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Introduction

Gambogic acid (GA) isanatural product isolated from
the gamboge resin of Garcinia hanburyi tree in South-east
Asia. Theresin isused asatraditional medicine and as a
color material for painting™. Gamboge can be used for
detoxification, hemostasis, and as a parasiticidd?. GA has
been previoudly reported to have potent cytotoxicities agai nst
various cancer cell linesand to be apotent apoptosisinducer.

In one study, anti-tumor activity of general gambogic
acids (GGA) in the experimental transplantation tumor
SMMC-7721 was eval uated by relative tumor growth ratio.
GGA had an inhibitory effect on the growth of SMMC-7721,
which might be related toitsinhibition of telomerase activity*?.
In another study, GA could inhibit the growth of SPC-A1
cdlsand itstumor xenografts, and when treated with GA for
aperiod of time, tel omeraseactivity and expression of hTERT
MRNA inthetumor cellswereboth inhibited significantly. It
issafe, at least in part, to conclude that the downregulating
telomerase activity of GA by partly modifying the expres-
sion of hTERT mRNA in SPC-A1 cells may be one possible
mechanism for the inhibitory activity of GA in the cells™.
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Abstract

Aim: To study the metabolism of gambogic acid (GA) and the effects of sdective
cytochrome P-450 (CY P450) inhibitors on the metabolism of GA in rat liver mi-
crosomesin vitro. Methods. Rat liver microsomes were used to perform metabo-
lism studies. Various selective CY P450 inhibitors were used to investigate their
effects on the metabolism of GA and the principal CY P450 isoforminvolved in the
formation of major metabolite M, in rat liver microsomes. Typesof inhibitionin an
enzyme kinetics model were used to model the interaction. Results: GA was
rapidly metabolized to two phase | metabolites, M, and M, inrat liver microsomes.
M, and M, were tentatively presumed to be the hydration metabolite and epoxide
metabolite of GA, respectively. a-Naphthoflavone uncompetitively inhibited the
formation of M, while ketoconazol e, sulfaphenazole, diethyl dithiocarbamate and
quinidine had little or no inhibitory effects on the formation of M,. Conclusion:
GA israpidly metabolized in rat liver microsomesand M, iscrucial for thedimina
tionof GA. CytochromeP-450 1A2isthemajor rat CY Pinvolvedin themetabolism
of GA.

Thus GA is an effective telomerase inhibitor and displays
potent anticancer activity both invitroand invivo. Moreover,
GA was found to induce apoptosi s independent of the cell
cycle, which is different from paclitaxel that arrestscellsin
the G/M phase¥. The sdlective induction of apoptosis of
GA on MGC-803 cdllswere studied and activation of the bax
gene and suppression of the bcl-2 gene may contribute to
the apoptosis mechanism®™. Another study suggested that
GA binding to transferrin receptor induces a unique signal
leading to rapid apoptosis of tumor celld9.

There are several studies about its pharmacodynamic
characteristics, while only few comment on the pharmaco-
kinetics. The purpose of these experiments wasto investi-
gate the metabolism of GA in rat liver microsomesin vitro
and to identify the mgjor CY P450 isoform involved in the
metabolism of GA and theinhibition typeof selective CY P450
inhibitor on its metabolism.

Materials and methods

Chemicals Gambogic acid was provided by the Depart-
ment of Pharmaceutical Chemistry, China Pharmaceutical
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University. Glucose-6-phosphate dehydrogenase (Type V),
a-naphthaoflavone (a-Naph), sulfaphenazol e (Sul), quinidine
(Qui), and diethyl dithiocarbamate (DDC) were purchased
from Sigma Chemical (St Louis, USA). Ketoconazole (Ket)
waskindly provided by Nanjing Second Pharmaceutical Fac-
tory (Nanjing, China). a-Nicotinamideadeninedinuclectide
phosphate (NADP) and glucose-6-phosphate(G-6-P) were
purchased from Shanghai Lizhudongfeng Biotechnological.
(Shanghai, China). All other supplies were of the highest
grades available from standard commercial sources.

Tissue samplesand prepar ation of liver microsomes
Sprague-Dawley rats (180-220 g; 6-8 weeks of age) were
obtai ned from the experimental anima center of China Phar-
maceutical University, and the studies were approved by
the Animal Ethics Committee of China Pharmaceutical
University. Therat liver microsomes were prepared by dif-
ferential centrifugation™. Microsomal protein concentra-
tion was determined by the method of Lowry et al'®.

I ncubation and sample preparation Theincubation con-
ditions of the experiment were established and controlled to
provide a reproducible and linear rate of the metabolite. A
typical incubation mixture consisted of potassium phosphate
buffer (PH 7.4) 100 mmoal/L, an NADPH generating system
(MgCl, 5mmoal/L, G-6-P10 mmal/L, NADP 1 mmal/L, G-6-
PDH 1 KU/L), gambogic acid 40 umol/L, and micrasomal pro-
tein 1 g/L, in afinal volume of 1 mL[™. The reaction was
initiated by addition of the NADPH generating system. Af-
ter incubation at 37 °C for 30 min, the reaction was termi-
nated by adding 200 uL of HCI 1 mal/L. GA and itsmetabo-
lites(M,and M,) in theincubation mixture were determined
by HPLC method¥ with felodipine asitsinternal standard.
Thereaction mixtures wereextracted with 5 mL of ether and
centrifuged at 1000xg for 10 min. The organic fraction was
evaporated under agentlestream of air at 45 °C. Theresdue
was dissolved in 100 pL of mobile phase and an aliquot (20
pL) wasinjected onto the Lichrogpher C,5 column (250 mmx
4.6 mm ID, 5 um, Hanbon, China). These procedures were
performed using a Shimadzu HPLC-UV system (Shimadzu
Company, Kyoto, Japan) consisting of aLC-10AD,,, pump,
aSPD-10AD, ,UV-VISdeector andaCTO-10A column oven.
GA and its metabalitesin the incubation mixture were then
determined by mass analysis”.

Inhibition study The effects of various selective CYP
inhibitors on the formation of metabolite M, in rat liver mi-
crosomes wereinvestigated. Theinhibitors studied were a-
Naph(CYP1A2),Qui (CY P2D1),DDC(CYP2EL), Sul (CYP2C),
and Ket (CYP3A). The concentration of GA was 40 umol/L
and the concentration range of inhibitors was 2.5-20 pmol/L
for Qui, 12.5-100 umd/L for a-Naph and Sul, 6.25-100 umol/L
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for DDC, and 0.5-5 umoal/L for Ket.

Study of inhibition type After identifying themajor meta-
bolic enzyme of GA in vitro, weincubated GA in rat liver
microsomes in the absence and presence of a-Naph. Then
the types of inhibition in an enzyme kinetics model were
used to investigate the inhibition type of a-Naph on the
formation of M. The concentration range of GA was 10-100
pumol/L and a-Naph was 12.5-100 pmol/L. Multiplelinear
regression was used for the inhibition study.

Results

Following incubation of gambogic acid with rat liver
microsomes, GA was rapidly metabolized and two metabo-
lites (M, and M,) were isolated in the incubation with the
corresponding concentration of GA decreased (Figure 1).
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Figure 1. HPLC chromatograms of (A) blank rat liver microsomes,
(B) GA standard in blank rat liver microsomes, (C) internal standard
in blank rat liver microsomes. (D) Incubation of GA with rat liver
microsomes.
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Direct HPLC/MS analysis® using an electro-spray ioniza-
tion interface under positive ion mode resolved two drug-
related compounds in theincubations (Figure 2). M, exhib-
ited the protonated molecular ion [M+Na]* a m/z669, [M+H]*
at m'z 647, and M, exhibited the protonated molecular ion
[M+H]* at m/z645, [M+Na]" at m/z667. Thus, themolecular
weight of M, is646 and M, is 644. According to HPLC and
mass spectra analysis, we can tentatively presume that M,
was the hydration metabolite and M, was the epoxide me-
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tabolite of GA. But this needs further identification. The
proposed metabolic pathway of GA ispresent in Figure 3.
The effects of inhibitors on the formation of M, are pre-
sentedin Figure4. a-Naph, thespecificinhibitor of CY PLA2,
could inhibit the formation of M, while other inhibitors had
no significant inhibitory effects on the M, formation (Figure
3). The Michadlis-Menten plot of metabolite M, inrat liver
microsomes in the absence and presence of a-Naphis pre-
sentedin Figure 5. Theinhibition isparalld to the concen-
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Figure 3. The proposed
metabolic pathway of GA
in rat liver microsomes.
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Figure 4. Effects of CYP450 selective inhibitors on the formation of
metabolite M; of GA (40 nmol/L) in rat liver microsomes. Effects of each
inhibitor were compared with the control values determined by the incuba-
tion of GA alone and expressed as the percentage of control values (100%).
Each point represents the mean of duplicate determination.
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Figure 5. The Michaelis-Menten plot of GA in rat liver microsomes
in the absence and presence of a-naphthoflavone.

trations of both inhibitor and substrate, suggesting that the
inhibition conformsto noncompetitive or uncompetitivetypes
(Figure 5). Two types of inhibition in an enzyme kinetics
model were then used to model the interaction: (1) the non-
competitive type, and (2) the uncompetitive type (Figure 6).
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Figure 6. Two types of inhibition in an enzyme kinetics model were
used to model the interaction.
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Figure 7. Effect of a-naphthoflavone on the metabolism of GA (40
pmol/L) in rat liver microsomes. Each point represents the mean of
duplicate determination.

Asshown in Figure 6, a-Naph uncompetitively inhibited the
formation of M, resulting in alowered rate of GA metabo-
lisminrat liver microsomes(Figure7).

Discussion

Theresultsof present studiesindicated that GA was rap-
idly metabolized in rat liver microsomes. Two metabolites
wereisolated and identified in theincubation mixture. Inthe
control experiments without NADPH, only microsome and
GA, there areno metabolitesformed in theincubation. This
suggests that the formation of M, is NADPH-dependent.
M, was one of the major metabolitesin theincubation and it
was proposed to be the hydration metabolite of GA. Inhibi-
tion of theformation of this metabolite would directly result
in lowing of the metabolic rate of GA. This suggested that
theformation of M, iscrucial for thedimination of GA. M,
was proposed to be the epoxide metabalite of GA. Our pre-
vious studies’® have shown that GA could be metabolized
to four metabolitesin rat bilein vivo, including two phase |
metabolites (M, and M,) and two phase || metabolites (M,
and M,), which were presumed to bethe phase || metabolites
of M, and M,, respectively. TheHPLC and LC-ESI-MSchro-
matographic behaviors of M,and M, in vitro studies showed
good correlations with in vivo results.

a-Naph could uncompetitively inhibit the formation of
M, and lower the metabolism of GA, while other inhibitors
for CYP3A (Ket), CYP2C (Sul), CYP2D1 (Qui) and CY P2E1
(DDC) had little or no effect on the formation of M,. The
results suggest that CYP1A2 isamagjor CY P450 isoform
involved in the metabolism of GA. Pharmacokinetic drug
interactions caused by metabolic processes are regarded as
one of the most important factors affecting the concentra-
tion of drugs™®. Therefore, inhibition of the above meta-
bolic pathway can lower the formation rate of M, and
increase the concentration of GA, suggesting the possibili-
ties of metabolic interactions of GA with other therapeutic
agents, such as inhibitors and substrates of CYP1A2. In
clinical applications, drug-drug interactionsoften occur when
two or moredrugs are used in combination, which can result
in severe side effects in some cases™. Thisisworth noting
when GA isusedin combination with other therapeutic agents
that may have metabalicinteractionswith it. All of the above
results contribute to our understanding of the metabolism of
GAinrats.
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