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 Intervention research is defined as “research that involves the 
development and testing of practice models, description of change 
processes, and the application of models of practice to new populations 

Introduction
 Ginseng, a commonly used herbal medicinal food, has been 
used for long time for its various effects on health. Fresh ginseng is 
unprocessed form of ginseng, while red ginseng is made by steaming 
and drying the fresh ginseng [1].The saponins contained in ginseng, 
which are called ginsenosides, constitute the main active ingredients 
of ginseng. In red ginseng, the naturally occurring ginsenosides 
which are present in fresh ginseng are transformed by heat during 
the manufacturing process, resulting in comparatively large amounts 
of converted ginsenosides. These transformed ginsenosides typically 
include ginsenosides Rg2, Rg6, F4, 20(E)-F4, Rh1, Rh4, Rk3, Rg3, 
Rg5, Rz1, Rk1, Rg9 and Rg10; these are generated through the 
transformation of ginsenosides Rb1, Rb2, Rc, Rd, Rg1 and Re [2]. 
Orally-administered ginseng is usually metabolized into specific 
ginsenoside metabolites by microorganisms living in the gut [3]. 
Rb1 and Rd are metabolized to compound K, and Rg3 and Rg5 are 
transformed to Rh2 and Rh3, respectively [3,4]. The ginsenoside 
metabolites have better absorption rates compared with the naturally 
occurring ginsenosides [3,5].

 Health functional foods are manufactured using ingredients that are 
beneficial to the human body. However, manufacturing processes may 
alter these ingredients into unknown molecules, leading to potentially 
undesirable interactions. In particular, red ginseng is commonly used 
due to various pharmacological effects [6]. Therefore, the safety of 
using red ginseng for its medicinal applications should be investigated 
and its potential herb‒drug interactions with commonly used 
medications should be characterized. The potential interactions of 
fresh ginseng preparation have been investigated by many studies [7-
11]. However, ginsenoside metabolites rather than naturally occurring 
ginsenosides are the major derivatives that interact with human 
Cytochrome P450 (CYP) enzymes and transporters. Studies have 
shown that Rh2, a ginsenoside metabolite of Rg3, affects the activity 
of the CYP enzymes [2,3,5,12,13]. Also, it has been reported that 
ginsenoside metabolites have the potential to inhibit P-glycoprotein 
(P-gp), and PPD, Rh2 and PPT have been shown to inhibit Breast  
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Abstract
 Characterizing potential interactions between red ginseng, an 
herb with desirable health effects, and metformin, a commonly used 
drug for the treatment of type 2 diabetes mellitus, is of high clinical 
importance. In this study, we evaluate the effects of Korean red 
ginseng on the pharmacokinetic and pharmacodynamic properties 
of metformin in healthy subjects. The study were conducted in an 
open-label, two-period and single-sequence design. A total of 11 
subjects received multiple doses of metformin in the first study 
period followed by multiple doses of metformin and red ginseng 
in the second study period. The Geometric Mean Ratio (GMR) 
(90% Confidence Interval (CI)) between the groups for area under 

the plasma drug concentration-time curve within a dosing interval 
(tau) at steady state (AUCtau,ss) of metformin was out of the range of 
bioequivalence, indicating that the systemic exposure of metformin 
when combined with red ginseng was reduced compared with 
administration of metformin alone. However, the pharmacodynamic 
analysis showed that the GMR (90% CI) between the groups for 
area under the blood glucose values–time curve from time zero to 
the time of the last measurable value (AUClast) and maximum blood 
glucose value (Gmax) were within the range of bioequivalence. We 
concluded that the observed reduction in the systemic exposure 
of metformin when administered with red ginseng is clinically 
insignificant. This study demonstrated that Korean red ginseng did 
not have clinically significant pharmacokinetic or pharmacodynamic 
herb–drug interactions with metformin in healthy subjects.
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Cancer Resistance Protein (BCRP) based on results from in vitro 
and in vivo studies [14-17]. However, some clinical studies on red 
ginseng have shown that it doesn’t affect the function of P-gp and 
Organic Anion-Transporting Polypeptide (OATP) 1B1 [5,18]. Red 
ginseng contains relatively large amount of converted ginsenosides, 
which are metabolized to diverse ginsenoside metabolites that may 
affect the CYP enzymes or transporters. Therefore, it is likely that 
the herb‒drug interactions of red ginseng are more common than 
those associated with fresh ginseng. Thus, additional clinical studies 
are needed to examine the effects of red ginseng on various drugs 
and to characterize its potential herb‒drug interactions. However, to 
date, there are only a few clinical studies that have investigated the 
potential herb‒drug interactions of red ginseng [1,5,18].

 Diabetes Mellitus (DM) is among the most common chronic 
diseases globally. Type 2 DM accounts for ~90% of all cases of 
diabetes [19]. Metformin, a commonly prescribed antidiabetic drug, 
is widely used as a first-line treatment for type 2 DM. It is typically 
used as either a monotherapy or in combination with other drugs [20]. 
Therefore, the evaluation of pharmacokinetic and pharmacodynamic 
interactions that may affect metformin treatment in patients with type 
2 DM is of high clinical importance. Metformin is not metabolized 
in the liver and is eliminated mainly through renal tubular secretion, 
excreted unchanged in the urine. Metformin is typically distributed 
throughout the body by transporters such as Plasma Membrane 
Monoamine Transporter (PMAT), Organic Cation Transporter 
(OCT) and Multidrug And Toxin Extrusion (MATE). The intestinal 
absorption of metformin is mainly mediated by PMAT [21] and 
OCT1 and OCT3 are also involved [22].

 Although several in vitro and in vivo animal studies have 
investigated the effects of red ginseng on metformin transporters 
[23,24], there are no clinical study that investigated the effects of 
red ginseng on both the pharmacokinetics and pharmacodynamics 
of metformin. Hence, we sought to evaluate the effects of Korean 
red ginseng on the pharmacokinetics and pharmacodynamics of 
metformin in healthy subjects.

Materials and Methods
Study design and procedure

 This study (Clinical Research Information Service (CRIS, https://
cris.nih.go.kr) registry number: KCT0003035) was performed 
according to a protocol that was approved by the Institutional Review 
Board of Kyungpook National University Hospital and the Korea 
Ministry of Food and Drug Safety. The protocol was developed 
based on the ethical principles of the Declaration of Helsinki, the 
International Conference on Harmonization Good Clinical Practice 
Guideline, and local laws and regulation. All subjects provided a 
written informed consent to be included in the study.

 The volunteers who met the inclusion criteria were enrolled 
in the study. Key inclusion criteria included healthy Korean adult 
male ≥19 years of age and with body mass index of more or equal 
to 18.5kg/m2 and ≤27.0 kg/m2. Exclusion criteria included a history 
of hypersensitivity reactions to any component of the study drugs 
and medical conditions that could affect the absorption, distribution, 
metabolism and excretion of the study drugs. Additional exclusion 
criteria included a history of DM diagnosis; use of any prescription 
drug or herbal medicines within two weeks of the study.

 This study was conducted according to an open-label, two-period, 
and a single-sequence design. During the first period, metformin was 
repeatedly administered to the subject on an empty stomach for 5 days. 
In the second period, red ginseng was repeatedly administered alone 
for 10 days, and then metformin and red ginseng were co administered 
for the last 5 days (Figure 1). The study drugs were Hong Samjung 
all day® (Korean red ginseng concentrate 10 mL, total 12 mg of Rb1, 
Rg1 and Rg3; Punggi Ginseng Cooperative Association, Republic 
of Korea) and Diabex tablet 1000 mg® (metformin hydrochloride 
1000 mg; Daewoong Pharmaceutical Co., Ltd., Republic of Korea) 
[25]. Because the maximum daily intake of red ginseng should not 
exceed 80 mg of ginsenosides [26], the dose and duration of red 
ginseng administration were set to 36 mg/day over 15 days. In order 
to evaluate the interactions at the maximum exposure of metformin, 
the approved maximum dose was allowed to be administered [27]. 
This study was conducted with metformin 1000 mg by referring 
to literature that studied the interaction of metformin [28,29]. The 
metformin was repeatedly administered for 5 days and the washout 
period was set to 7 days, based on the previous results [29].

Pharmacokinetic assessment

 The pharmacokinetic blood sampling was performed before the last 
repeated dose at 0 h and at 0.5, 1, 1.5, 2, 3, 4, 6, 8, 10, 12 and 24 h after 
dosing each period. The collected blood was centrifuged for 10 min 
at 3000 rpm within 30 min of collection, and the supernatant plasma 
was collected and stored at about −70℃ until further analysis. The 
plasma concentrations of metformin were analyzed using a validated 
liquid chromatography coupled with tandem Mass Spectrometry (LC-
MS/MS).The pharmacokinetic parameters including the area under 
the plasma drug concentration–time curve within a dosing interval 
(tau) at steady state (AUCtau,ss), maximum plasma drug concentration 
at steady state (Cmax,ss), apparent total clearance of the drug from the 
plasma after oral administration at steady state (CLss/F), time to reach 
maximum plasma concentration at steady state (Tmax,ss) and terminal 
elimination half-life (t1/2)were calculated based on the plasma 
concentrations of metformin by no compartmental analysis using 
Phoenix™ WinNonlin® software (version 8.1, Certara, USA).

Figure 1: The design of study. Multiple doses of metformin were admin-
istered alone during 5 days of the first study period. In the second study 
period, multiple doses of red ginseng were administered alone for 10 days 
followed by a combination of metformin and red ginseng for the last 5 
days. The washout period between the first and second periods of the study 
was 7 days.
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Pharmacodynamic assessment

 An Oral Glucose Tolerance Test (OGTT) was performed at around 
10 a.m. on the day before the first dose of the first period, on the day 
of the last repeated dose of the first period, and on the day of the 
last repeated dose of the second period. Blood glucose levels were 
measured in blood samples collected before administration of a 75 g 
glucose solution at 0 h and at 0.5, 0.75, 1, 1.5, 2, 2.5, 3 and 4 h after 
glucose administration. The pharmacodynamic parameters including 
the area under the blood glucose values–time curve from time zero 
to the time of the last measurable value (AUClast) and maximum 
blood glucose value (Gmax)) were calculated based on the measured 
blood glucose levels by no compartmental analysis using Phoenix™ 
WinNonlin®software (version 8.1, Certara, USA).

Safety assessment

 The safety of all subjects who received the at least one dose of 
the study drugs was evaluated, and the occurrence, severity and 
frequency of Adverse Drug Reaction (ADR) were compared before 
and after administration of the drugs. Safety was evaluated by physical 
examination, vital sign, electrocardiogram, clinical laboratory tests 
and monitoring of Adverse Event (AE). 

Statistical analyses

 The statistical analyses were performed using SAS software 
(version 9.4, SAS Institute Inc., Cary, North Carolina, USA) and the 
SPSS program (version 18.0, SPSS Inc., Chicago, Illinois, USA). 
A p-value below 0.05 was used to establish statistical significance. 
Since the pharmacokinetic properties of metformin and the short-term 
safety of its highest dose have been established, the statistical analysis 
of the pharmacokinetic results was based on the AUC as it relates to 
the long-term safety and efficacy, rather than on the Cmax of short-term 
safety.

 To determine the pharmacokinetic interaction, the AUCtau,ss of 
metformin was log-transformed to obtain the Geometric Mean 
Ratio (GMR) and 90% Confidence Interval (90% CI) between the 
two groups using Two One-Sided t-Tests (TOST)when metformin 
were administered alone and in combination with red ginseng. If 
the GMR (90% CI) was within the conventional range of 0.8-1.25, 
the pharmacokinetic properties were considered equivalent. Also, a 
statistical hypothesis test was performed to determine whether there 
is any significant difference in the AUCtau,ss of metformin between the 
two groups.

 For the pharmacodynamic interaction, statistical hypothesis tests 
were performed to determine whether there was any significant 
difference among the groups for the AUClast and Gmax of glucose 
before administration, after metformin administration alone and 
after metformin administration in combination with red ginseng. 
The AUClast and Gmax of glucose were log-transformed to obtain the 
GMR (90% CI) between the two groups using TOST when metformin 
were administered alone and in combination with red ginseng. If 
the GMR (90% CI) was within the acceptable range of 0.8-1.25, 
the pharmacodynamic properties were considered equivalent [30]. 
Additionally, a statistical hypothesis test was performed to determine 
whether there is any significant difference between the two groups in 
terms of a change from baseline (%) of glucose AUClast and Gmax.

Results
Demographic characteristics

 Fifteen of the 16 volunteers were selected as the subjects and one 
of them was placed on the waiting list for administration. Before the 
beginning of the first period of the study, 5 subjects withdrew of the 
study, and one of the 5 subjects who withdrew consent was replaced 
with the one on the waiting list, leading to a total of 11 subjects to 
participate and complete both periods of the study. The descriptive 
statistics for the basic demographic information of the subjects who 
completed the study is presented in table 1.

Pharmacokinetic properties

 A total of 11 subjects who completed all the scheduled blood 
samplings for pharmacokinetic assessments were included in the 
pharmacokinetic. When metformin was administered alone or in 
combination with red ginseng, the pharmacokinetic parameters were 
calculated based on the plasma concentrations of metformin for each 
group (Table 2). The arithmetic mean plasma concentration–time 
profiles of metformin are shown for each treatment group in figure 2.

 The GMR (90% CI) of the log-transformed AUCtau,ss of metformin 
when multiple doses of metformin were administered in combination  

Demographic variables (unit) All subjects (n = 11)

Age (years)

Arithmetic mean ± SD 24.6 ± 4.0

Median (range) 24.0 (19.0–31.0)

Weight (kg)

Arithmetic mean ± SD 67.7 ± 8.4

Median (range) 65.3 (56.8–82.0)

Height (cm)

Arithmetic mean ± SD 172.9 ± 4.8

Median (range) 172.3 (165.3–181.1)

Table 1: Summary descriptive statistics for the demographic characteris-
tics of the subjects.

All subjects who completed the study were analyzed. Data are presented as 
arithmetic mean ± SD (standard deviation) and median (range (minimum–
maximum)) for age, weight and height.

Pharmacokinetic parameters 

(unit)
Metformin Metformin + red ginseng

AUCtau,ss (h×ng/mL) 14,676.53 ± 4,660.11 (31.75) 11,610.49 ± 3,385.44 (29.16)

Cmax,ss (ng/mL) 2,352.17 ± 788.15 (33.51) 2,256.89 ± 809.48 (35.87)

CLss/F (L/h) 73.76 ± 20.79 (28.18) 91.68 ± 21.92 (23.91)

Tmax,ss (h) 1.95 ± 1.01 (51.74) 1.82 ± 0.72 (39.42)

t1/2 (h) 3.81 ± 1.37 (36.05) 3.53 ± 1.04 (29.52)

Table 2: Summary of the pharmacokinetic parameters of metformin ad-
ministered alone or in combination with red ginseng in 11 healthy subjects.

Values are presented as the arithmetic mean ± standard deviation (inter-
individual Coefficient of Variation (%CV)). AUCtau,ss indicates area under 
the plasma drug concentration–time curve within a dosing interval (tau) at 
steady state; Cmax,ss indicates maximum plasma drug concentration at steady 
state; CLss/F indicates apparent total clearance of the drug from the plasma 
after oral administration at steady state; Tmax,ss indicates time to reach the 
maximum plasma concentration at steady state; t1/2 indicates terminal elim-
ination half-life.
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with red ginseng versus when multiple doses of metformin were 
administered alone were 0.7973 (0.6734–0.9440). The systemic 
exposure of metformin when multiple doses of metformin were 
administered in combination with red ginseng was reduced by about 
20% compared with that of metformin when administered alone 
(Table 3). The paired t-testperformed by satisfying the normality 
assumption showed no significant difference between the two groups 
for the AUCtau,ss of metformin when multiple doses of metformin were 
administered alone compared with combination with red ginseng 
(Table 3).

Pharmacodynamic properties

 The pharmacodynamic evaluation included 11 subjects who 
completed all scheduled blood samplings for pharmacodynamic 
assessments. The AUClast and Gmaxwere calculated based on the blood 
glucose values that were measured by an OGTT for each group before 
administration (baseline), after metformin administration alone and 
after metformin administration in combination with red ginseng 
(Table 4). The arithmetic mean blood value–time profiles of glucose 
are shown for each group in figure 3.

 The paired t-test was performed by satisfying the normality 
assumption to determine whether there was any significant difference 
in the AUClast and Gmax of glucose between the two groups. When  

metformin were administered alone compared to the baseline 
value, there was a statistically significant difference in the Gmax of 
glucose, but was no significant difference in the AUClast of glucose. 
And, when metformin were administered in combination with red 
ginseng compared to the baseline value, there was a statistically 
significant difference in the AUClast of glucose, but was no significant 
difference in the Gmax of glucose (Table 4). The analysis of variance 
(ANOVA) performed by satisfying the assumptions of normality 
and homogeneity of variances to determine whether there was any 
significant difference among the groups for glucose AUClast and 
Gmaxbefore administration, after metformin administered alone 
and after metformin administered in combination with red ginseng 
showed that there was a statistically significant difference in the Gmax 
of glucose, but there was no significant difference in the AUClast of 
glucose (Table 4).

 The GMR (90% CI) of the log-transformed AUClast and Gmax of 
glucose when metformin were administered in combination with red 
ginseng versus when metformin were administered alone were within 
the range of 0.8–1.25. The AUClast and Gmax of glucose following 
metformin in combination with red ginseng were found to be similar 
to metformin administered alone (Table 5).

 The paired t-test performed by satisfying the normality assumption 
showed no statistically significant difference between the two groups 
for the change from baseline (%) of the glucose AUClast and Gmaxwhen 
metformin were administered alone and in combination with red 
ginseng (Table 6).

Safety

 A total of three AEs including two instances of diarrhea and one 
instance of nausea occurred in three of the 11 subjects. All of the 
observed AEs were reported when multiple doses of metformin were 
administered alone and were determined to be ADRs probably related 
to metformin. The severity of the nausea case was mild and two 
diarrhea incidents were of moderate severity. All ADRs were self-
resolved without any additional treatments. 

Pharmacokinetic 

parameter (unit)

Geometric mean Geometric 

mean 

ratio†

90% CI† P-value*Met-

formin

Metformin + 

red ginseng

AUCtau,ss (h×ng/mL) 14,084.45 11,229.88 0.7973 0.6734–0.9440 0.0546

Table 3: Comparative analyses of the pharmacokinetic parameter, AUCtau,ss, 
of metformin administered in combination with red ginseng versus admin-
istered alone in 11 healthy subjects.
CI: Confidence Interval; AUCtau,ss: Area Under the plasma drug Concen-
tration–time response curve within a dosing interval (tau) at steady state. 
Compared between the two groups by Two One-Sided t-Tests (TOST)† and 
paired t-test*.

Figure 2: The arithmetic mean (± standard deviation) plasma concentra-
tion–time profiles of metformin administered alone or in combination with 
red ginseng in 11 healthy subjects.

Figure 3: The arithmetic mean (± standard deviation)blood value–time pro-
files of glucose at baseline, after multiple doses of metformin administered 
alone, and in combination with red ginseng(n = 11).
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Discussion
 We assessed the effects of Korean red ginseng on the 
pharmacokinetics and pharmacodynamics of metformin in healthy 
subjects.

 The results of the pharmacokinetic analysis of this study 
demonstrated that the GMR (90% CI) of the log-transformed 
AUCtau,ss of metformin following administration in combination 
with red ginseng versus administration alone was out of the range of 
bioequivalence. This result indicates that the systemic exposure of 
metformin when combined with red ginseng was reduced compared 
with administration of metformin alone. However, in a study to 
evaluate the interactions between red ginseng and metformin in rats 
[24], they reported that the plasma concentration of metformin was 
increased due to enhanced intestinal OCT1 when metformin was 
orally administered to rats that had received repeated doses of red 
ginseng. This difference could be explained in part by the design 
of this clinical study which involved combined administration 
versus sequential administration in the nonclinical rat study. Unlike  

the reported in vitro and in vivo experiment which evaluated the 
interaction by administering metformin the next day after repeated 
doses of red ginseng [24], the herb–drug interactions in this study were 
evaluated by concurrently administering high doses of metformin and 
red ginseng to the subjects. Thus, it was thought that the absorption of 
metformin was relatively reduced due to the food effect of red ginseng 
when metformin was administered in combination with red ginseng, 
resulting in the lower systemic exposure of metformin in this study.

 In the results of the pharmacodynamic analysis of this study, there 
was no statistically consistent difference among the groups in terms 
of the pharmacodynamic effects of metformin on the glucose levels. 
This could be caused by the study participants who were healthy 
volunteers. Healthy people, unlike diabetics, have normal glucose 
levels at baseline. Additionally, healthy individuals have effective 
homeostatic gluconeogenesis, so the maximal metformin effect could 
be masked [28].

 Despite that red ginseng appears to reduce the systemic exposure 
of metformin, the measured GMR (90% CI) of the log-transformed 
AUClast and Gmax of glucose between the two groups were within the 
range of bioequivalence and there was no statistically significant 
difference between the two groups for the change from baseline 
(%) of the glucose AUClast and Gmax.The consistency of metformin 
hypoglycemic effects even when its systemic exposure is reduced 
could be attributed to the previous findings that remaining unabsorbed 
metformin in the intestinal tract, following administration of high 
doses of metformin, has local hypoglycemic effects [28]. In the 
previous report by Chung et al., [28] when high doses of metformin 
are administered, there is an inverse relationship between the systemic 
exposure of metformin and its hypoglycemic effects; this could be 
due to the local hypoglycemic effects of unabsorbed metformin in 
the intestinal tract. They explained that subjects with relatively low 
systemic exposure at high doses of metformin had a large amount  

Pharmacodynamic parameters (unit) Baseline Metformin Metformin + red ginseng p-value* p-value**

AUClast (h×mg/dL)
415.53 ± 55.70 (13.41) 430.92 ± 52.54 (12.19) 458.09 ± 58.86 (12.85) 0.3927 0.0132

p-value‡ 0.2102

Gmax (mg/dL)
158.55 ± 15.83 (9.99) 138.82 ± 17.57 (12.65) 148.64 ± 18.90 (12.72) 0.0254 0.1069

p-value‡ 0.0429

Table 4: Statistical analyses of the pharmacodynamic parameters, AUClast and Gmax, of glucose at baseline, after multiple doses of metformin admin-
istered alone, and in combination with red ginseng in 11 healthy subjects.
Values are presented as arithmetic mean ± standard deviation (interindividual Coefficient of Variation (%CV)). AUClast, Area Under the blood glu-
cose values–time curve from time zero to the time of the last measurable value; Gmax, maximum blood glucose value. Compared between the two 
groups (before metformin administration (baseline) and after multiple doses of metformin administered alone) by paired t-test*; Compared between 
the two groups (before metformin administration (baseline) and after multiple doses of metformin administered in combination with red ginseng) 
by paired t-test**; Compared among the groups by Analysis of Variance (ANOVA)‡.

Pharmacodynamic parameters (unit)
Geometric mean

Geometric mean ratio† 90% CI†
Metformin Metformin + red ginseng

AUClast (h×mg/dL) 427.88 454.80 1.0629 1.0060–1.1231

Gmax (mg/dL) 137.79 147.55 1.0708 1.0078–1.1378

Change from baseline 
(%)

Metformin
Metformin + 
red ginseng

p-value*

AUClast −10.79 ± 10.78 −4.65 ± 14.04 0.0841

Gmax 5.88 ± 11.13 11.46 ± 15.22 0.0986

Table 5: Comparative analyses of the pharmacodynamic parameters, AUClast and Gmax, of glucose after multiple doses of metformin were adminis-
tered in combination with red ginseng versus metformin administered alone in 11 healthy subjects.
CI: Confidence Interval; AUClast: Area Under the blood glucose values–time curve from time zero to the time of the last measurable value; Gmax: 
maximum blood glucose value.Compared between the two groups by Two One-Sided t-Tests (TOST) †.

Table 6: Comparative analyses of the change from baseline (%) of the 
pharmacodynamic parameters, AUClast and Gmax, of glucose following 
multiple doses of metformin administered alone and in combination with 
multiple doses of red ginseng in 11 healthy subjects.
Values are presented as arithmetic mean ± standard deviation. AUClast: 
Area Under the blood glucose values–time curve from time zero to the 
time of the last measurable value; Gmax: maximum blood glucose value. 
Compared between the two groups by the paired t-test*.
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of metformin remaining unabsorbed in the intestinal tract, which 
represented a local hypoglycemic effect in addition to the systemic 
glucose reduction effect of metformin, leading to a pharmacodynamic 
plateau.

 This study was exploratory in nature and included a small number 
of healthy volunteers. In order to better understand the clinical effects 
of red ginseng on metformin, further studies with sufficient number 
of subjects, including diabetic patients, should be conducted. Also, 
a population pharmacokinetic and pharmacodynamic analysis would 
have been appropriate.

Conclusion
 Red ginseng appears to reduce the systemic exposure of metformin 
compared with administration of metformin alone. However, the 
results of the pharmacodynamic analysis did not show any significant 
differences between the two groups. Therefore, we concluded that 
the observed reduction in the systemic exposure of metformin when 
administered with red ginseng is clinically insignificant. Additionally, 
the safety profiles of the study drugs were generally acceptable. This 
study demonstrated that Korean red ginseng did not have clinically 
significant pharmacokinetic or pharmacodynamic herb–drug 
interactions with metformin in healthy subjects.
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