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Summary The only example of an approved antidiabetic drug that was developed
from aherbal sourcewith a long history of use for diabetes is the biguanideMetformin
from French lilac (Galega officinalis). Clinical data are beginning to emerge that
support antidiabetic indications for several other herbs. This viewpoint discusses the
state of the evidence for their clinical antidiabetic efficacy. One of the most studied
herbs, ginseng (Panax spp.), is used as amodel to illustrate the challenges associated
with achieving reproducible clinical efficacy. It is concluded that the best evidence
for clinical efficacy in diabetes remains for ginseng. But overall insufficient evidence
exists to claim a diabetes indication for herbs. The experience with ginseng suggests
that although reproducible efficacy may be achieved using an acute postprandial
clinical screening model to select an efficacious ginseng batch, dose, and time of
administration, there is a need to develop a basis for standardization that ties the
composition of herbs to efficacy. In the absence of such standardization, the use of
herbs in diabetes must be approached cautiously.
ª 2005 Elsevier Ltd. All rights reserved.
Introduction

Historical accounts of diabetes mellitus first ap-
peared in the medical texts of several ancient
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cultures over 2000 years ago. Symptoms that in-
cluded polyuria and polydypsia were described in
the Egyptian Ebers papyri, Greek Epidemics Book III
of Hippocrates, and the Chinese Nei Ching [1,2].
Hindu writings in the Ayurvedic texts used these
same symptoms and others including glucosuria and
the smell of breath acetone to differentiate two
main types of diabetes mellitus: one inherited and
another acquired through obesity [1]. Recorded
treatments for these disorders included largely
rved.
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diet- and plant-based remedies [1,2]. Ethnophar-
macological investigations have since implicated
thousands of plant-derived herbs in the treatment
of diabetes. A comprehensive review of data for
thousands of these herbs reported that O80% have
demonstrated some antidiabetic activity in studies
[3]. There is, nevertheless, only one example of an
approved antidiabetic drug that was developed
from an herb with a long history of use for diabetes:
the biguanide metformin from French lilac (Galega
officinalis) [4]. Numerous other herbs remain can-
didates for antidiabetic drug development. Clinical
data are beginning to emerge, which support
antidiabetic indications for several of these herbs.
This viewpoint outlines the opportunity that exists
for these herbs in the management of diabetes and
the state of the evidence for their clinical antidi-
abetic efficacy. It then discusses of the clinical
antidiabetic efficacy of one of the best-studied
herbs, ginseng. An emphasis is placed on new data
supporting its antihyperglycemic efficacy and re-
lated complementary metabolic effects. Finally,
important caveats affecting the interpretation of
data from clinical studies of herbs are discussed.

Opportunity for herbs in diabetes

Despite the numerous preventative strategies and
armories of medication, the management of type 2
diabetes remains grossly unsatisfactory. Diabetes
is emerging as a pandemic. Diabetes is predicted
to increase by 27% in developed countries and 48%
in developing countries from 1995 to 2025 [5]. In
the U.S., the trends may already be outpacing the
predictions. Diabetes increased by 61% from 1991
to 2001 [6]. The progression of the disease in those
that have diabetes has been no better attenuated.
Glycemic control targets for monotherapy con-
tinue to go unmet [7]. With increasing reliance
on multiple patented pharmacological agents to
meet targets, the cost of treatment has also
become a real concern. The cost of metformin is
3- to 5-fold higher than that of the cheapest gene-
ric sulphonylureas. This spirals to 6-fold higher for
repaglinide and 30-fold higher for thiazolidine-
diones [8]. The ability of developing countries to
afford this level of treatment is dubious [9].

These concerns point to the need for more
effective and cheaper management modalities.
Complementary and alternative medicine (CAM)
approaches that include herbs may hold promise in
this regard. A compelling argument has been made
that the random in vitro ‘‘high-throughput’’
screening for new drug therapies preferred by
pharmaceutical companies has less practical merit
than an ethnopharmacological approach that in-
volves ethnobotany and screening of traditional
systems of medicine for candidate therapies [4].
This is especially true for diseases such as diabetes
that are complex metabolic disorders, as certain
metabolic targets of these approaches may be
unrelated or secondary to effects on more proxi-
mal defects [4]. Herbal treatments not identified
by conventional in vitro screening systems might
therefore still be proven to have clinical efficacy
and potential for development.

The public in their actions already endorse the
use of herbs. Driven by the insufficiency of treat-
ment and anecdotal evidence, paraherbalism and
pseudoscience, the use of CAM increased by 68%
from 1990 to 1997 in the U.S. [10]. The most recent
estimates suggest that 75% of general medical
patients in the U.S. are now using CAM therapies
[11]. One of the strongest independent determi-
nants of this behavior is the use of CAM to treat
diabetes [12]. This increasingly high demand has
occurred in the absence of safety and efficacy
evidence, adequate regulatory standards, patient
disclosures to physicians, and physician education.
This has prompted a unified call from the medical
community in the form of editorials, letters, and
commentaries [13e21] for randomized controlled
clinical trials (RCTs) to evaluate CAM treatments
and provide a basis for legitimate health claims.

Clinical efficacy of herbs in diabetes

The call for more rigorous clinical assessments of
CAMs is being answered by a segment of the
literature. There is a growing database of clinical
trials investigating the effects of several herbs in
diabetes. The efficacy, safety, and mechanisms of
these herbs in diabetes have been well described
in a recent systematic review of 42 randomized
and 16 nonrandomized clinical trials [22]. The
reader is directed to this source for details. Briefly,
the herbs with supporting clinical data in diabetes
include ginseng (Panax spp.), ivy gourd (Coccinia
indica), garlic (Allium sativum and Allium cepa),
holy basil (Ocimum sanctum), fenugreek (Trigo-
nella foenum graecum), prickly pear cactus or
nopal (Opuntia streptacantha), milk thistle (Sili-
bum marianum), fig leaf (Ficus carica), gurmar
(Gymnema sylvestre), bitter melon (Momordica
charantia), Aloe vera, Ginkgo biloba, and various
herb combinations in Traditional Chinese Medi-
cine, Native American Medicine, and Tibetan
Medicine. Various hypoglycemic mechanisms have
been suggested for these herbs from animal and
in vitro models. These include delayed glucose
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absorption in the gut (A. vera, prickly pear
cactus), increased glucose uptake/disposal (fig
leaf, ivy gourd), glucose stimulated insulin secre-
tion (garlic, holy basil, and gurmar), the first two
(fenugreek), the last two (bitter melon), or all
three (ginseng) [22e24].

The antihyperglycemic efficacy remains incon-
clusive for the majority of these herbs. The
conclusion of the systematic review was that
although shown to be safe, there is insufficient
evidence to make conclusions about their efficacy
[22]. This was despite the direction of the evi-
dence for a positive effect being strong: 76% of
studies showed improved indices of glycemic con-
trol. The main limitation is that individual herbs
have only a small number of clinical trials, the
majority of which suffer from poor quality owing to
under-powering or small sample size, lack of
randomization, absence of blinding, and inade-
quate reporting of dropouts.

Compelling evidence is available to support the
use of some herbs in diabetes. Ivy gourd and
American ginseng (Panax quinquefolius L.) were
concluded to have the best evidence for clinical
antihyperglycemic efficacy from adequately de-
signed RCTs [22]. The most recent nutrition rec-
ommendations from the American Diabetes
Association agree with this conclusion as it relates
to ginseng [25]. A detailed discussion of the
evidence for ginseng follows.

Clinical efficacy of ginseng in diabetes

Before the year 2000, there were very limited data
in humans to support the traditional use of ginseng
in diabetes and confirm the hypoglycemic effect of
ginseng observed in animal and in vitro models.
Only a small group of flawed published studies
were accessible. Sotaniemi and coworkers re-
ported that 8 weeks of treatment with 100 and
200 mg/day of an unspecified ginseng improved
fasting glycemia and long-term glycemic control,
assessed by HbA1c, respectively, in 36 type 2
diabetic subjects [26]. But the results were am-
biguous due to significant weight loss differences
between the treatment groups and poorly de-
scribed statistics. In another study, Tetsutani and
coworkers reported that 24 months of treatment
with a Korean red ginseng extract at doses from 3
to 4.5 g decreased HbA1c in 34 people with type 2
diabetes compared with controls [27]. But the
subject selection, allocation to treatment, statis-
tics, and follow-up of the study were very poorly
described. Secondary sources also reported glyce-
mic benefits of Korean red ginseng in diabetes
[28]. But control groups were not reported and
primary sources could not be retrieved for verifi-
cation.

Acute antihyperglycemic effect of
American ginseng

The need for good human data prompted us to
initiate a clinical testing program to explore the
acute and chronic effects of American ginseng in
humans. We conducted a series of five randomized
placebo-controlled acute clinical studies (Table 1)
to evaluate the efficacy of American ginseng (Chai-
Na-Ta Corp., BC) in lowering postprandial glycemia
and its dosing and timing effects in subjects with
and without diabetes using a 25-g OGTT protocol.
The principal goal was to identify an efficacious
dosing and timing schedule for a single batch of
American ginseng for a long-term study. The main
findings were 4-fold: (1) American ginseng reduced

Table 1 Energy, nutrient, and ginsenoside profile of
the placebo and American ginseng (Panax quinque-
folius L.) capsules used in five acute postprandial
trials*

Constituent Content

Placebo American
ginseng

Energy (kcal) 3.51 3.44

Macronutrients
Carbohydrate (g) 0.73 0.57
Fat (g) 0.039 0.013
Protein (g) 0.069 0.26

Ginsenosides
(20S)-Protopanaxadiols (PPD) (% w/w)

Rb1 e 1.53
Rb2 e 0.06
Rc e 0.24
Rd e 0.44

PPD subtotal e 2.27

(20S)-Protopanaxatriols (PPT) (% w/w)
Rg1 e 0.1
Re e 0.83
Rf e 0

PPT subtotal e 0.93
Total (% w/w) e 3.21

Ratios (% w/w:% w/w)
PPD:PPT e 2.44
Rb1:Rg1 e 15.3
Rb1:Rc e 0.25
Rg1:Re e 0.12

*Adapted with permission from authors.
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postprandial glycemia from 9.1 to 38.5%; (2) doses
from 1 to 9 g were equally efficacious; (3) time
from 0 to 120 min before the glucose challenge was
equally efficacious in diabetic subjects without
interaction with their background antihyperglyce-
mic therapy; and (4) only AGO 40 min before the
OGTT reduced glycemia in nondiabetic subjects.
We concluded that American ginseng was able to
reduce acute postprandial glycemia [29e33].

The part of American ginseng’s profile that gave
rise to these hypoglycemic effects was unclear. The
principal reference components in ginseng, towhich
pharmacological effects have been attributed, are
its ginsenosides (saponins with a steroidal glycoside
structure; Fig. 1), although its peptidoglycan (quin-
quefolans for American ginseng, panaxans for Asian
ginseng, and eleutherans for Siberian ginseng)
and glycan (ginsenans) components have also
demonstrated pharmacological activity [34]. We
measured the ginsenoside composition of the Amer-
ican ginseng used in all of the above acute studies
(Table 2). It was noticed that it had a high proportion
of PPD (Rb1, Rb2, Rc, and Rd) relative to PPT (Rg1,
Re, and Rf) ginsenosides, a ratio smaller than one for
the ratios Rg1/Re and Rb2/Rc, and Rf was absent. All
these features of its composition indicated that
ginseng was of the genus and species selected [36e
38]. Although it was tempting to suggest that these
features might be responsible for its effects, with-
out a basis for comparison we concluded that they
were interpretable only for authentication [29e33].
Other unmeasured components could have played
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Figure 1 The 13 known species of ginseng and the structures of the two dammarane-type triterpene glycoside classes
of ginsenosides derived from them with examples of the most common individual ginsenosides from each class [35].
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Table 2 Summary of five acute studies assessing the dosing and timing effects of American ginseng (AG) on
glycemia

Study
description

Sample OGTT
(g)

AG dosing
(g)

AG timing
(min)

Percentage AUC
reductions

p-value

Vuksan et al.
[29,30]

10 NGT
(age: 34G 2 years,
BMI: 25.6G 1 kg/m2)

25 3 �40 18Y for 3 g AG at
�40 min vs. placebo

!0.05

3 0 No effect for 3 g
AG at 0 min vs.
placebo

NS

Vuksan et al.
[29,30]

9 DM2
(age: 62G 2 years, BMI:
29G 1.7 kg/m2, HbA1c:
7.6G 0.2%)

25 3 �40 22Y for 3 g AG at �40
min vs. placebo

!0.05

3 0 19Y for 3 g AG at
0 min vs. placebo

!0.05

Vuksan et al.
[31]

10 NGT
(age: 41G 4 years,
BMI: 24.8G 1.1 kg/m2)

25 3, 6, 9 �120,
�80, �40

26.6, 29.3, 38.5 Y for 3, 6,
and 9 g vs. placebo

!0.05

No effect of timing NS

Vuksan et al.
[32]

10 DM2
(age: 63G 2 years, BMI:
27.7G 1.5 kg/m2,
HbA1c: 7.3G 0.3%)

25 3, 6, 9 �120,
�80, �40, 0

19.7, 15.3, 15.9 Y for 3, 6,
and 9 g vs. placebo

!0.05

No effect of timing NS

Vuksan et al.
[33]

12 NGT
(age: 42G 7 years,
BMI: 24.1G 1.1 kg/m2)

25 1, 2, 3 �40, �20,
�10, 0

14.4, 10.6, 9.1Y for 1,2,
and 3 g vs. placebo

!0.05

14.1, 15.0, 9.2Y for �40 min
vs. �20, �10, and 0 min

!0.05

NGT, DM2, OGTT, and AUC denote normal glucose tolerance, type 2 diabetes mellitus, oral glucose tolerance test, and area under
the curve, respectively. P-values are for comparisons between absolute values using repeated measures ANOVA adjusted with the
NewmaneKeuls procedure. Data are meanG SEM.
an independent interactive role. These includeO25
different ginsenosides, O10 peptidoglycans (quin-
quefolans for American ginseng), various ginsenans,
numerous peptides and fatty acids, and countless
other organic compounds. It was reasoned that
replication of the findings with an American ginseng
designed to have a similar profile would offer
evidence for the efficacy of this ginsenoside profile.
This approach was taken as the next step.

Chronic antihyperglycemic efficacy of
American ginseng

Our acute observations suggested that American
ginseng with a ginsenoside profile similar to our
efficacious batches might have long-term thera-
peutic value. To investigate this possibility, we
studied the long-term effects of an extract (Chai-
Na-Ta Corp., Langley, BC) that we designed to have
a ginsenoside profile similar to that of the American
ginseng used in the five acute studies [29e33]: total
ginsenosides of 3.54 and a PPD:PPT ratio of 2.4. An
8-week double-blind, placebo-controlled crossover
trial was undertaken to investigate the effects of
1 g of ginseng extract or placebo taken 40 min
before each meal (3 g/day) on glycemic control in
24 type 2 diabetic subjects [38]. Fasting glucose and
HbA1c were decreased following the extract com-
pared with placebo after 8 weeks. There was also
an observable but insignificant increase in insulin
suggesting a possible improvement in b-cell func-
tion. These benefits occurred without increasing
adverse events or altering hepatic, renal, haemo-
static, or blood pressure function. Taken together,
the data represented proof of two concepts. First,
standardization of key features of the ginsenoside
profile may lead to reproducible effects. Neverthe-
less, whether it is the standardized ginsenoside
component that is driving this reproducibility is
unclear. It is possible that these ginsenosides may
only be acting as a proxy for other non-measured
ginsenosides or nonsaponin components such as the
peptidoglycan fraction (quinquefolans). Second,
our acute postprandial testing model used to select
the most efficacious batch, dose, and time of
administration of ginseng successfully predicted
long-term safety andefficacy of abatch of American
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ginseng. The w15e20% glycemic lowering efficacy
seen acutely [29e33] was sustained in this long-
term investigation.

Acute antihyperglycemic efficacy of
Korean red ginseng

To test whether the batch, dosing, and timing of
another species of ginseng could be selected to
have long-term efficacy using the same acute
postprandial testing program, a similar approach
was applied to Korean red ginseng (steam treated
Panax ginseng C.A. Meyer) [39]. We conducted
a batch-finding study of different Korean red
ginseng (KRG) root fractions followed by a dose-
finding study of the most efficacious fraction.
Double-blind, randomized, within-subject designs
were used in both studies. In the batch-finding
study, 7 healthy subjects received 6 g placebo and
KRG-rootlets, -body, and -H2O extract 40 min
before a 50-g OGTT. In the dose-finding study, 12
healthy subjects received 0 g (placebo), 2, 4, and
6 g of the most efficacious root fraction following
the same protocol. The studies were successful in
identifying efficacious batch and dose of Korean
red ginseng. In the batch-finding study, a wide
variation in the ginsenoside profiles was achieved
across the three root fractions. This variation
coincided with differential effects, although the
PPD:PPT ratio was unrelated. KRG-rootlets de-
creased AUC by 29% compared with placebo, while
neither KRG-H2O extract nor KRG-body affected
glycemia. In the dose-finding study, the KRG-
rootlets were tested as the most efficacious
fraction. A significant effect of KRG-rootlets treat-
ment (mean of three doses) but not dose was
found. The mean of three doses decreased AUC
by 17% compared with placebo. Taken together
the studies indicated that 2 g KRG-rootlets was
sufficient to achieve reproducible reductions in
postprandial glycemia. This was indicated for long-
term study [40,41].

Chronic antihyperglycemic efficacy of
Korean red ginseng

The data from the acute data were applied to
the long-term study [39]. The efficacious batch
(Korean red ginseng rootlets) and dose (2 g) se-
lected from the sequential acute batch- and
dose-finding studies were subjected to long-term
testing. A double-blind, randomized, placebo-
controlled, crossover trial was conducted. Nine-
teen type 2 diabetic subjects received 2 g placebo
or Korean red ginseng rootlets 40 min before each
meal (6 g/day) for 12 weeks, while maintained
on their conventional diabetes treatment. Fasting
plasma insulin and 75-g OGTT derived AUC
plasma insulin were significantly decreased on
the selected KRG treatment compared with place-
bo. This occurred while fasting plasma glucose was
unchanged and 75-g OGTT derived AUC plasma
glucose was significantly decreased. The com-
bination was reflected in an identical 33% increase
in both the homeostasis model assessment
(HOMA) and the 75-g OGTT derived insulin sensi-
tivity indices on the selected Korean red ginseng
rootlets treatment compared with placebo. These
benefits occurred without increasing adverse
events or altering hepatic, renal, haemostatic, or
blood pressure function. We concluded that
our acute testing program identified a Korean
red ginseng batch and dose that improved long-
term glucose and insulin regulation safely beyond
conventional treatment in type 2 diabetes [42].

Complementary metabolic efficacy of
ginseng

In addition to improving long-term glycemic con-
trol, complementary metabolic effects of ginseng
have been observed on several features of the
metabolic syndrome. First, body weight improve-
ments have been reported following ginseng sup-
plementation. In the clinical diabetes trial of
Sotaniemi and coworkers, 100 and 200 mg/day of
the unspecified ginseng decreased body weight
after 8 weeks of treatment compared with base-
line [26].

Second, lipid and lipoproteinemia improving
effects have been observed. Korean red ginseng
at a dose of 4.5 g/day (1.5 g before each meal
TID) improved dyslipidemia, decreasing triglycer-
ides and increasing HDL-cholesterol after 7 days
in an uncontrolled pilot study of 5 normal and 6
hyperlipidemic men [43]. In our long-term ran-
domized, double-blind, crossover study with the
American ginseng extract, total-cholesterol, LDL-
cholesterol, and the total-/HDL-cholesterol ratio
were reduced compared with placebo, with an
observable but insignificant increase in HDL-
cholesterol [44].

Third, antihypertensive effects have been ob-
served. Different ginseng preparations improved
various indices of blood pressure function. Korean
red ginseng at a dose of 4.5 g/day (1.5 g before
each meal TID) decreased 24 h mean systolic blood
pressure compared with placebo after 8 weeks in
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26 subjects with essential hypertension in a non-
randomized, unblinded, crossover study with
a shortened placebo phase (4 vs. 8 weeks) [45].
The Asian ginseng (P. ginseng C.A. Meyer) extract
Ginsana G115 (Pharmaton, Ridgefield, CT, USA)
significantly decreased acute blood pressure 2 h
after ingestion compared with baseline [46].
Korean red ginseng significantly increased forearm
blood flow responses, consistent with mediation by
nitric oxide, in 7 hypertensive test subjects com-
pared with 10 untreated hypertensive control
subjects [47]. In our long-term study with the
American ginseng extract, both systolic and di-
astolic blood pressures were significantly reduced
compared with placebo [48].

Finally, improvements in haemostatic parame-
ters have been observed with ginseng. In our long-
term study with the American ginseng extract,
a significant reduction in plasminogen activator
inhihibitor-1 (PAI-1) was observed from baseline.
But the comparison with placebo was only ap-
proaching significance [49].

Taken together, these additional metabolic
benefits described in humans support the primary
effects of American and Korean red ginsengs on
glycemia. Because the efficacy was demonstrated
across different ginseng-types, doses, related dis-
ease models and investigator groups, these data
can be considered robust.

Caveats

Variability in composition

This evidence for antidiabetic efficacy of herbs
comes with serious limitations. Ginseng serves as
an example. To quantify the extent of the
variability in ginsenosides in ginseng, we under-
took a meta-analysis of the coefficient-of-varia-
tion (CV) in ginsenosides across ginseng-type
(batch, preparation, variety, and species), as-
say-technique, and ginsenoside-type. Thirty-two
articles met the inclusion criteria. Together
these articles reported ginsenoside concentra-
tions for 317 batches of ginseng that included
10 levels of different ginseng-types, 6 levels of
different assay-techniques, and 21 levels of
different ginsenoside-types. The CV in ginseno-
sides were found to be from 26 to 103% for
ginseng-type, 31 to 81% for assay-technique, and
36 to 112% for ginsenoside-type (Fig. 2) with the
differences in ginseng-type dependent on the
assay-technique used. This analysis demonstrated
that the ginsenoside composition of ginseng is
highly variable across different ginseng source
parameters [50].

Variability in efficacy

There is evidence that this high variability in
composition may contribute to equally high vari-
ability in efficacy. Variable pharmacological ef-
fects appear secondary to differences in
composition. Our experience with ginseng is again
instructive. We conducted a series of acute,
blinded, placebo-controlled clinical studies to
assess the effect of increasing ginsenoside vari-
ability across similar ginseng source parameters of
progressively greater ginsenoside variability
(batch, preparation, variety, and species) on post-
prandial glycemia. A 75-g oral-glucose-tolerance-
test (75-g OGTT) protocol was followed with
ginseng administered 40 min before the start of
each test. The ginsenoside variability we were
able to achieve experimentally across the ginseng
source parameters was equal to the actual vari-
ability seen across similar parameters in the
meta-analysis. This coincided with highly variable
glycemic effects. In the first study, while our
original efficacious batch of American ginseng
again demonstrated acute postprandial glycemic
lowering efficacy, a second batch with a depressed
ginsenoside profile including a low PPD:PPT ratio
was ineffective [51]. In the next two studies,
another species, Asian ginseng, with marked in-
versions in its ginsenoside profile (PPD:PPT! 1)
had null and opposing effects on plasma glucose
indices [52]. Finally, in the most recent study, in
which 8 of the most common ginseng-types with
distinct ginsenoside profiles were compared head-
to-head, decreasing, null, and increasing effects
were observed. A third batch of American ginseng
lowered plasma glucose, while Japanese-rhizome
(Panax japonicus C.A. Meyer), Sanchi (Panax noto-
ginseng), Vietnamese-wild (Panax vietnamensis),
and Korean red ginsengs had null effects and
Asian, Siberian (Eleutherococcus senticosus), and
American-wild ginsengs significantly raised acute
postprandial plasma glucose (Fig. 3). The PPD:PPT
ratio was implicated as the sole independent
predictor of 4 of 7 plasma glucose and insulin
outcomes in this study. But the variance ex-
plained by this ginsenoside ratio was !7%
(Fig. 4), bringing into question its utility as
a marker for standardization [53]. Again other
unmeasured saponin or nonsaponin components
could have played independent or interactive
roles. Taken together, the high variability in
acute postprandial glycemia appeared secondary
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Figure 2 Three-factor analysis of the coefficient-of-variation (CV) of ginsenoside concentrations for the main
effects of species, assay-technique, and ginsenoside-type. CV of ginsenoside concentrations were calculated as
CVZ SD/mean! 100% in a factorial block design. A blocking principle was applied to the data such that each level of
each factor (10 levels of species, 6 levels of assay-technique, and 2 levels of ginsenoside-type) was crossed with each
level of the other factors for the calculation of CV. Species comprised 10 levels of Panax species, their preparations,
and their varieties derived from ginsenoside concentrations reported for 121 Asian (cultivated) (Panax ginseng C.A.
Meyer [cultivated]), 36 Asian (red) (P. ginseng C.A. Meyer [red]), 3 Asian (wild) (P. ginseng C.A. Meyer [wild]), 35 Asian
(extract) (P. ginseng C.A. Meyer [extract]), 74 American (cultivated) (Panax quinquefolius L. [cultivated]), 4 American
(wild) (P. quinquefolius L. [wild]), 7 American (extract) (P. quinquefolius L. [extract]), 12 Japanese [Panax japonicus
C.A. Meyer], 10 Pseudo [Panax pseudoginseng WALL.], and 10 Sanchi [Panax notoginseng [Burk.] F.H. Chen] ginseng
batches. Assay-technique comprised 6 levels of different assay-techniques derived from (213 HPLCeUV, 43 GCeMS, 33
HPLCeMS, 12 DCC, 9 HPLCedifferential refractometry [DR], and 4 HPLCeELSD). Ginsenoside-type comprised 21 levels
of ginsenoside indices, the protopanaxadiol (PPD) ginsenosides (207 Rb1, 197 Rb2, 199 Rc, 202 Rd, and 34 Rg3),
protopanaxatriol (PPT) ginsenosides (202 Rg1, 230 Rf, 208 Re, and 105 Rg2) their sums (228 PPD, 229 PPT, and 252
Total) and ratios (239 PPD:PPT, 255 Rb1:Rg1, 197 Rb2:Rc, 261 Re:Rb1, 262 Rc:Rb1, 258 Rd:Rb1, 259 Rb2:Rb1, 254 Rf:Rb1,
and 207 Rg1:Re). The CV data calculated for each possible combination were pooled and meaned for each level of
each factor. As a result, CV data are meanG SD.
to the variability in the ginseng source (batch,
preparation, variety, and species) and its compo-
sition, as represented by the measured ginseno-
side profile, specifically the PPD:PPT ratio.

The implication of this high variability in com-
position coupled to high variability in efficacy is
that the evidence for efficacy and safety reported
for specific herbal products may not be generaliz-
able to other over-the-counter batches, prepara-
tions, varieties, and species of the herb. Although
this concern makes a compelling argument for
better regulatory standards, there are mitigating
factors. One limitation is that no basis for stan-
dardization exists. It is not clear which of the O30
ginsenosides and their ratios should be standard-
ized. The independent and interactive roles of
other principles such as panaxans (peptidoglycans)
and ginsenans (polysaccharides) are also unknown
[34]. The implication is that even with ginsenoside-
standardized products, uncertainty remains.
Another important limitation is the assay. No
universal assay exists for most compositional fac-
tors. In the case of ginsenoside measurements, the
observed interaction between species and assay
may produce biases in comparisons. Together
these limitations indicate the need to tie refer-
ence components to efficacy and establish specific
assay criteria. Steps in this direction are being
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Figure 3 Differential effects of eight types of ginseng on postprandial plasma glucose. The line plots and bars in the
array represent the incremental change and area under the curve (AUC) for the mean of two identical placebos (C) or
one of eight of the most popular ginseng-types, Sanchi, Siberian, American, Asian, Asian-red, Japanese, American-
wild, or Vietnamese-wild ginsengs, (B) administered at a dose of 3 g 40 min before a 75-g OGTT in 12 nondiabetic
subjects (sex: 6 m and 6 f, age: 34G 3 years, BMI: 25.8G 1.2 kg/m2). Asterisks indicate that points or bars for ginseng
are significantly different from placebo (p! 0.05, one-way repeated measures ANOVA with non-orthogonal
contrasts). Data are meanG SEM. Adapted with permission from Sievenpiper et al. [53].
made for ginseng. A growing database of rigorously
conducted animal studies is pointing to different
ginsenosides for antihyperglycemic indications.
Some of the most promising isolated components
for which there are consistent data across differ-
ent models, species, doses, and investigator
groups include Re [54,55], Rb2 [55e57], and
panaxan B [58,59]. The American Botanical Council
has also initiated the largest ginseng evaluation
program with the development of a common
HPLCeUV assay [60].

Conclusions

In conclusion, although traditional systems of
medicine demonstrate a strong history of use and
clinical evidence is mounting to support a diabetes
indication for herbs, the reproducibility of their
safety and efficacy remains questionable. Ginseng
is a model example. Although we have twice shown
that a ginseng batch, dose, and time of adminis-
tration can be selected using an acute postprandial
screening model to have long-term efficacy
and safety in people with type 2 diabetes, the
effects of randomly selected ginseng can be err-
atic. Highly variable acute glycemic effects are
observed secondary to the ginsenoside profile as it
varies across ginseng batch, preparation, variety,
and species. With the variability in ginsenoside
profiles found to be alarmingly high across these
same parameters of ginseng source, the implica-
tion is that its efficacy and safety may be equally
highly variable. This situation necessitates that com-
positional markers of its antihyperglycemic effects
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Figure 4 Scatter plots with regression lines for the sole independent ginsenoside predictors of mean-plasma glucose
(Mean-PG), area under the curve-PG (AUC-PG), 90 min-plasma insulin (90 min-PI), and AUC-PI in 12 nondiabetic
subjects. PPD:PPT denotes protopanaxadiol:protopanaxatriol. Trend lines and equations are for linear trend. b-
Coefficients, p-values, and partial-r2 values are for separate stepwise-multiple regression models. Only the data for
the PPD:PPT ginsenoside ratio is shown for each of the 4 models, as it was the only independent variable selected by
the stepwise regression. The 4 of the 7 models that were significant are presented.
be identified. This includes other unmeasured
saponin and nonsaponin compositional factors must
also be considered. Without these data the con-
sumer cannot be assured of the safety and efficacy
of ginseng products and the call from the medical
community for randomized controlled trials and
standardization of ginseng are moot. Although
some leads have emerged from the literature, it
remains unclear which batches, preparations, va-
rieties, and species of ginseng have antihypergly-
cemic efficacy and which saponin or nonsaponin
components confer this efficacy. The implication is
that a basis for standardization for ginseng or other
less well-studied herbs is premature. One alterna-
tive may be to conduct batch-to-batch efficacy
screening to identify efficacious batches using the
same stepwise acute postprandial clinical screen-
ing model we have developed. But this alternative
seems practically and financially untenable. Future
research directed at the identification of active
components becomes the only viable means of
supporting efficacy claims for all herbs. In the
absence of such standardization, health practi-
tioners and consumers alike should remain opti-
mistic but wary.
Acknowledgements

This work was supported by grants from the
Canadian Diabetes Association, the Canadian
Institutes of Health Research (CIHR), the Korean
Ministry of Agriculture and Forestry, Seoul, South
Korea the Ontario Ginseng Growers Association,
Simcoe, ON; Chai-Na-Ta Corp., Langley, B.C. and
the Ontario ministry of Agriculture and Rural
Affairs Toronto, ON. V.V. has received research
funding from the Ontario Ginseng Growers Associ-
ation, Simcoe, ON; Ginseng Growers of Canada,
Simcoe, ON; Ontario Ministry of Agriculture and
Rural Affairs, Toronto, ON, the Korean Ministry of
Agriculture and Forestry, Seoul, South Korea.

References

[1] Sanders LJ. The philatelic history of diabetes: in search of
a cure. Alexandria, Virginia: American Diabetes Associa-
tion; 2001.

[2] Cheng JT. Review: drug therapy in Chinese traditional
medicine. J Clin Pharmacol 2000;40:445e50.

[3] Oubre AY, Carlson TJ, King SR, Reaven GM. From plant to
patient: an ethnomedical approach to the identification of



Herbal remedies in the management of diabetes 159
new drugs for the treatment of NIDDM. Diabetologia 1997;
40:614e7.

[4] Marles RJ, Farnsworth NR. Antidiabetic plants and their
active constituents. Phytomedicine 1995;2:137e89.

[5] King H, Aubert RE, Herman WH. Global burden of diabetes,
1995e2025: prevalence, numerical estimates, and projec-
tions. Diabetes Care 1998;21:1414e31.

[6] Mokdad AH, Ford ES, Bowman BA, Dietz WH, Vinicor F,
Bales VS, et al. Prevalence of obesity, diabetes, and
obesity-related health risk factors. JAMA 2001;2003(289):
76e9.

[7] Turner RC, Cull CA, Frighi V, Holman RR. Glycemic control
with diet, sulfonylurea, metformin, or insulin in patients
with type 2 diabetes mellitus: progressive requirement for
multiple therapies (UKPDS 49). UK Prospective Diabetes
Study (UKPDS) Group. JAMA 1999 Jun 2;281:2005e12.

[8] Leiter LA, Yale JF, Feldman R. Overview of treatment of
patients with type 2 diabetes: focus on thiazolidinediones.
Can J Diabetes 2002;26:129e54.

[9] World Health Organization. Research guidelines for the
evaluating the safety and efficacy of herbal medicines.
Manila: World Health Organization, Regional Office for the
Western Pacific; 1993.

[10] Eisenberg DM, Davis RB, Ettner SL, Appel S, Wilkey S, Van
Rompay M, et al. Trends in alternative medicine use in the
United States, 1990e1997: results of a follow-up national
survey. JAMA 1998;280:1569e75.

[11] Winslow LC, Shapiro H. Physicians want education about
complementary and alternative medicine to enhance
communication with their patients. Arch Intern Med
2002;162:1176e81.

[12] Wolsko PM, Eisenberg DM, Davis RB, Ettner SL, Phillips RS.
Insurance coverage, medical conditions, and visits to
alternative medicine providers: results of a national
survey. Arch Intern Med 2002;162:281e7.

[13] Goldbeck-Wood S. Complementary medicine is booming
worldwide. BMJ 1996;313:131e3.

[14] Levin JS, Glass TA, Kushi LH, Schuck JR, Steele L, Jonas WB.
Quantitative methods in research on complementary and
alternative medicine. A methodological manifesto. NIH
Office of Alternative Medicine. Med Care 1997;35:1079e94.

[15] Angell M, Kassirer JP. Alternative medicinedthe risks of
untested and unregulated remedies. N Engl J Med 1998;
339:839e41.

[16] Hoey J. The arrogance of science and the pitfalls of hope.
CMAJ 1998 Oct 6;159(7):803e4.

[17] Ernst E. Herbal medicines: where is the evidence? BMJ
2000 Aug 12;321(7258):395e6.

[18] Complementary medicine: time for critical engagement.
Lancet 2000;356:2023.

[19] Dalen JE. ‘‘Conventional’’ and ‘‘unconventional’’ medi-
cine: can they be integrated. Arch Intern Med 1998 Nov 9;
158:2179e81.

[20] Hershfield NB. Herbal medicine: show me the proof! CMAJ
1998;30(158):1689e90.

[21] Oppel L. Evaluating unconventional therapies. CMAJ 1998;
159:759.

[22] Yeh GY, Eisenberg DM, Kaptchuk TJ, Phillips RS. Systematic
review of herbs and dietary supplements for glycemic
control in diabetes. Diabetes Care 2003;26:1277e94.

[23] Vuksan V, Sievenpiper JL, Xu Z, Beljan-Zdravkovic U,
Jenkins AL, Arnason JT, et al. Ginseng and diabetes: a new
way to use an old medicine. CJDC 2001;25(Suppl. 2):111e20.

[24] Vuksan V, Sievenpiper JL, Xu Z, Jenkins AL, Beljan-
Zdravkovic U, Leiter LA, et al. Konjac-mannan and
American ginseng: emerging alternative therapies for type
2 diabetes. J Am Coll Nutr 2001;20:370se80s.
[25] Franz Marion J, Bantle John P, Beebe Christine A,
Brunzell John D, Chiasson Jean-Louis, Garg Abhimanyu,
et al. Evidence-based nutrition principles and recommen-
dations for the treatment and prevention of diabetes and
related complications. Diabetes Care 2002;25:148e98.

[26] Sotaniemi EA, Haapakoski E, Rautio A. Ginseng therapy in
non-insulin-dependent diabetic patients. Diabetes Care
1995;18:1373e5.

[27] Tetsutani T, Yamamura M, Yamaguchi T, Onoyama O,
Kono M. Can red ginseng control blood glucose in diabetic
patients. Ginseng Rev 2000;28:44e7.

[28] Efficacy of ginseng. Controls diabetes mellitus. The
medicinal effects of Korean red ginseng. Available at:
http://www.kgc.or.kr/eng/04r&d/r&d_efficacy01.html.
[Accessed on February 1, 2005].

[29] Vuksan V, Sieveniper JL, Koo VYY, Francis T, Beljan-
Zdravkovic U, Xu Z, et al. American ginseng reduces
postprandial glycemia in nondiabetic and diabetic individ-
uals. Arch Intern Med 2000;160:1009e13.

[30] Vuksan V, Sievenpiper JL. The variable effects of whole-
leaf digitalis is a paradigm of the glycemic effects of
ginsengdreply. Arch Intern Med 2000;160:3330e1.

[31] Vuksan V, Stavro MP, Sievenpiper JL, Koo VY, Wong E,
Beljan-Zdravkovic U, et al. American ginseng improves
glycemia in individuals with normal glucose tolerance:
effect of dose and time escalation. J Am Coll Nutr 2000;19:
738e44.

[32] Vuksan V, Stavro MP, Sievenpiper JL, Beljan-Zdravkovic U,
Leiter LA, Josse RG, et al. Similar postprandial glycemic
reductions with escalation of dose and administration time
of American ginseng in type 2 diabetes. Diabetes Care
2000;23:1221e6.

[33] Vuksan V, Sievenpiper JL, Wong J, Xu Z, Beljan-
Zdravkovic U, Arnason JT, et al. American ginseng (Panax
quinquefolius L.) attenuates postprandial glycemia in
a time, but not dose, dependent manner in healthy
individuals. Am J Clin Nutr 2001;73:753e8.

[34] Attele AS, Wu JA, Yuan CS. Ginseng pharmacology:
multiple constituents and multiple actions. Biochem
Pharmacol 1999;58:1685e93.

[35] Ma Y, Mai L, Malley L, Doucet M. Distribution and
proportion of major ginsenosides and quality control of
ginseng products. Chin J Med Chem 1996;6:11e21.

[36] Awang DVC. The neglected ginsenosides of North American
ginseng (Panax quinquefolius L.). J Herbs Spices Med
Plants 2000;7:103e9.

[37] Wang X, Sakuma T, Asafu-Adjaye E, Shiu GK. Determination
of ginsenosides in plant extracts from Panax ginseng and
Panax quinquefolius L. by LC/MS/MS. Anal Chem 1999;71:
1579e84.

[38] Vuksan V, Xu Z, Jenkins AL, Beljan-Zdravkovic U,
Sievenpiper JL, Leiter LA, et al. American ginseng
improves long-term glycemic control in type 2 diabetes:
double-blind placebo controlled crossover trial [abstract].
Diabetes 2000;49(Suppl. 1):A95.

[39] Sievenpiper JL, DiBuono M, Stavro PM, Jenkins AL, Nam KY,
Choi M, et al. Safety and efficacy of Korean red ginseng
intervention (SAEKI) trial: rationale, design, and expected
findings. In: Nam-In Baek, editor. Advances in ginseng
research 2002: Proceedings of the 8th international
ginseng symposium on ginseng. The Korean Society of
Ginseng; 2002. p. 424e55.

[40] Sievenpiper JL, Sung MK, Di Buono M, Leiter LA, Nam KY,
Vuksan V. Korean red ginseng rootlets decrease post-
prandial glycemia in healthy subjects: results of an
acute dose escalation study. Diabetes 2003;52(Suppl. 1):
A387.

http://www.kgc.or.kr/eng/04r&d/r&d_efficacy01.html


160 V. Vuksan, J.L. Sievenpiper
[41] Sievenpiper JL, Sung MK, Di Buono M, Nam KY, Vuksan V.
Korean red ginseng rootlets decrease acute postprandial
glycemia in healthy subjects: results from sequential batch
and dose finding studies. Proceedings of the 21st in-
ternational symposium for the study of diabetes and
nutrition, Brugge, Belgium; June 19e21 2003.

[42] Vuksan V, Sievenpiper JL, Sung MK, Di Buono M, Stavro PM,
Jenkins AL, et al. Safety and efficacy of Korean red ginseng
intervention (SAEKI): results of a double-blind, placebo-
controlled crossover trial in type 2 diabetes. Diabetes
2003;52(Suppl. 1):A137.

[43] Yamamoto M, Uemura T, Nakama S, Uemiya M, Kumagai A.
Serum HDL-cholesterol-increasing and fatty liver-improv-
ing actions of Panax ginseng in high cholesterol diet-fed
rats with clinical effect on hyperlipidemia in man. Am J
Chin Med 1983;11:96e101.

[44] Vuksan V, Sievenpiper JL, Beljan-Zdravkovic U, Di Buono M,
Stavro PM. American ginseng improves lipid control in patients
with type 2 diabetes [abstract]. FASEB J 2001;15:A632.

[45] Han KH, Choe SC, Kim HS, Sohn DW, Nam KY, Oh BH, et al.
Effect of red ginseng on blood pressure in patients with
essential hypertension and white coat hypertension. Am J
Chin Med 1998;26:199e209.

[46] Caron MF, Hotsko AL, Robertson S, Mandybur L, Kluger J,
White CM. Electrocardiographic and hemodynamic effects
of Panax ginseng. Ann Pharmacother 2002;36:758e63.

[47] Sung J, Han KH, Zo JH, Park HJ, Kim CH, Oh BH. Effects of
red ginseng upon vascular endothelial function in patients
with essential hypertension. Am J Chin Med 2000;28:205e16.

[48] Stavro MP, Xu Z, Beljan-Zdravkovic U, Jenkins AL,
Sievenpiper JL, Vuksan V. American ginseng improves
blood pressure in type 2 diabetes [abstract]. Circulation
2000;102:II-417.

[49] Vuksan V, Xu Z, Sievenpiper JL, Stavro MP, Beljan-
Zdravkovic U, Di Buono M, et al. American ginseng
improves plasminogen activator inhibitor-1 concentrations
in type 2 diabetes [abstract]. Diabetes 2001;50:A368.

[50] Sievenpiper JL, Arnasosn JT, Leiter LA, Vuksan V. A
quantitative systematic analysis of the literature of the
high variability in ginseng (Panax spp.): should it be
trusted? Diabetes Care 2004;27:839e40.
[51] Sievenpiper JL, Arnason JT, Leiter LA, Vuksan V. Differen-
tial effects of American ginseng: a batch of American
ginseng (Panax quinquefolius L.) with a depressed ginseno-
side profile does not affect postprandial glycemia. Eur J
Clin Nutr 2003;57:243e8.

[52] Sievenpiper JL, Arnsoson JT, Leiter LA, Vuksan V. Possible
opposing effects of Asian ginseng (Panax ginseng C.A.
Meyer) on glycemia: results of two acute dose escalation
studies. J Am Coll Nutr 2003;22:524e32.

[53] Sievenpiper JL, Arnsoson JT, Leiter LA, Vuksan V. De-
creasing, null, and increasing effects of eight
popular types of ginseng on acute postprandial glycemic
indices: the role of ginsenosides. J Am Coll Nutr 2004;23:
248e58.

[54] Attele AS, Zhou YP, Xie JT, Wu JA, Zhang L, Dey L, et al.
Antidiabetic effects of Panax ginseng berry extract and the
identification of an effective component. Diabetes 2002;
51:1851e8.

[55] Hasegawa H, Matsumiya S, Murakami C, Kurokawa T,
Kasai R, Ishibashi S, et al. Interactions of ginseng extract,
ginseng separated fractions, and some triterpenoid sap-
onins with glucose transporters in sheep erythrocytes.
Planta Med 1994;60:153e7.

[56] Yokozawa T, Kobayashi T, Oura H, Kawashima Y. Studies on
the mechanism of the hypoglycemic activity of ginseno-
side-Rb2 in streptozotocin-diabetic rats. Chem Pharm Bull
1985;33:869e72.

[57] Yokozawa T, Kobayashi T, Kawai A, Oura H, Kawashima Y.
Stimulation of lipid and sugar metabolism in ginsenoside-
Rb2 treated rats. Chem Pharm Bull 1984;32:2766e72.

[58] Konno C, Sugimyama K, Kano M, Hikino H. Isolation and
hypoglycemic activity of panaxans A, B, C, D and E glycans
of Panax ginseng roots. Planta Med 1984;50:434e6.

[59] Suzuki Y, Hikino H. Mechanisms of hypoglycaemic activity
of panaxans A and B, glycans of Panax ginseng roots:
effects on plasma level, secretion, sensitivity and binding
of insulin in mice. Phytother Res 1989;3:20e4.

[60] American Botanical Council. American Botanical Council
Ginseng Evaluation Program. Available at: http://www.
herbalgram.org/browse.php/ginseng_eval [Accessed August
8, 2002].

http://www.herbalgram.org/browse.php/ginseng_eval
http://www.herbalgram.org/browse.php/ginseng_eval

	Herbal remedies in the management of diabetes: Lessons learned from the study of ginseng
	Introduction
	Opportunity for herbs in diabetes
	Clinical efficacy of herbs in diabetes
	Clinical efficacy of ginseng in diabetes
	Acute antihyperglycemic effect of American ginseng
	Chronic antihyperglycemic efficacy of American ginseng
	Acute antihyperglycemic efficacy of Korean red ginseng
	Chronic antihyperglycemic efficacy of �Korean red ginseng
	Complementary metabolic efficacy of ginseng

	Caveats
	Variability in composition
	Variability in efficacy

	Conclusions
	Acknowledgements
	References


