Acta Pharmacologica Sinica (2018) 39: 1386-1392
© 2018 CPS and SIMM Al rights reserved 1671-4083/18
www.hature.com/aps

Article

CYP3A4 inducer and inhibitor strongly affect the
pharmacokinetics of triptolide and its derivative in

rats

Ye XU* 2, Yi-fan ZHANG?, Xiao-yan CHEN* 2, Da-fang ZHONG" > *

IState Key Laboratory of Drug Research, Shanghai Institute of Materia Medica, Chinese Academy of Sciences, Shanghai 201203,
China; 2University of Chinese Academy of Sciences, Beijing 100049, China

Abstract

Triptolide is the most active ingredient of Tripterygium wilfordii Hook F, which is used to treat rheumatoid arthritis. (5R)-5-
Hydroxytriptolide is a hydroxylation derivative of triptolide with a reduced toxicity. To investigate the metabolic enzymes of the two
compounds and the drug-drug interactions with enzyme inducers or inhibitors, a series of in vitro and in vivo experiments were
conducted. In vitro studies using recombinant human cytochrome P450 enzyme demonstrated that cytochrome P450 3A4 (CYP3A4)
was predominant in the metabolism of triptolide and (5R)-5-hydroxytriptolide, accounting for 94.2% and 64.2% of the metabolism,
respectively. Pharmacokinetics studies were conducted in male SD rats following administration of triptolide or (5R)-5-hydroxytriptolide
(0.4 mg/kg, po). The plasma exposure to triptolide and (5R)-5-hydroxytriptolide in the rats was significantly increased when
co-administered with the CYP3a inhibitor ritonavir (30 mg/kg, po) with the values of AUC,_,, (area under the plasma concentration-time
curve from time zero extrapolated to infinity) being increased by 6.84 and 1.83 times, respectively. When pretreated with the CYP3a
inducer dexamethasone (50 mgkgd?, for 3 d), the AUC,_,, values of triptolide and (5R)-5-hydroxytriptolide were decreased by 85.4%
and 91.4%, respectively. These results suggest that both triptolide and (5R)-5-hydroxytriptolide are sensitive substrates of CYP3a.
Because of their narrow therapeutic windows, clinical drug-drug interaction studies should be carried out to ensure their clinical

medication safety and efficacy.
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Introduction

Tripterygium wilfordii Hook F is a traditional Chinese medicine
that has a range of pharmacological activities and is widely
used clinically to treat rheumatoid arthritis, systemic lupus
erythematosus, nephrotic syndrome, and encephalomyeli-
tis™ 2. Triptolide is the most active component of Tripterygium
wilfordii Hook F, and its relevant titer is approximately 100- to
200-fold higher than that of the total glycosides of Tripteryg-
iumP®. However, its narrow therapeutic window which results
from its high toxicity, has limited its clinical applications'* .
To improve its druggability, a range of structure modifications
was generated, during which (5R)-5-hydroxytriptolide was
synthesized and was shown to have reduced toxicity!®”. Both

triptolide and (5R)-5-hydroxytriptolide are diterpene triepox-
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ide compounds, and the chemical structures of triptolide and
(5R)-5-hydroxytriptolide are shown in Figure 1.

Previous studies!® have shown that the CCs, (cytotoxic
concentration of the compound that reduces cell viability by
50%, which indicates the cytotoxicity of a drug) value of trip-
tolide was 2.1 nmol/L and that of (5R)-5-hydroxytriptolide
was 256.6 nmol/L. The ICs, (inhibitory concentration of
the compound that reduces cell proliferation by 50%, which
indicates the activity of a drug) value of triptolide was close
to or even higher than its CCs, value. Additionally, the LDs,
(median lethal dose) of triptolide was only 0.86 mg/kg (ip) in
mice®. Furthermore, the LD, of (5R)-5-hydroxytriptolide was
9.3 mg/kg (ip), approximately ten times higher than that of

] The above-mentioned information indicated that

triptolide
(5R)-5-hydroxytriptolide might be relatively safer than trip-
tolide in clinical applications.

It was reported that triptolide was mainly metabolized

through oxidation!* in rats. Cytochrome P450 3A4 (CYP3A4)



Figure 1. Structures of triptolide (A) and (5R)-5-hydroxytriptolide (B).

and CYP2C19 were involved in the metabolism of triptolide
in human liver microsomes and that CYP3A4 was the primary
isoform responsible for its hydroxylation”. Tt was reported
that glycyrrhizin could significantly accelerate the metabolism
of triptolide by inducing CYP3a in rats'"l. Additionally, the
activity of CYP3a significantly affected the toxicity of triptolide
in rats?. Co-administration with dexamethasone, a strong
CYP3a inducer in rats, significantly attenuated triptolide-
induced rat liver and kidney toxicity and maintaining normal
levels of serum aspartate aminotransferase (AST) and alanine
transaminase (ALT)™. Thus, we speculated that the influence
by CYP3a induction or inhibition on plasma exposure of
triptolide might be closely linked to triptolide-related tissue
toxicity.

(5R)-5-Hydroxytriptolide is currently under clinical inves-
tigation in China to evaluate its suitability for use in the treat-
ment of rheumatoid arthritis. To the best of our knowledge,
information concerning the metabolism of (5R)-5-hydroxytrip-
tolide has not been reported.

The purpose of the current work was to investigate the
potential risk of the possible drug-drug interactions (DDI)
of these two compounds combined with other drugs. In the
present work, CYP450 isozymes that metabolize triptolide
and (5R)-5-hydroxytriptolide were determined using recom-
binant human CYP450 enzymes in vitro. Furthermore, male
Sprague-Dawley (SD) rats were used as experimental animals
to evaluate the effect of induction or inhibition of major meta-
bolic enzymes on the pharmacokinetics of triptolide and (5R)-
5-hydroxytriptolide.

Materials and methods

Chemicals and materials

Triptolide (99.53%) and ritonavir were purchased from Dalian
Meilun Biotech Co, Ltd (Dalian, China). (5R)-5-Hydroxytrip-
tolide (99.11%, measured by HPLC-UV) was provided by the
Investment and Development Department of Shanghai Phar-
maceuticals Holding Co, Ltd (Shanghai, China). Dexametha-
sone was purchased from Shanghai Yuanye Bio-technology
Co, Ltd (Shanghai, China). Recombinant human cytochrome
P450s (rCYP1A2, 2A6, 2B6, 2C8, 2C9, 2C19, 2D6, 2E1, 3A4, and
3A5) were purchased from BD Gentest (Woburn, MA, USA).
NADPH and CMC-Na were purchased from Sigma-Aldrich
(St Louis, MO, USA). Formic acid and concentrated aqueous
ammonia, AR, were purchased from Fluka Corporation (St
Louis, MO, USA). Acetonitrile and methanol of HPLC grade
were purchased from Merck (Darmstadt, Germany). Benzyl-
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amine, anhydrous ethanol, Tween 80, dipotassium, and potas-
sium dihydrogen phosphate, AR, were purchased from Sino-
pharm Group Co, Ltd (Shanghai, China). Ammonium acetate
was purchased from Alfa Aesar (Shanghai, China). Purified
water was generated using a Milli-Q Gradient Water Purifica-
tion System (Millipore, Molsheim, France).

Enzyme phenotype
A stock solution of triptolide was prepared in DMSO.
rCYP450s (rCYP1A2, 2A6, 2B6, 2C8, 2C9, 2C19, 2D6, 2E1, 3A4,
and 3A5) were co-incubated with triptolide to examine its met-
abolic enzyme phenotypes. The mixture containing triptolide
(3 pmol/L), phosphate-buffered saline (PBS; 100 mmol/L, pH
7.4), rCYP450s (50 pmol P450/mL), and NADPH (2 mmol/L)
had a final volume of 100 pL. The final DMSO concentration
was 0.1%. Each incubation was performed in duplicate. Incu-
bation without NADPH served as the negative control. After
incubation at 37 °C for 1 h, the reaction was quenched with an
equal volume of ice-cold acetonitrile (100 puL) containing an inter-
nal standard ((5R)-5-hydroxytriptolide, 1 pmol/L). After the
mixture was vortexed, all samples were centrifuged at 14 000xg
for 5 min. The supernatant was dried at 40 °C under a stream of
nitrogen. The residues were reconstituted with 100 pL of water/
acetonitrile (90:10, v/v). Next, a 10-pL aliquot of the reconstituted
solution was injected into a liquid chromatography-tandem
mass spectrometry (LC-MS/MS) system for analysis.

The same experimental protocol was applied to (5R)-
5-hydroxytriptolide (3 pmol/L) in parallel with triptolide (1
pmol/L, ice cold acetonitrile) as the internal standard.

Animal experiments

Male SD rats (200-300 g, 7-8 weeks) were purchased from
Shanghai SLAC Experimental Animal Co, Ltd (Shanghai,
China). All animals were kept in a clean-grade animal room
and were acclimated for 7 d before the experiments were con-
ducted. All procedures in animal studies were performed in
accordance with the Guide for the Care and Use of Laboratory
Animals of the Shanghai Institute of Materia Medica, Chinese
Academy of Sciences.

Twelve SD rats were fasted overnight and were randomly
divided into three groups (n=4). Dexamethasone was pre-
pared with 0.5% CMC-Na and was orally administered at a
dose of 50 mg/kg to the first group, qd, for three consecu-
tive days™ before administration of triptolide. Ritonavir,
prepared with Tween 80: anhydrous ethanol (1:1, v/v, 18
mg/mL), stored at -20 °C, and diluted with deionized water
1: 5 (v/v) to the desired concentration when used, was orally
administered to the second group at a dose of 30 mg/kg 1 h
before administration of triptolide™. The third group was set
as the control.

All rats were orally administered triptolide at a dose of 0.4
mg/kg (saline containing 1% DMSQO). Blood samples (~300
pL) were collected from the orbital vein at pre-dosing as well
as 10, 20, and 40 min and 1, 2, 4, 6, and 10 h post-dosing.
Blood samples were placed in EDTA-Ky-containing tubes and
were immediately centrifuged at 11 000xg for 5 min. Plasma
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samples were stored at -80 °C until analysis.

The same experimental protocol was applied to the pharma-
cokinetic study of (5R)-5-hydroxytriptolide (0.4 mg/kg, saline
containing 1% DMSO) in parallel.

Plasma sample preparation

Plasma sample preparation was based on a previously
described method™!, with some modifications. According to
previous studies in our laboratory™ ', (5R)-5-hydroxytrip-
tolide was not a metabolite of triptolide in rats in vitro and in
vivo. Therefore, choosing triptolide and (5R)-5-hydroxytrip-
tolide as internal standards for each other was reasonable. The
linear range was set as 0.03-100 ng/mL for both compounds.
The plasma sample preparation procedures are described
below. A rat plasma sample of 100 pL was added into a 2-mL
Eppendorf tube. The plasma sample was then spiked with 20
pL of internal standard (20 ng/mL, methanol: water, 1:1, v/v)
and 400 pL of a 6 mol/L ammonium acetate aqueous solution.
After vortexing for 10 s, 1000 pL of acetonitrile was added.
The mixture was then slightly shaken for 10 min. The two
phases were separated by centrifugation at 14 000xg for 10
min. The upper organic layer of 900 pL was transferred into
a glass tube and was completely evaporated at 40 °C under a
stream of nitrogen. The dry residue was reconstituted with
200 pL of a 10% derivatization reagent (anhydrous ethanol:
benzylamine, 9:1, v/v) and was incubated at 80 °C for 1 h.
After incubation, the sample was evaporated at 40 °C under
a stream of nitrogen and was reconstituted with 200 uL of
acetonitrile-water (30:70, v/v). After further centrifugation at
14 000xg for 10 min, 10 pL of the supernatant was taken for
analysis.

LC-MS/MS equipment and conditions

Samples from the enzyme phenotyping experiment were
measured without derivatization. Rat plasma samples were
subjected to derivatization and were then analyzed. All of
the samples were analyzed using a QTRAP 5500 tandem mass
spectrometer (AB Sciex, Canada) equipped with a LC-30AD
liquid chromatograph (Shimadzu, Kyoto, Japan). The analysis
conditions are described separately as follows.

Analysis conditions for the enzyme phenotypic sample
Separation of the analytes was achieved using an Agilent
XDB-C18 system (50 mmx2.1 mm, 1.8 pm; CA, USA). The
mobile phase was a mixture of a 5 mmol/L ammonium
acetate aqueous solution containing 0.1% (v/v) formic acid
(A) and acetonitrile (B) at a flow rate of 0.6 mL/min. The fol-
lowing gradient elution was used: 0.00-0.50 min, 10% B; 0.50-
1.50 min, 10%-60% B; 1.50-2.00 min, 60% B; 2.00-2.50 min,
60%-10% B; and 2.50-3.00 min, 10% B. The autosampler and
column temperature were set at 15 °C and 40 °C, respectively.
The MS parameters were set as follows: an electrospray
ionization source was used. In the negative ion mode, the ion
spray voltage was -4500 V, and the source temperature was
500 °C. The multiple reaction monitoring (MRM) mode was
chosen, and the related parameters were as follows: m/z 405.0
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— 45.0, with a declustering potential (DP) of -80 V and colli-
sion energy (CE) of -38 eV for triptolide, and m/z 421.0 — 45.0,
with a DP of -130 V and a CE of -47 eV for (5R)-5-hydroxy-
triptolide. The dwell time for each transition was 100 ms. The
nebulizer gas (Gas 1) was set at 15 psi. The heater gas (Gas 2)
was set at 20 psi. The curtain gas was set at 20 psi.

Plasma sample analysis conditions

After derivatization, chromatographic separation of analytes
was conducted using a Gemini C18 system (50 mmx2.0 mm; 5
pm; Phenomenex, USA). The mobile phase was a mixture of
0.003% ammonia aqueous solution (A) and acetonitrile (B) at a
flow rate of 0.6 mL/min. The following gradient elution was
used: 0.00-0.30 min, 32% B; 0.30-2.00 min, 32%-75% B; 2.00-
2.50 min, 75% B; 2.50-3.00 min, 75%-32% B; and 3.00-4.00 min
to maintain 32% B. The autosampler and column temperature
were set at 4 °C and 40 °C, respectively.

An electrospray ionization source was chosen for MS detec-
tion. The ion spray voltage was 5500 V, and the source tem-
perature was 550 °C. The scanning mode was set as MRM,
and the related parameters were as follows: m/z 468.5—192.0
for the derivative of triptolide and m/z 484.3—192.1 for the
derivative of (5R)-5-hydroxytriptolide with a DP of 80 V and a
CE of 30 eV for both analytes. The dwell time for each transi-
tion was 100 ms. Gas 1 was set at 55 psi. Gas 2 was set at 60
psi. Curtain gas was set at 35 psi.

Statistical analysis

The LC-MS/MS data were collected by Analyst software (ver-
sion 1.6.2; AB Sciex, Foster City, CA, USA). Pharmacokinetic
data analysis was performed according to a non-compartmen-
tal model using Phoenix WinNonlin 6.4 (Pharsight, Moun-
tain View, CA, USA) software. All data are expressed as the
mean+SD (tests in duplicate are expressed as the means only).
The treatment effects were evaluated by unilateral, unpaired
t-test by Excel (Microsoft, USA). P<0.05 was considered to be
statistically significant.

Results

Enzyme phenotypes of triptolide and (5R)-5-hydroxytriptolide
The results of the triptolide co-incubated with different
rCYP450s are shown in Figure 2A. The remaining amount of
triptolide in the CYP3A4 incubation system was the lowest
among all of the incubation systems. The relative contribu-
tion of the CYP450 subtypes to the metabolism of triptolide
(Figure 2C) was determined after normalization according to
the relative amount of each CYP450 in human liver™. Among
them, CYP3A4 accounted for 94.2% of triptolide metabolism.
CYP2E1 was also involved in the metabolism of triptolide, but
only accounted for 5.6%. CYP3A4 was the main metabolic
enzyme of triptolide, as reported previously™.

When (5R)-5-hydroxytriptolide was co-incubated with dif-
ferent rCYP450s, the results showed that various CYP450s
(Figure 2B, 2D) were involved in the metabolism of (5R)-5-hy-
droxytriptolide. Among the CYP450s, CYP3A4 was predomi-
nant, accounting for 64.2% of the total contribution.
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Figure 2. Enzyme phenotypes of triptolide and (5R)-5-hydroxytriptolide. The incubation system containing triptolide (or (5R)-5-hydroxytriptolide, 3
umol/L), PBS (100 mmol/L, pH 7.4), CYP450s (50 pmol P450/mL), and NADPH (2 mmol/L) was at a final volume of 100 yL. Each incubation was
performed in duplicate. (A) Remaining triptolide. (B) Remaining (5R)-5-hydroxytriptolide. (C) Contribution of CYP450s to the metabolism of triptolide. (D)

Contribution of CYP450s to the metabolism of (5R)-5-hydroxytriptolide.

Effects of dexamethasone and ritonavir on the pharmacokinetics
of triptolide in rats

Considering the significant contribution of CYP3A4 to the
metabolism of triptolide and (5R)-5-hydroxytriptolide in vitro,
we further investigated the effect of a CYP3A4 specific inhibi-
tor and inducer on the pharmacokinetics of triptolide and (5R)-
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Figure 3. Concentration-time curves of triptolide in rats. Triptolide+
dexamethasone (n=4): rats were orally administered dexamethasone (50
mg/kg, qd) for three consecutive days and then orally administered triptolide
(0.4 mg/kg); Triptolide+ritonavir (n=4): rats were orally administered
ritonavir (30 mg/kg) 1 h before triptolide (0.4 mg/kg); triptolide only (n=4):
rats were orally administered triptolide (0.4 mg/kg) only.

5-hydroxytriptolide in rats in vivo. The drug’s concentration-
time curves are shown in Figure 3, and the triptolide-related
pharmacokinetic parameters are listed in Table 1.

When pretreated with a CYP3a inducer, dexamethasone
(50 mg/kg, qd, 3 d) significantly reduced the exposure of
triptolide, with the C,,, and AUC,_, decreased by 81.0% and
85.4%, respectively. When pretreated with ritonavir (30
mg/kg) 1 h before treatment with triptolide, exposure of the
latter was increased significantly, with the C,,, and AUC,_,
increased by 4.08 and 7.84 times, respectively, compared with
those of the group control.

Effects of dexamethasone and ritonavir on the pharmacokinetics
of (R)-5-hydroxytriptolide in rats

Plasma exposure of (5R)-5-hydroxytriptolide was tremen-
dously decreased when co-administered with dexamethasone,
as reflected in the C,, and AUC,_, decreasing by 94.0% and
91.4%, respectively. While orally pretreated with ritonavir,
the AUC,_,, was increased 2.83 times. Remarkably, no signifi-
cant difference occurred between the control and ritonavir-
pretreated groups according to their C,,, values. The concen-
tration-time curves of (5R)-5-hydroxytriptolide are shown in
Figure 4. The corresponding pharmacokinetic parameters are
listed in Table 2.

Discussion
In the present study, we examined the metabolic enzyme phe-
notypes of triptolide and (5R)-5-hydroxytriptolide as well as

Acta Pharmacologica Sinica



1390

www.nature.com/aps
XuY etal

Table 1. Pharmacokinetic parameters of triptolide (details see the illustration under Figure 3).

Pharmacokinetics parameters

Triptolide+dexamethasone

Triptolide+ritonavir Triptolide only

ty2 (h) 0.28+0.13"
Tinax (D) 0.25+0.10
Crnax (NE/ML) 0.98+0.67"""
MRT,, (h) 0.36+0.07""
MRT,.» (h) 0.48+0.24
AUC,, (ngh/mL) 0.36+0.25™""
AUC,... (ngh/mL) 0.38+0.25""

1.80+0.39™" 0.44+0.08
0.17+0.00 0.21+0.08
21.0+8.1" 5.16+1.36
2.01+£0.48™" 0.47+0.05
2.3340.62"" 0.52+0.07
19.8+5.8"" 2.55+0.58
20.4+6.1"" 2.6010.58

ek

“P<0.05, "P<0.01, "*P<0.001 versus values in control group.

Abbreviations: t;,, half-life; T, time to maximum concentration; C..,,, maximum plasma concentration; MRT,,, mean residence time from time zero
extrapolated until the end of the dosing interval; MRT,_.,, mean residence time from time zero extrapolated to infinity; AUC,,, area under the plasma
concentration-time curve from time zero extrapolated until the end of the dosing interval; AUC,.,, area under the plasma concentration-time curve

from time zero extrapolated to infinity.

obtained the relative contribution of each isozyme involved.
Next, we investigated the effect of a CYP3A4-related strong
inducer and inhibitor on the pharmacokinetics of these two
compounds in male SD rats.

Several studies™ have shown large differences among spe-
cies in regard to CYP450s. Of CYP450s, the activity of CYP3a

19,201 How-

in mice and male rats is closest to that in humans
ever, the most commonly used CYP3A inducer (rifampicin)
in the clinic cannot induce the activity of CYP3a in rats™!
rats, dexamethasone is commonly used and is able to induce
the activity of both CYP2b and CYP3a in vivo™. Nonetheless,
different isoforms have been found in the species of CYP2b for
ADME studies with different substrate specificities™. Because
we lacked the recombinant rat CYP2b isozyme, we did not
determine whether the CYP2b subfamily was involved in the

metabolism of triptolide and (5R)-5-hydroxytriptolide in rats.

. In
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Figure 4. Concentration-time curves of (5R)-5-hydroxytriptolide in
rats. (5R)-5-Hydroxytriptolide+dexamethasone (n=4): rats were orally
administered dexamethasone (50 mg/kg, qd) for three consecutive days
and then were orally administered (5R)-5-hydroxytriptolide (0.4 mg/kg);
(5R)-5-Hydroxytriptolide+ritonavir (n=4): rats were orally administered
ritonavir (30 mg/kg) 1 h before (5R)-5-hydroxytriptolide (0.4 mg/kg);
(5R)-5-Hydroxytriptolide only (n=4): rats were orally administered (5R)-5-
hydroxytriptolide (0.4 mg/kg) only.
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Dexamethasone significantly increased the elimination rate
of triptolide and (5R)-5-hydroxytriptolide in vivo with a dra-
matically decreased AUC,_.. These findings suggested that
the metabolic extent of triptolide and (5R)-5-hydroxytriptolide
was strongly (>5-fold) induced™ . The accelerated metabo-
lism of triptolide and (5R)-5-hydroxytriptolide is thought to be
a detoxification route™ >,

Ritonavir is not only an inhibitor of CYP3A4 but also an
inhibitor of P-gp.. Triptolide has been reported to be a sub-
strate of P-gp™' and BCRP®. Inhibition of P-gp in the intes-
tine significantly improves the absorption of orally adminis-
tered drugs, which are substrates of P-gp®®l. Verapamil, a
P-gp inhibitor, increases absorption of triptolide®. Thus, as a
potent P-gp inhibitor, ritonavir may also promote absorption
of triptolide in the intestine. Moreover, triptolide has been
shown to be extensively metabolized in rats, and the excre-
tion recovery of triptolide by bile and feces was less than 4%,
indicating that inhibition of the liver efflux transporter may
minimally contribute to the plasma exposure of triptolide.
Therefore, the effect of ritonavir on the plasma exposure of
triptolide was mainly due to its increased absorption in the
intestine and decreased metabolism.

By contrast, (5R)-5-hydroxytriptolide is a highly permeable
compound (data not shown), suggesting that transporters
contribute little to its clearance. Because various CYP450s are
involved in (5R)-5-hydroxytriptolide metabolism, inhibition
of CYP3a may result in compensation by other enzymes. This
condition may be the cause of the more pronounced increase
of the AUC,_, of triptolide than that of (5R)-5-hydroxytrip-
tolide due to ritonavir. Additionally, the involvement of P-gp
may explain why there was no significant change in the C,,,
of (5R)-5-hydroxytriptolide between the control and ritonavir-
pretreated groups, but an increase was noted with triptolide.
In conclusion, ritonavir can strongly inhibit the elimination
of triptolide in rats (the AUC increased more than five times).
However, the metabolism of (5R)-5-hydroxytriptolide was
only moderately inhibited (the AUC increased two to five
times)® I, From this perspective, it can be concluded that
(6R)-5-hydroxytriptolide has a lower risk than triptolide when
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Table 2. Pharmacokinetic parameters of (5R)-5-hydroxytriptolide (details see the illustration under Figure 4).

Pharmacokinetics parameters

(5R)-5-Hydroxytriptolide+dexamethasone

(5R)-5-Hydroxytriptolide+ritonavir (5R)-5-Hydroxytriptolide only

ti/2(h) 1.51+1.07"
Tinax (D) 0.21+0.08
Ciax (Ng/ML) 4.20+1.27""
MRT,. (h) 1.04+0.31
MRT,., (h) 1.68+0.82
AUCq (ng*h/mL) 3.18+0.32"""
AUC,., (ng*h/mL) 3.56+0.32""

1.53+1.02" 0.39+0.13
0.25+0.10 0.17+0.00
63.8+13.3 70.2+17.4
1.71+0.96" 0.56+0.16
2.23+1.61" 0.59+0.15
110+48" 40.7+6.2

118+55" 41.7+5.3

ek

“P<0.05, "P<0.01, "*P<0.001 versus values in control group.

Abbreviations: t;,, half-life; T, time to maximum concentration; C..,,, maximum plasma concentration; MRT,,, mean residence time from time zero
extrapolated until the end of the dosing interval, MRT,,,, mean residence time from time zero extrapolated to infinity; AUC,,, area under the plasma
concentration-time curve from time zero extrapolated until the end of the dosing interval; AUC,.,, area under the plasma concentration-time curve

from time zero extrapolated to infinity.

co-administered with CYP3A inhibitors in vivo.

The above-mentioned results suggest that a specific inducer
(dexamethasone) and inhibitor (ritonavir) strongly alter the
pharmacokinetic characteristics of triptolide and (5R)-5-hy-
droxytriptolide in rats. Based on these findings, we strongly
suggest that clinical trials be conducted to clarify these effects
in humans. Dose adjustment and therapeutic drug monitoring
might be required for possible DDL

Conclusions

In-vitro-enzyme phenotype experiments showed that CYP3A4
was the primary metabolic enzyme for both triptolide and
(5R)-5-hydroxytriptolide. In vivo pharmacokinetic stud-
ies showed that dexamethasone and ritonavir significantly
affected the pharmacokinetic characteristics of triptolide and
(5R)-5-hydroxytriptolide in rats. Due to the narrow thera-
peutic index of both drugs, this drug combination should be
emphasized. The present work suggested that a correspond-
ing clinical drug-drug interaction study should be carried out
to clarify the effects of CYP3A4 inhibitors and inducers on
triptolide and (5R)-5-hydroxytriptolide.
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