet fed
and streptozotocin-induced diabetic rats [43]. As well, a previ-
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ous study showed that 4-week oral administration of both
white ginseng radix and rootlet lowered fasting blood glucose
levels in KKAy mice compared to controls [18].

Reasons for the discrepancies in our glycemic findings are
unclear. Variability in the ginsenoside profile might partially
provide some explanation [44]. Analysis of ginsenoside profile
revealed that the total ginsenoside content (1.8%) of the cur-
rent ginseng variety was almost half of that found in our orig-
inal efficacious batch of AG (3.2%) [39]. The optimal PPD:PPT
ratio was found to be lower by 8-folds (0.35 vs. 2.44), and the
relevant glycemic lowering ratios for Panax ginseng C.A Meyer
(Rg1:Re and Rb2:Rc < 1) were not met [45]. Additionally, the
concentration of individual PPD ginsenosides, including Rb1
and Rc, that have previously shown a glycemia lowering po-
tential in animal models when provided at levels greater than
1, was not satisfied [46]. The implication is that it is possible
that the main ginsenosides that have previously demonstrated
hypoglycemic effects were not meeting their efficacy range.
In line with this paradigm, we can speculate that the observed
U-shaped dose-response relationship may be allocated to the
level of available bioactive components, representing the fun-
damental nature of a pharmacological agent where biological
activity is either below the threshold, as observed with 1 g
KWG, or above the threshold with the upper dose of 6 g KWG.
It is possible that substrate saturation is reached at a higher
dose of KRG where no further benefit, followed by a possible
counteractive effect, may be observed. Taken together, 3 g
KWG appears to be the most optimal dose of KWG tested that
can potentially improve glucose metabolism, which is in line
with the dose range suggested within ginseng monographs
based on traditional recommendations [47].

Two limitations to this work must be addressed. First, we as-
sessed the vascular and glycemic health effects of KWG in an
acute design. It is thus unclear whether continuous long term
administrations would yield similar results. Secondly, the sub-
jects were taking diabetes and antihypertensive medications.
Though these medications were not taken on morning visits,
they were taken 12-24 hrs prior to the visits. Hence, they or
their metabolites might have been present in the blood on test
mornings, and could have potentially confounded the partici-
pants' vascular and glycemic measures.

In conclusion, the current study is the first to explore the
vascular and glycemic effects of KWG in subjects with T2DM.
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It showed that acute administration of 3 g KWG elicited mod-
est but significant reductions in arterial stiffness, as measured
by Al, while BP and glycemia were not affected. Interestingly,
the optimal dose where greatest improvements were seen
across vascular and glycemic parameters appears to be the 3 g
dose which were not observed with either the 1 or 6 g doses.
In light of such findings, future studies should aim at explor-
ing the long term vascular and glycemic effects of the optimal
dose identified herein, 3 g, with a main focus in determining
its contributing constituents. Should the beneficial results on
Al observed in this study be validated in longer term trials, the
4-yr old KWG root may be a promising candidate that is com-
parable in efficacy to the typically endorsed and valued 6-yr
old KRG, creating significant economic possibilities in the area
of evidence-based remedies for CVD risk reduction.
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