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ABSTRACT



Evaluation of herb-drug interactions of
xanthophylls and fermented Ginseng extract
focused on inhibitory effects of human hepatic

cytochrome P450s and UDP-gluronosyltransferases

Herb—-drug interactions have received more attention recently because
of the wide popularity of herbal supplements or dietary supplements.
Astaxanthin, G-cryptoxanthin, canthaxanthin, lutein, and zeaxanthin,
the major xanthophylls, are widely used and studied because of their
activities as antioxidants, their roles in preventing cancer or
age-related macular degeneration. BST204, a fermented ginseng
extract, contains of high concentrations of Rh2 (over 5.0%) and Rg3
(over 10.0%), whereas crude ginseng extract contains non-detectable
Rh2 and only low concentrations of Rg3. It was transformed from the
crude ginseng with ginsenoside-G-glucosidase and acid hydrolysis to
enrich both 20(R) and 20(S) ginsenoside Rg3 and 20(R) and 20(S)
ginsenoside Rh2. Recent studies it showed anti—tumor effects. The
object was to investigate the herb-drug interactions of five
xanthophylls and BST204 on inhibition of human hepatic cytochrome
P450s (CYP1A2, CYP2A6, CYP2B6, CYP2CS, CYP2C9, CYP2CI19,
CYP2D6, CYP2E1 and CYP3A4/5) and UDP-gluronosyltransferases
(UGT1A1, UGT1A4, UGT1A6, UGT1A9, UGT2B7) in human liver
microsomes. We also first explore the stereo selective effects of

ginsenoside Rg3 and Rh2 emipers (R-Rg3, S-Rg3, R-Rh2 and S-Rh2)



on the inhibitory effects of human hepatic cytochrome P450s and
UDP-gluronosyltransferases.

According to USFDA guidelines, phenacetin (50 pM), coumarin (5 n
M), bupropion (50 pM), rosiglitazone (1 uM), tolbutamide (100 pM),
S-mephenytoin (100 uM), dextrophan (5 pM), chlorzoxazone (50 pM)
and midazolam (5 uM) were chosen as substrates of CYP1AZ2,
CYP2A6, CYP2B6, CYP2CS, CYP2C9, CYP2C19, CYPZ2D6, CYPZE1
and CYP3A, respectively. Cocktails, test compounds and NADPH
re-generating system were incubated 15min after 5 pre-incubation
with human liver microsomes (HLMs) in vitro for competitive
screening. Time-dependent inhibition (TDI) experiments were also
executed. The xanthophlls, HLMs with/without NADPH were
incubated at 37C for 30 min and then were partly shifted to
substrates solutions for continued 15 min incubations. On the other
hand, we chose [-estradiol (10 uM), trifluoperazine (40 uM), serotonin
(4000 uM), propofol (100 uM), and zidovudine (100 pM) as substrates
of UGT1Al, UGT1A4, UGT1A6, UGT1A9, and UGT2B7, respectively.
Test compounds, human liver microsomes (HLMs) (0.25 mg/ml), 100
mM Tris-HCl buffer (pH 7.5), MgCl; (5 mM), substrate, and
alamethicin (25 pg/mL) were pre-incubated on ice to allow
alamethicin pore formation in vitro for 30 min. Incubations were
commenced with the addition of UDPGA (5 mM) to a final incubation
volume of 0.1 ml and incubated at 37°C for 30 min or 60 min.

The results showed that xanthophylls and fermented Ginseng extract
play ignorable effects on the reversible and irreversible inhibitions of

9 CYPs. But, [-cryptoxanthin, canthaxanthin and zeaxanthin showed



inhibitory effects on UGTI1A1 with ICs 23.68, 36.74 and 4257 uM,
respectively. [-cryptoxanthin and lutein also played inhibitory effect
on UGT1A4. BST204 inhibited UGT1Al, 1A9, 2B7 with ICs values
13.80, 24.59 and 30.83 ng/mlL, respectively. S-Rg3, not R-Rg3, showed
inhibitory interaction toward UGT1A9 and 2B7. Kinetic constants (Ki)
of BST204 on UGT1A1, 1A9, 2B7 enzymes were 27.38, 1753, 3251
g/mL, respectively. The Ki of S-Rg3 inhibited UGT1A9 and 2B7
were 8.33 and 24.89 uM, respectively.

Based on the ICsy values of these five xanthophylls and fermented
Ginseng extract (BST204) on CYPs were markedly greater than the
Cmax values, it i1s unlikely that these five xanthophylls, and BST204,
from the diet or nutritional supplement salter the pharmacokinetics of
drugs metabolized by CYPs. In addition, the inhibitory effects of
xanthophylls on UGTs were ignorabledue to the much higher ICs or
Ki. However, further study about BST204 on the inhibition of
UGT1A1, UGT1A9, UGT2B7 are still needed. These findings provide
some useful information for the safe and effective use of these herbs

in clinical practice.

Key Words: herb-drug interaction, xanthophylls, BST204,
Ginseng extract, LC-MS/MS
Student Number: 2011-30824
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A. INTRODUCTION



Although drug-drug interactions may be identified during drug
development and approval, food/supplement-drug interactions should
not be overlooked. Natural health products are being increasingly
widely used. Apart from an appraisal of product safety and
effectiveness, attention should be paid to the potential that these
product ingredients may interact with medications (Bailey and
Dresser, 2004). Unpredicted drug-drug interactions have led to severe
adverse effects or failure to treatments. Many of these interactions
involve inhibition or induction of drug-metabolizing cytochrome P450
(CYPs) and UDP-gluronosyltransferases (UGTs) enzymes. Similarly,
dietary supplement or nutrients may be inhibitors of CYP or UGT
enzymes and have an effect on the pharmacokinetics of any
co—medicated drugs.

The xanthophylls, a major group of carotenoids, primarily include
astaxanthin, [-cryptoxanthin, canthaxanthin, lutein, zeaxanthin and so
on (Figure 1). They have been widely used and studied as beneficial
food components associated with their antioxidant activities (Miller et
al., 1996) and the possibility of their use reducing the incidence of
chronic diseases (Higuera - Ciapara et al., 2006). Astaxanthin, one of
the main pigments in crustacean, salmonid, and other farmed fish
feed, has been used for protecting organisms against a wide range of
aillments, such as cardiovascular problems, diabetes, chronic
inflammatory diseases, different types of cancer, and some diseases of
the immunological system due to its outstanding antioxidant activities
(Higuera - Ciapara et al., 2006; Hussein et al., 2006; Yuan et al., 2011).

[-cryptoxanthin, found in fruits and vegetables such as green grapes,



coriander, parsley, and basil, has been shown to function as an
antioxidant in many in vitro systems (Lorenzo et al.,, 2009). Intake of
a canthaxanthin-rich diet has been associated with a decreased risk
of cancer (Jewell and O'Brien, 1999). Interestingly, canthaxanthin is
widely used as a food color additive and is also included in
pharmaceutical tablets used for photosensitive disorder treatments and
tanning pills (Lyan et al., 2001). Lutein and zeaxanthin are two major
carotenoids in the human macula and retina (Bone et al, 1988;
Handelman et al., 1988). In the diet, dark green leafy vegetables, corn,
and egg yolk contain the highest concentrations of lutein
(Sommerburg et al, 1998). Zeaxanthin is found in corn, orange
pepper, oranges, and tangerines. Lutein and zeaxanthin are important
nutrients for the prevention of age-related macular degeneration
(Richer et al., 2004, Zhao and Sweet, 2008, Ma et al, 2012).
Unpredicted drug-drug interactions have led to severe adverse effects
or failure to treatments. Many of these interactions involve inhibition
or induction of drug-metabolizing CYP enzymes (Iwata et al., 2005).
There are few  reports of about interactions between
drug-metabolizing enzymes and these five xanthophylls. Gradelet et al
(1996) reported that astaxanthin and canthaxanthin were substantial
inducers of phase I enzymes such as CYP1Al, CYPlAZ, and the
phase II enzyme 4NP UGT in rats. [-cryptoxanthin resulted in a
23% increase in liver glutathione S-transferase activity in rats
(Gradelet et al., 1996). In human hepatocytes, astaxanthin appeared to
induce CYP2B6 and CYP3A4 (Kistler et al., 2002). However, the

inhibitory activities of these xanthophylls on CYPs and UGTSs



1sozymes in human liver microsomes have been little investigated.

As we know, ginsenosides were the main components of Ginseng,
which is the widely used as a key herb in Asian countries associated
with the benefit of immune functions, blood pressure, metabolites,
cancer, endocrine, cardiovascular, and so on (Attele et al., 1999; Chen
et al., 2008). Unlike crude ginseng extract with non-detectable Rh2
and only low concentrations of Rg3, BST204 contains of high

concentrations of Rh2 (over 5.0%)
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Figure 1. Chemical structures of astaxanthin (A), G-cryptoxanthin
(B), canthaxanthin (C), lutein (D), and zeaxanthin (E).



and Rg3 (over 10.0%) that may support better effects to people
(Seoetal.,2005a). It was atransformed form of the crude ginseng with
ginsenoside- B-glucosidase and acid hydrolysis to enrich both 20(R)
and 20(S) ginsenoside Rg3 and 20(R) and 20(S) ginsenoside Rh2
(R-Rg3, S-Rg3, R-Rh2 and S-Rh2, Figure 2), which have been
showed anti-tumor effects (Seo et al, 2005b, Yang et al, 2012).
Much research has been focused on the stereoselective
pharmacological effects of ginsenoside Rg3 and Rh2 epimers. For
example, Wei has demonstrated that Rg3 was stereo specificin
antioxidant activities as Rf or mexhibited significantly higher
antioxidant effects than S form (Weietal 2012a); 20(R)-Rg3 has more
potent adjuvant activity than 20(S)-Rg3 related to stereo specific in
stimulation of the immune response (Weietal., 2012b); however,
20(S)—-ginsenoside Rg3 showed antioxidative, anti-inflammatory, and
matrix metalloproteinase inhibitory activities in cultured mammalian
cell lines (Shinetal., 2013); Only ginsenoside 20(R)-Rh2 showed
selective osteoclastgenesis inhibitory activity without any cytotoxicity
(Li et al, 2010); 20(S)-Ginsenoside Rh2 against doxorubicin-induced
cardiotoxicity (Wang et al, 2012); Only ginsenoside 20(S)-Rh2
showed  proliferation  inhibition on  androgen-dependent and
—-independent prostate cancer cells (Liu et al., 2010). These results
implied that the stereochemistry of the hydroxyl group at C-20 may
play an important role in pharmacological activities. So, it implied us
that structural isomerism may also show different impacts during
drug metabolism.

The aim of the present study is to investigate the herb-drug



interactions of five xanthophylls and BST204 on inhibition of human
hepatic cytochrome P450s and UDP-gluronosyltransferases in human
liver microsomes. We also first explore the stereoselective effects of
ginsenoside Rg3 and Rh2 emipers (R-Rg3, S-Rg3, R-Rh2 and S-Rh2)
on the inhibitoty effects of CYPs and UGTs.

Figure 2. (A)"(D). Chemical structures of ginsenoside Rg3
R-form, ginsenoside Rg3 S-form, ginsenoside RhZ2 R-form and

ginsenoside Rh2 S-form.
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B. MATERIALS & METHODS



Materials

R-Rg3 (purity, 91.2%), S-Rg3 (purity, 93.6%), R-Rh2 (purity, 96.23%)
and S-Rh2 (purity, 98.9%) (Fig. 1) and BST204 extract (Lot No.
S203; which is contained of Rh2, 6.3% and Rg3, 13.6%), were
provided by Green Cross Herb & Pharmaceutical Co., Ltd (Sungnam,
Republic of Korea). Dioscin (purity = 99%) was obtained from Dr.
Kee Dong Yoon, professor of the Catholic University of Korea. Pooled
human liver microsomes from a mixed pool of 50 donors were
purchased from BD Gentest (Woburn, MA, USA). Astaxanthin, 0
—cryptoxanthin, lutein, [G-nicotinamide adenine dinucleotide phosphate
(NADP), glucose-6-phosphate, glucose-6-phosphate dehydrogenase,

MgCly, acetaminophen, chlorzoxazone, coumarin, dextrorphan,

diethyldithiocarbamate, furafylline, ketoconazole, monterukast,
paclitaxel, sulfaphenazole, S—mephenytoin, S-benzylnirvanol,
phenacetin, quinidine, tolbutamide, tranylcypromine,

triethylenethiophoramide, uridine 5'-diphosphoglucuronic acid trisodium
salt (UDPGA), alamethicin, [-estradiol, trifluoperazine dihydrochloride,
3'~azido—-3' ~deoxythymidine (zidovudine), chrysin, hecogenin, serotonin
hydrochloride, 1-naphthol, niflumic acid, chlorpropamide, theophylline
and formic acid were purchased from Sigma-Aldrich (St. Louis, MO,
USA). Bupropion, dextromethorphan, 4’ ~hydroxymephenytoin,
7 hydroxycoumarin, 1'-hydroxychlorzoxazone, 1 -hydroxymidazolam,
midazolam, 6a-hydroxypaclitaxel, propofol, efavirenz, canthaxanthin,
and zeaxanthin were purchased from Toronto Research Chemicals

(North York, ON, Canada). All solvents were of high-performance



liquid chromatography (HPLC) grade and were obtained from Fisher
Scientific Company (Pittsburgh, PA, USA) and other chemicals were

of the highest quality available.

Competitive inhibitory effects of xanthophylls and fermented

Ginseng extract nine cytochrome P450 enzymes

So-called cocktail assays in which several enzyme activities are
determined in parallel by liquid chromatography -tandem mass
spectrometry (LC-MS/MS) are particularly useful. The inhibitory
potencies of astaxanthin, /S-cryptoxanthin, canthaxanthin, lutein,
zeaxanthin BST204 and the four ginsenosides R-Rg3, S-Rg3, R-Rh2
and S-Rh? were determined with nine CYP enzyme cocktail assays
as previously described (Kim et al., 2005) with slight modification. In
brief, the 90-ul. incubation mixture, including pooled human liver
microsomes (final concentration 0.25 mg/mL), 0.1 M phosphate buffer
(pH 7.4), each P450-selective substrates cocktail set (A set:
phenacetin, coumarin, paclitaxel, S-mephenytoin, dextromethorphan,
and midazolam; B set: bupropion, tolbutamide, and chlorzoxazone), and
test compounds was pre-incubated for 5 min at 37°C. Test
compounds were dissolved in DMSO and diluted in 0.1 M phosphate
buffer (pH 7.4), to a final concentration of 05% DMSO.
Concentrations of P450-selective substrates were used close to their
reported Kmvalues (Yuanetal, 2002): 50 mM phenacetin (CYP1A2), 5
mM coumarin (CYP2A6), 10 mM paclitaxel (CYP2C8), 100mM
tolbutamide (CYP2C9), 100mM S-mephenytoin (CYP2C19), 5 mM

10 .__:lx_g _'k.::_ '|: ;-



dextromethorphan (CYP2D6), 50 mM chlorzoxazone (CYP2El), and 5
mM midazolam (CYP3A4/5). All of P450-selective substrates were
dissolved in methanol and serially diluted with methanol to the
required concentrations, and the solvent was subsequently evaporated
under reduced pressure using an AES2010 SpeedVac (Thermo
Electron Co., Waltham, MA). On the other hand, coumarin dissolved
in methanol was added directly to the mixed tube (a final
concentration of 0.5% methanol) because of its low solubility in 0.1 M
phosphate buffer (pH 7.4). P450-selective substrates and their
concentrations, metabolites, and positive control were shown in Table
2.

The reaction was started by adding a 10-ul. NADPH-generating
system (1.3 mM NADP" 3.3 mM glucose-6-phosphate, 3.3 mM MgCl,,
and 0.4 unit/mL glucose-6-phosphate dehydrogenase). The reaction
system (100 uyL, total volume) was incubated for 15 min at 37°C in a
shaking water bath. After incubation, reactions were stopped by
addition of 50 ul. of ice-cold acetonitrile containing 2 uM
chlorpropamide, as an internal standard, and they were chilled and
centrifuged (13,000 rpm, 8 min, 4°C). Mixture of A set and B set
(1:1) were diluted 100-fold with acetonitrile and then injected into the
LC MS/MS system. All incubations were performed in triplicate, and
mean values were used for analysis. Additionally identical parallel
incubation samples containing known direct CYP inhibitors were

included as positive controls.
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Time-dependent inhibition of xanthophylls and fermented

Ginseng extract on nine cytochrome P450 enzymes

To assess time-dependent inhibitory potentials of test compounds,
single point inactivation experiments were used as previously reported
(Obach et al. 2007). In brief, pooled human liver microsomes (1
mg/mL) were incubated with test compounds in the absence and
presence of NADPH-generating system for 30 min at 37°C. After
incubation, an aliquot (10 plL) was transferred to another incubation
tube (final volume 100 uL) containing an NADPH-generating system
and each P450-selective substrates cocktail set (both A and B sets).
The reaction system (100 uL, total volume) was incubated for 15 min
at 37°C in a shaking water bath. Other procedures were similar to

those of the reversible inhibition studies.

Inhibitory effects of xanthophylls and fermented Ginseng extract
on UGTs

We chose [-estradiol (10 uM), trifluoperazine (40 uM), serotonin
(4000 uM), propofol (100 uM), and zidovudine (100 pM) as substrates
of UGT1Al, UGT1A4, UGT1A6, UGT1A9, and UGT2B7, respectively.
Test compounds, human liver microsomes (HLMs) (0.25 mg/mL), 100
mM Tris-HCl buffer (pH 7.5), MgCl; (5 mM), substrate, and
alamethicin (25 pg/mL) were pre-incubated on ice to allow
alamethicin pore formation in vitro for 30 min. Incubations were

commenced with the addition of 10uL. UDPGA (5 mM) to a final
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incubation volume of 0.1 mL and incubated at 37°C for 60min (except
30 min for UGT1A9) at 37°C in a shaking water bath. Final solvent
concent rations were 5% (v/v) DMSO. After incubation, there action
was stopped by adding 50 pL of ice—cold acetonitrile containing 300
ng/ml chlorpropamide or 300 pg/mL theophylline as an internal
standard. The incubation mixtures were then centrifuged (13,000 g for
15 min at 4°C). Aliquots of the supernatants were injected in to a
LC-MS/MS system. Known potent inhibitors, chrysin, hecogenin,
1-naphthol, niflumicacid, and efavirenz, were included as positive
controls to evaluate the suitability of these experiments and to
compare their 1Csy values to UGT1Al, UGT1A4, UGT1A6, UGT1A9,
and UGTZ2B7, respectively. UGTs substrates and their concentrations,
metabolites, and positive control were shown in Table 2. All
substrates and inhibitors used as positive controls are selected
according to several published papers (Fujiwara et al, 2008;
Krishnaswamy et al., 2003; Miners J.O., et al, 2011, Uchaipichat et
al., 2006, Walsky et al., 2012; Belanger et al., 2009). All incubations
were performed in duplicate, and mean values were used for analysis.
All P450-selective and UGTs substrates, their concentrations,

metabolites and each positive control were shown in Table 1.
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Table 1. P450-selective and UGTs substrates, their concentrations,

metabolites and each positive control.

Enzymes Substrates Final Metabolites Positive  Control
Conc.
CYP1A2 Phenacetin 50uM Acetaminophen Furafylline
CYP2A6 Coumarin S5pM Oh-coumarin Tranylcypromine
CYP2B6 Bupropion 50uM Oh-bupropion Triethylenethiophor
amide

CYP2C8 Rosiglitazone 1uM Oh-rosiglitazone Monterukast
CYP2C9 Tolbutamide 100pM Oh-tolbutamide Sulfaphenazole
CYP2CI19 S-mephenytoin 100uM Oh-mephenytoin S-Benzylnirvanol
CYP2D6  Dextromethorphan ~ 5uM Dextrorpan Quinidine

CYP2E1 Chlorzoxazone 50uM Oh-chlorzoxazone Diethyldithiocarbam

ate
CYP3A4/5 Midazolam S5pM Oh-midazolam Ketoconazole
UGTI1A1 p-estradiol 10uM  p-estradiol-3-Glucuronide Chrysin
. . Trifluoperazine .
UGT1A4 Trifluoperazine 40uM ) Hecogenine
N-Glucuronide
. 4000u . .

UGT1A6 Serotonin M Serotonin-O-Glucuronide 1-Naphthol
UGT1A9 Propofol 100uM  Propofol-O-Glucuronide Niflumic acid
UGT2B7 Zidovudine 100uM AZT-5’-Glucuronide Efavirenz




Ki determination of B-cryptoxanthin, BST204, S-Rg3 on
UGTI1AIL, 1A9, or 2B7

Based on the ICsy values, the experiments for the determination of
Kivalues of [-cryptoxanthin on UGT1Al, BST204 on UGT1Al, 1A9
and 2B7, S-Rg3 on UGTIA9 and UGTZ2B7 were conducted. The
experiments for the determination of Ki values of UGT1Al-catalyzed
estradiol 3-glucuronidation reaction, UGT1A9-catalyzed propofol
glucuronidation and UGTZ2B7-catalyzed 3'-azido—3’'-deoxythimidine
glucuronidation were selected as the probe reactions. Chrysin, niflumic
acid and efavirenz were included as positive controls. The
concentration of substrates was determined near the Km values:
estradiol was 50, 10, and 20 uM, propofol was 5, 10, 100 pM, and
zidovudine was 25, 100, 200 uM, respectively. The reaction rates were
linear with incubation time and microsomal protein contents under
these conditions. Dixon and Lineweaver-Burk plots were adapted to
determine the inhibition type, and the second plot of slopes from
Lineweaver - Burk plot versus test compound concentrations was
utilized to calculate the Ki value. All incubations were performed in

duplicate, and mean values were used for analysis.
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Pharmacokinetic study of BST204 in health volunteers

Blood from each healthy volunteer was collected at 0, 0.5, 1, 2, 4, 6,
8, 12 and 24 h after oral 100 mg (n=5) and 400 mg (n=5) BST204. 1
mL of human plasma samples were transferred into a glass tube and
spiked with 20 pL IS solution containing dioscin 5 png/mL (Bae et al.
2013). The mixture was extracted with 4 mL of ethyl acetate by
vortexing for 15 min for extraction. The pharmacokinetic parameters
were calculated by a non-compartmental analysis (WinNonlin
Professional ver. 5.2, Pharsight, Mountain View, CA, USA) for
determining the followings: the total area under the plasma
concentration - time curve from time zero to infinity (AUCy- ) or the
last measured time (AUC:). The peak plasma concentration (Cpnax) and
time to reach Chax (Tmax) Were taken directly from the experimental

data.
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LC-MS/MS analysis

Metabolites of nine P450-selective substrates were analyzed using a
tandem quadrupole mass spectrometer (QTrap 5500 LC-MS/MS,
Applied Biosystems, Foster City, CA) equipped with an electrospray
ionization (ESI) interface used to generate positive and negative ion
mode. The separation was performed on a reversed-phase column
(Luna Cig, 50 mm x 2.0 mm id.; 3 um particle size; Phenomenex,
Torrance, CA) maintained at 40°C. Mobile phase consisted of
acetonitrile (A) and water containing 0.1% formic acid (B) at a flow
rate of 0.5 mlL/min. The gradient elution program used was as
follows: (1) mobile phase A was set to 85% at 0 min, (2) a linear
gradient was run to 20% in 2.6 min, and (3) a linear gradient was
run to 85% in 3.5 min, and re-equilibrated for 2.5 min. The total run
time was 6 min. An Agilent 1260 series high—performance liquid
chromatography system (Agilent, Wilmington, DE), was used.

For UGTs substrate analysis, a tandem quadrupole mass
spectrometer (QTrap 3200 LC-MS/MS; AB Sciex, Foster City, CA,
USA) and HPLC system (Agilent 1260 series, Wilmington, DE, USA)
were used and the separation was performed on a reversed-phase
column (Poroshell 120 Ciz, 50 mm x 4.6 mm i.d.; 2.7 um particle size;
Agilent, Wilmington, DE, USA) maintained at 40°C. Single reaction
monitoring mode using specific precursor/product ion transition was
used for the quantification. The mass transitions of the metabolites of
nine P450-selective substrates and 5 UGT substrates and 2 internal

standards are listed in Table 1. Peak areas for all the analytes were
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automatically integrated using Analyst software (version 1.5.2, Applied
Biosystems, Foster City, CA).

For pharmacokinetic study of ginsenosides, we chose API 5500
Q-Trap mass spectrometer (AB Sciex, Foster City, CA) equipped
with Agilent 1290 HPLC system (Agilent Technologies, Wilmington,
DE) in an electrospray ionization (ESI) mode used to generate
negative [M-H] . The compounds were separated on a
reversed-phase column (Acclaim RSLC Ciz columnlb0 x 2.1 mm,
2.2-um particle size; Thermo) maintained at 40°C. The MRM
transition and mass spectrometry parameters for all the analysis in

the LC-MS/MS method were shown in Table 2.
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Table 2. MRM transition and mass spectrometry parameters for the
analysis in the LC-MS/MS method.

MRM Dwell DP CE CXP
Analytes (m/z) Time  (volts) (volts) (volts) Polarity
(msexs)

Acetaminophen 152.0>110.1 200 46 21 12 Positive
Oh-coumarin 160.8>132.9 150 -90 -28 -11 Negative
Oh-bupropion 256.3>238.1 150 136 19 18 Positive

Oh-rosiglitazone 373.9>151.1 150 16 33 16 Positive

Oh-tolbutamide 284.9>189.6 150 -20 -42 -11 Positive

Oh-mephenytoin 235.1>150.2 150 56 27 10 Positive

Dextrorpan 258.1>157 150 191 53 12 Positive
B-estradiol-3-Glucuronide ~ 447>271 200 =77 -52 23 Negative
Trifluoperazine- 200 45 22 39 Positive
N-Glucuronide 584408
Serotonin-O-Glucuronide 353>160 200 34 33 3 Positive
Propofol-O-Glucuronide  353.1>177.1 200 -32 -34 -2 Negative
AZT-5’-Glucuronide 442>125 200 -55 -30 -1 Negative

Clorpropamide 277>175 150 120 20 12 Positive
Clorpropamide 274.9>189.6 150 -80 -50 -12 Negative
Theophylline 181.1>124.1 200 27 40 10 Positive
Theophylline 179.1>163.9 200 -59 20 -1 Negative

20-ginsenoside Rg3 783.4>161.1 150 -5 44 -9 Negative
20-ginsenoside Rh2 621.3>161.1 150 -20 230 -17  Negative
Diosin 867.2>761.5 150 -8.7 43.6 -16.5 Negative

DP: Declusering Potential; CE: Collision Energy; CXP: Collision Cell Exit Potencial
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Data analysis

For reversible inhibition and time-dependent inhibition screening, the
activities in the presence of inhibitors were expressed as percentages
of the corresponding control values using the substrates. The
remaining activities at the tested highest concentration lesser than
80% were considered to be “positive” and then the 50% inhibitory
concentration (ICs) values were extrapolated by nonlinear
least-squares regression analysis using WinNonlin (ver. 4.0;
Pharsight, Mountain View, CA, USA). The Kkinetic parameters for
inhibitory potential (Ki) were initially estimated by graphical methods
such as Dixon plot and Lineweaver-Burk plot, but ultimately
determined by nonlinear least-squares regression analysis from the
best enzyme inhibition model using Enzyme Kinetic software. The
mode of inhibition was determined on the basis of the Akaike
information criterion, as a measure of the goodness of fit. The
inhibition modes tested included pure and partial competitive
inhibition, noncompetitive inhibition, mixed-type inhibition, and
uncompetitive inhibition.

Pharmacokinetic parameters were calculated by a non-compartmental
analysis wusing WinNonlin Professional, version 2.1 (Pharsight,
Mointain View, CA, USA): the total area under the plasma
concentration-time curve from time zero to infinity or the last
measured time (AUC,), and terminal half-life. The peak plasma
concentration (Cpax) and time to reach Cupax (Tmax) were read directly

from the experimental data. The results were analyzed using
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Student’s t-test, with p value < 0.05 considered to statistical
significance. All data are expressed as means standard deviation
(SD), except median (range) for Tmax. The drug - drug interaction
magnitude is affected by both in vitro inhibition kinetic parameters
(Ki) and in vivo concentration of inhibitors. If the maximum plasma
concentration (Cpa) were as the [I] in vitro-in vivo extrapolation
equation: AUCI/AUC=1 + [Iliy vwivwo/Ki, the ratio of Cha/Ki could help

us to extrapolate the drug-drug interaction related the UGT enzymes.
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Competitive inhibition of xanthophylls and fermented Ginseng

extract on cytochrome P450 activities

The inhibitory effects of astaxanthin, [-cryptoxanthin, canthaxanthin,
lutein and zeaxanthin on the activities of nine major human isozymes
(CYP1A2, CYP2A6, CYP2B6, CYP2C8, CYP2C19, CYP2D6, CYPZ2EIL,
and CYP3A4/5) were shown in Figure 3, respectively. The inhibitory
effects of BST204 and four ginsenosides on the activities of nine
CYP isozymes are shown in Figure 4. Their IC5y values are shown in
Table 3. ICsy determination illustrates the overall CYP inhibitory
effect as a function of the test inhibitor concentration. Samples
containing only cocktail substrate set at the around K, value were
considered 100 % activity and all velocity measurement of inhibitor
with different concentration was compared to a percent of control
velocity with no inhibitor. The ICsy values for the positive controls
used in the reversible inhibition studies were in good agreement with
published values according to an acceptable degree of accuracy (Yuan
et al, 2002, Kim et al., 2005, Han et al., 2011). The basic assay to
assess the interaction potential of inhibition is ICsy determination and
the extrapolated ICsy values almost were significantly higher than the
solubility limit except BSTZ204 slightly inhibited CYP2C8 with ICsg
174 pg/mL in competitive inhibition. All tested compounds did not

show significant inhibition.
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Table 3. ICs of astaxanthin, G-cryptoxanthin, canthaxanthin, lutein,
zeaxanthin and fermented Ginseng extract BST204, ginsenoside Rg3
R-form, Rg3 S-form, Rh2 R-form and Rh2 S-form (R-Rg3, S-Rg3,
R-Rh2, S-Rh2) on 9 CYP isozyme activities in pooled human liver

microsomes.

ICso (uM)  Astaxanthin  f-cryptoxanthin  Canthaxanthin  Lutein ~ Zeaxanthin

CYP1A2 >5 >5 >5 >5 >5
CYP 2A6 >5 >5 >5 >5 >5
CYP 2B6 >5 >5 >5 >5 >5
CYP 2C8 >5 13.8 >5 >5 >5
CYP 2C9 >5 >5 >5 >5 >5
CYP 2D6 16.2 >5 10.9 >5 >5
CYP 2El >5 >5 >5 >5 >5
CYP 3A >5 >5 >5 >5 >5
1Ca (M) BST204 R-Rg3 (uM)  S-Rg3 (uM)  R-Rh2 S-Rh2
(ug/mL) (uM) (uM)
CYP1A2 >20 >20 >20 >20 >20
CYP 2A6 >20 >20 >20 >20 >20
CYP 2B6 >20 >20 >20 >20 >20
CYP 2C8 17.4 >20 >20 >20 >20
CYP 2C9 >20 >20 >20 >20 >20
CYP 2D6 >20 >20 >20 >20 >20
CYP 2E1 >20 >20 >20 >20 >20
CYP 3A >20 >20 >20 >20 >20
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Figure 3. (A)7(E). Inhibition of CYP1AZ2, CYP2A6, CYP2B6, CYP2CS,
CYP2C9, CYP2C19, CYP2D6, CYP2E1, and CYP3A4/5 by astraxanthin
(A), [-cryptoxanthin (B), canthaxanthin (C), lutein (D), and
zeaxanthin (E) in human liver microsomes. Each data point represents

the mean value of triplicate determinations.
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Time-dependent inhibition of xanthophylls and fermented

Ginseng extract on cytochrome P450 activities

Time-dependent inhibition is a term covering any phenomenon
resulting in reduced enzyme activity with incubation time.
Assessment of a change in the ICsy value with or without NADPH
with the enzyme system is as traight forward and useful method for
the initial determination of time-dependent inhibition effects (Obach et
al. 2007; Fowler and Zhang, 2008). When the inhibition curve is
shifted to a lower ICsy value by 30 min pre-incubation treatment, this
1s an indication of time-dependent inhibition. Upon 30 min
pre-incubation of test compounds with human liver microsomes in the
presence of NADPH, no obvious shift of IC5y was observed in the
inhibition of the nine CYPs activities. Seen Figure 5, there was no
IC5 shift for CYP3A4/5 by canthaxanthin with human liver
microsomes. Time-dependent inhibitory effects of BST204 on nine
CYP isozymes also suggested that the test compounds are not

time-dependent inhibitors.
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Figure 5. Representative ICsy shift plots for CYP3A4/5 by
canthaxanthin with human liver microsomes in the presence (@) and
absence (O) of NADPH for 30 min pre-incubation. Each data point
represents the mean value of triplicate determinations. Vertical bars

represent standard error of the mean.

28 S a e ks



120 120 120
. s
100 ¢ L 100 100 % o o
e R s ¢ . P
[#] . s :_; ‘. : &)
a0 B0 a0 .
1) () (0]
&0 40 + 40
20 Fal ] 20
L] (1] o
L] 0 20 30 40 50 o 10 20 ) a 50 [ 1mn 20 a0 40 50
CYP1A2 CYP246 CYP2B6
E\\ fd0 120 12L‘Ib
w120 o mnzu:,3 £ o T0CRo m
- - o : n®* o @ o Y LK &
Q w0 .0 © . . . ke -
: i - . [ ] o o
& Fe
E w| 60
‘E &0
[=] 40 &0
Q40
L
[= T 20 20
® . 0 -
[i] 10 20 a0 40 50 o 10 i} 30 4oy 50 L] 1] 0 an 40 &0
CYP2CB CYP2C9 CYP2C13
iZ0 140 5 120
-
:uu-L’y‘: g g 1 o mqu,- o
l . ad [s] . n - -
a0 E Wiy . 80 .
T .
B 60
o -
40 40
40 4
20 0 20
o T - . s . - T - " ] - - - - -
[1] ki) 20 a0 A0 50 o 10 20 i ] [ 50 [i] i} 20 a0 40 50
CYP2DE CYP2E1 CYP3IA
BST204 concentration (pg/mL)
Figure 6. Time-dependent inhibitory effects of BST204 using ICs

shift assay on nine CYP isozymes. The activity of each isoform was

measured using respective specific probe substrate reaction ((@) with
NADPH and (O) without NADPH). Represented by % of control

activity. All experiments were conducted as duplicate.

29



Inhibitory effects of xanthophylls and fermented Ginseng extract

on UGT isoform activities

As shown in Figure 7, the five xanthophylls were all demonstrated
no inhibitory effect on UGT1A6, UGT1A9 and UGT2B7. But, g
—cryptoxanthin, canthaxanthin and zeaxanthin showed inhibitory
effects on UGT1Al with ICs values 23. 68, 36.74 and 4257 uM,
respectively, ICsy of [-cryptoxanthin and lutein on UGT1A4 were
28.66 and 29.94 uM, respectively (Table 3). Astaxanthin did not show
significant inhibition on the five kinds of UGT1Al and UGT1A4. ICs
values of astaxanthin, [S-cryptoxanthin, canthaxanthin, Iutein and
zeaxanthin on UGT1Al, UGT1A4, UGT1A6, UGT1A9, and UGTZ2B7
activities were evaluated and each substrate was listed in Table 3.
The inhibitory effects of BST204, R-Rg3, S-Rg3, R-Rh2, and S-Rh?2
on the activities of five UGT isozymes are shown in Table 4 and
Figure 8. BST204 inhibited UGT1A1, 1A9, 2B7 with 1Cs 13.80, 24.59,
30.83 ug/mL, respectively. In addition, it was the S—form of Rg3, not
R-form, that significantly inhibited UGT1A9, 2B7 with ICsy: 13.65,
21.95 uM, respectively, ICs of S-Rh2 on UGT1Al was 77.75 pM and
the R-form of Rg3 and RhZ showed ignorable inhibitory effects on
UGT enzymes, we can deduce that it is the S—form of Rg3 and Rh?2
that played an important inhibitory effects on UGT1Al, 1A9, 2B7 for
BST204.
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Table 4. ICs of astaxanthin, G-cryptoxanthin, canthaxanthin, lutein,
zeaxanthin and fermented Ginseng extract BST204, ginsenoside Rg3
R-form, Rg3 S-form, Rh2 R-form and Rh2 S-form (R-Rg3, S-Rg3,
R-Rh2, S-Rh2) on 5 UGT isozyme activities in pooled human liver

microsomes.

ICso (uM)  Astaxanthin  f-cryptoxanthin  Canthaxanthin ~ Lutein ~ Zeaxanthin

UGTI1A1 >50 23.68 36.74 >50 42.57
UGT1A4 >50 28.66 >50 24.94 >50
UGTI1A6 >50 >50 >50 >50 >50
UGTI1A9 >50 >50 >50 >50 >50
UGT2B7 >50 >50 >50 >50 >50
ICso BST204 R-Rg3 (uM)  S-Rg3 (uM)  R-Rh2 S-Rh2
(ug/mL) (uM) (uM)
UGTI1A1 13.80 >100 >100 >100 71.75
UGT1A4 >100 >100 >100 >100 >100
UGTIA6 >100 >100 >100 >100 >100
UGTI1A9 24.59 >100 13.65 >100 >100
UGT2B7 30.83 >100 21.99 >100 >100
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Ki determination of B-cryptoxanthin, BST204, S-Rg3 on
UGTI1AIL, 1A9, 2B7

The Dixon plot and Lineweaver-Burk plot indicated that chrysin
competitively inhibited the metabolism of estradiol in HLMs. The
inhibition Kkinetic parameter (Ki) was calculated to be 306.51 pM. Like
UGT1Al1, niflumic acid, as the positive control, inhibited the
metabolism of propofol in the competitive manner, which indicated by
Dixon plot and Lineweaver-Burk plot and the inhibition Kkinetic
parameter (Ki) was 0.1 uM. The Ki of efavirenz that competitively
inhibited zidovudine metabolism was 50.79 uM.

As shown in Figure 9, the Dixon plot and Lineweaver-Burk plot
indicated that [-cryptoxanthin competitively inhibited the metabolism
of estradiol in HLMs. The inhibition kinetic parameter (Ki) was
calculated to be 30.43 uM, which is much higher the Cmax of 3
—cryptoxanthin in human plasma. As shown in Figure 11 and 12,
kinetic parameters of BST204 on UGTI1Al, 1A9, 2B7 enzymes were
2738, 1753, 3251 pg/mL, respectively. The Ki of S-Rg3 inhibited
UGT1A9 and 2B7 were 8.33 and 24.89 pM, respectively.
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Pharmacokinetic studies of BST204 in human volunteers

For human pharmacokinetic parameters, the Cmax of S-Rg3 and
S-Rh2 were 4.84 and 102 ng/mL for 100 mg dosage, 6.93 and 273
ng/mL for 400mg dosage, respectively. The values of AUCt of S-Rg3
were 1.61 and 3.38 pyg min/mL for the two doses, respectively. The
most concentrations of S-Rh2 in 100 mg BST204 were below the
detective limitation of our method, and the AUCt of S-RhZ was not
calculated. Like rats pharmacokinetics, the R-form of Rg3 and Rh2

were also not found.
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Table 5. Pharmacokinetic parameters of ginsenoside Rg3 S-form and
Rh2 S-form (S-Rg3, S-Rh2) after single oral administration of
BST?204 extract at doses of 100 mg and 400 mg to healthy volunteer.

Parameters® 100 mg (n = 5) 400 mg (n = 5)
S-Rg3

AUC, (g min/mL)° .61 + 0.81 338 £ 223
C_ (g/mL) 0.00484 + 0.00341 0.00693 + 0.00283
T (min)’ 240 240

S-Rh2

AUC, (g min/mL) - 7321 £ 25.89
C_ (gml) 0.102 + 0.0582 0275 + 0.095
T (min) 120 120

a Values are mean * standard deviation; b Total area under the plasma concentration
—time curve from time zero to time last sampling time; ¢ Peak plasma concentration;

d Time to reach Cmax.Median(ranges).
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The concentration ranges used were based on solubility and the
maximum plasma concentrations in vivo. Additionally, the organic
solvents commonly used for assessment of in vitro activities with
CYPs in human liver microsomes are methanol, acetonitrile, acetone,
and dimethyl sulfoxide (DMSO). For lipophilic chemicals, using a
percentage of organic solvent in any Kkinetic incubation, < 0.5% final
(v/v) is recommended to sustain P450 activity. However, a higher
content of DMSO 1is associated with stronger inhibition of CYP2C9,
CYP2C19, CYP2D6, CYPZ2E1l, and CYP3A activities in human liver
microsomes (Chauret et al, 1998, Easterbrook et al, 2001).
Additionally, a higher percentage of DMSO affects the sensitivity of
MS/MS and is not recommended. Considering the poor solubility and
DMSO limit, in our experiments, the tested xanthophylls were soluble
in 0.5% DMSO (Lyan et al., 2001; Osterlie et al, 2000). The Cmax
values for astaxanthin, G-cryptoxanthin, canthaxanthin, lutein and
zeaxanthin were 2.17, 0.15, 14, 105 and 0.15 pM, respectively
(Dsterlie et al., 2000; Breithaupt et al, 2003; Paetau et al., 1997,
Granado et al,, 1998; Yu et al., 2012). The concentration ranges of the
test compounds used covered them. Control samples (with no
inhibitor) were assayed in each analytical run. The amount of
metabolite in each sample (relative to control samples) was plotted
versus the inhibitor concentration present to eliminate the impact of
DMSO. BST204 and ginsenoside Rg3 and RhZ2 were soluble in
methanol and we studied the pharmacokinetics of BST204.
Interestingly, Interestingly, we work found that the S epimers

exhibited significantly higher concentrations and area under curve
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values for both Rg3 and Rh2 in human plasma. The Ch.x of S-Rg3
in human plasma after administrated 100mg and 400 mg BST204
were 6.19 and 886 pM, respectively. Absorption and efflux
mechanisms exhibited stereoselective regulations of P-gp (Yang et al,
2011). A study provides new evidence of the chiral characteristics of
P-gp and is helpful to elucidate the stereoselective P-gp regulation
mechanisms of ginsenoside Rh2 epimers in vivo from a
pharmacokinetic view (Zhang et al, 2012). On the other hand, Rh2 is
a good substrate of P-gp, and inhibition of P-gp can significantly
enhance its oral bioavailability (Zhang et al., 2010).

The competitive inhibition results showed that the test compounds
little inhibited the nine kinds of CYPs. Our results showed that the
remaining activity percent of control were almost between 80-120%
with each concentration ranges, on the other hand, the ICs were
much more than the highest concentrations of the designed
concentration (except BST204 inhibited CYP2C8 with 1Csy 17.4ug/ml),
no ICsy shifts illustrated that all the test compounds had no
drug-interaction with CYPs in the long time and people can
co—administrate it with other drugs (Obach RS, et al., 2007).

The main pathway of conjugative metabolism for a wide variety of
compounds 1S glucuronidation by UGTs. Human
UDP-glucuronosyltransferase (UGT) exists as a superfamily of 22
proteins, which are divided into 5 families and 6 subfamilies on the
basis of sequence identity. Members of the UGTIA and 2B
subfamilies play a key role in terminating the biological actions and

enhancing the renal elimination of non-polar (lipophilic) drugs from

43 M =T



all therapeutic classes (Rowland et al, 2013). Glucuronidation
elimination pathway in phase II metabolites plays more and more
important role in recent years. Glucuronidation reactions catalyzed by
UGT i1soforms account for >35% of all phase II drug metabolism
(Kiang et al, 2005). In addition, glucuronidation serves as an
elimination pathway for numerous structurally diverse endogenous and
exogenous compounds (Miners et al, 2010), such as bilirubin, bile
acids, fatty acids, steroid hormones, thyroid hormones and fat soluble
vitamins (Burchell et al., 1995, Radominska-Pandya et al., 1999;
Tukey et al., 2000). So interaction with UGTs is also cannot be
ignored. Fang’s research indicated that the ginsenosides’ inhibition
towards UGT isoforms might be an important reason for
ginseng—drug interaction. They found that Rg3 and Rh2 inhibited
UGT1AlL, 1A6, 1A7, 1A8, 1A9, 1A10, 2B7, 2B15 in different levels.
Rg3 competitively inhibited UGT1A7, 2B7 and 2B15-catalyzed 4-MU
glucuronidation reaction, and exerted noncompetitive inhibition towards
UGT1A8-catalyzed 4-MU glucuronidation. The inhibition parameters
(Ki values) were calculated to be 226, 79, 19, and 20 pM for
UGTI1A7, 1A8, 2B7 and 2B15 (Fang et al.,, 2013). Combined with our,
we can find that it is the S-form of Rg3 and Rh2 that played an
important inhibitory effects on UGT1A, 1A9, 2B7 for BST204. These
results implied that the stereochemistry of ginsenosides may play an
important role in selective UGTSs inhibitory activity.

As we known, the drug - drug interaction magnitude is affected by
both in vitro inhibition Kkinetic parameters (Ki) and in vivo

concentration of inhibitors. If the maximum plasma concentration
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(Cmax) were as the [Il in vitro-in vivo extrapolation equation:
AUCI/AUC=1+[I}i, ww/Ki, the ratio of Cpa/Ki could help us to
extrapolate the drug—-drug interaction related the UGT enzymes. A
pharmacokinetic study reported that a single dose carotenoid
supplement containing esterified 1.3 mg [G-cryptoxanthin in healthy
subjects, the mean Ch.x was approximately 0.15 mM (Breithaupt et
al.,, 2003), so the ratio of Cna/Ki was much less than 0.1, which
means there is very low risk of interaction. If the maximum plasma
concentration (Cpa.) of S-Rg3 was as the [I] in vitro-in vivo
extrapolation equation: AUCI/AUC=1 + [Ili, vivo/Ki, the ratio of Cpax
/Ki could help us to extrapolate that S-Rg3 and BST204 may interact
with UGTs. But we cannot draw conclusion based on it and the
reasons are as followings. More pharmacokinetic parameters of
BST?204 in human volunteers are insufficient, for example, the free
concentration of Rg3 in human blood, the highest concentrations and
the steady state concentration of Rg3 in human sample, so [l vivo/Ki
may be different significantly; Thus, the in vivo interaction study is
still needed.

Based on the ICsy values of these five xanthophylls on CYP sand
UGTs were marked greater than the Cua.x values reported in human
plasma, it is unlikely that these five xanthophylls, astaxanthin, (B
—cryptoxanthin, canthaxanthin, lutein, and zeaxanthin, from the diet or
nutritional  supplements alter the pharmacokinetics of drugs
metabolized by CYPs or UGTs. On the other hand, further study
about BSTZ204, fermented ginseng extract, on the inhibition of
UGT1A1l, UGT1A9, UGTZ2B7 are still needed. These findings provide
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some useful information for the safe and effective use of these herbs

in clinical practice.
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AestAth. Competitive  screening= 98] A &2 cocktail,
NADPH re-generating system, A% 7F viola 2% (HLM)3} $H7A| 54
&<t  pre-incubation = %o 15%7t  incubationS Al 3 3} o}
Time-dependent inhibition A& % Z33}G Tt Test compoundsZ}
HLM-<S NADPH %ol wz} 37°Coll A 303t incubation &9 o] %
714 &Aoo 7 &7 1583t incubation 39 th UGT1Al, UGT1A4,
UGT1A6, UGTIA9 ¢ UGT2B7el tigh z}zte] 7" 24 B-estradiol
(10 uM), trifluoperazine (40 pM), serotonin (4000 pM), propofol (100 p
M) ¢ zidovudine (100 pM) = AgsAct. AId=ZA3 HLM,
Tris—HCI buffer (pH 7.5), MgCl, (5 mM),substrate, and alamethicin
(25 pug/mL)<S 307t pre-incubation 3 ¥ UDPCAZ H7}sle] 37°C

AE A3 xanthophyll¥y} &g A4 FF=E2S 97H# CYPY 7194,
H7Fd 2 Aol djaf  FAEwke g23E Bt skAY g
-cryptoxanthin, canthaxanthin, zeaxanthin= UGT1Ale] i3] Z7 ICs
23.68, 36.74, 4257 uyMZ JA & 3}E H At} B-cryptoxanthin, lutein &
Al UGTIA4el  dis]  oA&xss  wvk UGTIAlY Wi B
—cryptoxanthin®] Kie 3043° %2 pB-cryptoxanthin® Cp.HEt 4 =
sttt whebA 5744 xanthophyll Al @ #iell A UGTel whal <Al &3}
£ HolA ¥es F5E F AUAAT CYPeF UGTel Wi 5714
xanthophyll®] ICs#k2 olv] & 5o A9 Cmax #HETE A
SHAl 2 #holudth BST204= ZHz; ICsoak 13.80, 24.59, 30.83 uyM o=
UGTI1AL, 1A9, 2B7S A+t S-Rg3+ UGT1A9%} 2B7¢ ths] o
AEE Btk UGTIAL 1A9, 2B78 4 dist BST204¢ Ki= Z+
2738, 1753, 3251 pg/mL Stk UGT1A9¥ 2B7] st S-Rg39 Kie
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8.339 24.89 uM it}

2}2}

}e 57FA] xanthophylls”F CYPYW UGToel <3 o

el
700

sk},

48

dE ol

UGTI1AIL, 1A9, 2B7t 3+ 37}

FEEBST204S

o] A}
QR

, xanthophylls, BST204,
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=
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2

LC-MS/MS
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