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The aim of the present study was to investigate the potential effect of thymoquinone (TQ) on the meta-
bolic activity of four major drug metabolizing enzymes in human liver microsomes, namely cytochrome
P450 (CYP) 1A2, CYP2C9, CYP2D6 and CYP3A4. The inhibition of CYP enzymatic activities by TQ was eval-
uated by incubating typical substrates (phenacetin for CYP1A2, tolbutamide for CYP2C9, dextromethor-
phan for CYP2D6, and testosterone for CYP3A4) with human liver microsomes and NADPH in the absence
or presence of TQ (1, 10 and 100 mM). The respective metabolite of the substrate that was formed was
measured by HPLC. Results of the presented study presented that the metabolic activities of all the inves-
tigated CYP enzymes, viz. CYP1A2, CYP2C9, CYP2D6 and CYP3A4, were inhibited by TQ. At 1 mM TQ,
CYP2C9 enzyme activity was maximally inhibited by 46.35%, followed by CYP2D6 (20.26%) > CYP1A2
(13.52%) > CYP3A4 (12.82%). However, at 10 mM TQ, CYP2C9 enzyme activity was maximally inhibited
by 69.69%, followed by CYP3A4 (23.59%) > CYP1A2 (23.51%) > CYP2D6 (11.42%). At 100 mM TQ, CYP1A2
enzyme activity was maximally inhibited by 81.92%, followed by CYP3A4 (79.24%) > CYP2C9 (69.22%)
> CYP2D6 (28.18%). The IC50 (mean ± SE) values for CYP1A2, CYP2C9, CYP2D6 and CYP3A4 inhibition were
26.5 ± 2.9 mM, 0.5 ± 0.4 mM, >500 mM and 25.2 ± 3.1 mM, respectively. These findings suggest that there is
a high probability of drug interactions resulting from the co-administration of TQ or herbs containing TQ
with drugs that are metabolized by the CYP enzymes, particularly CYP2C9.
� 2018 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Thymoquinone [TQ, (Fig. 1)], an oxygenated monoterpene
(Grosso et al. 2009), is the key active constituent of volatile oil of
Nigella sativa L. also known as black seed belongs to family of
Ranunculaceae (Salomi et al. 1991). It is conventionally utilized
as flavoring agent and medicine in several societies including
Indian subcontinents and Arabian countries. Traditional system
of medicines have been encouraging to utilizing black seed oil for
the cure of many human ailments such as headache, bronchial
asthma, eczema, dysentery, gastrointestinal problems, obesity,
and hypertension. Modern clinical studies have also reported the
anti-inflammatory and antioxidant activity of N. sativa extracts
administered orally (Entok et al. 2014; Hadi et al. 2016; Kanter
et al. 2003).

Previously, it was demonstrated that N. sativa seed extracts pos-
sesses inhibitory activity against hepatic cytochrome P450 (CYP)
3A4 and CYP2D6 both in vitro and in vivo (Al-Jenoobi et al. 2010).

In another in vivo study, administration of N. sativa for one week
resulted in a significant reduction in gene expression, as well as
metabolic activity, of CYP2D (Al-Jenoobi et al. 2014). A similar
study, using tolbutamide as a substrate, showed that its oil extract
had considerable inhibitory effects against CYP2C11 (Korashy et al.
2015). However, when N. sativawas co-administered with cyclos-
porine in an animal model, the oral bioavailability of cyclosporine
was significantly reduced, suggesting the possibility that N. sati-
va induced intestinal P-glycoprotein and/or hepatic CYP3A activity
(Al-Jenoobi et al. 2013). Another study presented that the dietary
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Fig. 1. Chemical structure of TQ.
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dose of TQ substantially modulate the activity of hepatic xenobi-
otic metabolizing enzyme in rabbits (Elbarbry et al. 2012).

Several valuable properties of TQ, such as hepatoprotective (Al-
Suhaimi 2012; Hassan et al. 2012), chemopreventive (Aikemu et al.
2013), antibacterial (Chaieb et al. 2011) and anti-inflammatory
(Entok et al. 2014) activities have been reported in literature and
the mechanism of action of TQ has been attributed to, at least
partly, to its capability to clean free radicals and/or constrain lipid
peroxidation (Ragheb et al. 2011). Although the community usage
of N. sativa oil is increasing, the effect of oral consumption of TQ,
the major constituent of the oil, on drug metabolizing enzymes
has not been investigated yet. Considering the above-mentioned
literature, there is potential to investigate the effect of TQ on the
metabolic activity of major drug metabolizing enzymes in pooled
human liver microsomes (HLM).
2. Materials and methods

2.1. Materials

Thymoquinone (99%) and HPLC-grade acetonitrile were pur-
chased from ‘‘Winlab laboratory and chemicals (Leicestershire,
UK)”. HLM (‘‘BD UltraPool” HLM 150, protein concentration: 20
mg/mL) were obtained from ‘‘BD Biosciences, Bedford, MA, USA”).
‘‘Reduced b-nicotinamide adenine dinucleotide 20-phosphate
(NADPH) tetrasodium salt hydrate” was procured from ‘‘Chem-
Implex Int’l Inc., Wood Dale, IL, USA”. ‘‘Tolbutamide, testosterone
and 6b-hydroxytestosterone” were purchased from ‘‘Sigma–
Aldrich, MO, USA”. 4-hydroxytolbutamide was procured from
‘‘Cayman Chemical Company, MI, USA”. Dextromethorphan hydro-
bromide, dextrorphan-D-tartrate and phenacetin were purchased
from ‘‘ICN Biomedicals, Inc. Eschwege, Germany”. Caffeine was pur-
chased from ‘‘AlfaAesar,WardHill,MA,USA”. Potassiumdihydrogen
phosphate was received from ‘‘Fisher Scientific, Leicestershire, UK”.
2.2. Microsomal incubation conditions for CYP1A2

For incubation, phenacetin (10.0 mLof a5 mMstock, final concen-
tration (FC) = 100 mM) was added to the eppendorf tubes, and then
10 mL from a TQ stock prepared inmethanol (for 1 mMFC-10 mL from
50 mM stock, for 10 mM -10 mL from 500 mM stock, and for 100 mM -
10 mL from 5000 mM stock) was added and samples were keep aside
for approximately 10 min to allows organic solvent to evaporate.
Then HLM (FC = 0.5 mg protein/mL) and ‘‘phosphate buffer (0.1 M,
pH 7.4)” was added, mixed, and placed in water shaker bath main-
tained at 37 �C for 5 min. The reaction was started by the addition
of 25 mL of 20 mM NADPH (FC = 1.0 mM) to produce a final volume
of 0.5 mL, and the mixture was incubated for a further 30 min. The
reaction was stopped by 70% perchloric acid (10 lL) with effective
shaking for 2.0 min (Eagling et al. 1998; Kobayashi et al. 1998). Caf-
feine (25 mL) was added as internal standard (IS) in each eppendorf
tubes from a stock solution of 10 mM and tubes were centrifuged
at 12,000 rpm for 10 min and supernatant was withdrawn and
injected to HPLC for analysis.

2.2.1. Analysis of acetaminophen in human liver microsomes
Acetaminophen in HLM was analyzed using an HPLC method

(Kobayashi et al. 1998). A ‘‘Nucleodur C18 column (4.6 � 250 mm,
5 mm; Macherey-Nagel, Duren, Germany)” was used for detection
of the metabolite. Acetonitrile: phosphate buffer (50 mM) in ratio
of 15:85 was used as mobile phase which pumped at the flow rate
of 1.3 mL/minute. Phenacetin, acetaminophen and caffeine stocks
were prepared in methanol. The calibration curve of acetamino-
phen from 1.0 mM to 15 mM concentration was prepared and drug
was detected at 245 nm.

2.3. Microsomal incubation conditions for CYP2C9

For incubation, tolbutamide (10.0 mL of 7.5 mM, FC = 0.15 mM)
was added to the eppendorf tubes. Then 10 mL from the TQ stock
prepared in methanol (for 0.01 mM FC-10 mL from 0.5 mm stock,
for 0.05 mM FC-10 mL from 2.5 mm stock, and for 0.1 mM FC-10 mL
from 5 mm stock, for 1 mM TQ FC- 10 mL from 50 mM stock, for 10
mM TQ -10 mL from 500 mM stock, and for 100 mM TQ -10 mL from
5000 mM stock) was added and samples were keep aside for
approximately 10 min to allows organic solvent to evaporate. Fur-
ther, phosphate buffer 0.1 M, pH 7.4 (405 mL) and HLM (FC = 0.25
mg/ml) was added, mixed well and placed in water shaker bath
pre-warmed at 37 �C for 5.0 min. Reaction was started by adding
25 mL of 20 mM NADPH (FC = 1.0 mM) to produce a final volume
of 0.5 mL, and incubated for 30 min. The reaction was stopped by
adding cold methanol (250 mL) with vigorous shaking (Al-Jenoobi
2010; Korashy et al. 2015). Nitrazepam (25 mL) as IS was added into
each tubes from a stock of 1.0 mg/mL. All eppendorf tubes were
centrifuged at 12,000 rpm for 10 min. The supernatant was pipette
out and injected into an HPLC machine for analysis.

2.3.1. Analysis of 4-hydroxytolbutamide in human liver microsomes
For the analysis of 4-hydroxytolbutamide in HLM, ‘‘Symmetry

C18 column (4.6 � 150 mm, 5 lm; Waters, Milford, MA, USA)”
was used. Mixture of acetonitrile and potassium dihydrogen
orthophosphate buffered (0.02 M, pH 3.4) in ratio of 25:75 was
employed as mobile phase which was pumped at flow rate of
1.5 mL/minute. Stock solutions of substrate, and metabolite were
prepared in acetonitrile and methanol respectively. The calibration
curve of tolbutamide metabolite was prepared in the range of
0.05– 5.0 mM and the detection of metabolite was carried out at a
wavelength of 230 nm (Al-Jenoobi 2010; Korashy et al. 2015).

2.4. Microsomal incubation conditions for CYP2D6

Dextromethorphan solution (10 lL, FC = 25 lM) from a stock
solution of 1.25 mM, prepared in methanol was added into clean
eppendorf tubes. Then, 10 mL from TQ stock prepared in methanol
(for 1 mM -10 mL from 50 mM stock, for 10 mm -10 mL from 500 mM
stock, and for 100 mm -10 mL from 5000 mM stock) was added and
samples were keep aside for approximately 10 min to allows
organic solvent to evaporate, before the transfer of HLM (FC = 0.5
mg protein/mL) and ‘‘phosphate buffer (0.1 M, pH 7.4)”. The mix-
ture was mixed well, and placed in pre-warmed water shaker bath
at 37 �C for 5 min. The incubation reaction was started by the
transfer of 25 mL of 20 mM NADPH (FC = 1 mM) and 10 mL of 0.3
M magnesium chloride (FC = 6 mM) in a final volume of 0.5 mL,
and incubated in water bath for 30 min at 37 �C. The reaction
was stopped by adding 10 lL of 70% perchloric acid, with vortexing
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for 2 min, the final mixture was centrifuged for 10 min at 12,000
rpm and the supernatant was pipetted out and transfer to HPLC
machine for analysis of dextrorphan-D-tartrate (Al-Jenoobi et al.
2010, 2014).

2.4.1. Determination of Dextrorphan-D-tartrate in human liver
microsomes

Analysis of dextrorphan-D-tartrate in HLM was carried out
using HPLC (Bendriss et al. 2001). For analysis, a ‘‘Nucleodur C18

column (4.6 � 250 mm, 5 mm; Macherey-Nagel, Duren, Germany)”
was used. The mobile phase comprised of acetonitrile: HPLC-grade
water [containing glacial acetic acid (1.5%) and trimethylamine
(0.1%), pH adjusted to 3] in ratio of 25:75 v/v. The flow rate of
mobile phase was maintained at 1 mL/minute. The calibration
curve of dextrorphan-D-tartrate was prepared in the concentration
range of 0.5 to 5.0 mM and detection of dextrorphan-D-tartrate was
carried out using fluorescence detector set at kEX = 280 nm and
kEM = 330 nm.

2.5. Microsomal incubation conditions for CYP3A4

For incubation, testosterone (10.0 mL of 2.5 mM, FC = 50 mM)
were added to eppendorf tubes. Then, 10 mL from TQ stock pre-
pared in methanol (for 1 mM -10 mL from 50 mM stock, for 10 mM
-10 mL from 500 mM stock, and for 100 mM -10 mL from 5000 mM
stock) was added and samples were keep aside for approximately
10 min to allows organic solvent to evaporate, before the addition
of HLM (FC = 0.25 mg protein/mL) and ‘‘phosphate buffer (0.1 M,
pH 7.4)”, mixed well, and placed in water shaker bath pre-
warmed at 37 �C for 5.0 min. The incubation reaction was started
by adding 25 mL of 20 mM NADPH (FC = 1.0 mM) to produce a final
volume of 0.5 mL, and incubated the mixture for 30 min at 37 �C.
After 30 min, the incubation reaction was stopped by transferring
250 mL cold methanol with well mixing for 2.0 min (Baati et al.
2012; Wang and Yeung, 2011). Phenacetin (7.5 mL) as IS was trans-
fer to each eppendorf tubes from a stock solution of 10 mg/mL
(Borek-Dohalska et al. 2008) and the resulting mixture was cen-
trifuged for 10 min at 12,000 rpm, and supernatant was pipette
out and transferred to HPLC for analysis.

2.5.1. Analysis of 6-b-hydroxytestosterone in human liver microsomes
The analysis of 6-b-hydroxytestosterone in HLMwas done using

a ‘‘Nucleodur C18 column (4.6 � 250 mm, 5 mm; Macherey-Nagel,
Duren, Germany)” by HPLC. Stock solutions of testosterone, and
6-b-hydroxytestosterone were prepared in methanol. The calibra-
tion curve of testosterone metabolite in the concentration range
of 1–25 mM was prepared. The 70% methanol in water was used
as mobile phase which pumped at the flow rate of 0.5 mL/minute.
The detection of testosterone metabolite was carried out at the
wavelength of 242 nm (Pan et al. 2012).

2.6. Data analysis

The determination of the IC50 values were done using ‘‘Graph-
Pad Prism 6 (GraphPad, Software Inc., San Diego, CA, USA)”.
‘‘ANOVA followed by Dunnett’s test was analyzed”; ‘‘P value <.05
were considered as significant”.

3. Results and discussion

Presently, natural medications are receiving immense attention
and the requirement for herbal products has been raising from year
by year (Al-Ghamdi et al. 2017; Mohammad et al. 2015). Herbal
medications are famous and are frequently utilized by patients
in combination with several recommended remedies for the
treatment of many ailments (Rotblatt, 2002). It is well known that
the metabolism of a drug can be varied by another co-administered
drug or foreign chemical and this could lead to drug interactions
which can often be have clinical importance.

The reported modulation of CYP enzymes by various ancient
medicines have led to the acceptance that conventional remedies
can have adverse effects (Meng and Liu, 2014). However, this is
conflicting to the general views in nations where there is a flowing
practice of herbal treatment. Further, it has been reported that nat-
ural medicines and supplements have differentially modified the
stimulation of CYP in humans and experimental models (Fugh-
Berman and Ernst, 2001).

The most of the severe events of drug interactions are as a con-
sequence of the intervention of the metabolic clearance of one
active by one more concurrently taken natural product, food or
drug (Delgoda and Westlake, 2004). Suppression of drug-
metabolizing proteins could also contribute to upsurge plasma
levels of drugs taken concurrently, prolonging their pharmacolog-
ical effects, and enhancing the incidence of drug-induced toxicity
and severe adverse effects (Angela and Kuerzel, 2013).

TQ is the main component of N. sativa herb, traditionally used in
the Middle East and Southeast Asian countries (Sharma et al.
2009). Its medicinal use is still increasing but data about interac-
tions of TQ-CYP enzymes are limited. In present study, the TQ
effect on CYP1A2 enzyme activity was assessed by incubating phe-
nacetin (1, 10 and 100 mM) in pooled HLM and the effect of TQ was
evaluated based on the CYP1A2-mediated formation of acetamino-
phen from phenacetin in HLM. It was observed that TQ signifi-
cantly inhibits CYP1A2 activity in a concentration-dependent
manner, with a maximum inhibition (82%) observed at the highest
concentration of TQ (100 mM) (Fig. 2A). TQ inhibited CYP1A2 activ-
ity by 14% (P < .05) and 24% (P < .01) at a concentration of 1 mM and
10 mM respectively (Fig. 2A). The rough IC50 value (3 concentra-
tions) of TQ (mean ± standard error) was 26.5 ± 2.9 mM (Table 1).

In CYP2C9 enzyme microsomes incubation study, the effect of
TQ on CYP2C9 enzyme activity was assessed based on the
CYP2C9-mediated formation of 4-hydroxytolbutamide from tolbu-
tamide in HLM. TQ at 3 different concentrations (1, 10 and 100 mM)
was incubated with tolbutamide. At concentration of 1 mM of TQ,
statistically significant (P < .01) inhibition (46%) was observed.
Additionally, TQ significantly (P < .01) inhibit CYP2C9 activity
around 70% at concentrations of 10 and 100 mM (Fig. 2B). The rough
IC50 value (3 concentrations) of TQ (mean ± standard error) was 0.
5 ± 0.4 mM (Table 1). Since the IC50 value was low indicating a
strong inhibition, we selected CYP2C9 for more investigation. A
wide range of six TQ concentrations (0.01–100 mM) were used to
assess the precise IC50 value and the precise IC50 value was 0.9 ±
0.3 mM (Table 2; Fig. 3).

The effect of TQ on CYP2D6 enzyme activity was assessed using
HLM. TQ at 3 different concentrations (1, 10 and 100 mM) was incu-
bated with dextromethorphan and the assay measured the forma-
tion of dextrorphan-D-tartrate from dextromethorphan in pooled
HLM. The results were expressed as a percentage of the control
activity. TQ significantly (P < .05) inhibited the formation of
dextrorphan-D-tartrate, however, the inhibition was not potent.
The maximum inhibition (�28%) was observed at 100 mM of TQ,
as shown in Fig. 2C. TQ also inhibited CYP2D6 activity by 20%
and 11% at 1 mM and 10 mM, respectively, which was statistically
significant (P < .05) (Fig. 2C). The rough IC50 value (3 concentra-
tions) of TQ (mean ± standard error) was >500 mM (Table 1).

The inhibitory effect of TQ on the metabolic activity of CYP3A4
was studied. The HLM were incubated with testosterone, and the
CYP3A4-mediated formation of 6-b-hydroxytestosterone from
testosterone was measured by HPLC. It was observed that TQ
inhibited CYP3A4 activity in a concentration-dependent manner.
Its maximum inhibition (79%, P < .01) was observed at the highest



Fig. 2. Effect of TQ concentration on the formation of (A) acetaminophen (B) 4-hydroxytolbutamide (C) dextrorphan-D-tartrate and (D) 6-b-hydroxytestosterone in pooled
HLM (n = 3, mean ± SEM), *p < .05 compared to control.

Table 1
Rough IC50 values for inhibition of enzyme-
selective substrates metabolites formation by
TQ (n = 3, best-fit IC50 values ± SE). All result-
ing values had r2 value for goodness of fit of at
least 0.9.

Enzyme IC50 (mM)

CYP1A2 26.5 ± 2.9
CYP3A4 25.2 ± 3.1
CYP2C9 0.5 ± 0.4
CYP2D6 >500

Table 2
Precise IC50 value for TQ showing strong inhibition of 4-
hydroxytolbutamide formation.

Enzyme IC50 (mM)

CYP2C9 (Tolbutamide) 0.9 ± 0.3

Tolbutamide and pooled HLM were incubated with six
different concentrations of TQ (n = 3, best-fit IC50 val-
ues ± SE). The r2 values for goodness of fit were >0.9.
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concentration (100 mM) (Fig. 2D). TQ also inhibited CYP3A4 at 1 mM
(Fig. 2D). However, this inhibition was not statistically significant.
Similarly, at moderate TQ concentration (10 mM) a non-significant
(P > .05) inhibition (�24%) was observed (Fig. 2D). The rough IC50

value (3 concentrations) of TQ (mean ± standard error) was 25.2
± 3.1 mM (Table 1).

These findings suggest that there is a high probability of drug
interactions appeared from the co-administration of TQ or herbs
containing TQ with drugs that are metabolized by these main
CYP enzymes. Inhibition or induction of these CYP enzymes may
result into rise or fall plasma levels of drugs taken concurrently,
altering pharmacological actions, and raising the incidence of
drug–induced toxicity. Therefore, the inhibitory effect of TQ on
the activity of four major CYP enzymes supports the hypothesis
that exposure to herbs or their chemical constituents can con-
tribute to an unwanted pharmacological consequences of clinically
used drugs. This is significant for the safety and efficacy of
pharmacotherapy, particularly in cases of synthetic drugs with
low therapeutic indexes.



Fig. 3. Inhibition of 4-hydroxytolbutamide formation by TQ in HLM. Data analysis
was performed by nonlinear regressions (n = 3, mean ± SE).
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4. Conclusion

The current work brings the indication that TQ, the primary
chemical ingredient of the volatile oil of N. sativa, significantly inhi-
bits the metabolic activity of four major drug metabolizing
enzymes in HLM– CYP1A2, CYP2C9, and CYP3A4. This suggests that
TQ may have the potential to modify the metabolic activities of
these enzymes in humans. From a practical viewpoint, care should
be taken while TQ or an herb with TQ as the main active
constituent is concurrently taken with prescribed drugs that are
mainly metabolized by CYP1A2, CYP2C9, and CYP3A4 enzymes,
specifically drugs with narrow therapeutic ranges.
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