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생강의 주성분인 6-Shogaol이 인체 약물대사효소인 Cytochrome P450에 미치는 영향
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ABSTRACT

Background  : Ginger has been extensively used in foods and traditional medicines in Asian countries. Despite its frequent con-
sumption in daily life, the mechanism of potential interactions between ginger components-drug has not been examined. To eluci-
date the mechanism of governing the effects of 6-shogaol, a primary constituent of dried ginger, on human cytochrome P450 (CYP)
isoenzymes an incubation studies were carried out using pooled human liver microsome (HLM).
Methods and Results  : CYP isoenzyme specific substrate was incubated with multiple concentrations of inhibitor, HLM and
cofactors. 6-shogaol showed a potent inhibitory effect on CYP2C9, CYP1A2 and CYP2C19 with half maximal inhibitory concen-
tration (IC50) values of 29.20, 20.68 and 18.78 µM respectively. To estimate the value of the inhibition constant (Ki) and the mode of
inhibition, an incubation study with varying concentrations of each CYP isoenzyme-specific probe was performed. 6-shogaol inhib-
ited CYP2C9 and CYP2C19 noncompetitively (Ki = 29.02 and 19.26 µM respectively), in contrast, the inhibition of CYP1A2 was
best explained by competitive inhibition (Ki = 6.33 µM).
Conclusions  : These findings suggest that 6-shogaol may possess inhibitory effects on metabolic activities mediated by CYP1A2,
CYP2C9 and CYP2C19 in humans.
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INTRODUCTION

Ginger (the rhizome of the Zingiber officinale Roscoe)

has been commonly used as a spice in food and beverage

and also as a traditional herbal medicine taken for a

variety of clinical disorders such as nausea and vomiting

in many Asian countries (Ernst and Pittler, 2000). Ginger

contain volatile oil (~ 3%) and nonvolatile pungent

components. Among the ginger oleoresin, gingerols and

shogaols were identified as active ingredients. Gingerols

are compounds with various unbranched alkyl chain length,

while shogaols have the dehydrated chain at C4 and C5.

It is well known that the amount of shogaols is increased

during longterm storage and thermal processing (Yu et al.,

2011). Ginger has received wide attention because of its

potent antioxidant and anti-inflammatory activities (Tsai et

al., 2005). In addition, a number of experiments have

shown that ginger possesses cancer preventive properties

and antineoplastic effects (Baliga et al., 2011; Shukla and

Singh, 2007). These properties of ginger are attributed to

its major pungent components such as gingerols, shogaols.

6-shogaol have gained great interest because of recent
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studies demonstrating its higher anticancer properties over

gingerol. An experiment revealed that 6-shogaol exhibited a

strong inhibition of the growth of A2780 ovarian cancer cell,

while 6, 8, 10-gingerols had no effect (Rhode et al., 2007).

It is also reported that 6-shogaol showed a stronger growth

inhibition on SKOV-3 human ovarian cancer cell, A549

human lung cancer cell, SK-MEL-2 human skin cancer cell

than 4, 6, 8, 10-gingerols (Kim et al., 2008). Some

researches suggested that 6-shogaol would be a therapeutic

agent for lipopolysaccharide induced neurodegenerative

disorders because of its anti-inflammatory and anti-apoptotic

properties in neuronal cells (Shim et al., 2011, 2012). A

recent study indicated that 6-shogaol demonstrated more

potent antioxidant activity than 6, 8, 10-gingerols (Dugasani

et al., 2010). The liver encompasses microsome

hemoproteins called cytochrome P450 which play a major

role in the metabolic monooxygenation of various

endogenous and exogenous compounds. Of the cytochrome

P450 (CYP) family, CYP3A4 is the most abundant

hemoprotein and represents about 30% of the total CYP

enzymes in human liver. The second abundant CYP protein

is CYP2C subfamily, representing about 25% and CYP1A2,

CYP2D6 and CYP2E1 represent 10, 5 and 10%, respectively

(Pelkonen and Breimer, 1994). With the popularity of herbal

medicinal products, herb drug interactions have been major

issues in the last decade, especially such as the interactions

of St. John’s wort prescribed medicines via cytochrome P450

induction (Izzo and Ernst, 2009). In case of ginger, despite

its widespread use, little examination of herb drug

interactions with main components of ginger have been

carried out and reported to date. According to the

investigation of effects of 6-gingerol on cytochrome P450 in

human liver microsome by Joo and Lim (2011), 6-gingerol

demonstrated inhibitory effects on several CYP isoenzymes,

especially CYP2D6, CYP2E1, CYP1A2 and CYP2C19. But

the effects of 6-shogaol, a primary constituent of dried

ginger, on human cytochrome P450 has not been identified

yet. The aim of this study was to investigate the influence

of 6-shogaol on human cytochrome P450 enzymes which are

responsible for phase I metabolism of most drugs with

human liver microsome and elucidate the mode of inhibition.

MATERIALS AND METHODS

1. Chemicals

6-shogaol was purchased from Wako pure chemical

industries (Osaka, Japan). Acetaminophen, chlorpropamide,

tolbutamide, chlorzoxazone, phenacetin, carbamazepine, 1-

hydroxymidazolam, 6-hydroxychlorzoxazone, DL-propranolol

HCl, (+/−)-4-hydroxymephenytoin and hydroxytolbutamide

were purchased from Sigma-Aldrich (St. Louis, MO,

USA). Midazolam was bought from Toronto research

chemicals (North York, ON, Canada). S-mephenytoin was

purchased from BD Biosciences (San Jose, CA, USA). All

other chemicals and reagents used were of analytical and

HPLC grade.

2. Enzymes

Pooled human liver microsomes and NADPH

regenerating systems were purchased from BD Biosciences

(San Jose, CA, USA). Pooled human liver microsomes

20 ㎎/㎖ were diluted to 5 ㎎/㎖ with dilution buffer upon

arrival and transferred to microtubes. Aliquots were kept

at 80℃ until they were used.

3. Enzyme assays

The inhibitory effect of 6-shogaol on the activity of

each CYP isoenzyme was tested with pooled human liver

microsome. CYP isoenzyme specific reactions used in this

study were as follows: Midazolam 1-hydroxylation for

CYP3A4 (Wang et al., 2005), phenacetin O-deethylation for

CYP1A2 (Tassaneeyakul et al., 1993), tolbutamide 4-

methylhydroxylation for CYP2C9 (Relling et al., 1990), S-

mephenytoin 4'-hydroxylation for CYP2C19 (Wrighton et

al., 1993) and chlorzoxazone 6-hydroxylation for CYP2E1

(Court et al., 1997). Before the inhibition study of 6-

shogaol, experiments for estimating of apparent kinetic

parameters (Vmax and Km) of each CYP isoenzyme

substrate were performed according to each CYP isoenzyme

specific reaction with various concentrations of each CYP

isoenzyme corresponding substrate, human liver microsome

and NADPH regenerating system. Each substrate was

incubated for a specific time interval determined by each

CYP protocol and after reaction, the formed metabolite

was analyzed using HPLC. Metabolite concentrations were

calculated by interpolating the ratio of metabolite area to

internal standard area from a calibration curve of known

metabolite concentrations. Based on the calculated Km of

each CYP isoenzyme substrate, the concentration of each

CYP isoenzyme substrate was determined close to its Km
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value or a value within linear range for velocity of each

CYP isoenzyme specific metabolite formation: 2 μM

midazolam, 100 μM phenacetin, 50μM chlorzoxazone,

100 μM S-mephenytoin and 100 μM tolbutamide. The

inhibition study of 6-shogaol on the activity of each CYP

isoenzyme was carried out as follows. Each CYP isoenzyme

substrate concentration and multiple concentration of 6-

shogaol were added to reaction tube. Before incubation, to

avoid the effect of organic solvent on the inhibition study,

organic solvent used for dissolving each CYP substrate

and 6-shogaol was entirely removed using a rotary

evaporator. Following the identification of the total removal

of organic solvent, phosphate buffer saline (PBS, pH 7.4)

and distilled water were added to each reaction tube.

After strong vortexing, human liver microsome was added

to each reaction tube. All incubation mixtures including

CYP isoenzyme specific substrate, PBS (pH 7.4), human

liver microsome and various concentrations of inhibitor or

without inhibitor were prewarmed for 5 min in a 37℃

shaking water bath. After prewarming, CYP isoenzyme

specific probe reactions were initiated by the addition of a

NADPH regenerating system [1.3 mM NADP+, 3.3 mM

glucose-6-phosphate (G6P), 1.0 U/㎖ glucose-6-phosphate

dehydrogenase (G6PDH) and 3.3 mM MgCl2]. After further

incubation for each CYP isoenzyme specific time in a 37℃

shaking water bath, the reaction was terminated by placing

tubes on the ice and adding ice cold acetonitrile with each

CYP isoenzyme specific internal standard. After centrifugation

(14,000 rpm, 5 min, 4℃), aliquots of supernatants were

injected onto the HPLC system for analysis. For estimation

of the inhibition constant (Ki) and the inhibition type of

each CYP isoenzyme which showed an enzyme activity

suppressed by 6-shogaol, a mixture which consists of

substrate at multiple concentrations, multiple concentrations

of inhibitor or without inhibitor, human liver microsome

and cofactors was incubated according to CYP isoenzyme

reaction procedure described in detail above and analyzed

by HPLC.

4. Analytical procedures

HPLC system was used for measurement of metabolites

and internal standard specific for CYP isoenzymes. The

HPLC system consisted of a Shimadzu (Kyoto, Japan)

model LC-20AD pump, a model CTO20A column oven, a

model SIL-20AC autosampler and a model SPD-20A UV/

VIS detector. The concentration of metabolite was calculated

with the ratio of metabolite area to internal standard area

used for each specific CYP isoenzyme. Methodological

details for each CYP isoenzyme assay are listed in Table 1.

5. Data analysis

IC50 value (inhibitor concentration required to cause 50%

inhibition of the original enzyme activity) was determined

by analysis of plot of inhibitor concentrations versus

percentage of enzyme activity with Sigmaplot program

(ver. 9.0, Systat Software, Chicago, IL, USA). Apparent

kinetic parameters (Km, Vmax) for each CYP were

calculated by fitting the plot of substrate concentration

versus velocity of metabolite formation using Sigmaplot

program (ver. 9.0, Systat Software, Chicago, IL, USA). To

identify the type of inhibition model and calculate Ki

values (apparent inhibitory constant), 3 different enzyme

kinetic models (competitive, noncompetitive, uncompetitive

inhibition model) were used to fit the inhibition data with

WinNonlin program (ver. 5.2, Pharsight Co., Cary, NC,

USA). Based on visual inspection of Lineweaver-Burk plot

and Dixon plot, Akaike information criterion values and

Schwartz criterion values, the most appropriate inhibition

model was selected.

RESULTS

To investigate the inhibitory effect of 6-shogaol on each

CYP isoenzyme, reactions with multiple concentrations of

Table 1. Experimental conditions for each CYP isoenzyme assay.

CYP 
isoenzyme

Mobile phase composition 
(elution method)

Detection 
mode

CYP2C9
10 mM Ammonium acetate 
(pH 5.3) : ACN = 65 : 35

(isocratic method)

UV 
(230 ㎚)

CYP2C19
1% Acetic acid : ACN = 70 : 30

 (isocratic method)
UV 

(225 ㎚)

CYP1A2
A : 60% ACN in pH 2.5 25 mM KH2PO4

B : 25 mM KH2PO4 (pH 2.5)

 (gradient method)

UV 
(245 ㎚)

CYP2E1
10 mM Ammonium acetate 
(pH 4.4) : ACN = 65 : 35

(isocratic method)

UV 
(287 ㎚)

CYP3A4
0.4 M Acetate 

Buffer : ACN : Methanol = 60 : 35 : 12
(isocratic method)

UV 
(245 ㎚)
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6-shogaol (1 - 50 μM) or without 6-shogaol (control) were

conducted using CYP isoenzyme specific substrate probes

of which concentrations were close to their respective Km

values or values within the linear range for reaction

velocity. As shown in Fig. 1, 6-shogaol showed a potent

inhibitory effect on CYP1A2, CYP2C9 and CYP2C19,

indicating that its respective IC50 values were 20.68, 29.20

and 18.78 μM (Table 2). IC50 value of CYP2E1 was a

higher value (99.58 μM) compared to others mentioned

above. In case of CYP3A4, 6-shogaol enhanced

midazolam 1-hydroxylation. Because IC50 values are quite

different depending on the used substrate concentration as

well as enzyme concentration, absolute values (Ki) for

expressing inhibitory effect should be estimated.

Construction of Dixon plot was performed with appropriate

range of substrate concentrations and multiple 6-shogaol

concentrations showing inhibitory action on each CYP

isoenzyme for estimation of Ki values. Also, an inhibition

data set was simulated with three different inhibition

models to elucidate the inhibition type of 6-shogaol on

each CYP isoenzyme (competitive, noncompetitive,

uncompetitive). Representative Dixon and Lineweaver-Burk

plot for inhibition of CYP2C19 were shown in Fig. 2.

For CYP2C19, inhibition data set was analyzed by

simulating with inhibition model, which suggested that a

noncompetitive inhibition model was fitted well with

estimated Ki value of 19.26 μM. Inhibition of CYP2C9

catalyzed tolbutamide 4-methylhydroxylation by 6-shogaol

fit well to noncompetitive inhibition model (Fig. 3). The

Ki value obtained from noncompetitive inhibition equation

Table 2. Inhibitory potency of 6-shogaol for CYP isoenzymes.

CYP 
isoenzymes1) IC50 Ki value

Type of 
inhibition

CYP2C9 29.20 29.02 Noncompetitive

CYP2C19 18.78 19.26 Noncompetitive

CYP1A2 20.68 6.33 Competitive

CYP2E1 99.58
1)Three different enzyme kinetic models were adapted to simulate
data obtained from inhibition test with human liver microsome for
decision of type of inhibition model and calculation of Ki values of
each CYP. Data represent average of triplicates.

Fig. 1. Inhibition of each CYP isoenzymes by 6-shogaol at
0 to 50 µM in human liver microsome. Each point
indicates the average of triplicates.

Fig. 2. Inhibitory effect of 6-shogaol on CYP2C19
catalyzed S-mephenytoin 4’-hydroxylation. (A);
Lineweaver-Burk plot of inhibition of CYP2C19
catalyzed S-mephenytoin 4’-hydroxylation by 6-
shogaol. HLM and S-mephenytoin ranging from 75 to
200 µM were incubated with NADPH regenerating
system in the absence (◆) or the presence of 10 µM (
■), 25 µM (▲), 50 µM (●), 100 µM (◇) of 6-
shogaol. (B); Dixon plot of inhibition of CYP2C19
catalyzed S-mephenytoin 4’-hydroxylation by 6-
shogaol. The concentrations of S-mephenytoin were
75 µM (◆), 100 µM (■), 150 µM (▲), 200 µM (●).
Each point was obtained with the average value of
triplicates.
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was 29.02 μM. As shown in Fig. 4, 6-shogaol inhibited

CYP1A2 catalyzed phenacetin O-deethylation competitively

with an estimated Ki value of 6.33 μM.

DISCUSSION

Ginger, the rhizome of Zingiber officinale Roscoe, has

been extensively consumed in many countries as a spice

in food preparation. In addition to its role of dietary

condiment, a function of ginger as a natural herbal

medicine has received considerable attentions. Ginger has

shown a variety of pharmacological effects like antioxidant,

anti-inflammatory, cancer preventive and antineoplastic

activity, most of which are attributable to its main

pungent constituents, gingerol and shogaol. Like 6-gingerol,

6-shogaol have been revealed to possess remarkable effects

such as anti-apoptotic, antioxidant, anti-inflammatory and

antiproliferative potencies. Ginger, especially primary

constituents of gingerol and shogaol-medicine interactions

need to be investigated due to widespread use of ginger

in daily life. In a previous study by Joo and Lim (2011),

it was reported that 6-gingerol has inhibitory effects on

human CYP isoenzymes (Fig. 1, Table 2). The effects of

6-shogaol, a major component of dried ginger, on human

Fig. 3. Inhibitory effect of 6-shogaol on CYP2C9 catalyzed
tolbutamide 4-methylhydroxylation. (A); Lineweaver-
Burk plot of inhibition of CYP2C9 catalyzed
tolbutamide 4-methylhydroxylation by 6-shogaol. HLM
and tolbutamide ranging from 100 to 300 µM were
incubated with NADPH regenerating system in the
absence (◆) or the presence of 10 µM (■), 25 µM
(▲), 50 µM (●), 100 µM (◇) of 6-shogaol. (B); Dixon
plot of inhibition of CYP2C9 catalyzed tolbutamide 4-
methylhydroxylation by 6-shogaol. The concentrations
of tolbutamide were 100 µM (■), 150 µM (◆),
200 µM (▲), 300 µM (●). Each point was obtained
with the average value of triplicates.

Fig. 4. Inhibitory effect of 6-shogaol on CYP1A2 catalyzed
phenacetin O-deethylation. (A); Lineweaver-Burk
plot of inhibition of CYP1A2 catalyzed phenacetin O-
deethylation by 6-shogaol. HLM and phenacetin
ranging from 25 to 100 µM were incubated with
NADPH regenerating system in the absence (◆) or
the presence of 10 µM (■), 25 µM (▲), 50 µM (●),
100 µM (◇) of 6-shogaol. (B); Dixon plot of
inhibition of CYP1A2 catalyzed phenacetin O-
deethylation by 6-shogaol. The concentrations of
tolbutamide were 25 µM (◆), 50 µM (■ ), 75 µM (▲),
100 µM (●). Each point was obtained with the
average value of triplicates.
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metabolic enzymes has not been examined up to date. To

elucidate the ginger components-medicine interaction,

investigation concerning the effects of 6-shogaol on the

CYP isoenzymes with pooled human liver microsome was

performed. In this study, it was indicated that among CYP

isoenzymes tested, CYP2C19 were proven to be substantially

inhibited by 6-shogaol with a noncompetitive inhibition

mode (Ki value of 19.26 μM, Fig. 2). Joo and Lim (2011)

reported that 6-gingerol inhibited CYP2C19 catalyzed S-

mephenytoin 4'-hydroxylation in a noncompetitive manner

with Ki value of 13 μM. On the basis of these results, it

could be concluded that 6-shogaol and 6-gingerol showed

the same inhibitory mode on human CYP2C19 with

similar Ki values and ginger extract with 6-shogaol and 6-

gingerol might have the same effects on CYP2C19. 6-

shogaol also exhibited a strong competitive inhibition of

CYP1A2 catalyzed phenacetin O-deethylation (Ki value of

6.33 μM, Fig. 3). Joo and Lim (2011) showed that 6-

gingerol inhibited CYP1A2 catalyzed phenacetin O-

deethylation in a competitive mode with Ki value of

29 μM. In case of CYP1A2, 6-shogaol exhibited much a

stronger inhibitory effect than 6-gingerol. In spite of

difference in Ki values between two compounds, 6-shogaol

and 6-gingerol indicated the same competitive inhibition

manner on human CYP1A2 as well. In the case of

CYP2C9 catalyzed tolbutamide 4-methylhydroxylation, 6-

shogaol had an inhibitory effects in a noncompetitive

manner with Ki value of 29.02 μM. In contrast, it was

reported that there was no inhibitory activity of entire

range of 6-gingerol concentration (0 - 500 μM) on human

CYP2C9 by Joo and Lim (2011). The effects of 6-

shogaol and 6-gingerol on human CYP2C9 is not

consistent compared to those on CYP2C19 and CYP1A2.

CYP3A4 is the most abundant CYP isoenzyme in human

liver, which is mainly responsible for metabolizing

approximately 50% of therapeutic agents. This CYP

isoenzyme displays allosteric behavior-binding an effector

compound at the site other than the active site of enzyme.

Allosteric regulation can be homotropic cooperativity, where

both substrate and effector are the same chemical species,

or heterotropic cooperativity, where substate and effector are

different chemical materials (Tang and Stearns, 2001).

Depending on the combination of substrate and effector,

CYP3A4 isoenzyme can display either positive cooperativity

or negative cooperativity. Previous research examined

cooperative binding of midazolam with α-naphthoflavone and

testosterone, indicating that the formation of 1-

hydroxymidazolam was promoted by α-naphthoflavone

(Cameron et al., 2005). Another study investigated effects of

spice constituents on CYP3A4 mediated midazolam

metabolism in pooled human liver microsome, of which

results showed that 6-gingerol, d-limonene, and citral

among spice constituents enhanced midazolam 1-

hydroxylation (Zhang and Lim, 2008). The result of

incubation of pooled human liver microsome with 6-

shogaol for CYP3A4 mediated midazolam 1-hydroxylation

exhibited enhancement of metabolite by 120%. A

hypothesis could be suggested that this might be due to

positive heterotropic cooperativity, which indicates that

binding of 6-shogaol as an effector at the regulatory site

enhances the attraction between active site and substrate.

On the basis of these results, it should be considered that

6-shogaol and traditional medicine including ginger main

component, 6-shogaol, might cause a potent herbal

medicine interaction with drugs which are metabolized

through CYP2C9, 2C19 and 1A2. In summary, we have

shown the in vitro inhibition effect of 6-shogaol, a herbal

oriented compound with various pharmacological properties,

on human CYP isoenzymes, indicating that CYP2C9 and

CYP2C19 isoenzymes were inhibited noncompetitively and

CYP1A2 was inhibited competitively. In the case of

CYP3A4, 6-shogaol showed enhancement of metabolite.

Predicted with this in vitro study, usage of 6-shogaol in

vivo might give rise to the interactions with conventional

drugs, beverages, and environmental factors related to CYP

isoenzymes inhibited by 6-shogaol. To find out in vivo

interactions in detail, further research on the clinical trials

of 6-shogaol in humans would be needed to proceed.
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