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Reductions in both fasting blood glu-
cose and prolonged elevation of post-
prandial glycemia (PPG) are of para-

mount importance in diabetic glycemic
control and the prevention of diabetic com-

plications (1,2). A proper diet, physical activ-
ity, and pharmacotherapy are instrumental
to achieve these therapeutic goals (3,4). An
increasing number of patients are also using
herbs to improve treatment outcomes, often

without advice from their physicians (5).
The medical establishment has questioned
the safety and efficacy of this practice, urging
for more randomized placebo-controlled
clinical studies to provide evidence for the
health benefits of herbs (6–9).

One of the most commonly used herbs
is ginseng (7). It is traditionally considered
a tonic and is often used as a cure-all or
panacea (10). A number of health claims
have been made for ginseng; however, in
the most recent review of randomized con-
trol studies with this herb, it was reported
that the evidence for its claimed indications
is unconvincing (7).

Still, an intriguing property of ginseng
is its hypoglycemic effect, which is sup-
ported by several animal studies (11–13).
Additionally, 2 studies in humans have
confirmed ginseng’s glucose-lowering abil-
ity (14,15). A study of type 2 diabetic indi-
viduals demonstrated that administration
of 200 mg ginseng per day for 8 weeks
reduced HbA1c levels (14). This result was
equivocal, however, because those receiv-
ing ginseng treatment also experienced a
reduction in body weight.

In a more recent randomized placebo-
controlled study, we observed that 3 g
American ginseng (AG; Panax quinquefolius
L.) taken with or 40 min before a 25-g oral
glucose challenge reduced PPG in type 2
diabetic individuals (15). To extend from
these findings, we hypothesize in the cur-
rent study that further reductions in PPG
will be achieved with escalation of AG
dose (3, 6, and 9 g) and time of adminis-
tration (0, 40, 80, and 120 min) before a
25-g oral glucose challenge in individuals
with type 2 diabetes.

RESEARCH DESIGN AND 
METHODS

Participants
Ten type 2 diabetic patients (6 men, 4
women; age 63 ± 2 years; BMI 27.7 ± 1.5
kg/m2; HbA1c 7.3 ± 2.8% [range 5.5–8.4])
were recruited from hospital advertise-
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Similar Postprandial Glycemic
Reductions With Escalation of Dose and
Administration Time of American
Ginseng in Type 2 Diabetes

O R I G I N A L  A R T I C L E

OBJECTIVE — We previously demonstrated that 3 g American ginseng (AG) reduced
postprandial glycemia (PPG) in type 2 diabetic individuals. We investigated whether further
reductions can be achieved with escalation of dose and time of AG administration.

RESEARCH DESIGN AND METHODS — Ten type 2 diabetic patients (6 men, 4
women; age 63 ± 2 years; BMI 27.7 ± 1.5 kg/m2; HbA1c 7.3 ± 0.3%) were randomly adminis-
tered 0 g (placebo) or 3, 6, or 9 g ground AG root in capsules at 120, 80, 40, or 0 min before
a 25-g oral glucose challenge. Capillary blood glucose was measured before ingestion of AG
or placebo and at 0, 15, 30, 45, 60, 90, and 120 min from the start of the glucose challenge.

RESULTS — Two-way analysis of variance (ANOVA) demonstrated that treatment (0, 3, 6,
and 9 g AG) but not time of administration (120, 80, 40, or 0 min before the challenge) signifi-
cantly affected PPG (P � 0.05), with significant (P = 0.037) interaction for area under the curve
(AUC). Pairwise comparisons showed that compared with 0 g (placebo), 3, 6, or 9 g signifi-
cantly (P � 0.05) reduced AUC (19.7, 15.3, and 15.9%, respectively) and incremental glycemia
at 30 min (16.3, 18.4, and 18.4%, respectively), 45 min (12.5, 14.3, and 14.3%, respectively),
and 120 min (59.1, 40.9, and 45.5%, respectively). However, pairwise comparisons showed no
differences between the 3-, 6-, or 9-g doses and any of the times of administration.

CONCLUSIONS — AG reduced PPG irrespective of dose and time of administration. No
more than 3 g AG was required at any time in relation to the challenge to achieve reductions.
Because these reductions included glycemia at the 2-h diagnostic end point, there may be
implications for diabetes diagnosis and treatment. 
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ments. Five were receiving treatment for
their diabetes with sulfonylureas, 2 with a
combination of sulfonylureas and met-
formin, and 3 with diet alone. Their
median duration of diabetes was 6.5 years
(range 2–12). All patients gave informed
written consent to take part in the study,
approved by the University of Toronto
Human Subjects Review Committee.

Treatments
Ontario-grown ground root of AG (Chai-
Na-Ta Corp., British Columbia, Canada)
was encapsulated and used for study at
doses of 3, 6, and 9 g. The placebo was a
500-mg capsule of corn flour that was
identical in appearance to and closely
approximated the caloric and carbohydrate
content of the AG capsules. It was given at
a dose equivalent to the middle dose (6 g)
of ginseng. Energy, macronutrient, and gin-
senoside profiles are provided for both the
AG capsules and the placebo in Table 1. All
AG and placebo capsules came from the
same lot.

To elucidate the combined effect of AG
dose and time of administration on post-
prandial glycemia, all participants received
each dose at every time point in a random-
ized order. Accordingly, the participants
received 0 g (placebo) or 3, 6, or 9 g AG at
120, 80, 40, or 0 min before a 25-g oral
glucose challenge (100 ml of a 300-ml 75-
g Glucodex solution [Technilab, Quebec,
Canada] diluted with 200 ml tap water).

Protocol
The protocol followed the World Health
Organization guidelines for the administra-
tion of an oral glucose tolerance test (16),
using a single-blind design in which sub-
jects were blinded to the identity of the AG
and placebo treatments. Participants
attended the Clinical Nutrition and Risk
Factor Modification Centre at St. Michael’s
Hospital on 16 separate mornings, each
after a 10- to 12-h overnight fast. Each par-
ticipant was instructed to maintain the same
dietary and lifestyle patterns before each
test. To ensure that these instructions were
followed, participants completed glycemic
testing questionnaires that provided infor-
mation about their presession fasting and
activity patterns. A minimum of 3 days sep-
arated each visit to minimize carryover
effects. This washout was shortened com-
pared with our earlier study (1 week) (15)
because AG appears to have a half-life of less
than 8 h (17) with a time course of effects
not lasting beyond 24 h (18). There was
also a concern that a longer washout would
have contributed to confounding from dia-
betes deterioration resulting from an exces-
sively long study period.

At the start of the test, patients receiv-
ing pharmacological treatment for their dia-
betes took their regular medications. Each
participant then provided a fasting finger-
prick capillary blood sample (�250 µl)
using a Monoejector Lancet device (Owen
Mumford, Oxon, U.K.), after which 1 of
the 16 treatments was administered in ran-
dom order. Randomization was done using
a random number table. When the placebo
or AG (3, 6, or 9 g) was given before the
oral glucose challenge, subjects consumed
either set of capsules with 300 ml tap water.
After the specified time had passed (40, 80,
or 120 min), the participants gave another
blood sample (0 min) and consumed the
glucose challenge over exactly 5 min. Addi-
tional finger-prick blood samples were
obtained 15, 30, 45, 60, 90, and 120 min
after the start of the glucose challenge. The
participants remained sedentary through-
out the test. When the placebo or AG was
taken together with the challenge (0 min),
the same protocol was applied with the
exception that there was no waiting period
and the capsules were taken simultane-
ously without additional water.

Blood glucose analysis
All samples were collected in tubes con-
taining fluoride oxalate, frozen immedi-
ately at �20°C pending analysis, and

analyzed within 3 days of collection. The
glucose concentration of each was deter-
mined by the glucose oxidase method
using a YSI 2300 Stat glucose/L-lactate ana-
lyzer, model 115 (Yellow Springs Instru-
ments, Yellow Springs, OH).

AG analyses
Energy, nutrient, and ginsenoside profiles
of the AG and placebo used in the present
study were measured using standard tech-
niques. Chai-Na-Ta Corporation measured
the energy, fat, protein, and carbohydrate
content using Official Analytical Chemists’
methods for macronutrients (19). Total gin-
senoisides (ginseng dammarane saponins),
the 20(S)-protopanaxadiol ginsenoiside,
Rb1, and the 20(S)-protopanaxatriol gin-
senoside, Rg1, in the AG were measured by
Dr. John T. Arnason in the Department of
Biology, Faculty of Science, University of
Ottawa, Ontario, Canada using high-per-
formance liquid chromatography (HPLC)
analyses, developed for the American
Botanical Council  Ginseng Evaluation Pro-
gram (20). This assay used a Beckham
HPLC system with a reverse-phase Beck-
ham ultrasphere C-18, 5-µm octadecylsi-
lane 250 � 4.6 mm column. The
ginsenoside standards for Rg1 and Rb1 were
provided by Dr. H. Fong, University of Illi-
nois and Indofine Chemical, Somerville,
New Jersey, respectively.

Statistical analyses
Blood glucose curves were plotted as the incre-
mental change in blood glucose from baseline
(time 0 min) at each time point (�120, �80,
�40, 0, 15, 30, 45, 60, 90, and 120 min). The
positive incremental area under the curve
(AUC) was calculated geometrically for each
participant, and areas below the fasting base-
line value were ignored (21). Incremental
blood glucose concentrations were used to
control for baseline/fasting differences between
the treatments. Statistical analyses were then
performed using the Number Cruncher Sta-
tistical System (NCSS) 2000 software (NCSS,
Kaysville, UT). Repeated-measures 2-way
analysis of variance assessed interactive and
independent effects of treatment (0, 3, 6, or 9
g AG) and time of administration (120, 80, 40,
or 0 min before the challenge) on incremental
blood glucose level at each time point (15, 30,
45, 60, 90, and 120 min), adjusted for multi-
ple pairwise comparisons with the Newman-
Keuls procedure. This same statistic also
assessed interactive and independent effects of
treatment (0, 3, 6, or 9 g) and timing (120, 80,
40, or 0 min before the challenge) on AUC. All

Table 1—Energy, nutrient, and ginsenoside
profile of AG and placebo capsules

Amount (per g)*

Constituent Placebo 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‡
Total (%) 0 3.21
Rb1 (%) 0 1.53
Rg1 (%) 0 0.10
Rb1/Rg1 0 15.3

*To equate energy and macronutrient values to 3, 6,
or 9 g of AG, multiply by 3, 6, and 9, respectively. To
determine values for placebo, multiply by 6. †Deter-
mined by the Official Analytical Chemists’ methods
for macronutrients (19). ‡Determined by HPLC
analyses (20).



results were expressed as means ± SEM and
considered statistically significant at P � 0.05.

RESULTS — All participants followed
the study protocol without difficulty and
reported no side effects from the doses and
administration times of AG or placebo dur-
ing or after the testing sessions. Two of the
participants requested an additional 150 ml
water with all tests except for the first test
(3 g at �80 min and 6 g at �120 min,
respectively).

Effect of dose
Figure 1 shows the effect of different AG
doses (0, 3, 6, or 9 g) on 1) incremental
changes in pre- and postprandial glycemia
and 2) blood glucose AUC in type 2 dia-
betic individuals after a 25-g oral glucose
tolerance test (independent of administra-
tion time). Glycemic values at each time
interval (Fig. 1A) and for AUC (Fig. 1B)
represent the mean of the 4 administration
times (�120, �80, �40, and 0 min) for
the individual AG doses.

Repeated-measures 2-way ANOVA
performed on the data in Fig. 1A demon-

strated a significant effect of treatment on
incremental glycemia at 30, 45, 60, 90,
and 120 min (P � 0.05). This was reflected
in reductions in AUC (Fig. 1B) by the 3 AG
doses: 19.7% with 3 g, 15.3% with 6 g, and
15.9% with 9 g (P � 0.05). Pairwise com-
parisons showed that compared with 0 g
(placebo), any given dose of AG (3, 6, or 9 g)
lowered incremental glycemia at 30 min
(16.3, 18.4, and 18.4%, respectively), 45
min (12.5, 14.3, and 14.3%, respectively),
and 120 min (59.1, 40.9, and 45.5%,
respectively) (P � 0.05). Additionally, 3 g
AG lowered incremental glycemia at 60
min (30.3%) and 90 min (26.6%) (P �
0.05). There were, however, no differences
in AUC or incremental glycemia at any
time point between the 3-, 6-, or 9-g doses.

Effect of time of administration
The time of AG administration (�120, �80,
�40, or 0 min) did not affect incremental
glycemia or blood glucose AUC (Fig. 2A and
B). However, there was a significant interac-
tion between dose and time of administra-
tion for blood glucose AUC (P = 0.037). No
other data showed a significant interaction.

CONCLUSIONS — Consistent with
our previous study (15), the present find-
ings demonstrated the efficacy of AG in
reducing PPG in type 2 diabetes. The
reductions, however, occurred indepen-
dent of the AG dose used. Increasing the
dose of AG from 3 to 6 to 9 g did not yield
further reductions in AUC and PPG at 30
and 45 min compared with placebo. The
same was true at the diagnostically impor-
tant 2-h end point, at which 3, 6, and 9 g
AG reduced glycemia by 59.1, 40.9, and
45.5%, respectively, compared with
placebo. This effect was seen irrespective of
the time of AG administration, such that
AG taken with or up to 120 min before the
glucose challenge was equally efficacious in
lowering PPG. Taken together, these data
indicate that 3 g administered within 2 h of
the test may be sufficient to achieve reduc-
tions in PPG in type 2 diabetic individuals.

The lowest acute testing dose (3 g) of
ginseng in the current study was consider-
ably higher than that used in most other
clinical studies (7). In these studies, the
amount of ginseng consumed per day
ranged from 100 mg to 1.5 g. We, however,
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Figure 1—Effect of dose (placebo or 3, 6, or 9 g) of AG (Panax quinquefolius L.) independent of time of administration on incremental changes in glycemia
at selected time intervals (15, 30, 45, 60, 90, and 120 min) (A); and glycemic AUC (B) after a 25-g oral glucose challenge in 10 type 2 diabetic individuals.
Points at the same time interval and bars with different letters are significantly different (P � 0.05; repeated-measures 2-way analysis of variance adjusted
for multiple pairwise comparisons with the Newman-Keuls procedure). Data are means ± SEM.      �      , 0 g ginseng (placebo);      �      , 3 g ginseng;  

�     , 6 g ginseng;       �     , 9 g ginseng.
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used higher doses of AG to follow traditional
Oriental medicine, which considers herbs to
be diluted drugs and recommends a daily
dose of �10 g, with 3 g being the lowest
daily dose (22). Therefore, in keeping with
these recommendations, we administered a
minimum dose of 3 g and escalated it by 2
and 3 times for the other doses. The maxi-
mum dose chosen was 9 g; a higher amount
was avoided to prevent possible side effects
previously reported with excessive ginseng
intake (23,24). In an early study, Siegel (23)
reported the “ginseng abuse syndrome,”
which is a group of symptoms arising from
prolonged and excessive ginseng intake. He
indicated that individuals consuming 15 g
ginseng per day experienced depersonaliza-
tion and confusion (23). It should be noted,
however, that in Siegel’s report no control
group existed and no analysis of the ginseng
types that the subjects were ingesting was
made. In another report, explosive
headache, nausea, vomiting, and cerebral
arteritis were experienced by a woman who
consumed 25 g ethanol-extracted ginseng
(24). Nonetheless, Chandler (25) indicated

that prolonged or excessive ginseng con-
sumption involves very low risk to the user.

Other side effects have been reported at
lower doses. These have included nausea,
headache and dizziness, insomnia, nervous-
ness, and hypertension (26). Isolated cases
of diarrhea and fatigue also have been
reported (7). Not all of these attributed side
effects, however, have been observed with all
types of ginseng. None except for mild
insomnia by a patient in our previous acute
study (15) were, for example, reported after
administration of AG. We also did not
observe any side effects with AG in the pres-
ent study. Additional side effects may result
from concurrent use of ginseng with drugs.
Interactions with blood-thinning agents
such as warfarin, heparin, aspirin, and other
nonsteroidal anti-inflammatory drugs are an
unconfirmed possibility because of
antiplatelet components found in ginseng
(26). Interference with drug metabolism,
however, seems unlikely. It was reported
that selected ginsenosides from panax gin-
seng and elutherosides, peptidoglycans from
Siberian ginseng (Eleutherococcus senticosus),

did not inhibit the metabolism of coadmin-
istered substrates by various isoforms of
cytochrome P450, although 2 ginsenosides
stimulated activity (27). In addition, no
adverse interactions were observed between
AG and the oral hypoglycemic agents that 7
of 10 study participants took before each
session in our study.

Positive interaction with oral antidia-
betic agents might nevertheless be a possi-
bility. Because reductions in PPG after AG
were seen beyond placebo with medica-
tions, AG might have potentiated the blood
glucose–lowering effect of the medications.
The suggestion is that concurrent use of AG
with oral hypoglycemic agents prescribed
to control mealtime glycemia may improve
outcomes. This practice, however, may cre-
ate undesired postprandial hypoglycemia.
Either way, practitioners may wish to make
themselves aware of their patients’ use of
ginseng as a preemptive measure.

In addition to determining the optimal
dose of AG, the current study showed a
reduction in PPG with AG in type 2 dia-
betic individuals at all administration times
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Figure 2—Effect of time of administration (�120, �80, �40, and 0 min) of AG (Panax quinquefolius L.) independent of dose on incremental changes
in glycemia at selected time intervals (15, 30, 40, 60, 90, and 120 min) (A) and glycemic AUC (B) after a 25-g oral glucose challenge in 10 type 2 diabetic indi-
viduals. No points were significantly different (P � 0.05; repeated-measures 2-way analysis of variance adjusted for multiple pairwise comparisons with the
Newman-Keuls procedure). Data are means ± SEM.      �      , 0 Min;      �     , –40 min;        �       , –80 min;       �     , –120 min.
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tested. This finding is of practical impor-
tance; type 2 diabetic individuals can be
advised to consume AG at their conve-
nience (i.e., together with a meal or any
time up to 2 h before a meal) to achieve
comparable reductions in PPG. Further-
more, it is important to stress that AG did
not reduce glycemia at time 0, after AG
ingestion (40, 80, or 120 min), or before
consumption of glucose (0 min), indicating
that AG alone will not cause undesired
hypoglycemia. Overall, these results indi-
cate that AG exerts its glucose-lowering
effect only postprandially or when stimu-
lated by glucose ingestion.

Such reductions in PPG by AG may be
due to one or a combination of different
mechanisms, including modulation of
digestion, insulin sensitivity, or insulin
secretion. The glycemic profiles in the pres-
ent study do not seem to support the first
mechanism. Although ginseng has been
shown to inhibit gastric secretion in rats
(28) and decrease glucose and maltose
absorption in isolated rat and human duo-
denal samples (29), if AG was slowing
digestion, then we would have expected
lower values during the first 15 min of our
study. This observation is typical with solu-
ble dietary fiber (30) and acarbose (31,32),
both of which operate through delaying or
inhibiting the absorption of carbohydrates
in the gut. Stronger support is therefore
offered for a ginseng-modulating effect on
insulin sensitization and secretion. An effect
on insulin sensitivity has been shown twice
in mice and cell lines. Chinese ginseng
preparations were observed to increase
GLUT2 protein in the livers of normal and
hyperglycemic mice (12) and glucose
uptake into sheep erythrocytes in a dose-
dependent manner (33). DPG-3-2, a water
extract of ginseng, was also shown to stim-
ulate insulin secretion directly, increasing
biosynthesis in different preparations of
mice islets and rat pancreases (34).

Active components of ginseng that may
play an important mediating role in these
postulated processes include its polysac-
charide (ginsenans), peptidoglycan (panax-
ans), and ginsenoside profiles. Most
pharmacological actions of ginseng, how-
ever, are attributed to the involvement of
ginsenosides, of which there are 3 classes:
20(S)-protopanaxadiols, 20(S)-pro-
topanaxatriols, and oleanic acid–ginseno-
side (10). Recent studies have shown that
total ginsenosides and the most common
protopanaxadiol, Rb1, and protopanaxa-
triol, Rg1, all of which were measured in the

present study, affect the cholinergic,
dopaminergic, and adrenergic systems in
rodents (35–37). Total ginsenosides have
also been shown to modulate nitric oxide
synthesis, the enhancement of which has
been linked to ginseng’s effects (38). The
former 3 systems affect glucose metabolism
in vivo (39), and nitric oxide has been
noticed to increase insulin-stimulated glu-
cose uptake in rat skeletal muscles and
adipose tissue (40) and to stimulate glu-
cose-dependent secretion of insulin in rat
islet cells (41). It is therefore possible that
these ginsenosides contributed to the post-
prandial hypoglycemic effects we observed.
In this regard, several ginsenosides, partic-
ularly Rb1 (33) and Rb2 (18,42), have been
shown to induce hypoglycemic activity
when isolated. Nevertheless, there is insuf-
ficient evidence to suggest that that the
measured levels of total ginsenosides, Rb1,
Rg1, or their ratios contributed to the
observed effects. To our knowledge, neither
studies that have investigated isolated gin-
senosides in humans nor reliable data on
the ginsenoside content of AG (43,44)
exist. A high Rb1-to-Rg1 ratio is however
thought to be a rough indicator of Panax
quinquefolius L. (43), suggesting that the
ginseng used in the present study was
indeed of this genus and species.

Overall, the current study confirms our
previous findings that AG administered to
type 2 diabetic individuals can acutely
reduce PPG (15). Furthermore, this study
demonstrated that 3 g AG is sufficiently
high to yield desirable PPG reductions, and
this effect is independent of the time when
AG is taken (up to 2 h before the meal).
Additionally, because elevated glycemia 2 h
after a glucose challenge is a hallmark of
diabetes, and normalization of PPG at this
time point is one of the primary goals of
treatment (1), the AG-induced reduction of
glycemia at the 2-h time point shows
important clinical relevance.

Future studies should determine
whether AG doses �3 g, given closer than
40 min before a meal, can yield reductions
in PPG. If this is the case, then the safety and
practicality of AG as an antidiabetic agent
will be improved. But before AG can be sug-
gested to patients and considered for clini-
cal use, longitutidinal studies with varying
clinical measurements must be performed.

Acknowledgments — This research was par-
tially sponsored by the Ontario Ministry of Agri-
culture, Food and Rural Affairs; Agriculture and
Agri-Food Canada (Ontario Tobacco Diversifi-

cation Program); Chai-Na-Ta Corporation, Lan-
gley, British Columbia, Canada; and the Ginseng
Growers Association of Canada.

References
1. Soonthornpun S, Rattarasarn C, Leelawat-

tana R, Setasuban W: Postprandial plasma
glucose: a good index of glycemic control
in type 2 diabetic patients having near-nor-
mal fasting glucose levels. Diabetes Res Clin
Pract 46:23–27, 1999

2. Turner RC: The U.K. Prospective Diabetes
Study: a review. Diabetes Care 21 (Suppl. 3):
C35–C38, 1998

3. Wheeler ML: Nutrition management and
physical activity as treatments for diabetes.
Prim Care 26:857–868, 1999

4. DeFronzo RA: Pharmacologic therapy for
type 2 diabetes mellitus. Ann Intern Med
131:281–303, 1999

5. Eisenberg DM, Davis RB, Ettner SL, Appel
S, Wilkey S, Van Rompay M, Kessler RC:
Trends in alternative medicine use in the
United States, 1990–1997: results of a fol-
low-up national survey. JAMA 280:1569–
1575, 1998

6. Bent S, Avins AL: An herb for every illness?
Am J Med 106:259–260, 1999

7. Vogler BK, Pittler MH, Ernst E: The efficacy
of ginseng: a systematic review of random-
ized clinical trials. Eur J Clin Pharmacol 55:
567–575, 1999

8. Angell M, Kassirer JP: Alternative medi-
cine: the risks of untested and unregulated
remedies. N Engl J Med 339:839–841, 1998

9. Hoey J: The arrogance of science and the
pitfalls of hope. CMAJ 159:803–804, 1998

10. Attele AS, Wu JA, Yuan CS: Ginseng phar-
macology: multiple constituents and mul-
tiple actions. Biochem Pharmacol 58:1685–
1693, 1999

11. Liu CX, Xiao PG: Recent advances on gin-
seng research in China. J Ethnopharmacol
36:27–38, 1992

12. Ohnishi Y, Takagi S, Miura T, Usami M,
Kako M, Ishihara E, Yano H, Tanigawa K,
Seino Y: Effect of ginseng radix on GLUT2
protein content in mouse liver in normal
and epinephrine-induced hyperglycemic
mice. Biol Pharm Bull 19:1238–1240, 1996

13. Oshima Y, Sato K, Hikino H: Isolation and
hypoglycemic activity of quinquefolans A,
B, and C, glycans of Panax quinquefolius
roots. J Nat Prod 50:188–190, 1987

14. Sotaniemi EA, Haapakoski E, Rautio A: Gin-
seng therapy in non-insulin-dependent dia-
betic patients. Diabetes Care 18:1373–1375,
1995

15. Vuksan V, Sievenpiper JL, Koo VYY, Francis
T, Beljan-Zdravkovic U, Xu Z, Vidgen E:
American ginseng reduces postprandial gly-
cemia in nondiabetic and diabetic individu-
als. Arch Intern Med 160:1009–1013, 2000

16. World Health Organization Study Group:
Diabetes Mellitus: Report of a WHO Study

DIABETES CARE, VOLUME 23, NUMBER 9, SEPTEMBER 2000 1225

Vuksan and Associates



Group. Geneva, World Health Org., 1985,
p. 99

17. Chen SE, Sawchuk RJ, Staba EJ: American
ginseng. III. Pharmacokinetics of ginseno-
sides in the rabbit. Eur J Drug Metab Phar-
macokinet 5:161–168, 1980

18. Yokozawa T, Kobayashi T, Kawai A, Oura
H, Kawashima Y: Stimulation of lipid and
sugar metabolism in ginsenoside-Rb2
treated rats. Chem Pharm Bull 32:2766–
2772, 1984

19. Association of Official Analytical Chemists:
AOAC Official Methods of Analyses. Wash-
ington, DC, Association of Official Analyt-
ical Chemists, 1980 

20. Fitzloff JF, Yai P, Lu ZZ, Awang DVC, Ama-
son JT, van Breeman RB, Hall T, Blumethal
M, Fong HHS: Perspectives on the quality
control assurance of ginseng products in
North America. In Advances in Ginseng
Research: Proceedings of the 7th International
Symposium on Ginseng. Huh H, Choi KJ,
Kim YC, Eds. Seoul, Korea, Korean Society
of Ginseng, 1998, p. 138–145

21. Wolever TMS, Jenkins DJA, Jenkins AL,
Josse RG: The glycemic index: methodol-
ogy and clinical implications. Am J Clin
Nutr 54:846–854, 1991

22. Bone K: Dosage concentrations in herbal
medicine. Br J Phytotherapy 3:128–137,
1993/1994 

23. Siegel RK: Ginseng abuse syndrome: prob-
lems with the panacea. JAMA 15:1614–
1615, 1979

24. Ryu SJ, Chien YY: Ginseng-associated cere-
bral arteritis. Neurology 45:829–830, 1995

25. Chandler RF: Ginseng and health. Can
Pharm J 121:36–38, 1988

26. Miller LG: Herbal medicinals: selected clin-
ical considerations focusing on known or
potential drug-herb interactions. Arch
Intern Med 158:2200–2211, 1998

27. Henderson GL, Harkey MR, Gershwin ME,

Hackman RM, Stern JS, Stresser DM:
Effects of ginseng components on c-DNA-
expressed cytochrome P450 enzyme cat-
alytic activity. Life Sci 65:PL209–PL214,
1999

28. Suzuki Y, Ito Y, Konno C, Furuya T: Effects
of tissue cultured ginseng on gastric secre-
tion and pepsin activity [Japanese]. Yaku-
gaku Zasshi 111:770–774, 1991

29. Onomura M, Tsukada H, Fukuda K,
Hosokawa M, Nakamura H, Kodama M,
Ohya M, Seino Y: Effects of ginseng radix
on sugar absorption in the small intestine.
Am J Chin Med 27:347–354, 1999

30. Jenkins DJ, Wolever TM, Leeds AR, Gassull
MA, Haisman P, Dilawari J, Goff DV, Metz
GL, Alberti KG: Dietary fibres, fibre ana-
logues, and glucose tolerance: importance
of viscosity. Br Med J 1:1392–1394, 1978

31. Jenkins DJ, Taylor RH, Nineham R, Goff
DV, Bloom SR, Sarson D, Alberti KG: Com-
bined use of guar and acarbose in reduction
of postprandial glycaemia. Lancet 2:924–
927, 1979

32. Wolever TM: Assessing the antihyper-
glycemic effect of acarbose: solid or liquid
test meal? Diabetes Care 21:667–668,
1998

33. Hasegawa H, Matsumiya S, Murakami C,
Kurokawa T, Kasai R, Ishibashi S, Yamasaki
K: Interactions of ginseng extract, ginseng
separated fractions, and some triterpenoid
saponins with glucose transporters in sheep
erythrocytes. Planta Med 60:153–157,
1994

34. Waki I, Kyo H, Yasuda M, Kimura M:
Effects of a hypoglycemic component of
ginseng radix on insulin biosynthesis in
normal and diabetic animals. J Pharmaco-
biodyn 5:547–554, 1982

35. Kim HS, Lee JH, Goo YS, Nah SY: Effects of
ginsenosides on Ca2� channels and mem-
brane capacitance in rat adrenal chromaf-

fin cells. Brain Res Bull 46:245–251, 1998
36. Yamaguchi Y, Higashi M, Kobayashi H:

Effects of ginsenosides on maze performance
and brain choline acetyltransferase activity in
scopolamine-treated young rats and aged
rats. Eur J Pharmacol 329:37–41, 1997

37. Kim HS, Kim KS, Oh KW: Inhibition by
ginsenosides Rb1 and Rg1 of cocaine-
induced hyperactivity, conditioned place
preference, and postsynaptic dopamine
receptor supersensitivity in mice. Pharma-
col Biochem Behav 63:407–412, 1999

38. Gillis CN: Panax ginseng pharmacology: a
nitric oxide link? Biochem Pharmacol 54:
1–8, 1997

39. Wannarka GL, Fletcher HP, Maickel RP:
Centrally mediated drug-induced hyper-
glycemia in mice. Neuropharmacology 22:
341–346, 1983

40. Roy D, Perrault M, Marette A: Insulin stim-
ulation of glucose uptake in skeletal mus-
cle and adipose tissue in vivo is NO
dependent. Am J Physiol 274:E692–E699,
1998

41. Spinas GA, Laffranchi R, Francoys I, David
I, Richter C, Reinecke M: The early phase of
glucose-stimulated insulin secretion
requires nitric oxide. Diabetologia 41:292–
299, 1998

42. Yokozawa T, Kobayashi T, Oura H,
Kawashima Y: Studies on the mechanism of
the hypoglycemic activity of ginsenoside-
Rb2 in streptozotocin-diabetic rats. Chem
Pharm Bull 33:869–872, 1985

43. Chan TWD, But PPH, Cheng SW, Kwok
IMY, Lau FW, Xu HX: Differentiation and
authentication of Panax ginseng, Panax
quinquefolius, and ginseng products by
using HPLC/MS. Anal Chem 72:1281–
1287, 2000

44. Li TSC, Mazza G, Cottrell AC, Gao L: Gin-
senosides in roots and leaves of American
ginseng. J Agric Food 44:717–720, 1996

1226 DIABETES CARE, VOLUME 23, NUMBER 9, SEPTEMBER 2000

American ginseng dosing and timing responses


