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ABSTRACT

Background: Quercetin (QR) and thymoquinone (TQ) are herbal
remedies that are currently extensively used by the general population
to prevent and treat various chronic conditions. Therefore, investigating
the potential of pharmacokinetic interactions caused by the concomitant
use of these herbal remedies and conventional medicine is warranted to
ensure patient safety. Purpose of the Study: This study was conducted
to determine the inhibitory effect of QR and TQ, two commonly used
remedies, on the activities of selected cytochrome P450 (CYP) enzymes
that play an important role in drug metabolism and/or toxicology.
Materials and Methods: The in vitro studies were conducted using
fluorescence-based high throughput assays using human c¢-DNA
baculovirus expressed CYP enzymes. For measuring CYP2E1 activity,
a validated High-performance liquid chromatography (HPLC) assay was
utilized to measure the formation of 6-hydroxychlorzoxazone. Results:
The obtained half-maximum inhibitory concentration values with known
positive control inhibitors of this study were comparable to the published
values indicating accurate experimental techniques. Although QR did
not show any significant effect on CYP1A2 and CYP2E1, it exhibited a
strong inhibitory effect against CYP2D6 and a moderate effect against
CYP2C19 and CYP3A4. On the other hand, TQ demonstrated a strong and
a moderate inhibitory effect against CYP3A4 and CYP2C19, respectively.
Conclusions: The findings of this study may indicate that consumption
of QR or TQ, in the form of food or dietary supplements, with drugs that
are metabolized by CYP2C19, CYP2D6, or CYP3A4 may cause significant
herb-drug interactions.
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SUMMARY

e Neither QR nor TQ has any significant inhibitory effect on the activity of
CYP1A2 or CYP2E1 enzymes

e Both QR and TQ have a moderate to strong inhibitory effect on CYP3A4
activity

* QR has a moderate inhibitory effect on CYP2C19 and a strong inhibitory
effect on CYP2D6

INTRODUCTION

Herbal remedies have been used for the treatment of diseases for more
than 2000 years, and their use is being increased. Contrary to public
perception, the use of herbal remedies is not risk free. Several and severe
herb-drug interactions have been reported in patients who often combine
herbal and dietary supplements with their medications."! Components
of herbal extracts were found to affect metabolism/elimination of
conventional pharmaceuticals through modulation of the activity of
cytochrome P450 (CYP) enzymes. Such modulation of CYP enzymes
could potentially affect the duration of drug action and its therapeutic
outcome.” CYP enzymes are heme-containing enzymes that play an
important role in catalyzing the oxidative biotransformation of drugs
to generate more polar and readily excreted metabolites. Human CYP
isoforms that are extensively involved in drug biotransformation include
CYP1A2, CYP2C19, CYP2D6, CYP2EI, and CYP3A4.5! These enzymes
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e Both QR and TQ are moderate inhibitors of the CYP2C9 activity.
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are vital in the process of drug discovery as the US Food and Drug
Administration and other national and international regulatory agencies
request a classification of each new drug with respect to CYP enzymes,
i.e., substrate, inducer, or inhibitor.™

Quercetin (QR) is a strong antioxidant and a major bioflavonoid found
in a variety of foods including apples, berries, brassica vegetables,

This is an open access article distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 3.0 License, which allows others to remix,
tweak, and build upon the work non-commercially, as long as the author is credited
and the new creations are licensed under the identical terms.

For reprints contact: reprints @ medknow.com

Cite this article as: Elbarbry F, Ung A, Abdelkawy K. Studying the Inhibitory Effect
of Quercetin and Thymoquinone on Human Cytochrome P450 Enzyme Activities.
Phcog Mag 2017;13:S895-9.

S$895



FAWZY ELBARBRY, et al.: IC_| Study of Quercetin and Thymoquinone on Human CYP Enzymes

grapes, onions, and tomatoes, as well as medicinal botanicals including
Ginkgo Biloba (GB).”! Although the average daily intake of QR from
food sources ranges from 5 to 40 mg, it is also available as a dietary
supplement in oral formulations with a recommended daily dose of
1000 mg or more./*! Recently, QR has gained great scientific and clinical
interests since it can improve mental/physical performance and decrease
infection risk added to potential benefits to overall health, such as
anticarcinogenic, anti-inflammatory, antioxidant, inhibition of lipid
peroxidation, platelet aggregation, and capillary permeability.’®! For
example, daily consumption of 500 mg QR for 8 weeks by 50 women
with rheumatoid arthritis resulted in significant improvements in clinical
symptoms, disease activity, high-sensitivity tumor necrosis factor-o, and
erythrocyte sedimentation rate.”” Despite the several clinical trials and
animal experimentations suggesting that QR may be a promising natural
treatment for and prophylaxis against several chronic illnesses, the
impact of QR on human drug metabolizing enzymes is underreported.

The seeds of Nigella sativa, also known as the black seeds, is a herb that
is believed to have healing powers in the Islamic tradition and have long
been used in folk medicine in the middle and far east as a traditional
medicine to treat a wide range of illnesses including allergy, bronchial
asthma, headache, infections, obesity, back pain, hypertension, and
gastrointestinal problems.®! Thymoquinone (TQ), the most active
ingredient in N. sativa seeds, has demonstrated effects in reducing
oxidative stress and the probability of developing cancer.!!! Its safety
measured by normal liver enzymes was reported, while its effect on
human CYP enzymes has not been documented to our knowledge.

If there is widespread consumption of QR and TQ because of their
health-promoting effects, then there should be some understanding
of how these herbal remedies may affect drug-metabolizing enzymes.
The importance of this is emphasized by the findings that certain
phytochemicals in vegetables and fruits have the capacity to modulate
drug-metabolizing enzymes and significantly affect pharmacokinetics,
and hence pharmacodynamics, of concomitantly administered
medications.

Therefore, this study was undertaken to investigate the potential inhibitory
effect of QR and TQ on CYP enzymes using recombinant human CYP
isoforms by investigating the in vitro effect of QR and TQ on the activities
of human CYPs 1A2, 2C19, 2D6, 2E1, and 3A4 enzymes. In our studies,
we measured the half maximal inhibitory concentration (IC, ) which is
a quantitative measurement of the concentration of needed to cause 50%
inhibition of the CYP activity.

MATERIALS AND METHODS

These assays were carried out using high throughput inhibitor screening
assay kits from BD Gentest™ (Woburn, Suite Tewksbury, MA) and

performed according to the provided protocol. The kits contained
cDNA-expressed recombinant human CYP enzymes (CYP1A2,
CYP2C19, CYP2D6, or CYP3A4) produced by baculovirus-infected
insect cells, buffer solution (0.5-1 M potassium phosphate buffer,
pH 7.4), stop reagent (Tris base), cofactors (nicotinamide adenine
dinucleotide phosphate, MgCl,, and glucose 6-phosphate), glucose
6-phosphate dehydrogenase, and CYP-selective fluorogenic substrates
and metabolites [Table 1]. CYP-selective positive control inhibitors
were either provided with the kit or purchased from Sigma-Aldrich (St.
Louis, USA). Fluorimetric assays were performed using flat-bottom black
96-well plates (Greiner Bio-one, Germany), and the fluorescence intensity
was measured using a BioTek Synergy microplate reader (Winooski, VT).

Screening for CYP2EI inhibition was conducted using chlorzoxazone
as a selective substrate and measuring the formation of
6-hydroxyxhlorzoaxazone as described previously.”

QR (purity >99%, high-performance liquid
chromatography [HPLC]), TQ (purity >95%, HPLC), chlorzoxazone
(purity =98%, HPLC), (6 OH chlorzoxazone) (purity >98%, HPLC),
and 1-aminobenzotriazole (purity 295%, HPLC), were purchased from
Sigma-Aldrich (St. Louis, USA). All solvents used for sample preparation
were either HPLC or analytical grade.

Results were expressed as mean + standard error of mean of three
replicates with three independent experiments (n = 9). The IC,  values
were calculated using the GraphPad Prism 5 (GraphPad Software Inc.,
Suite 230 La Jolla, CA, USA) by plotting the log concentration of QR, TQ,
or positive control inhibitors versus percentage activity of CYP enzymes.

RESULTS AND DISCUSSION

The last two decades have witnessed a significant increase in the number
of people who use herbal remedies as complementary and/or alternative
to conventional medicine. Although considered “natural,” herbal
remedies contain several ingredients that may have the potential to
modulate the activity of drug-metabolizing enzymes and therefore alter
the pharmacokinetics and pharmacodynamics of the coadministered
drugs. To ensure patient safety, research is warranted to assess the possible
effect of constituents of herbal products on the major drug-metabolizing
enzymes. In this study, we investigated the inhibitory effect of QR and
TQ, two active ingredients of commonly used herbal remedies and
dietary supplements, on the activity of the five principal human CYP
isoforms. These enzymes were selected because they metabolize more
than 90% of available drugs in the market. To achieve this goal, we
have utilized high throughput CYP inhibition screening assay kits and
validated HPLC assays.

Figure 1 shows the inhibitory effect of QR, TQ, and positive control
inhibitorson theactivity of the five examined CYP enzymes. Theinhibitory

Table 1: Experimental parameters involved in the cytochrome P450 inhibition screening assays

CYP Substrate Metabolite Detection Positive control

SHZVINE Method Wavelength (nm) inhibitor

CYP1A2 3-cyano-7-ethoxycoumarin 3-cyano-7-hydoxycoumarin Fluorescence Excitation: 410 BZF
Emission: 460

CYP2C19 3-cyano-7-ethoxycoumarin 3-cyano-7-hydoxycoumarin Fluorescence Excitation: 410 TCP
Emission: 460

CYP2D6 3-(2-[N, N-diethyl-N-methylamino] 3-(2-[N, N-diethyl-amino] Fluorescence Excitation: 390 QND

ethyl)-7-methoxy-4-methylcoumarin ethyl)-7-hydoxy-4-methylcoumarin HCL TErrtiestam: 440

CYP3A4 7-benzyloxy-trifluoromethylcoumarin 7-hydroxy-trifluoromethylcoumarin Fluorescence Excitation: 409 KTZ
Emission: 530

CYP2E1 Chlorzoxazone 6-hydroxychlorzoxazone HPLC-UV 287 ABT

BZF: 7,8 benzoflavone; TCP: Tranylcypromine; QND: Quinidine; KTZ: Ketoconazole; ABT: Aminobenztriazole; CYP: Cytochrome P450;

HPLC-UV: High-performance liquid chromatography-ultraviolet
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Figure 1: Effect of quercetin, thymoquinone, and positive control inhibitors on the in vitro activity of cytochrome P450 1A2 (CYP1A2) (a), cytochrome
P450 2C19 (b), cytochrome P450 2D6 (c), cytochrome P450 2E1 (d), and cytochrome P450 3A4 (e). Activity values are presented as percentage of control
without the inhibitor. Values are expressed as mean + standard error of mean (n = 9). BZF: 7,8 Benzoflavone, TCP: Tranylcypromine, QND: Quinidine,

ABT: Aminobenztriazole, KTZ: Ketoconazole

the CYP activities were similar to previous reports,'” which validates

effects, reported as IC,, values, of positive controls (7,8 benzoflavone,
the effectiveness of our assays. Our results show that QR and TQ have

tranylcypromine, quinidine, ketoconazole, and aminobenztriazole) on
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variable inhibitory effects on the examined CYP isoforms with an order
of CYP2D6 > CYP3A4 > CYP2C19 > CYP2E1 > CYP1A2 for QR and
CYP3A4 > CYP2C19 > CYP2E1 > CYP2D6 > CYP1A2 for TQ [Table 2].

Based on the inhibition evaluation standards” (IC, <1 uM, potent
inhibition, IC,>1<10 uM, moderate inhibition, and IC,, =10 uM, weak
inhibition), neither QR nor TQ has any significant inhibitory effect on
the activity of CYP1A2 or CYP2E1 enzymes [Figure la and 1d], and TQ
has no inhibitory effect on CYP2D6 [Figure 1c]. Therefore, clinically
relevant herb-drug interactions of QR or TQ with substrates of these
isoforms are considered unlikely. Inconsistent with our results, oral
administration of 1 ml/kg N. sativa oil everyday for 1 week resulted in
a drastic suppression of mRNA and protein expression of CYP1A2 and
CYP2E1 in rats." Although this study did not measure enzyme activity,
contribution of active components of the N. sativa oil other than TQ on
the mRNA and protein expression should not be ignored.

Our results also indicate that both QR and TQ have a moderate to strong
inhibitory effect on CYP3A4 activity [Figure le]. Inhibition of CYP3A4
activity by QR and TQ has been demonstrated in earlier in vitro and
animal studies. Oral administration of Ginkgo leaf tablet and QR to male
Sprague Dawley rats resulted in suppression of CYP3A activity as reflected
by a significant increase in maximum plasma concentration (C__ ), area
under the concentration-time curve (area under the curve [AUC]),
and elimination half-life (t,), of amlodipine, a CYP3A4 substrate.['?
Similarly, alcoholic extract of Centella asiatica, relatively rich in QR,
showed potent noncompetitive inhibition of CYP3A4 enzyme in human
liver microsomes (HLM).'® Diabetic rats treated with a single dose
TQ demonstrated a marked decrease in hepatic protein expressions
of CYP3A2 enzymes as reflected by 32.0% and 17.4% increase in the
AUC and t,, of glibenclamide, respectively."! Using human subjects and
N-demethylation of dextromethorphan to 3-methoxymorphinan as a
marker for CYP3A4 activity, Al-Jenoobi et al. reported a 1.6-fold decrease
in CYP3A4 activity after consumption of black seed extract rich in TQ."”
As CYP3A4 isoform is responsible for the metabolism of 50% of all
pharmaceutical agents, modulation of its activity by QR and TQ may
result in a high risk of herb-drug interactions especially for CYP3A4
substrates with a narrow therapeutic index such as cyclosporine,
tacrolimus, and carbamazepine.

Our study showed that QR has a moderate inhibitory effect on
CYP2C19 (IC,, = 11.6 uM) and a strong inhibitory effect on
CYP2D6 (IC, = 0.65 uM) [Figure 1b and c]. These results are in
agreement with an in vitro study using HLMs where QR was found to be
a potent competitive inhibitor of CYP2C19 and a moderate competitive
inhibitor of CYP2D6.1'! Hyperoside, QR-3-O-galactoside, strongly
inhibited CYP2D6-catalyzed dextromethorphan O-demethylation, with
IC,, value of 0.81 uM in HLM.!"”! However, a number of small clinical
studies reported inconsistent effect of GB on the activity of CYP2C19.
For example, Yin et al. examined the effect of GB extract on CYP2C19 in

Table 2: Half-maximum inhibitory concentration values (uM) of quercetin,
thymoquinone, and positive control inhibitors in inhibiting activities of
selected human cytochrome P450enzymes

CYP enzyme IC, values (uM)

QR TQ Positive control
CYP1A2 151+7.7 557+15.7 0.24+0.01 (BZF)
CYP2C19 11.6£1.0 3.6+0.9 7.6+0.3 (TCP)
CYP2D6 0.65+0.13 282+15 0.06+0.01 (QND)
CYP2E1 104+8 97+6.5 37.7+1.7 (ABT)
CYP3A4 5.5+0.7 1.2+0.1 0.17+0.03 (KTZ)

BZF: 7,8 Benzoflavone; TCP: Tranylcypromine; QND: Quinidine;
ABT: Aminobenztriazole; KTZ: Ketoconazole; IC_: Half-maximum inhibitory
concentration; QR: Quercetin; TQ: Thymoquinone; CYP: Cytochrome P450
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18 healthy Chinese controls using omeprazole as a probe substrate and
concluded that the inhibitory effect of GB on CYP2C19 is rather weak
and may have only limited clinical significance.!"¥ Other studies reported
induction or no effect on CYP2C19 activity. Similarly, although our study
did not show any inhibitory effect of TQ on the activity of CYP2D6,
administration of 2.5 g N. sativa seed twice daily for 7 days resulted in
inhibition of the metabolic activity of CYP2D, using dextromethorphan
as specific substrate, in four healthy human subjects (Al-Jenoobi,
Korashy, Ahad, Raish, Al-Mohizea, Alam, Al-Suwayeh, and Alkharfy,
2014). These discrepancies may be explained by differences in study
design, QR and TQ contents of the GB and N. sativa extract, genetic
variations, and duration of treatment.

As CYP2D6 is the primary CYP isoform that catalyzes biotransformation
of the antidepressants and antipsychotics, an extreme caution should be
exercised when herbal remedies containing QR or TQ are coadministered
with these agents.

The moderate inhibitory effect of TQ on CYP2C19 activity in our study is
supported by several in vitro reports. Ahmad et al. reported that chronic
administration of TQ increases t,, of glibenclamide by 92% which could
be explained by the reduction of CYP450 activity, especially CYP2C19
that is expected to have the more dominant effect on glibenclamide
metabolic pathway in vitro."! In addition, the aqueous thyme extract
(common spices containing TQ) was found to be a potent inhibitor of
CYP2C19 in vitro.™ On the other hand, Alkharfy et al. reported that
AUC and t, of phenytoin, a CYP2C19 substrate, were reduced by 87%
and 77%, respectively with N. sativa ingestion in dogs.® It has been
estimated that CYP2C9 is responsible for the metabolic clearance of up to
10% of all drugs including antiplatelet, anticonvulsants, antidepressants,
antineoplastic drugs, antiretroviral/antifungal drugs, antimalarial drugs,
beta blockers, and proton pump inhibitors. Because our study shows that
both QR and TQ are moderate inhibitors of the CYP2C9 activity, patients
who concomitantly administer herbal remedies containing these agents
with any of the aforementioned CYP2C19 substrates may be advised to
consult with their physicians or pharmacists to avoid drug toxicity.

CONCLUSIONS

The present study demonstrates that while QR and TQ have no significant
effect on the activity of CYP1A2 and CYP2EI, they have a moderate to
potent inhibitory effect on CYP2C19, CYP2D6, and CYP3A4. Although
further investigations are necessary to establish if these in vitro effects
would be reflected in vivo, concomitant administration of these herbal
remedies with drug substrates of these CYP enzymes may result in
undesirable therapeutic outcomes, especially with narrow therapeutic
window drugs.
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