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Background and Rationale

Hypertension is prevalent worldwide. Many of the industrialized nations report that 20% or
more of their adult population suffer from this condition. In Canada and the United States the
prevalence is 20% (1,2), in England it is as high as 40% (3), and in South Korea it is 20% (4).
The combination of hypertensions widespread occurrence and devastating impact on cardiovas-
cular health makes it a priority for treatment.

Hypertension is defined as a systolic blood pressure (BP) >140 mm Hg or a diastolic BP >90
mm Hg (5). The urgency to treat it is paramount since it plays a central role in the pathogenesis
of both coronary heart disease (CHD) and stroke (6). Observational studies indicate that every
7.5 mm Hg rise in BP increases the relative risk of CHD by 29% and stroke by 46%. Fortunately,
lowering BP through the use of antihypertensive agents can reduce the morbidity and mortality
associated with these diseases (7). Reducing systolic BP by 10-12 mm Hg and diastolic BP by 5-
6 mm Hg confers relative reductions in the risk of stroke and CHD by 38% and 16%, respec-
tively. Thus, the treatment of hypertension holds great benefit (8).

The current treatment goal for hypertension is a BP <140/90 mm Hg (5). Such control is mea-
gerly achieved amongst hypertensive Canadians and Americans, with a success rate of only 9
and 27%, respectively (1,2). A similarly poor treatment success rate is found in many other
countries too (9). Fortunately, however, this grim reality could be improved, in part, through the
creation of new BP lowering agents.

Future BP lowering agents may include those that exert their effect by normalizing the metabo-
lism of vasodilators such as nitric oxide (NO) (10). NO is a diatomic free radical that is produced
largely by the vascular endothelium through the action of endothelial NO synthase (eNOS; 11).
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One of its chief functions is to regulate vascular tone (12,13), but it also contributes to BP control
(14). Evidence for this latter point extends from both human and mice studies. When NO pro-
duction is inhibited in humans a consequential rise in BP occurs (14,15), and when the eNOS
gene is knocked-out in mice they become hypertensive (16,17). Further support for NOs associ-
ation with BP control comes from the finding that whole-body NO production is inversely corre-
lated with daytime ambulatory BP in healthy and hypertensive humans (18). In addition, whole-
body NO production is approximately 40% lower in hypertensive humans than in healthy
humans (18). Thus, enhancing the production of NO, or directly increasing its in vivo concentra-
tion could be paramount for improved BP control in hypertension.

Agents that increase in vivo levels of NO, and in turn reduce BP, belong to three different
classes. First, there are the NO-donors, which directly release NO to the bloodstream, and
include compounds such as organic nitrates and metal-NO complexes (10,19,20). Second there
is L-arginine the biological precursor of NO (21). Third, there are agents that stimulate NO pro-
duction independent of increasing the L-arginine concentration (22). This last class is of particu-
lar interest, and a prime example is ginseng.

Ginseng is a powerful stimulator of NO production (23). Initial evidence for this came from
both rat and rabbit aortic ring studies. They showed that crude extracts of Panax ginseng com-
prised of a mixture of ginsenosides evoked a dose-dependent relaxation of aortic rings (23,24).
Further investigation revealed that this relaxation was mediated by increased NO production
(23,24). Subsequent research also indicated that only certain ginsenosides contribute to this, and
that ginsenoside Rg, is the most potent contributor (25). Based on these findings, it is plausible
that ginseng containing a high level of Rg, could exert a hypotensive effect.

The hypotensive efficacy of ginseng has, in fact, been shown in both animal and human studies.
Administration of Korean red ginseng high in Rg, to rats caused a BP reduction (26,27). As well, a
recent study showed that humans with hypertension who consumed 4.5g of Korean red ginseng for
8 weeks experienced a 4 mm Hg reduction in 24-hour systolic BP (28). These findings indicate that
ginseng rich in Rg, could have therapeutic value in the treatment of hypertension. However, further
research needs to ascertain what level of Rg, can exert the strongest hypotensive effect.

In the present study, we sought to determine the effect of a fermented Panax ginseng extract
with escalating doses of ginsenoside Rg, on acute BP changes in humans with high-normal BP
and hypertension. Overall, this study should indicate what dose of Rg, causes the greatest acute

reduction in BP.
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Methods and Research Design

Treatments

Four treatments were used in this study. They included 1 placebo and 3 Korean red ginseng
powder (KRG) extracts. A single testing dose of placebo or KRG weighed 508 mg and was
enclosed within 2 red #00 capsules. The placebo was comprised of cellulose and the KRG pow-
der contained 65.0 mg of total saponins, 18.6 mg of ginsenoside Rb,, and 4.0 mg of ginsenoside
Rg,. The three KRG powder extracts differed only in their content of ginsenoside Rg,, with the
first containing 606 pg, the second 1816 pg, and the third 5428 pg.

Study Population

Subjects were recruited mainly through newspaper advertisements. The subjects were all diag-
nosed with high-normal BP or hypertension according to the 6" Report of the Joint National
Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure. Diag-
nosis of high-normal BP required that the subject had a systolic BP between 130-139 mm Hg or
a diastolic BP between 85-89 mm Hg on 3 consecutive visits. Diagnosis of hypertension
required the use of antihypertensive drugs or systolic BP >140 mm Hg or diastolic BP >90 mm
Hg on 3 consecutive visits.

Men and women between the ages of 25 and 75 years were recruited. Subjects were excluded
if they had a glomerular filtration rate <60 ml/min, if liver enzymes were >1.8 times the upper
limit of normal, and if they had secondary hypertension, diabetes, unstable angina, or a coronary/
cerebrovascular event within the previous 6 months. Subjects were also excluded if they used

ginseng or steroid-based anti-inflammatory drugs.

Study Design

A four-way, double-blind, cross-over study approved by the local research ethics committee
was completed in 13 individuals with high-normal BP or hypertension. Each subject received
the placebo and 3 KRG extracts in a randomized sequence determined from a random number
table. Each testing period lasted for 200 minutes, and was separated by a minimum 3-day wash-
out period (Fig. 1).

On four separate momings, between the hours of 8:00 and 10:00am subjects arrived at the Risk
Factor Modification Centre, St. Michaels Hospital after a 10-12 hour fast. Subjects taking medi-
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Fig. 1. The treatment sequence for the study.

cations did not take them on the morning of a test. Upon arrival at the clinic, subjects had their
weight measured, sat and filled out study questionnaires for 5 minutes, and were fitted with an
indwelling cannula in their right forearm vein for blood collection. Subjects were then equipped
with an Accutracker II ambulatory BP monitor (ABPM; SunTech, Raliegh NC) on their left arm.
Two initial measurements were taken with the monitor, and then discarded. Following this, the
monitor took BP readings every 5 minutes for 15 minutes prior to the ingestion of placebo or
KRG; these 4 BP readings represented the baseline readings'. At time 0-minutes, placebo or
KRG was ingested with 300 ml of tap water. Following this, the monitor took BP readings every
1S minutes for 180 minutes. Immediately following the BP measurement at time 60-minutes, a
360-calorie liquid meal replacement (Ensure®, Ross Ltd.) was consumed within a 5-minute
period. Blood was taken at time O-minutes, and at 30-minute intervals thereafter. Subjects

remained seated in a quite room for the duration of each treatment day (Fig. 2).
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Fig. 2. An overview of the sequence of events and their respective times on the days of study. BP = blood

Outcome Measures

The primary outcome was the change in BP as determined by ABPM. The efficacy of KRG
relative to placebo on BP was determined by (i) the change in BP at individual time points and
(ii) the change in net area under the BP curve. The change in BP following placebo or KRG
ingestion was determined by subtracting the mean of the 4 baseline BP readings from the BP

readings taken at each of the 15-minute intervals.
Sample Size Estimation

Calculation of sample size was achieved with power analysis using a two-tailed o of 0.05 and
1-B of 90%.
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Statistical Analysis

BP differences between treatments were determined at the individual time points and for area

under the BP curve. All differences were analyzed using repeated measures analysis of variance

(Number Cruncher Statistical Software). Significance was set at p<0.05.
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