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Abstract

Background and Objectives Triptolide is an active com-
ponent derived from Tripterygium wilfordii and it possesses
numerous pharmacological activities. However, it remains
unclear how triptolide influences the activity of human liver
cytochrome P450 (CYP) enzymes and P-glycoprotein (P-gp).
Methods In this study, the inhibitory effects of triptolide
on the eight human liver CYP isoforms (i.e., 1A2, 3A4,
2A6, 2E1, 2D6, 2C9, 2C19, and 2C8) were investigated
in vitro using human liver microsomes (HLMs), and the
effects of triptolide on the activity of P-gp were investi-
gated using a rhodamine-123 uptake assay.

Results The results showed that triptolide inhibited the
activity of CYP1A2 and CYP3A4, with 50 % inhibitory
concentration (ICsg) values of 14.18 and 8.36 uM, respec-
tively, but that other CYP isoforms were not affected.
Enzyme kinetic studies showed that triptolide was not only a
non-competitive inhibitor of CYP1A2, but also a competi-
tive inhibitor of CYP3A4, with inhibition constant (K;) val-
ues of 7.32 and 5.67 pM, respectively. In addition, triptolide
is a time-dependent inhibitor for CYP1A2, and the concen-
tration at 50 % maximum inactivation (Kj) and maximum
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inactivation (Kj,,c) values were 286.5 pM and 0.024 min~,

respectively. The rhodamine-123 uptake assay showed that
triptolide could not affect the activity of P-gp.

Conclusions The in vitro studies of triptolide with CYP
isoforms and P-gp indicate that triptolide has the potential
to cause pharmacokinetic drug interactions with other co-
administered drugs metabolized by CYP1A2 and CYP3A4.
Further clinical studies are needed to evaluate the signifi-
cance of this interaction.

Key Points

First, the effects of triptolide on the activity of CYP
enzymes were investigated.

Then, the effects of triptolide on the activity of P-gp
were investigated.

Triptolide did inhibit the activity of CYP1A2 and
CYP3AA4.

1 Introduction

Triptolide (Fig. 1), a diterpenoid triepoxide, is a major
pharmacological component isolated from Tripterygium
wilfordii Hook F [1, 2]. Triptolide has been primarily used
to treat inflammatory and autoimmune diseases, such as
rheumatoid arthritis and systemic lupus erythematosus [3,
4]. Recently, some studies have indicated that triptolide can
influence several anti-tumor target genes and inhibit tumors
by altering multiple signaling pathways [5-7].
Cytochrome P450 (CYP) enzymes, a superfamily of
heme-containing  isoenzymes located primarily in
hepatocytes, are important phase I enzymes in the
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Fig. 1 Chemical structure of triptolide

biotransformation of xenobiotics, which include drugs,
environmental pollutants, carcinogens and endogenous
substrates [8, 9]. CYP1A, CYP2C, CYP2D, CYP3A and
CYP2E are major CYP enzymes in drug metabolism [10].
Most CYP enzymes can be inhibited or induced by a variety
of drugs and chemicals that can give rise to toxicity or
treatment failure, and many drug—drug interactions have
been generated from the concurrent use of herbal prescrip-
tion and over-the-counter drugs [11]. St. John’s wort, ginkgo,
ginseng, and licorice have all been reported to interact with
anticoagulants, antiretroviral drugs, anticancer drugs,
immunosuppressants, or antidepressants [12—15]. However,
undesired drug—drug interactions can also be caused by
intestine membrane transporters [16]. Some drug interac-
tions, which are previously believed to be mediated by CYP
enzymes, are now considered to be at least partially due to the
inhibition of membrane transport proteins [17]. For example,
in the case of talinolol, which undergoes little metabolism,
the increased bioavailability in the presence of verapamil is
most likely due to the inhibition of P-glycoprotein (P-gp) by
verapamil [18]. Therefore, the effects of triptolide on the
activity of CYP enzymes and P-gp should be investigated.

Previous studies have indicated that triptolide can be
metabolized by CYP3A4 and CYP2C19 in rats and humans
[19, 20]. However, to the best of our knowledge, few
studies have investigated the effects of triptolide on CYP
enzymes, particularly the inhibitory effects, which will
increase the risk of therapeutic applications of triptolide
and its medical preparations. Several research articles have
indicated that the transport of triptolide in the small
intestines was mediated by P-gp, and triptolide was a
substrate of P-gp [21, 22]. However, little data are avail-
able concerning the effects of triptolide on the activity of
P-gp, particularly whether triptolide can inhibit or induce
the activity of P-gp.

The aim of this study was to investigate the effects of
triptolide on eight major CYP isoforms in human liver
microsomes (HLMs) and P-gp using a rhodamine-123
uptake assay. In vitro, phenacetin (CYP1A2), testos-
terone (CYP3A4), coumarin (CYP2A6), chlorzoxazone
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(CYP2E1), dextromethorphan (CYP2D6), diclofenac
(CYP2C9), S-mephenytoin (CYP2C19) and paclitaxel
(CYP2CS8) were used as probe substrates to determine the
effects of triptolide on eight CYP enzymes. Enzyme kinetic
studies were also conducted to determine the inhibition
mode of triptolide on CYP enzymes. Additionally, the
effects of triptolide on the activity of P-gp were investi-
gated using a rhodamine-123 uptake assay.

2 Materials and Methods
2.1 Chemicals

Triptolide (=98 %) and testosterone (>98 %) were
obtained from the National Institute for the Control of
Pharmaceutical and Biological Products (Beijing, China).
D-glucose-6-phosphate, glucose-6-phosphate dehydroge-
nase, corticosterone, NADP, phenacetin, acetaminophen,
4-hydroxymephenytoin, 7-hydroxycoumarin, 4'-hydroxy-
diclofenac, sulfaphenazole, quinidine, tranylcypromine,
chlorzoxazone, 6-hydroxychlorzoxazone, paclitaxel, 6f-
hydroxytestosterone, clomethiazole, furafylline, and rho-
damine-123 were obtained from Sigma Chemical Co. (St.
Louis, MO, USA). Montelukast was obtained from Beijing
Aleznova Pharmaceutical (Beijing, China). Coumarin,
diclofenac, dextromethorphan, and ketoconazole were
purchased from ICN Biomedicals (Aurora, OH, USA).
Pooled HLMs were purchased from BD Biosciences Dis-
covery Labware (Woburn, MA, USA). The Alkaline
Phosphatase Assay Kit was provided by Nanjing Jiancheng
Bioengineering Institute (Nanjing, China). All other
reagents and solvents were of analytical reagent grade.
Dulbecco’s modified Eagle’s medium (DMEM) and
non-essential amino acid (NEAA) solution were purchased
from Thermo Scientific Corp. (Logan, UT, USA). Fetal
bovine serum (FBS) was obtained from GIBCO BRL
(Grand Island, NY, US). Penicillin G (10,000 U/ml) and
Streptomycin (10 mg/ml) were purchased from Amresco
(Solon, OH, USA). Hanks’ balanced salt solution (HBSS)
was purchased from GIBCO (Grand Island, NY, USA).

2.2 Assay with HLM

As shown in Table 1, to investigate the inhibitory effects of
triptolide on different CYP isoforms in HLM, the following
probe reactions were used, according to previously
described method [11, 23]: phenacetin O-deethylation for
CYP1A2, testosterone 6B-hydroxylation for CYP3A4,
coumarin 7-hydroxylation for CYP2A6, chlorzoxa-
zone 6-hydroxylation for CYP2EI1, dextromethorphan
O-demethylation for CYP2D6, diclofenac 4'-hydroxyla-
tion for CYP2C9, S-Mephenytoin 4-hydroxylation for
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Table 1 Isoforms tested, marker reactions, incubation conditions, and K, used in the inhibition study

CYPs Marker reactions Substrate Protein concentration Incubation Estimated
concentration (LM) (mg/mL) time (min) K., (uM)

1A2 Phenacetin O-deethylation 40 0.2 30 46

3A4 Testosterone 6B-hydroxylation 50 0.5 10 52

2A6 Coumarin 7-hydroxylation 1.0 0.1 10 1.2

2E1 Chlorzoxazone 6-hydroxylation 120 0.4 30 122

2D6 Dextromethorphan O-demethylation 25 0.25 20 4.6

2C9 Diclofenac 4’-hydroxylation 10 0.3 10 12

2C19 S-Mephenytoin 4-hydroxylation 100 0.2 40 100

2C8 Paclitaxel 60-hydroxylation 10 0.5 30 15

CYP cytochrome P450, K, concentration at half the maximum velocity

CYP2C19, and paclitaxel 6a-hydroxylation for CYP2CS.
All incubations were performed in triplicate, and the mean
values were utilized. The typical incubation systems con-
tained 100 mM potassium phosphate buffer (pH 7.4),
NADPH-generating system (1 mM NADP*, 10 mM glu-
cose-6-phosphate, 1 U/mL of glucose-6-phosphate dehy-
drogenase, and 4 mM MgCl,), the appropriate
concentration of HLM, a corresponding probe substrate
and triptolide (or positive inhibitor for different probe
reactions) in a final volume of 200 pL.

The concentration of triptolide was 100 pM, and the
positive inhibitor concentrations were as follows: 10 uM
furafylline for CYP1A2, 1 pM ketoconazole for CYP3A4,
10 uM tranylcypromine for CYP2A6, 50 uM clomethia-
zole for CYP2E1, 10 uM quinidine for CYP2D6, 10 uM
sulfaphenazole for CYP2C9, 50 uM tranylcypromine for
CYP2C19, 5 uM montelukast for CYP2C8. Probe sub-
strates, positive inhibitors (except for dextromethorphan
and quinidine which were dissolved in water) and triptolide
were dissolved in methanol, with a final concentration of
1 % (v/v), and 1 % neat methanol was added to the incu-
bations without inhibitor. The final microsomal protein
concentration and incubation times for the different probe
reactions are shown in Table 1 [23]. There was a 3-min
preincubation period (at 37 °C) before the reaction was
initiated by adding a NADPH-generating system. The
reaction was terminated by adding a 100 pL acetonitrile
(10 % trichloroacetic acid for CYP2A6) internal standard
mix, and the solution was placed on ice. The mixture was
centrifuged at 12,000 rpm for 10 min, and an aliquot (50
pL) of supernatant was transferred for HPLC analysis. The
instrument used in this study was Agilent 1260 series
instrument with DAD and FLD detector, and the quanti-
tative assay for the corresponding metabolites was per-
formed as previously reported [23], and the method is
shown in Table 2. The concentration range of quantifica-
tion for corresponding metabolites was as follows: phena-
cetin (0.027-27 pg/mL), testosterone (0.254-25.4 pg/mL),

coumarin (0.015-15 pg/mL) chlorzoxazone (0.052-26 ng/
mL), dextromethorphan (0.031-31 pg/mL), diclofenac
(0.075-37.5 pg/mL), S-Mephenytoin (0.046-23 pg/mL),
and paclitaxel (0.068-34 pg/mL). The accuracy and pre-
cision were all acceptable for determination (<15 %).

2.3 Enzyme Inhibition and Kinetic Studies
of Triptolide

A 100 uM triptolide was used to initially screen for its
direct inhibitory effects toward different human CYP iso-
forms. For the CYP isoforms whose activities were
strongly inhibited, secondary studies were performed to
obtain the half inhibition concentration (ICsp). Inhibition
constant (K;) values were obtained by incubating various
concentrations of different probe substrates (20-100 uM
phenacetin, or 20-100 puM testosterone) in the presence of
0-30 uM triptolide.

2.4 Time-Dependent Inhibition Study of Triptolide

To determine whether triptolide could inhibit the activity of
CYP3A4 or CYPIA2 in a time-dependent manner, trip-
tolide (10 uM) was pre-incubated with HLMs (1 mg/mL)
in the presence of an NADPH-generating system for
30 min at 37 °C. After incubation, an aliquot (20 pL) was
transferred to another incubation tube (final volume
200 pL) containing an NADPH-generating system and
probe substrates whose final concentrations were approxi-
mate to concentration at half the maximum velocity (K,).
Then, further incubations were performed to measure the
residual activity. After being incubated for 10 and 30 min,
the reactions were terminated by adding a 100 pL ace-
tonitrile internal standard mix and then placed on ice; the
corresponding metabolites were determined by HPLC.

To determine the concentration at 50 % maximum
inactivation (K7) and maximum inactivation (kin.c.) values
for the inactivation of CYP1A2, the incubations were
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Table 2 HPLC conditions for the determination of the corresponding metabolites

CYPs Detection Chromatography conditions

Internal standard Lower limit of

(concentration, M) quantification
(ng/mL)
1A2 UV 245 nm Methanol: phosphate buffer (pH = 3.0, 50 mM) = 32:68 7-Hydroxycoumarin 0.027
(30 uM)
3A4 UV 254 nm Methanol: water = 50:40, 0-15 min, 48 % B-30 % B; 15-22 min, Corticosterone 0.256
30 % B-20 % B (20 uM)
2A6  Fluo Ex/Em: 340 nm/ Acetonitrile: acetic acid (0.1 %, v/v) = 35:65 - 0.015
456 nm
2E1 UV 287 nm Acetonitrile: acetic acid (0.5 %, v/v) = 22:78, 1-10 min, 78 % Phenacetin (300 uM)  0.071
B-40 % B
2D6  Fluo Ex/Em: 235 nm/ Acetonitrile: phosphate buffer (pH = 3.0, 50 mM) = 25:75 - 0.023
310 nm
2C9 UV 280 nm Acetonitrile (A): phosphate buffer (pH = 7.4, 100 mM, Coumarin (60 pM) 0.075
B) = 32:68, 0-9 min, 68 % B-32 % B
2C19 UV 204 nm Methanol: potassium phosphate (pH 7.0, 10 mM) = 30:70 Tolbutamide 0.046
(100 pM)
2C8 UV 230 nm Methanol: Water = 65:35 - 0.068

CYP cytochrome P450, Ex excitation, Em emission, Fluo fluorescence, HPLC high-performance liquid chromatography, UV ultraviolet

conducted using higher probe substrate concentrations
(approximately fourfold K, values) and various concen-
trations of triptolide (0-50 pM) after different preincuba-
tion times (0-30 min), with a two-step incubation scheme,
as described above. The Kj and Kj,,.; values were calcu-
lated as described by Qi et al. [11].

2.5 Cell Culture

The Caco-2 cell line was provided by the American Type
Culture Collection (Manassas, VA, USA). The Caco-2
cells were cultured in DMEM high glucose medium con-
taining 15 % FBS, 1 % NEAA and 100 U/mL penicillin
and streptomycin. The cells were grown at 37 °C with 5 %
CO,.

2.6 Measurement of Cellular Accumulation
of Rhodamine 123 in Caco-2 Cell

The accumulation of rhodamine 123, a fluorescent sub-
strate of P-gp, was measured, and the effects of triptolide
were determined, as previously described [24]. Briefly,
Caco-2 cells (plated at 1 x 10 cells/well in 24-well plates)
were incubated with 20 pM rhodamine 123 in the absence
or presence of triptolide (50 uM) for 1 h in a CO, incu-
bator at 37 °C. After the incubation, the medium was
removed through aspiration, and the cells were washed
with ice-cold phosphate-buffered saline (PBS) and lysed
with 0.1 % triton-X100 in PBS. Fluorescence intensity was
measured with a microplate fluorometer (Fluoroskan
Ascent, Thermo Fisher Scientific, Waltham, MA, USA).

A\ Adis

The excitation and emission wavelengths were 485 and
538 nm, respectively. Protein concentrations were mea-
sured with the Lowry method using a Bio-Rad DC protein
assay kit (Bio-Rad Laboratories, Hercules, CA, USA), with
bovine serum albumin as the standard. Accumulation ratios
were calculated using the accumulation of rhodamine 123
in cells incubated without triptolide as a control.

2.7 Statistical Analysis

The enzyme kinetic parameters for the probe reaction were
estimated from the best fit line using least-squares linear
regression of the inverse substrate concentration versus the
inverse velocity (Lineweaver—Burk plots), and the mean
values were used to calculate maximum velocity (Viax)
and K. Inhibition data from the experiments that were
conducted using multiple compound concentrations were
represented by Dixon plots, and values were calculated
using non-linear regression according to equation 1:

vV = (Vmaxs)/(Km(l + I/Ki) + S) (l)

where [ is the concentration of the compound, K; is the
inhibition constant, S is the concentration of the substrate,
and K, is the substrate concentration at half the maximum
velocity (Vinax) of the reaction. The mechanism of the
inhibition was inspected using the Lineweaver—Burk plots
and the enzyme inhibition models. The data comparison
was performed using Student’s ¢ test and performed using
IBM SPSS statistics 20 (SPSS Inc. Chicago, IL, USA). ICs
values were determined using Microsoft Excel software
(Microsoft Inc, USA).
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3 Results
3.1 Inhibition of CYP Activities

To investigate whether the triptolide affects the catalytic
activity of CYP enzymes, the probe reaction assays were
conducted with varied concentrations of triptolide. Specific
inhibitors of CYP1A2, 3A4, 2A6, 2E1, 2D6, 2C9, 2C19
and 2C8 were used as positive controls. As shown in
Fig. 2, triptolide did not inhibit the activities of CYP2A6,
2E1, 2D6, 2C9, 2C19 and 2C8 at a concentration of
100 uM. In contrast, the activities of CYP1A2 and 3A4
were inhibited to 22.4 and 12.7 % of their control activi-
ties, respectively.

The enzyme inhibition study showed that inhibition of
CYPIA2 (Fig. 3) and CYP3A4 (Fig. 4) by triptolide was
concentration dependent, with ICsy values of 14.18 and
8.36 uM, respectively.

Lineweaver—Burk plots of inhibitory kinetic data sug-
gested that the inhibition of CYP1A2 by triptolide was best
fit in a non-competitive manner (Fig. 3a), whereas the
inhibition of CYP3A4 by triptolide was best fit in a com-
petitive manner (Fig. 4a). The K; values of triptolide on
CYP1A2 (Fig. 3b) and CYP3A4 (Fig. 4b) were obtained
from the secondary Lineweaver-Burk plot for Kj, with
values of 7.32 and 5.67 puM, respectively.

3.2 Time-Dependent Inhibition Study

As shown in Fig. 5, after preincubation of triptolide with
HLM for 30 min, the activity of CYP1A2 decreased with
the incubation time; however, the activity of CYP3A4 was
not affected. To characterize the time-dependent inhibition
of CYP1A2 by triptolide, inactivation parameters of Kj and
Kinact values were calculated using non-linear regression
analysis in HLM. As calculated from the inactivation plot
of Fig. 6, the Kj and Kj,,; values for CYP1A2 were
286.5 pM and 0.024 min~’, respectively. The Kj,.c; values

Fig. 2 Inhibition of triptolide 120
on cytochrome P450 (CYP) g
enzymes in pooled human liver = 100
microsomes. All data represent g
mean (SD). of the triplicate 'g' 80
incubations. *P < 0.05, 3
significantly different from the ‘E 60
negative control. Negative 9
control: incubation systems ‘S 40
without triptolide; Triptolide: b= [*
incubation systems with § 20
triptolide; Positive control: K

incubation systems with their 0
corresponding positive

inhibitors < \Vw o¥

imply that approximately 2.4 % of CYP1A2 is inactivated
each minute when a saturating concentration of triptolide is
incubated with HLM.

3.3 Effects of Triptolide on the Accumulation
of Rhodamine-123 in Caco-2 cells

Figure 7 shows the accumulation of rhodamine-123 in
Caco-2 cell in the presence of 50 uM of the triptolide.
Verapamil, which is a known inhibitor of P-gp, increased
the cellular accumulation of rhodamine-123. However,
triptolide could not increase the cellular accumulation of
rhodamine-123, which indicates that triptolide could not
affect the P-gp-mediated efflux of rhodamine-123, and it
had little influence on the activity of P-gp.

4 Discussion

In clinical practice, two or more drugs are often concur-
rently administered to a patient to treat diseases; therefore,
a patient may be at a risk of adverse drug—drug interactions
(DDIs) [25]. It is common knowledge that DDIs are often
caused by one drug inhibiting the metabolism of another
drug, which leads to an increased plasma concentration.
For example, ketoconazole, an antifungal agent, is a potent
inhibitor of CYP3A4; when ketoconazole is co-adminis-
tered with drugs that are substrates of CYP3A4, the
metabolism of the drug will be inhibited, the plasma con-
centration of the drug will increase, and adverse DDIs
might occur [26, 27]. For drugs with narrow therapeutic
index, adverse DDIs might occur; therefore, it is important
to investigate the drug—drug interaction potentials of some
common drugs.

CYP enzymes, particularly CYP1A2, 3A4, 2A6, 2El,
2D6, 2C9, 2C19 and 2C8, are responsible for most drug
metabolism in humans [8]. The inhibition of these enzymes
by co-administered drugs has led to the removal of several

3 Negative Control
E3 Triptolide
El Positive Control
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Fig. 3 Lineweaver—Burk plots A 5.00 -
(a) and the secondary plot for K; 0 M Triptolide
(b) of inhibition of triptolide on o
CYP1A2 catalyzed reactions 4.00 - W2 M Triptolide
(phenacetin O-deethylation) in 5 uM Triptolide
pooled HLM. Data are obtained % 10 uM Triptolide
from a 30 min incubation with .
3.00 4 K20 uM Triptolide

phenacetin (20-100 uM) in the
absence or presence of triptolide
(0-20 pM). The data represent
the mean £ SD of the
incubations (performed in
triplicate). CYP cytochrome
P450, HLM human liver
microsomes, K; inhibition
constant

T T T T T T 1

.000 0.010 0.020 0.030 0.040 0.050 0.060 0.070

1/[phencetin, uM]

y =2.160x + 15.81

R2=0.993
r T 0 T T 1
-20 A0 10 0 10 20 30
-20 | o
20 Triptolide (uM)

drugs from the market; therefore, in drug development, it is
necessary to study the inhibition of CYP enzymes to
evaluate the DDI because the inhibition of CYP enzymes is
one of the most common causes of adverse DDIs [28]. To
the best of our knowledge, this study is the first to inves-
tigate the effects of triptolide on the metabolism of probe
substrates of several CYP isoforms, including CYP1A2,
3A4, 2A6, 2E1, 2D6, 2C9, 2C19 and 2CS8.

CYPI1A2 is one of the major CYP enzymes in the human
liver, which accounting for approximately 13 % of the total
content of this enzyme group [29]. CYP1A2 plays an
important role in the metabolism of several clinically used
drugs and foodborne procarcinogens [30, 31]. Our study
showed that triptolide noncompetitively inhibited human
liver microsomal CYP1A2 activity, with K; and IC5q values
of 7.32 and 14.18 uM, respectively. The results also indi-
cated that triptolide is a time-dependent inhibitor for
CYP1A2, and the Kj and Kj,,. values were 286.5 pM and
0.024 min~", respectively. These results indicated that
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triptolide could inhibit the activity of CYP1A2, and
therefore, triptolide should be used carefully with drugs
metabolized by CYP1A2 such as clozapine, theophylline,
and amitriptyline to avoid possible drug interactions [32].
As triptolide was a weak CYPLA2 inhibitor, and the
potential of drug—drug interaction with CYP1A2 would be
low.

The CYP3A subfamily is one of the dominant CYP
enzymes in the liver and extra-hepatic tissues, such as the
intestines, and it plays an important role in the oxidation of
xenobiotics and contributes to the biotransformation of
approximately 60 % of currently used therapeutic drugs
[33]. Human CYP3A4 is one of the most abundant drug-
metabolizing CYP isoforms in human liver microsomes,
accounting for approximately 40 % of the total CYP
enzymes [34]. In fact, characterization of the CYP3A4
isoform responsible for the metabolism of drugs and herbal
constituents is important for identifying potential drug—
drug or herbdrug interactions in humans. The present study
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Fig. 4 Lineweaver—Burk plots A 7 1
(a) and the secondary plot for K; —_ @ 0 uM Triptolide
(b) of inhibition of triptolide on £ 6 L
CYP3A4 catalyzed reactions E M2 uM Triptolide
(testosterone 6[-hydroxylation) £ 5 | 5 uM Triptolide
in pooled HLM. Data are e . .
obtained from a 30 min o 4 X 10 uM Triptolide
incubation with phenacetin Q 1 S
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presence of triptolide > 3 1
(0-30 uM). All data represent o
the mean £ SD of the g 2
incubations (performed in =
triplicate). CYP cytochrome = 1 4
P450, HLM human liver —
microsomes, K; inhibition . ; l : l . . .
constant 7
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Fig. 5 Time-dependent
inhibition investigations of >6 —— Control
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(10 uM). All data represent the ® X —— CYP3A4
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(performed in triplicate). CYP £ 5 I T
cytochrome P450 % 3
e
o 4
S
X
5 31
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showed that triptolide had inhibitory effects in vitro on
CYP3A4 isoform, with K; and ICsy values of 5.67 and
8.36 uM, respectively. Thus, to avoid adverse drug inter-
actions, it is recommended that triptolide should be

Preincubation time (min)

carefully used with drugs metabolized by CYP3A4. How-
ever, triptolide was still a weak CYP3A4 inhibitor, and the
potential of drug—drug interaction with CYP3A4 would
also be low.
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Fig. 6 Time and concentration inactivation of microsomal CYP1A2
activity by triptolide in the presence of NADPH. The initial rate
constant of inactivation of CYP1A2 by each concentration (K,,s) was
determined through linear regression analysis of the natural logarithm
of the percentage of remaining activity versus preincubation time (a).

25' *
o T 207
Nz
11 O
4 515
()]
§E
I £ 10
1
=t -
== =]
1
&
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Fig. 7 Effects of the triptolide (50 uM) on the accumulation of
rhodamine-123 in Caco-2 cells. Each column represents the mean
(SD). of six experiments. *P < 0.05, significantly different from
control

As we know, in vitro data are essential for understand-
ing a potential enzyme inhibition and DDI in vivo. How-
ever, an observed in vitro inhibition of a CYP enzyme does
not mean that the drug will cause clinically relevant
interactions. Many other factors might influence drug
interactions mediated by CYP inhibition, including the
contribution of the hepatic clearance to the total clearance
of the affected drug, the fraction of the hepatic clearance
which is subject to metabolic inhibition, and the ratio of the
inhibition constant (K;) over the in vivo concentration of
the inhibitor [35, 36]. Therefore, further in vivo system
studies are needed to identify the interactions of triptolide
with CYP isoform in humans.
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The results of this study indicate that triptolide may
influence the in vitro metabolism of drugs that are sub-
strates of CYP1A2 and CYP3A4. Some research articles
have reported that the plasma Cy,,x values of triptolide in
rats treated with an intravenous dose (0.6 mg/kg) and an
oral dose (2.4 mg/kg) were less than 600 ng/mL [37].
Therefore, the rat plasma concentrations of triptolide were
much lower than the K; and ICs, values of triptolide
determined in this study, and severe drug—drug interaction
might not occur if triptolide were co-administered with the
substrates of the CYP1A2 and CYP3A4. However, due to
the pharmacokinetic differences of human and rats, further
in vivo system studies are needed to identify the interac-
tions of triptolide with CYP isoform in humans.

The importance of drug transporters in influencing the
pharmacokinetics of orally administered drugs has attrac-
ted much attention since the discovery of P-gp in 1976
[38]. Drug transporters played an important role in the
absorption, distribution and secretion of drugs in both
animals and humans [16, 39]. The pharmacokinetic char-
acteristics of drugs that are substrates of these transporters
are expected to be influenced by co-administered drugs that
act as inhibitors or enhancers of the transporter function. In
this study, we found that triptolide could not affect the
activity of P-gp. However, Zhang et al. reported that trip-
tolide was a substrate of P-gp, and therefore, drug—drug
interaction might also occur when triptolide was co-ad-
ministered with P-gp inhibitor or inducer because triptolide
has a narrow therapeutic index. Li et al. [40] have also
reported that triptolide was a substrate of breast cancer
resistance protein (BCRP), and triptolide could also
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decrease the transcript and protein levels of BCRP in the
testis, which indicated that drug—drug interaction might
occur when triptolide was co-administered with BCRP
inhibitor or inducer or substrate of BCRP.

However, this study had some limitations. First, UDP-
glucuronosyltransferases also play an important role in the
biotransformation of drugs, while the inhibitory effects of
triptolide on the activity of UDP-glucuronosyltransferases
were not investigated. Second, other membrane trans-
porters may also be involved in the transport of triptolide,
while the effects of triptolide on the activity of other
membrane transporters were not investigated in this study.
In future research, the effects of triptolide on the activity of
UDP-glucuronosyltransferases and other membrane trans-
porters should be investigated in vitro and in vivo.

5 Conclusion

In conclusion, the effects of triptolide on the activity of
CYP enzymes and P-gp were systematically investigated.
The results showed that triptolide could inhibit the activity
of CYP3A4 and CYP1A2, while the activity of other CYP
enzymes and P-gp was not affected. The drug—drug inter-
action of triptolide should be monitored if triptolide is co-
administered with CYP3A4 or CYP1A2 substrates.
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