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CHAPTER 1
INTRODUCTION

1.1  Background and significance of the study

is natively grown throughout the subcontin as well as India, Bangladesh, Burma,

called mdndia 1, in Burma as Okshit and in

qax. g, 2543). A]]ﬂmarmelos are edible and
valuedinAyurvocEJ fruit i tobeofthcgreatest

aind has a refreshing flavor.
: lhose reasons, it becomes
attractive flavor U efreshing drink, candied fruit,
. atesh and Baliga, 2004).
Thai traditional medi¢ s dlaimed 4 mlarme os fruit astringent, digestive aid,
gastric stimulant, afti-¢ , 2546).

Several ~chemiical & constituicnts’ fiiye been isolated and identified from

A. marmelos fruit. These incl uds-alkale __f armeline, cinnamide and aegeline

(Sharma and Sharma, 1981); coumz - s imperatorin, alloimperatorin, skimmianine
and xanthotoxol (Sharm.a L.Shartna, (9815 Banerjtetal., 1988), terpeniods: terpene
alcohol, limonen®, alool oxide (Teo, itomo et al., 1982);

¢ compounds: gum,
ctose an@-galacmronic acid and
vitamin C (Ratan, Plll‘?.blr and Amal, 1981; mun nl22m unz Ruanssa finoyga, 2529). The

012k d 1281 fa i v P

perfumery and coumarins are biologically active cormunds (Gill, 1993)“’

PSRRI RN

of A. marmelos given to diabetic rats at an effective dose of 250 mg/kg once daily for

steroids: P-sitesi€rc

oleoresin, sugar: [

14 days could decrease blood glucose in glucose tolerance test (Kesari et al., 2006).
Aqueous extract of 4. marmelos fruit given at 125 and 250 mg/kg twice daily, p.o. for
4 weeks to streptozotocin-induced diabetic rats could reduce blood glucose of rats



(Kamalakkannan and Prince, 2003). Methanolic fruit extract of 4. marmelos at a
lower dose of 100 ng/ml showed glucose uptake activity in vitro by significantly
elevating Glut-4, glucose transporter in L6 myotubes, when compared with insulin
and rosiglitazone  (Anandharajan et al., 2006). The antidiarrhoeal activity of
unripe A. marmelos was observed by Dhuley (2003) when given intravenously the
o/castor oil-induced diarrhoeal mice. The
extracts seemed to reduce intesi transit time. Similarly, oral
administration of aque '
3, 7.5 and 15 mg/kg to'm

A. marmelos at the doses of

pplied orally 0.3 ml castor oil

resulted in a signifiédnt deerease’ onset time of diarrh 4, total number of faeces,
number of wet fag (Shoba and Thomas, 2001).
Interestingly, hydro i€ fruif extract of 4. marmelos showed a radioprotective
effect in mice. The ) d th : mg/kg once daily for S
days before expogufe tof10 Gray (Gy adiation and the reduction of severity of
symptoms and mortalify figm_ -'-‘-n--‘ , observec ia et al., 2004).
Recently, the antipro qrat{}rgénﬁ o it extract were reported.

Ethanolic fruit extra o danq:ﬂ;qlu At

T v i, |

gainst SKBR3 human breast

} Vl

adenocarcinoma cell lir (.u ' (Moongkarndi et al., 2004).
_}‘_‘ _. - F
A dose-dependent nitric oxide's u--- ng activity of A. marmelos fruit extract using

sodium nitroprusside as an"ﬂmﬁ‘ 03 s aSABE o bs ed by Jagetia and Baliga

(2004). Aquequs“fruit extract given to ! fozotocin-induced- diabetic rats at 250
mg/kg twice daily for 4 weeks pi decrdase in peroxidation
products and mn&e antioxids _ lamalakkann e and Stanely Mainzen
Prince, 2003) Last y, methanolic fruit extract posscssed strong antibacterial activity

against )and antiviral

2002).

amamﬁmmmﬁm T

ctla and coworkers (2004) found that ethanolic fruit extract of 4. marmelos was
nontoxic and had no side-effect up to a dose of 6 g/kg in mice. A lethal test showed
no toxic effect on reproduction and progeny outcome on 8-week treatment rats with
aqueous extracts. In male rats, no adverse effects on body, testicular weights, cauda
epididymal sperm counts as well as no notable changes in sperm morphology and



motility were observed. In female rats, there were no significant changes in the
number of implantation sites, viable fetuses, dead fetuses relative to controls (Aritajat
et al., 2000) and reproduction (Saenphet et al., 2006).

Another aspect dealing with the safety of 4. marmelos for medicinal use is the
ability of A. marmelos to cause the biological interaction with concomitant drugs or

medication on nutritional status. Whi d-dfugeifiteraction happens, it can change
the therapeutic eff d Crowe, 2000). Food-drug

interaction may pharmacodynamic and

pharmacokinetic i 2 "_]_ food-druginteraction is the study of
the biochemical and physi : f food on the conventional drug. While,
pharmacokinetic food tion is the course of a drug in the

body involving th€ abs _ distri _ metaba iotransformation) and
excretion when co-adafinisferad wit Shannon and Michael, 2005).

In an attempt fo ‘- .-‘ he food-drug interaction, study of drug
metabolism is one of the III'-‘J _ ‘ 'o entionally, drug metabolism is
broadly divided into phase ,1 ‘_’ . :"«";'" aways. Enzymes involved in drug
metabolism facilitate those ches : ase I metabolism includes oxidation,

reduction, hydrolysns and-rﬁydﬁ%fr the formation of functional groups
(-OH, -SH, -NH» or -COOH) that in the metabolites: with increased polarity

compared to th the phase I reactions,

cytochrome P450§\’f uperfan €d'10 the “ﬁb"hsm of a variety of

xenobiotics and endobiotics (Pronsky and Crowe, 2004).

- wmi mmmm e

Core of GVP enzyme is a hydroﬁghoblc part of heme structure (also known as

O8IV MR b1tk i

s%ooth endoplasmic reticulum with a portion exposed to the cytosol of many tissues

& Daren

(liver, kidneys, small intestine, skin, nasal mucosa, eyes, lungs, adrenals, pancreas,
heart, brain, erythrocytes and platelets) (Gibson and Skett, 1986).
Currently, CYPs are classified according to their amino acid sequence

homology, that is: 40 per cent of their amino acid structure in common they are



assumed to belong to the same “family”. While, 55 per cent sequence homology of
their amino acid structure in common they are assumed to belong to the same “sub
family”. Finally, individual ‘isoforms’, are enzymes which are originated from a
single gene (Coleman, 2005). Presently, there are more than 270 different CYP gene
families, with 18 recorded in mammals. Human bcings have 57 CYP genes and 33

lize drugs include CYP1A2,

Iﬁc enzymes are responsible

ng oestrogens, series of

2C9, 2C19, 2D6, 2E i.and
to different duties.
hormones, planar ai 2ty of drugs (which are

j Nk |x 1 |\ ylhn) Wh.lle CYP2C9

is responsible for thg \: cations including ibuprofen,
i i etc

aromatic amines such
phenytoin, warfagin . : ?2C19 is responsible for the
metabolism of seveg@l drugs sucl ' S azole N odiazepine, citalopram,
tricyclic antidepresSant {TCAs), lansoprazole, etc: CYP3A4 is the most abundant
CYP isoform in h _ for t abelism of more than 60% of
all drugs in the market, senting 38 ent thefapeutic classes. Substrates of
CYP3A4 include psychotropics, antiarrhythmies, benzodiazepines, antimicrobial
agents, antiretroviral _ age unosiy
anticonvulsant_;‘i._ P3IA4 is also it
steroids such as %
2002; Coleman, 2005). ‘ﬂ

The mechanical reaction of CYPs to reduce their substrates is that CYPs form
complex with subsh‘t then NADP endent c ochromc P450 reductase
il 09 LIS T Yo v

electron &nd two hydrogen ions combmc with the reduced cytochrorne P450-substrate

oL QRGO ey il e

Emple alcohol (Gibson and Skett, 1986; Kashuba et al., 2006).
Interestingly, the activity of CYP can be induced or inhibited by xenobiotics
such as drugs, food and environmental toxicants. (Brandon et al., 2003). Foods and

antiulcer agent and

ﬁ (Nebert and Russell,

food components such as grapefruit juice, garlic, ginseng, St John’s wort, ginkgo, etc.



were found for their abilities on CYPs (Venkataramanan, Komoroski and Strom,
2006).

Grapefruit or Citrus paradisi is belonged to family Rutaceae. Grapefruit is a
low a glycemic index fruit with an excellent source of vitamin C, pectin, fiber and
lycopene. Pharmacological effects of grapefruit juice include hypocholesterolemia,

drug absorption was discovered in that it has"{he"¢apacity to inhibit the activities of
et al., 2004; Guo and
Yamazoe, 2004; Kiani anddmiaan, 2007; Fujita ef al., : . In addition, bergamottin

and 6’,7’-dihydre arins in grapefruit,

appeared to have A4 inidi "_ Cso value of 1.0'and 0.45 pM, respectively
(Ohnishi et al., 2000) “Allis - t in the onion family,
Alliaceae. Garlic ry for both culinary and
medicinal purposes :d for consumption (raw or

cooked), and for medicifz DOSES, / wimnber of pharmacological effects of garlic
have been reported \ bd preiure prevention of age-related
changes in the vasculation (Abebe, 2002; Hodge, G
Hodge, S. and Han, 2002; Satoera:

interaction, it has becnw "hw i yeffect of ga.rli on CYP2C9, 2C19,

(Zou, Harkey ancﬁcnders, 2 ng or Panax g@ng is a root of plants
belonged to famll Araliaceae. Ginseng is promoted as antimicrobial,

=Y EANET N

componc (steroid-like compoun%s ginsenosides, clcuthcrosxdw) on CYP 1A2, 2A6,

SNEA HIBD (MR [V

& John's wort flower is today most widely known as a herbal treatment for minor

depression. The naphthodianthrones, hypericin and pseudohypericin along with the
phloroglucinol derivative, hyperforin, are thought to be its chemical constituents
(Lawvere and Mahoney, 2005). St John's Wort and its active components (hypericin
and hyperforin) were able to inhibit the activities of CYP2C9, 2C19, 2D6 and 3A4



(Foster et al., 2003; Venkataramanan ef al., 2006; Madabushi et al., 2006). Ginkgo or
Ginkgo biloba is a plant belonged to family Ginkgoaceae. Ginkgo leaf extract has
been used to treat a variety of ailments and conditions including memory
improvement, prevention of Alzheimer's disease and dementia (Sierpina,
Wollschlaeger and Blumenthal, 2003). Zou and collaborates (2002) reported an

inhibitory effect of Ginkgolic acid lic acid II on CYP1A2, 2C9, 2C19,
2D6 and 3A4. \ \
'”x

Since A. marmelgs i widely used rage and medicinal herb in
Thailand, repeated eéxposure of this fuit may afféct biotransformation enzymes.

Previous report sho -‘ :
bifunctional inducing //j’ %\\

and phase II, glutaths c . -

(Singh, Banerjee ang =r . . \( ( . atorin, one of the active
constituents in 4. garm uld inkibil ' P1AI, 2E _ t al., 1993), 1A2, 1BI,
2A6, 2B6, 2C9 and : : , Reed and DiGiovanni, 2003).
However, there is fl0 in. | . marmelos fruits on human CYP activity. This
study was designed | # ects of A. marmelos fruit

extract obtained from d _ n on human phase I metabolism
enzymes; CYP1A2, 2C9, 2C15-and \4. Amount of imperatorin in the fruit extract

elos leaves possessed
ADPH-CYP reductase,

n Swiss albino male mice

was determined by HP 1a _ nd ils € ose CYPs were investigated so
as to find out whether this compound properties was ri ":,.-'" effect of

v, Y )

Eﬂ g
ﬂ'lJﬂ’Il“flﬂﬂ‘ﬁwmﬂ‘i

Q‘mﬁNﬂiﬂJ UAIINYIAY

the extracts.



1.2 Objectives of the study
The objectives of the present study were as follows:
1. To determine in vitro effect of A. marmelos fruit extracts on CYPs.
2. To determine in vitro effect of imperatorin on CYPs.
1.3 Benefits of the study
The benefits of the present stud
. The information regarding tt
on CYP will be gbtained. -
2. The content GFiffip R . s ctocminei
3. The results from t ould be a beneficial information to indicate the

s of A. marmelos fruit extracts

possibilit;
drugs wher

ruit and some therapeutic

AULINENTNEINS
RININIUNRIINYIAE



CHAPTER 11
LITERATURE REVIEW

2.1 Aegle marmelos

Aegle marmelos Correa (Figure ILT very hardy tree and can thrive even under
adverse agroclimatic condition. It n! family Rutaceae and is known to
have originated in Southﬂﬂg‘;\sm muntn& n throughout Thailand, India,
Srilanka, Pakistan. %}1 an$ Bu ere are no standard names

for A. marmelos CW imelos Correaw named after the locality
where it is availaMﬁM'

‘a led in India as MBUI‘[H& as Okshit and in
Thailand as Matoom (g% o ui¥.. \

ai tw;adfﬂbnal treatment formulas

i1, 2546).

A ¢

Figure 1 Aegle marmelos Correa (wfouin sisdui, 2535)



2.1.1 Botany
A. maremelos is a medium-sized tree about 10-15 m in height with
short, strong, sharp and spiny branches. The bark is bluish-grey with irregular furrows.
Leaves are 2.5-5 cm long, ovate or oval-ovate, abrupt or tapering at base. Flowers are
regular, bisexual and pale greenish white. Fruit diameters are globose, 5-12.5 cm

(Bishen and Mahen

2.1.2 Cultivar an¢ ; f g \ \
A- aremelos 3 o/ har t pIcal, "-i [1S mthat Caﬂthrivc in
various soil-climaii€ cony rate alkaline soil and temperature below

0°C. It is usually pg@pagated by seed: ate sown in June and seedling are
transplated a ye ” LN | -- 2-year-old rootstock,

seedlings can be obtéineg 1y propagated plants, fruiting begins after 5
years and full bearing : ut 1
of fruits are in May

% 14 ye 'he growth and development
0 Sép  Thailand, flowering starts from March in the
Northeastern part. Fruit/Settifg of 4. marme es place in early April. Its fruits
take 4 months to be full size ii August and another 4 months to be a mature fruit in

medicine. The leavés are made into poultice and used in the freatment of ophthalmia
and ulcers and freshjuice is recommendedyfor treatment of catarrh and fever. The

fevers - t astringent, digestive,

stomachic and specially efficaciods in chronic diarghea and dysenterg It is often

PR TRAREAS H
1‘:‘1 flamiug, 5). erent of A. marmelos have been reported for several

pharmacological activities (Table 1).
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2.1.3.1 Antihyperglycemic activity
Defective Glut-4 translocation in glucose transport and
impaired insulin signaling cascade are among the major defects in insulin resistance
in type 2 diabetes. For in vitro study, methanolic extract of 4. marmelos fruit at
concentration of 100 ng/ml showed significantly elevated of Glut-4, the glucose

al., 2006). While, in vivo study, 4. marmel ! eous extract given orally at 125
mg/kg twice daily for 4 Wee ' diabetic rats, showed a
significant antidiabetic'& in glucose level nearly to
normal was found Whena" dése 250 mg/kg e extract was given
| itamin C, GSH and
_ ) ; lood glucose in diabetic rats
(Kamalakkannan and i Kamaldkkannan ar tancly Mainzen Prince,
2003). The aquequ$ exi | ; los seeds at the effective dose of 250 mg/kg
once daily, for 14 days abgtic rats'wasweported. :\ﬁ‘ owered total cholesterol,
: ; : e ardioprotective lipid HDL
cholesterol. Seed extrat alde & ghigose level by26.8% and 35.1% after 4

and 6 hours, respectively,in treaied rats folloy glucose tolerance test (Kesari ef al.,
2006). :

. - - fect of unripe 4. marmrelos fruit extract at
50 and 100 mglkgl i.p. in ¢ -} cported by Dhuley
(2003). The ct reducec S d and intestinal transit time. It also

significantly inhibited of gastric lesion induced by ethanol but not those induced by

stress or indo ‘ rotection of A.marmelos
extract p vein a pr sﬁn -i Mm In addition,
oral adrmm

inistration of 4. marmelos &queous and methanolic fruit extract at the doses

NI P

n‘mber of wet faeces and total weight of wet faeces in mice (Shoba and Thomas,
2001).
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2.1.3.3 Anticancer activity
Hydroalcoholic fruit extract of A. marmelos showed a
radioprotective effect in mice at the pretreatment dose of 20 mg/kg, once daily, i.p.
for 5 days before exposure to 10 Gray (Gy) of radiation. Treatment of mice with all
doses of the extract showed reduced severity of symptoms and mortality after 30 days
postirradiation (Jagetia et al., 2004). i
antiproliferative activity against 3R3 huraaudbreast adenocarcinoma cell line with

the 50% inhibitory concentratior 4 GOET . bp.g’ml (Moongkarndi et al.,
2004).

2los possessed strong
ella typhi (Rani and Khullar,

may be due to the essential

antibacterial activity@g
2004). The research
oils such as cineg naldehyde, D-limonene and
eugenol contained |
spectrum of antiba;
Roy and Saraf, 2006)

2&1-3.5 1

shown to possess a broad
ingh and Taneja, 1997,

‘ different doses of y-radition
significant decreased glutath orie (GSH) 1 a dose-dependent manner. The
radiation also_associated w ( A-in the liver, intestine,
kidney and .g’,.]_— A " eficial effects of
ﬂadxatwn-mducod lipid

mg/kg, once daily, i.p.

ﬁ;lﬁ La Y kAR IEINIESS:) (YL Yo S

tw1cc daily, p.o. for 4 wecks to streptozotocin-induced diabetic rats, it

Wﬁﬂ"ﬁﬁ‘ﬂﬁﬂﬁ?ﬂﬁ i

oxldase) in hepatic and renal tissues of rats (Kamalakkannan and Stanely Mainzen
Prince, 2003).

A. marmelos fru by expre
peroxidation in thosc tissue of mice after pretrcatmcnt dose
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Both studies showed antioxidative effect of A. marmelos fruit
but the researcher suggested that there were still needed for biochemical and
pharmacological investigations to isolate and identify the active constituents.

2.1.3.6 Antiviral activity
The efficacy against human coxsackieviruses B1-B6 of
A.marmelos fruit extract was tes o plaque inhibition assay. The 50%
inhibitory concentration (I ml (Badam et al., 2002)

, other parts of A. marmelos

also provided se of A. marmelos showed

blood glucose lows spiratory problem and
analgesic (Ka hile, its bark showed
antiviral, HIV-1 protgéise Jand anfiproliferative activity (Kusumoto et al., 1995;

Lampronti et al 4#2003)F It§" cthandlic €Xfract from Ieaves has been reported for
anticancer activity w 400 mg/kg once daily for six
_ ( etia, Venkatesh and Baliga, 2004).
Moreover, hypoglycaémic factivity W: s in a n-induced hyperglycemic

rats given extract at the ‘-‘"‘ 2, poyfor 2 weeks (Kar, Choudhary and

consecutive days to the

Bandyopadhyay, 2003). The cave extract contammed anti-inflammatory by significant
inhibition ofcarrageenan-' icéd paw cedema and cotton-pellet granuloma in rat and
analgesic activity by rt phases of pavt ligking in mice (Arul,

Miyazaki and Bhananjayan, 20C J""-u‘a A. marmelos was
bifunctional inducer both pha: T e m enzymes and had
antioxidative effects by significantly increasing the basal levels of acid-soluble

sulphy ( 450 reductase,
cytochr Ig) ﬁ ﬁ ferase, DT-
dlaphoras superoxide dlsmutase, alase, glutatluonc pcrondase and glutathlouc

TLITTE TR

lgesw activity were found (Rana et al., 1997; Arul et al, 2004, 2005,
Shankarananth ef al., 2007).
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Table 1 Traditional uses and pharmacological activities of 4. marmelos

Plant parts Activities References

Fruits | Traditional use:
-Digestive aid

)

, ishen and Mahendra, 1980;

"o W

cann aﬂd
n Prince, 2003
iCose tr jan ef al., 2006
“l.l'-i
astroProt@ctrve 4 <a [« .

-F ll'i: Hhoeal ""H':":. Dé aﬂd'rhomas, 2001
Y abdois - 2
-Radiopro ,v."":f's- = - Jagetia ef al., 2004

A Y

'i-_' et al., 2004

o

———

|"-'# 2004

wu’% nnan and Stanely

ainzend rince, 2003

ANEShanTWaE”

YR TANMTIRHARTINETAE
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Table 1 Traditional uses and pharmacological activities of A. marmelos (Cont.)

Plant parts Activities References

Leaves

Traditional use:
-Treatment of bronchitis

Bishen and Mahendra, 1980;
iy Aamiug, 2545

my, 2006;

o al., 2005

_Shaikaiauanti ef al., 2007
A X

f, 1997
' )
yperllpxdemza Rajadurai and Prince, 2005;

Narender ef al., 2007

uem mxﬁ T ek o s, o

-Antihistamine et al., 2004 o/
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Table 1 Traditional uses and pharmacological activities of 4. marmelos (Cont.)

Plant parts Activities - References

Seed Pharmacological activities:

Kesari et al., 2006

A ":.5_' 3 P arunan yake eta’., 1984

Bark

SWhairand Mahendra, 1980

i, 2545

al., 1995

et al., 2003

2.1.4 Toxicologi
Although "' A. mirmelo )

its extract has been previously repp: ' espe at high concentration, up to a dose
of 6 g/kg, body, wei thanolic frtits ext armelos fruits showed
nontoxic and T":“'_':" cts 1n mice (Jjage 004) tajat ef al. (2000)

Y ,'“

genly outcome on 8-week

d as food and beverage for years,

reported no toxi et
treatment rats with' aqueous extracts of A. marmelos. Treatment rats showed no
adversely affected OM and testicular we@s as well as cauda epididymal sperm
counts. No netablé ch ) _ -observed. There
were n uﬂﬁmmﬁ ﬂmﬁ ber of viable
fetuses and number of dead fetusesdn females mated-with plant extract-tgeated males

rR e T ] dep T
ts'at 1 ml/day, p.o. for ys before mating no on reproduction of

female rats (Saenphet ef al., 2006). Ethanolic leaf extract of 4. marmelos up to dose
of 1,750 mg/kg showed no toxicity and no drug-induced mortality in treated rats
(Jagetia ef al., 2004). The LD,o and LDsg of extract in acute mortality in rats were
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found to be 2,000 and 2,250 mg/kg, respectively. The extract has been reported to be
non toxic up to 4 g/kg orally (Jagetia et al., 2004).
2.1.5 Chemical constituents and biological activity
A. marmelos fruits contain many groups of compound such as
Coumarins, alkaloids, flavonoids, lipid, terpenoids and sugar. Coumarins which are

found in acetone extraction of A. marmelos ffuig are imperatorin, alloimperatorin, and
xanthotoxol (Sharma, B. K. and Sharm: 1; Banerji et al., 1988) while
alkaloids are marmeling, cinnami B. R and Sharma, P.,
1981). Terpeniods A" methanolic ext - e alcohol, limonene,

/ ' ", 1982) and flavonoid in
ethyl acetate extraetion ispelaggon \ ng, 1998). Sugars found in the aqueous

phellandrene, terp

extract include L- galacturonic acid (¥un

nisal Anuynn uaz s oids found in hexane

extracts are B-stitostes . Other compounds (such

as gum and oleorgsin) : pd o tion (Tokitomo er al.,
1982) (Table 2). L o ”H

37 'J
2.1.5.1 Commarin -rd"ﬂ"

-F.r.;.-

Coumdsins” ar "ﬂid" be the main ingredients found in

fruits of 4. marmelos. The- are reported to be imperatorin,
____.-ll"':u.-""\?"‘ﬂ il ) - . .
alloimperatorin, ‘xanthotoxin and eraforin, alloimperatorin,
xanthotoxin ang ',.
Figure 2. In general
Umbelliferae, R arsnip, parsley, fennel
and citrus fruit (graplﬁn orange and pomelon). There are used to cure skin diseases

and m Wmlﬁﬁ “mnﬁ‘}om medical
pnnclple,“hotochcrmth e biologi ocoumarins in their host

plants have not been well undcrst but at least thigse chemicals are démnSidered as

A L B A A a1

toxicities of furanocoumarins is related to the inhibition of CYP enzyme in phas
metabolism. (Guo and Yamazoe, 2004).

‘;,“-ﬁ' ctures are shown in
longing to families
aceae, Moraceae and Leguminosae such 2
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Table 2 The chemical constituents of A. marmelos fruit

Type of chemicals Chemicals References

Coumarin Imperatorin Sharma, B. R. and Sharma, P.,
1981; Noysang, 1998; Rahman
| et al., 2004

ma, B. R. and Sharma, P,

Alkaloid B. R. and Sharma, P.,

a‘ al., 1988

:!?' F"t R\\?‘*\ 1d Pieris, 1981;
- ‘ ::\\ i et al., 1982

Terpenoid

Flavonoid

Sugar 30 ANOYQA uaz sima nlanm,
atan et al., 1981

Steroid ysang, 1998

Other okitomo et al., 1982; fuanssu

n 3fi nlam, 2529

e |
II"

U

ﬂ‘lJEl’JVIEWl‘WEﬂﬂ‘i
QW'WMﬂ‘iﬂJﬂMTJﬂEﬂﬂEI



Figure 2 Chcpucal structure of ﬁn'an umarins and thcnr derivatives

ﬂ'HEl’J‘VIEWI‘iWEI’]ﬂ‘i
’QW']Mﬂ‘iﬁUﬂJWI’mEJ'lﬁH

18



19

Imperatorin (9-(3-methylbut-2-enyloxy)-7H-furo[3, 2]chromen
-7-one, ammidin, marmelosin, pentosalen) is probably the therapeutically active
component of A. marmelos fruit (Table 3). Imperatorin has been reported on
significant antiseizure effect in mice at dose of 50 mg/kg, from electrochock-induced
seizures and chimney test (Luszczki et al., 2008). Also, Imperatorin could inhibit

aromatic hydrocarbo in timor ifl mice by blocking CYPs
mediated  bio _ / [a]pyren ; and 7, 12-

. Oral administration of

! Tatorin_ show ] idative effect against
2,2’-azobis (2-aminodinog , roch 9.\ (AAPH)-induced cellular damage.
: & gainst the 2,2-diphenyl-1-
picryhydrazyl (DPPH) radical and agaifist rénal epithelial cell injury by using AAPH
to generate peroxy radiga ﬂ_:r.. & ; 5 004). Lastly, imperatorin showed
antiplatelet aggregation and Miunn ects (Chen et al., 1996; He et al., 2007).

qif (ammoidin) could inhibit nitric
1. nd CYP (Cat'et'al. ;1993). It also showed
antiinflamato - ing eff itili
pots to@pear) (Couperus, 1954).
Interestingly, coumarin like psoralen has been reported as antipsoriasis by reduction

g pnat ﬁiﬁWﬁWT -

There were seme studies on CYP activities of furanocoumarins.

mwmmmmﬁmﬁmr:;

YP 2B1 at ICsq lower than 10 pM. Table 4 shows the ICsq values of furanocoumarin
and selective inhibitors, a-naphthoflavone, sulfaphenazole, miconazole and
ketoconazole (Kleiner et al., 2003; Cai et al., 1993; Marques-Soares et al., 2003 and
Monostory, Hazai and Vereczkey, 2004).

oxide production
po (skin condition in

which the losing ﬁkm pig
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Table 3 Pharmacological activities of imperatorin, xanthotoxin and psoralen

Chemicals Activities References

Imperatorin | -Antiseizure Luszczki et al., 2008

-CYP450 inhibitio Prince et al., 2006; Kleiner
W et al., 2003; Cai et al., 1993

Matsuda et al., 2005

e et al., 2007

Xanthotoxin | ~Inhibl i ‘Matsuda et al., 2005

gigs i Jae

ARIAINITUNNINGAY
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Table 4 ICso values (uM) of imperatorin, xanthotoxin and selective it \' i ‘
Y | /

—

Enzymes , M )
.m iverin bt /m m\ Coumarins
a-naphthoflavone sulfaph ; / / s é ﬂ\\ \:‘L le . imperatorin xanthotoxin
CYPIAL 0.186£0.037" \ \ \ 2.76+0.64" 9,62
CYP1B1 0.012+0.002" 0.71+0.17 ND
CYP1A2 0.042+0.017" 0.38+0.12" ND
CYP2A6 >500® 11.7 (13.3, 10)® ND
CYP2BI1 18.20® 5.44® 1.309
CYP2B6 >500™ A 0.32 (0.40, 0.25)™" ND
CYP2C9 185 (211, 159)® _ 52.1£30.219 111 (133, 89.1)® ND
CYP2C19 ND >soo<” ..’5?}‘«'{-,*.-»-1;:;-..:_;.._' 2.1477.42¢ ND ND
CYP2E1 ND N ___'__,___. | ND ND
CYP3A4 ND _b_ ‘ o ; 0.53 (0.62, 0.45)" ND
N = not deermined, (1) Kleiner et al, 2003, () Ca et al, 1993 | J rques-SOTEIN @ Morostory et al, 200

ﬂ‘iJEl’J‘VlEW]ﬁWEJ’Iﬂ‘i
QW?aﬁﬂiﬂJ UNIINYA Y

1T
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2.1.5.2 Alkaloids
Some alkaloids in A. marmelos fruits are marmeline,
cinnamide, aegeline, skimmianine and haplopine, in which some are biologically
active. Skimmianine could be used for antifungal and antiviral activities (Olila, Olwa-
Odyek and Opuda-Asibo, 2001). Aegeline showed antihyperglycemic activity as
evidenced by lowering the b '

in streptozotocin-induced diabetic
rats at the dose of 100 ignificantly decreased the plasma
triglyceride (Tg), total ids (FFA), accompanied with
an increase in HDL

. i and HDL/TC ratio if ywter model at the dose of
50 mg/kg body weight (N ot a "‘\ﬁ\\
\ melos fruit are cyanidin

in ~ eported for its anitidiabetic
@\\\\ N

2.
nale wistar rats (Roy,

: d ature, mostly in the plant
kingdom. Oil of 4. marmelos At is abunds ce of terpenoids such as linalool,
a-phellandrene and limonene. Terpenoid are usefi for their flavor and in perfumery.

1" # to the presence of
L-rhamnose, L-. ose, , pala; id. The total sugar
contents gradually mcrcasc with the advancement of fruit maturity (Ratan et al.,

ﬁuajwmwmm

B-sitosterol dnd stlgmastcrolm phytostcrols which can be

T B B 4t ) e

qported for lowering cholest: (Gerson, Shor d and Dunckley, 1965).
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2.2 Food-drug interaction

Food-drug interaction is the result of the action between a drug and nutrient that
would not happen with the nutrient or the drug alone and the effect of a medication
on nutritional status. When food-drug interaction happens, it can change the effects
of drugs and the therapeutic effects or side effects of drugs (Pronsky and Crowe,

2000).
Drug failure might oceu tly appeared to be successful
where a patient becomes s 2gimen, which then fails due

to the addition of anotherchemica i : Tégimen. In another way, drug
causes the failure by'a : al
the patient’s s to be effective. In the
treatment of epilg NS _ ) atient’s fits could lead to
injury to themselves ¢ rs. & . T BEY Sonks: ve drug would lead to an
unwanted pregnafCy : ¢ failure drug would mean

drug or compound from

Drug toxicity un
failure drug removal JA reduction, ifi: the fate of drug removal from the body (often
due to administration of/@ drug or chemical), will lead to drug accumulation.

either by overdose or by a

Toxicity can be an intensifi

damaging effect on a tiss

CyClOSpOl‘il]C i owed to accumulate, severe renal to: YICILV an=lead to organ failure.

‘ ' use confusion and

drug’s therapeutic action, or an unrelated

xample, if the immunosuppressive

Excessive levels

drowsiness and the ad to &al cardiac arrhythmias.
Drug toxicity may occur much more rapidly than drug failure, it often within hours

" ﬁa“ﬁﬂﬁﬁﬂm P AN Tt

factors. Ihternal risk factors suc as genetic, age, sex, hormone, dlseasc and

smm“trmﬂ iebitamritiie

2.2.1 Pharmacology of food-drug interaction
Medication is administered to produce a pharmacologic effect in the
body or more specifically in a large organ or tissue. To achieve this goal, the drug
must move from the site of administration to the blood stream and eventually to the
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site of drug action. In due course, the drug may be changed to active or inactive
metabolites and ultimately eliminated from the body. An interaction between the drug
and food, a food component, or a nutrient can alter this process at any point.
Food-drug interactions may be divided into two broad types:

Pharmacodynamic interactions

study of the biochemical and

Pharmacodynamlc . 4'; |
physiological effects of drug The ic Zion of dkng. might include the

binding of drug molecule t6 & receptor, ap n channel, resulting in the
nse may be enhanced or

‘opposing actions.

observable physiologie
attenuated by the add!

Pha J : irse of a drug in the body
involving the absorptiom distribution, metabelism (biotrar fomlatnon) and excretion
of the drug. Absorption i cess of the move \ n drug from the site of
administration to the Blood-stfeam. Pistribution ocet ‘\» the drug leaves the
systemic circulation'and gfavels to varous regions ofithe body. A drug is metabolized
and eliminated from ti g or as a metabolite of the
original compound (Prons 00d can affect the duration of
drug in the body, difference in Phasmacokineties Will be observed.

ich may be foreign
compounds to the '”y organisms have
biotransformation Li-o esses 1 ] S ainst accumulation of

xenobiotics to a

high level. These processes general involve lipophilic compounds

L A e R

biotransfofthation reactions involve by enzymes are divided into two categories,
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Table 5 Reactions classed as phase I and phase II metabolism (Gibson and Skett,

1996)
Phase I Phase I1

Oxidation lucuronidation/glucosidation

CYP P450-dependent oxidati ﬁ"'

CYP P450-independent ¢ ‘ ;j ation
Reduction ‘ M ion
Hydrolysis Amifo aeid conjugation
Hydration — W | G athione-eonjugation
Isomerisation : o "H ation :

enal excretion is the

major route of eli lites either by glomerular

filtration or tub be climinated in bile and
other body fluids (Prens} metabolism are such as
gastrointestinal tract, luags,

E involved in drug
biotransformations. The micrg 'f mal mixed-function oxidase system is responsible for

phase I metabolism. This sy ém-consist: ; R enzymes: cytochrmm P450 and

NADPH-dependent cy P450 : stabolizing enzymes,

cytOCh-rornc P -ll'-\-?;i-utioun-a-u;r"’ Br tmtes hamg thc
" L

greatest amourit ictural div 5).Im'phase I, endogenous

compounds (e.g. Hd nes and prostaglandins proc cedin@body) and xenobiotics
are transformed by bi fchcrmcal reactions (rcactlon which introduce functional group

o ﬂﬁﬁﬂﬂ?ﬁﬂ’ﬂ‘ﬁ"ﬁ‘“’“m

In phase II, the m%abolltes produced in phase I are co u ated in a

TRIANILI U TN

less toxic and more easily eliminated. Conjugators involved in phase II reactions
include glucuronic acid, glutathione and glycine. Enzymes that catalyze phase II
reactions include glutathione S-transferase, nicotinamide adenine dinucleotide
phosphate (NADP) and quinine reductase. The conjugated water-soluble metabolites
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produced by phase II are excreted in the urine or feces (Pronsky and Crowe, 2000)
(Figure 3).

Achieving a balance between these two phases of detoxification is
critical because phase I metabolites that are not biotransformed by phase II agents can
be more toxic than the original molecule. For example, a component of cigarette

UL INeNINEANS
RININIUNRINYIAL

BES
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2.2.3 Cytochrome P450 (CYP)

The CYP enzymes (also call microsomal mixed-function oxidase) are
belonged to a group of enzymes which all have similar core and mode of operation.
The active site at core of CYP enzyme is hydrophobic part as heme structure (also
known as ferriphotoporphoryn 9; F-9) (Figure 4). The operation mode of enzyme is
apoprotein (Coleman, 2005).

e nomenclature of CYP or

absorption at 450 ibd" et al., 2006) .!' , CYPs are classified
according to their. amino a Iﬁ s of their amino acids
are in common, thgy's S i.,--.h:: y \ ‘:\1 \

sequence homology o 5‘ ' \

an 'ly“. If 55 percents

| common, they are assumed

to belong to the same amily”. Fipal @. 4\:\‘ s’, are which originate
from a single gene (Colemsa S).. Pres ntl - are more than 270 different
CYP gene families, withfl8 georded in ma Human beings have 57 CYP genes

§ ‘

and 33 pseudogenes afanged 'o # -\1

: ilies (Nebert and Russell,
2002; Kashuba et al., 20§

" Adis 4 2

S —
2

AU ANINEINT
RIAIRIRHAIINY 1A

The liver contains the greatest amount of CYPs. CYP enzymes have

been found in virtually all organs in the body including kidney, small intestine, skin,
nasal mucosa, eyes, lung, adrenals, pancreas, heart, brain, erythrocytes and platelets.
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At the cellular level, CYP is embedded in the phospholipid bilayer of the smooth
endoplasmic reticulum with a portion exposed to the cytosol (Gibson and Skett, 1996).
Initially, CYPs form complex with substrate (RH), then
NADPH-dependent cytochrome P450 reductase provide one electron to molecule of
CYP-substrate. Molecule oxygen, an electron and two hydrogen ions combine with

mplex, resulting in release of the product

NADPH-dependen mée,:_ . e is a flavoprotein,
which consists of twé' comiponents, FAD 1iné dinucleotide) and FMN
(flavin mononucleotide) ! '.'E".E:‘ ende pchrome P450 reductase locates

primarily on the surface of

Nl
o

Ut in close proximity to the CYP
he ‘fuel pump’ for the CYP
it serves. It us  NADPH to supply the two electrons necessarg: for the cycling of the
CYP. As CYPsiuh stani/flow of electrons is
necessary to mam@C P metat n (Gib nd Skett, lﬁ; Coleman, 2005).
Amonﬁ, CYPs, CYP 1, 2 and 3 are main CYP families involved in

xenobioti ism.T hese-three famili ut-70%-of total CYPs in
human ﬂ'ﬂ CYE d ;ﬁ e es involved in

biosymhem of endogenous mbsta.apes (Nebert and Russell, 2002; Kashuba et al.,

TRTRINIUNRIINYIAL

. i
B :'_#[._, 4 4 ‘_,‘.__7."!.
T Z

substrate-binding site. N
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Table 6 Endogenous substrates of human CYP families (Nebert and Russell, 2002)

Family Substrates (functions)
CYP4 Fatty acids, arachidonic acid, eicosanoids
CYPS Thromboxane A; synthase

CYP7 | Cholesterol (bile acid Sybtiiesis)

CYP8 Prostacyclin synthas J 1€ 2 _thesis)
CYP11 iod (Steroido biosynth SIS

CYP17 eroid h____; lase, 17/20=ivase
CYPlg l'—lril‘(-l.ll!-ntm-.| pdormation,

CYP21 Steroid 21-hydfoxylas

CYP24 | Vitiffin D% droylas

CYP26 | Rgiindic hydroxylase (reti

CYP39 24- |

CYP46

CYPS1

2.2.4 Importaht x
The EYP gnzyme ch-bélong to f: s 1,2 and 3 are main CYP
families involved in xgflobi balism (Gibson and Skett, 1996; Shannon and

Michael, 2005; Colemany 2005;“Kashuba‘et.al., 2006). On the basis of the
concentrations of indi ual", _, ; iman liver microsomes, CYP3A
represents 30% of total hepali .-—*..f-,;- P2C represents 18%; CYP1A2
represents l3wm présents 4%, CYP2D6
represents 1.5% and CYP2B6 1

F v :,; [
th mdividual CYP tothe

How
metabolism of dnmv may not mimic the relative abundance of CYP in the liver. For
example, CYP3A4 métabolizes approximatel§i36% of all drugs metabolized by P450,

e S B B 1] oo
CYP2EI “4 0. : ing is more important when considering drug interactions

(Kashuba e al., 2006). The enzyfhes responsible#for most drug metdbdlism and
s VT8
CYP1A subfamily

Enzymes in CYP1A subfamily are rupon:siblc for metabolic activation of
some known procarcinogenic environmental chemicals, toxins and drugs. CYP1A1
(aryl hydrocarbon hydroxylase) and 1A2 (aryl amine oxidase) are the most important
members of this family. Expression of the CYP1 family can be increased (induced)
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by polycyclic aromatic hydrocarbons found in charbroiled meat, cigarette smoking
and cruciferous vegetables (broccoli and cabbage). Summary of major CYP1A
isoforms and their substrates, inhibitors and inducers are listed in Table 7.

CYP1A1 This isoform binds and oxidizes planar aromatic, essentially flat
les of benzene, such as naphthalene (two
benzenes) and polycyclic aromatic ‘hydfogarbons (PAHs). This isoform is
no-constitutive in the liver but it oleman, 2005). CYP1A1 can
also be induced by pel ms and cigarette smoking.
CYP1Al is detected -gi-Tl‘ in | : ‘ or breast cancer sufferer.
Expression of CYP1Z2

molecule. These compounds are multi

a protection, as it is often
shuba et al., 2006).

, series of hormones,

expressed in high-ie
CYP1A2 T
planar aromatic molgetiies 1 dn gs (whlch are aromatic
J’, I}h lamig *‘ m llin). CYP1A2 is different
in h -—* and accour ' 0 15% of the total CYP

content of human liver, ” We of aromatic * =s while CYP1A1 does not
(Nebert and Russell, 2002). ‘md_ﬁ can indj by polycyclic aromatic
hydrocarbon, cigarette gn md drugs (Such as omeprazole, phenobarbital,
phenytoin, rifampin). Whlle it-can be-i ibited by erythromycin, ciprofloxacin,

amines such as
from CYP1ALl. It 2

fluvoxamine a vefruit j is blocked by the methylxanthine derivative and
furafylline (S angon and Mich ,
CYP2 subfamily’ 4 \"'

Around 11} 30 percents ¢ CYPs are in @scrics, making it the
largest single group f CYPs in man. They appear to oxidize various hormones,

iﬂ ﬁﬁ-"’l’mlﬂﬁ N E L doa e

such as Summary of major (“:fPZ isoforms and their substratw, ibitors and

GT"WZT@“ Siaw i BN R 1] ’lﬁeE,Lm

catlons including ibuprofen, phenytoin and warfarin. Rifampin and rifabutin are
powerful inducers of CYP2C9 activity and will therefore decrease serum
concentrations of the other of its substrates. Other inducers include carbamazepine,
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ethanol and phenobarbital. Amiodarone, fluoxetine and fluconazole are among
several drugs known to inhibit CYP2C9 activity.

CYP2C19 This isoform differs by only around 10 per cent of its amino acids
from CYP2C9, but it does not oxidize acidic molecules, indicating that the active
sites and access channels are subtly different. CYP2C19 metabolizes omeprazole,
benzodiazepine, citalopram, trigyclic antidcpressant (TCAs) and lansoprazole

(Coleman, 2005). Rifampin induces P ivities, whereas fluvoxamine,
fluoxetine and ticlopiding inhibit thi

CYP2B6 This 5616 rigi ; und on chromosome 19,
although it is less ¥ arthan, many other.C artly due to a lack of

experimental inhibi \\
centage (2 to 6 %) of

but CYP2B6 is the ¢

CYP2D6 This i i
the total CYPs indthe Liver /buf it i§ responsible for more than 70 different drug
oxidations. Multiple '

investigated in animals,

aline and thioridazine are
the active form, morphine, is
ynstarate a poor analgesic
of this activity. Several

include cimetidine, fluoxetine,

yclic agents, ranging
from pyridine through to ethanol, acetone and other small ketones (methyl ethyl

ketone). 0 2 4 f,this isefo Many of its
substrat -solu mm i pm toxi 5he metabolites

can be hﬂ]y reactive and toxic tg tissues. It is responsible for the oxidation of

. o/
) as
NETHEL.

carbon disulphide, d1ethy1 dnthm carbamate and antabuse (Kashuba et al., 2006).
CYP3A subfamily

The CYP3A family consists of CYP3A4 and CYP3AS. This family maintains
most abundantly expressed CYP enzymes in human liver and gastrointestinal tract. It
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is involved in the metabolism of the largest proportion of medications and is most
important in drug interactions. This family of enzymes also metabolizes endogenous
compound such as steroid and bile acid. Summary of major CYP3A isoforms and
their substrates, inhibitors and inducers are listed in Table 9.

CYP3A4 This isoform is the most abundant CYP isoform in humans, and is
responsible for the metabolism ¢ 60% of all drugs on the market,
representing 38 different thera U 1\:1 ! "’ yximately 30% of hepatic CYP

S
protein and 70% of in estinal CYP p

e presence of CYP3A4 in

the small intestine re any drugs. Substrates of

CYP3A4 include psyc diazepines, antimicrobial

agents, antiretroviral _agen ‘1}\7"\\}&“'& ntiulcer agent and
] : - /DI \ﬂ'

anticonvulsants. CYE : b:}\\ m of several endogenous

steroids such as cortol, \\\.. gesta'one Inhibitor of

CYP3A4 includeg€larighromygin, \"H‘n grapefruit juice and
itraconazole.

_,
CYP3A5 This igofc ‘#s ily \
. - - . 1‘&
A( ’ 3

ally contribute to the

overall protein load a ty Q f -;p-... ates of CYP3AS include
caffeine and diltiazem. ”.:"“'"' 5} include troleandomycin (Coleman,

2005).

Y

ﬂ‘lJEl’WIWl‘ﬁWEﬂﬂ‘i
Q‘W’mﬂﬂ‘iﬁu UANINYA Y
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Table 7 Drugs metabolized by CYP1A subfamily (Shannon and Michael, 2005,
Kashuba et al., 2006; Lynch and Prince, 2007)

CYP Substrates Inhibitors Inducers

1A1 | Polycyclic aromatic hydrocarbor

1A2

(PAHs) \\ \l , “

U

AULINENTNEINS
RININIUNRIINYIAE
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Table 8 Drugs metabolized by CYP2 subfamily (Shannon and Michael, 2005,
Kashuba et al., 2006; Lynch and Prince, 2007)

Substrates Inhibitors Inducers

Phenobarbital
Rifampicin

209

Rifampicin
Secobarbitone

2C19

Carbamazepine
| Norethindrone
Prednisone
Rifampicin

2D6

Currently unknown

2E1

s ‘ hronic ethanol-
4 ngestion

Isoniazid
Benzene

AULININTNEINS

ARIAINTUNNINGAY
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Table 9 Drugs metabolized by CYP3A subfamily (Shannon and Michael, 2005;
Kashuba et al., 2006; Lynch and Prince, 2007)

CYP

Substrates

Inhibitors Inducers

3A4

Acetaminophen

3AS

Caffeine B
Diltiazem

Carbamazepine
Dexamthasone

Ethosuximide
Glutethimide
Nevirapine
Phenobarbital
Phenytoin
Primidone
Rifabutin
Rifampin

St John’s Wort
Sulfadimidine

Suifinpyrazone
Troglitazone
Troleandomycin

Troleandomyci & Dexamethasone

ﬂ‘lJEl’WIWl‘ﬁWEﬂﬂ‘i
Q‘W’mﬂﬂ‘iﬁu UANINYA Y
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2.3 Mechanism of CYP induction and inhibition

2.3.1 Induction of CYPs
CYP induction is defined as an increase in amount and enzyme

activity of CYP. Classically, definition of induction is a de novo synthesis of new

enzyme molecules as a result of ar in transcription of its gene after
stimulation by an appropriate chemical : e induction is dose-dependent,
generally with a steep dose-respo; i -cut threshold of no-effect

-3

4 Fé
Heme pool

xenobiotic

um OV
W mms‘nmmm:rﬁw

d the maximal effect to occur. The time course of enzyme induction onset and

offset is closely related to the plasma concentration of the inducer, as well as the
half-life of enzyme production and degradation. For drugs that are active in their
parent forms, enzyme induction can enhance metabolic rate of the affected drug,
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resulting in a decrease in the serum concentration of parent drug and possibly a loss
of clinical efficacy. For prodrugs, compounds that require metabolic activation and
whose effects are produced by the metabolites, enhanced pharmacodynamic effects
may be expected.

2.3.2 Inhibition of CYPs
Enzyme inhib: .\‘ sul e in the clearance, thereby

an increase in the steady-state se of the affected drug. The
magnitude of the effe argely unpredi depends on the specific

enzyme which is inhibitec * of the pathway in the

overall clearance Lion ‘P enzymes is the most
common cause of m ‘g ,:\W, he inhibition of CYP

ter:
ﬁ\ xlcologlcal reasons. The
yrized . inte reversible inhibition,

quasi-irreversible injiibition @and me '. S .5.\, (Coleman, 2005;

enzymes is of clinical ifpg rape

mechanisms of QYT

Gibson and Skett, 1996

.t':'" }IF h r*
2.3.2.1 Revers .:é_;f'ﬁi" o
ie most common type of enzyme
inhibition. Reversible inhibiion i iansjént @nd seversible and the normal functions
of CYPs contin r the ir as been eliminated from the body. Reversible
urther classified into competit X # e, mixed-type and
non-competitive inhibition. Comp on is v binding of an inhibitor
to an enzyme prevents a further bmdmg of a substrate to the active sites of the

. mﬁmﬂm m"‘%:wmm; T

inhibition can

3 ﬁ ASAIH RN B ek

Quasi-irreversible inhibition occurs when a reactive metabolite
forms a stable complex with prosthetic heme of CYP. The stable complex is called
metabolic intermediate (MI) complex. The MI complex can be reversed and the
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catalytic activity of CYP can be restored by incubating in vitro with lipophilic
compounds that can displace the inhibitor from the active site. However, synthesis of
de novo enzyme is required to restore CYP activity in an in vivo.
2.3.2.3 Mechanism-based inhibition

Mechanism-based inhibition on CYP can be mediated by
covalent modification of a pyrrole nittogen in the prosthetic heme group of CYP or
by direct modification of the heme m soprotein. The mode of inhibition
is highly specific becaus'the.ihibit sfhbifid to and be metabolized by the
enzyme. The inhibitery-e! hani i1

ibition is terminated by

enzyme resynthesis”

\ ition is the so-called
enzyme inactivation - \\t jon results from covalent
binding of reactive intgfmedia ;_‘ e »_ prote;

-

\ \;\ \ nism-based inhibition

"'\ ® enzyme activity. /n vivo,
or - to be more prominent after
vcrs inhibitor.

are time, concentratig
the inhibitory effeet o
repeated dosing and last

ﬂ‘lJEl’JVIEWl‘WEﬂﬂ‘i
QW'WMﬂ‘iﬂJﬂMTJﬂEﬂﬂEI



CHAPTER III

MATERIALS AND METHODS
3.1 Materials
1. Plant materials
The fruit of 4. marmelos Correa was gollgcted from local agricultural group,
Amphur Pagkway, Sukhothai Province, Th: TaficL i tember 2007. The fruits were
dried in 40°C oven and &
2. Chemicals f "'--.H
2.1 Acetonitrile n 18 (ACN (C:HaN, MW = 41.05),
was obtained from L:

2.2 Dimeghiyl sulphoxide’ (DM e) (C;HeOS, MW =

2.3 Ethanol (z alfgrade) (C 6.07), was obtained from

Liqour Distillery O 2. 03 ce, Thailand.
2.4 Hexane (amalyt cal gidde) (C VIV 6.18), was obtained from
Fisher Scientific Asi

2.5 Methanol (HPLC grade) (CHs © 32.04), was obtained from

2.6 Sta

= n--.w—.‘ ‘ 04, MW = 270. 29)
(98% purity), wis o 1+d., Hillsborough, NJ,
USA.

2.6.2 Eegclonazole (CstngWOb MW = 531.43), was obtained

R A AL e

the Govemmcnt Pharmaceutical Organization, Ban Thailand.

VA e CLAkLCALL:

2.6.5 Sulfaphenazole (C;sH;4N40,S, MW = 314.36) was obtained
from Sigma Chemical Co. Ltd., USA.

2.6.6 Tris base (C4H;;NO3, MW = 121.14) was obtained from Sigma
Chemical Co. Ltd., USA.
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Vivid® CYP450 screening kits were purchased from Invitrogen™
(Carlsbad, California, USA). The components of each kit are shown in Table 10.

Table 10 The components of Vivid® CYP450 screening kit.

. " «J |
NADP ) ' b

Components N \'i”j"}' ion Size
VP1ADand3Ad: /7 50 mi
Poasihonttc b Ta00m, o 30
Reaction buffer —— l —
bt‘..’j..ﬁ .
| gty e out (00, 4 5.9
o D 2 ﬂ“‘i{’\qv se 0.5 nmol
'ADP D45 . ‘
BACULOSOM]
reagent
P G-6-P) and 30 U/ml 0.5ml
el ase (G-6-PD) in 100
system
\7 v
Substrate ) _
P3A4 and 2C9: BOMCC (7-benzyl loxy-3-
anocoumarin)
..‘I“F?.‘?j r 0.511‘]1

MR TUNNINGAY
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3. Equipments
3.1 Analytical balance (0.1 mg readability) (Sartorius Co., Ltd.) (Goettingen,

Germany), analytical balance (0.01 mg readability) (Mettler Toledo Ltd., Columbus,

USA)
3.2 Blender (Retsch Miihle 5657 HAAN, Germany)
3.3 De-ionized water (DI water) sys (BLGAStat Option 3B) (ELGA Ltd.,
England)
-@m Elmer, USA)
~wwFungsten-halogen lamp

Itiplier tube

hilization Systems Inc.,

(HPLC) (Shimadzu,

LC-20ADvp
SIL-20Avp
CTO-20Alite
GU-20A3

-

P) f 120Avp

%ZOAVp

3.7 HP lumn compartment
6mmx 150 mm,

AT ORI L e

Guard column Security Guard™, C18 (ODS), 4.0 mm. x

ammmmﬂ%ﬁ*ﬁmﬁ‘ﬂ‘

3.8 Injection vials and caps (Water Corp., Ireland)
3.9 Micropipettes SL-20 (2-20 pl), SL-200 (20-200 pl) and SL-1000 (100-

1,000 pl) (Pipet lite™, RAININ® Inc., USA)

3.10 Micropipette tips (Gibson, France)
3.11 Multi-channel pipettes (20 and 100 uI) (RAININ® Instrument, USA)
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3.12 Multi-channel tips RT-L250 (250 pl), TR-222-C (200 pl) (RAININ®
Instrument, USA)

3.13 Nylon membrane filters (0.45 pm, 47 mm, Sartorius®, Goettingen,
Germany)

3.14 pH meter (Beckman Instruments, USA)

3.16 Rotary eva R-200) including heating bath
(Biichi Heating bath, «Vac, V-500) with condenser
(Biichi, Switzerland)

3.17 Sonicato

3.18 Tim

3.19 Ultrapurifier . ype II water (Ultra-pure
Water), 18.2 MQ or r injection (HPLC grade)
(Maxima UF, EL

3.20 Vortex mi. ntific Bohemia)

3.21 5 ml-glass

3.22 1.5 ml-sa

3.23 96-well bla,

M, Germany)

ﬂ‘lJEl’J‘VIEWI‘ﬁWEI']ﬂ‘i
Qﬁ?ﬁﬂﬂ‘iﬁumﬂﬂﬂmﬁﬂ
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3.2 Methods

3.2.1 Preparation of A. marmelos extracts
A. marmelos fruit was purchased from Sukhothai Province, Thailand and
was ground coarsely before extracted.

L4 » . »
ixtract A (hexan

One kllogram of¢ ied rui s was refluxed with 2.5 liters of

n-hexane at 70°C and 4
and concentrated to residue undei ced pressure in a vacuum rotary evaporator at
the temperature lowe: i.ﬂf“ nes residue was stored at 0°C and protected from

T
&\

narmelos was boiled with 1 liter of

. The extract was collected

cxtracted with S liters of

ethanol at room tg act was collected and

concentrated to resid rotary evaporator at the

temperature lower than | °C and protected from light

(Tokitomo et al., 1982)

The aqueous extracts was

CUUITLfotary evaporator at
yophilized, stored at

collected and eonc

the temperatu: *’
0°C and protectedBm light

Calculation of total eﬂpf A. marmelos extrdct

e @%&M‘ﬁ (el e o s

to the follw ing equation:

AR AsnI m/;:a:mm A 8,



where,

Wna is the total weight of solid residue (g), obtained after complete
extraction.

Winiia 1s the total weight of gr
extraction process.

A. marmelos (g), added in the initial

AULINENTNEINS
AR TUAMINYAE
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1,000 g of dried ground powder of A. marmelos fruits

Soxhlet extract with 2,500 ml
hexane for 48 hours at 70°C

Hexane extract \ ::
: et

T UANE
[t /‘ \\xﬂ
/ chlet extract with 2,500 ml
Ay:*ﬁ \l"\ or 48 hours at 70°C

Wﬂﬁ“‘}ﬂﬁ‘ﬁﬁﬁﬁl‘&’mﬁ"
’Qﬁ'lﬁﬁﬂ‘if”ﬂﬁﬂﬂmﬁﬂ
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1,000 g of dried ground powder of 4. marmelos fruits

Macerate with ethanol at room
temperature for 3 days and filtrate

Y _ay

Ethanolic extract " ‘;5 ;: [ )

) B r 1@ with ethanol at room
— fjf—h- 3 days and filtrate

tempciatty

4

| Residue

Discard

Waste

Iri

AUy
ARIAINTUAMINYAE
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100 g of dried ground powder of A. marmelos fruits

Extract with boiled water for 1 hour

ﬂFu%l @nmmmn:ﬁm
A9 AINIUNAIINYIANY
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3.2.2 High Performance Liquid Chromatography (HPLC) analysis
of imperatorin in A. marmelos
The major constituent in all extracts of 4. marmelos fruits, mainly
considered to be imperatorin, was analyzed. A principle of analytical procedure was
based on reversed phase (RP)-HPLC analysns Separanon was binary gradient elution

and detection was performed by

3.2.2.1 HI'LCsyst \\\-.h
as e N6 ﬁvclop the analytical method.

All experiments weré"pérformed using'a Shimadzt ies liquid chromatograph
(LC) equipped with'
comprising a D
chromatography bi

1id chromatograph system
high pressure liquid
D1 20ALvp gradient mixer, a
SIL-20Avp auto-samg 0 ul samipling’loop), a the; atted column compartment
using CTO-20Al vp UV-vis photodiode
array detector (photo
The‘Colugin used was 2 C18 RP:c 1, Phenomenex® with a guard

column, SecurityGuas ; : '
3.2.2.2 HPLC ca

were as follows:

Colump= <  :  TLunaCI8(2),5pm.id 46 mm x 150 mm

Colu ﬁ"{

s i

Solvent el " neentration ient elution
Mobile phase 40 : 60% (v/v) water : methanol

émmmw%‘wmm

1011 wavelength : 254 nm

Q‘Wﬁ'ﬁﬂﬂﬁm fM1ANYA Y

The reference standard of imperatorin used in this study was 98.0%
(w/w) purity based on dried basis.
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3.2.3 Validation of analytical method for quantitative determination of
imperatorin in A. marmelos extracts
The analytical method was validated to ensure the accuracy, precision,
specificity, linearity and range, limit of determination and limit of quantitation of the
method according to the criteria of compendial method validation. (USP 32 and NF
29, 2004, ICH, 2006; Green, 1996). ia are summarized as shown in Table
i (8

" /;«‘;ﬂ'\\\\\\

Precision - %0 K ’.__r_,“ = ] |o han 2%
Linearity ‘ nt gr 2ri % of -...,‘ concentration of 100%

‘ s than 0.9995
less than 1.5

t more than 1.5
ificantly difference (p<0.05)

V4

3.2.3.1. Prgparation of standare \éti¢ mixture solutions

for method validation m
' reparation of standard solutions

TheStock solution w% accurately wclghmg 15.02

ot BN it

The concéptration of standard stock solution was 300 40 pg/ml Then, the stock

ST S SR R T

Oncentrations of imperatorin were 3.04, 6.00, 9.00, 12.02 and 15.02 pg/ml. The
actual concentraction (based on 98% purity) were then 2.98, 5.88, 8.82, 11.78 and
14.72 pg/ml.
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B. Preparation of sample solutions
One hundred milligrams of extract A was accurately weighed
into a 100-ml volumetric flask and adjusted to volume with methanol. The
concentration of sample stock solution was 1,000 pg/ml. Then, one ml of sample
stock solution of extract A was ptpetted to a 10-ml volumetric flask and adjusted to

volume with methanol. The concentration o le solution was 100 pg/ml.

ynt! y}'tmluﬂon
i ﬁ (extract A) stock solution

d 500 pl of standard stock
ic flask and adjusted to
1g/ml of sample. The

solution (300.40 pg

volume with

ample  (extract A) stock

solution was wel dfwi 0 |1 of Standard stock solution of imperatorin to a

10-ml volumetric flask and 0 volume with methanel. The final concentration

contained 2.98 pg/ml offimperalc id 100 jug/ml of sample. The solution was used

for specificity testing '

Accuracy
Accuracy is the measurem iS¢ the experimental values to the true

values. It is expressed as ered from the matrix or from

spiking samples i 2 blind studv. The scciracr eHo NN terntined by a minimum
of nine determy — ’-’“'ﬁ' the range of test
concentrations w@ut serial A values sixld be within 2% from
the true value.

mﬂwﬁmﬁwm:ﬂ:

standard 1 atorin solution.

9 RIRNAIAURIINLIAY. .

s lunon at concentrations of 2.98, 5.88, 8.82, 11.78 and 14.72 pg/ml were analyzed
and carried out for a calibration curve (also called as system linearity curve) plotted
between peak area and concentration of standard imperatorin. The equation of system

linearity was shown below:
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v = ax, + b (2
where,
yy is peak area of standard imperatorin solution (mAU's™)
a; is slope of equation obtained from standard solution
x; is concentration 'Al dard imperatorin solution (pg/ml)
by is y-intercept of equ I, ,[l: om standard solution
.._-_f_—,
Three replicati@ syathetic- mixture (five concentrations of standard
solutions: 2.98, 5.88, solution contains 50 pg/ml of
/ s
sample) were analy Jut n ,\ nixture curve (also called as
method linearity cu : ' ynthetic mixture solution

and concentration of sfang nperaionn. The equation of method linearity was

N

shown below:
(3)
where,
re solution (mAU-s™)
athetic mixture solution
-d imberatorines’ -'.L-;' (ug/ml)
n ¢ mixture solution

AR RSB FHE A Y o

The actual concentration of imperatorin (pg/ml) was carried out according to
following equation:
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UxV xW

Actual conc. (pg/ml) = (%)
100
where,
U is a weight of standard imperatorin (pug)
V is purity content (%, W/basls) of imperatorin
100 (6)
The reco o) was/ gbtained b he mean of observed
concentrations by ap’ of acdal concen rations and multiplying by 100. The
recovery should be '
Precision
Precision i er of the data values for
a number of measurements 1€ same ana mditions. The precision of an

analytical method is usually expessed andard deviation (RSD) or
coefficient of variation (CV)I|I : subdivided into repeatability and
reproducibility. Reproducibii the analytical procedure in
different labo i epeatability refers as the use of the.analytical procedure
within a laboratory over a short period of t b8 ahalyst with the same
of concern in USP

equipment. For :ﬁl purposes, tcy
analytical proced although reproducibility between laboratories or intermediate

ATy

épkatability was measured by the analysis through six determinations

Gi*m“éh Eaktal b1k iakiitTiabai i

and inter-day repeatability.
Procedure
A concentration (8.82 pg/ml) of synthetic mixture in the calibration range was
prepared and injected into the HPLC system. The intra-day precision was performed
by duplicated injection of six replicated synthetic mixture solution, and the %RSD of
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peak area of imperatorin was determined. The inter-day precision was obtained by
using six replicates analysed in one day over a period of three days under the same
conditions.

Calculation

Standard deviation (SD) was carried out according to the following equation:

Q)
where,
The %RS
(®)
where,
Specificity

F AN Y T oo

unexpectedl| components such as impurity, degradation products and matrix

QL PR LR it v atY

évaluated by preparing blank samples with and without the addition of analytes and
injecting them to test for interferences (ICH, 2006).
The International Conference on Harmonisation (ICH) documents state that
comparing chromatographic peak of analyte is useful to show the degree of
selectivity. In this study, specificity was investigated by injecting the standard
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solutions, synthetic mixture solutions and sample solutions. Then, peak purity test of
each solution was compared.

Procedure

The specificity of the method was presented by the comparison of HPLC
chromatograms of imperatorin solution concentratin of 2.98 pg/ml, 4. marmelos fruit

extract solution (100 pg/ml) ’ ixture (sample solution spiked with
imperatorin).
Linearity and range

The lmcanty to obtain test results that

are directly propo t
range. Linearity is* "? ‘ 1 C
calculated according : \
obtained by the analysi§ of -- with var ._ ncentra nsofanalytc
The lineags€oefT determination (F . \* lated by plotting the
: 2l ncentratic ag‘.. value of R? should be

e mn the sample within a given
ope of regression line

[0 o

mship from test results

observed concentratig 7
greater than 0.9995 accofdi
Procedure

Five concentrations (2 14.72 pg/ml) of imperatorin
standard solution were p licates and injected into the HPLC
system. Peak area was p n_to construct the calibration
curve. The lin obtain the R* value

The detection limit is a ¢l mit test. @ the lowest amount of
analyte in a sample thax can be detected under the stated experimental conditions. The

mmmaﬂammﬁsmmm -

can be re ly detected. Typically a ceptable mgnal-to-noxse ratios are 2 lor3:1.

GI‘WLTHMﬁfIW“? NYTRE

Peaks are obscured when their peak height becomes very similar in magnitude
to the noise of the detector system. Detector noise is defined as any perturbation on
the detector output that is not related to an eluting solute. The source of the noise can
arise from the chromatographic system, the sensor or the associated electronics. Thus,
the signal from the peak must be sufficiently greater than the noise to unambiguously
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identify the peak. The ratio of the signal size to that of the noise is termed the signal-
to-noise ratio.

The quantitation limit is a characteristic of quantitative assays for low levels of
compounds in sample matrices. It is the lowest amount of analyte in a sample that can
be determined with acceptable precision and accuracy under the stated experimental

conditions. The quantitation limit determined by the analysis of samples
with known concentrations of ; ishing the minimum level at which
the analyte can be detcimine and precision. Typically
acceptable signal-to-n6ise ratio is 10 : L_Ofher approaches depend on the

determination of the slo _ calibration curve and the standard deviation of
responses
In this stud iwfof detectic (0)») t of quantitation (LOQ)

245\ \

ared with methanol, and

were then anal itW HRL Q' method. ) H_ were calculated from the
results of analysis offSample | luti_- by-plot ing the curve between concentration
against peak area. quation .for. L0 P.' d,LOQ \ 3.3(SD/S) and 10(SD/S),
respectively, where, SD 1s cres_'_ al standard deviation of the regression line and S

< I i,

is the slope.

s
e

3.2.4 Quantitative detes mination of7

-

'I.F.l-‘ -il.-ll'

armelos extracts
mparing_ the peak area of
- with —stdndard curve plotted
i

Toquﬁjfyl peratorin armelos e)@cts using the HPLC

condition, a concenﬂ:pon of extract solutions and five dilutions of standard solution

YRR S

Stock standard so*utmns of lmpcratonn were pr ed with

mmmmm Pyl mm

ncentratlons of 100 pg/ml (extract A), 3,800 pg/ml (extract B) and 20,000 pg/ml
(extract C). The sample solutions were filtered through a 0.2 pm membrane filter

before use.
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A. Preparation of standard solutions
The stock solution was prepared by accurately weighing 1.01
mg of imperatorin to a 10-ml volumetric flask and adjusting to volume with methanol.
The concentration of standard stock solution was 101.00 pg/ml. Then, the stock
solution was pipetted at 300, 500, 700, 900 and 1,100 ul respectively, to a 10-

ml volumetric flask and adj ¢ with methanol. The concentrations
of imperatorin standard 3.03, 5.05, 7.07, 9.09 and 11.11
pg/ml (the actual conces 91 and 10.89 pg/ml)

Exi A #109100 /g 400 mg and 105.00 mg (n=3) were
ic fl sted to volume with
methanol. The congeént were 1,090 pg/ml, 1,040

pg/ml and 1,050 \\‘L

Extl‘a » p. : m' ‘ C I A | LA Ih’- ,840.00 lng (n=3) wcrc

accurately weighed i

accurately weighed intg adjusted to volume with

methanol. The concesnfration iplé : re 38,730 pg/ml, 38,360

pg/ml and 38,400 pg/ml
00 mg and 20,175.00 mg (n=3)
were accurately weighed i ted to volume with
methanol. The.gahce 20 pg/ml, 232,460
g/ml and 201,%5

One rlt‘_ll of sample stock solution of extract A was pipetted to

a 10-ml 1 0,V it concentrations
of samp - m g/ 'vely.

U One ml of sampli. stock soluuon of extract B was

RN opilime] "ETﬂ‘IIﬁ T

One ml of sample stock solution of extract C was pipetted to
a 10-ml volumetric flask and adjusted to volume with methanol. The concentration of
sample solution was 19,242 pg/ml, 23,246 pg/ml and 20,175 pg/ml, respectively.

After prepared and diluted to the appropriate concentrations, the
sample solutions were filtered through a 0.2-pum syringe filter prior to HPLC analysis.
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3.2.5 In vitro assay of CYPs inhibition test
A. marmelos extracts and imperatorin were prepared and screened
for inhibitory effects on CYPs (CYP1A2, CYP3A4, CYP2C9 and CYP2C19) using
Vivid® CYP450 screening kits (Invitrogen™, USA).
The kit prov:des speclﬁc BACULOSOME CYP450 which are

Figure 10 Prigciple _._” Orest CYP activity

Faadagis = 4

Vivid® substrate or benzyloxymethyl ethers of

fluorescent dyes. In this sti he CYP are ethoxycoumarin
(EOMCC) (3 pi loxymethyloxy-

3-cyanocouma \r_ ‘ or CYP3A4). The

ﬂ‘lJEl’II VIEWI‘?'WEI']ﬂ‘i

Q‘mﬁﬂﬂ‘iﬁu UAIINYIAY
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Vivid® substrate fluorescent product
(EOMCC or BOMCC)

Figure 11 Cleavage and structures of Vivid® substrates

AULINENTNEYINS
AR TUAMINYAE
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3.2.6 Verification of CYPs inhibition test
The CYP screening tests were verified with the known specific
inhibitors (a-naphthoflavone for CYP1A2, ketoconazole for CYP3 A4, sulfaphenazole
for CYP2C9 and miconazole for CYP2C19) (Marques-Soares et al. 2003; Monostory
et al. 2004). Results of verification test were in agreement with the reported CYP
interaction of these drugs. \
3.2.6.1 Prepai

ara ,ﬁ : E:ons
on of a- one solutions

(10,000 pM in 100%
DMSO) was preparedby accurais hthoﬂavone toal.5-
ml eppendorf X 1 000 \i" V ‘*n tilit became clear solution.
Then, the 25 pl of sigfk selution wa » ppendorf and mixed well
with 975 pl of water tige:final coficen 50 puM in 2.5% DMSO.
Several concentragions aphthoflavont was prepared by serially diluted with
2.5% DMSO for use i 1

of 250 uM in 2.5%
DMSO was prepared J. Several concentrations of
a-naphthoflavone solutions werg-freshiy pr

o ple solutions

_ . (4,585 pM, 100% ACN

was prepared Dy-ace .44 mg of ketoconazole to/a 1.5-ml eppendorf
then mixing well with 1,000 pl ~.-"h'l!~ Then, the 25 pl

of stock solution ‘\1 pipet te and mﬁd well with 975 pl of
water to obtain the final concentration of 114. 63 pM in 2 ACN. Then, the drug

TRy

Sulfaphe le stock solution (3,000 puM 100% of

si"s:ﬂ:rmmmﬁ A

sGlution. Then, the 25 pl of stock solution was pipetted to 1.5-ml eppendorf and
mixed well with 975 pl of water to obtain the final concentration of 75 uM in 2.5%
DMSO. The serial concentration of sulfaphenazole was prepared by diluted with 2.5%
DMSO (Table 12).
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D. Preparation of miconazole solutions
Miconazole stock solution (100 uM, 100% DMSO) was
prepared by accurately weighing 0.48 mg of miconazole to a 10-ml volumetric flask
then mixing and adjusting well with DMSO until it became clear solution. Then, the
25 ul of stock solution was pipetted to 1.5-ml eppendorf and mixed well with 975 pl

. r . r'l
\\\
CYP1A2 '\ CYP2C19
Inﬁ \ \\
a-Naphthoflavon ; Miconazole
0.005 g; 0.01
0.01 e 0.025
0.025 0.05
0.05 0.1
0.1 0.25
0.25 0.5
0.5 1
1 Q/

i ;.W 0 and fo tai 4was 1% ACN, in reaction
§

Ry ’1 awmmma 20888,

accurately weighing 15.1425 g of Tris base to a 250-ml volumetric flask and then

adjusting to volume with water. Thereafter, the stop solution was adjusted to pH 10.5
with NaOH and HCI by using pH meter and was kept at 4°C.
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3.2.6.3 Procedure of CYP inhibitory assay
The reactions were performed in black, flat-bottomed, 96-
well plates with a total reaction volume of 100 pl/well. The plates were incubated at
room temperature and fluorescence values were measured on a Wallac 1420
fluorescence plate reader using excitation wavelength at 409 and emission

wavelengeth at 460 nm. Cyto assay was divided in two stages:
preparation stagc and assay St \\‘ /
L—"--.- Age

The preparation —Stag assay was started with

thawing all the frozen ' ents|and keeping them on ice until ready to use.
The reaction bufi - . f ept at roo: Q’:‘ . The next step was
reconstitution of th
acetonitrile to each vial
mixture was mixe

of designated volume of
- shown in Table 13. The
was used immediately,

it was kept at room tgipeg@ tat -20°C.

Table 13 Reconstitution ofthe Vivi
Il < o

Isozyme type Vivid™ : 50 subsh Reconstitution with
. mg winer anhydrous acetonitrile, pl
- X
e — R e e et e = 05
1A2 o 2
3A4 '; = 160
25 W SOMCC, 0. e
2C19 EOMCC, 0.1 205
ﬂum ﬂﬂmibﬂﬂ’lﬂ‘im =
addmg reaction buffer gith substrate aENADP The of those

TRARSTLS
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Table 14 Pre-mixing Vivid® CYP450 substrate and NADP*

Isozyme type | Vivid® reaction buffer, pl | Reconstituted substrate, pl | NADP™, ul
1A2 885 (Buffer I) 15 100
3A4 850 (Buffer) 50 100

209 850 (Bufferdl) |« = 50 100
Reaction buffer I was 200 miM potassiu

Reaction buffer II was 10€

ster-premix solution by
mixing BACULOSQMES* reagent (CYP a \'ﬂ‘ i-reductase), regeneration
system (333 n lucdses6 et 2 \l J/ml glucose-6-phosphate
dehydrogenase in 100 POt assi phosphate b =-\:" 3.0)) and reaction buffer.
The amount of thosefeag \ 'be master pre-mix solution

e

was mixed by inverSion and was

Table 15 Master pre- 0 ULOSOMES® reagents and

regeneration system)

r—T Y _.,:r_;
el B Jeogeot !
TA2 50
3A4 50
""C"ﬂ laYal-w
2C1 b‘é 48 or 1 11 d
Reaction I was 200 mM potassium buffer

RTRITITINANgNa Y
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B. Assay stage
Briefly, the different concentrations of drug solution (n=2)
were dispensed duplicately into 96-well black plates. Then, the different
concentrations of drug solutions were dispensed 40 pl per well. The control wells
were dispensed with solvents of each test compound with the same amount. To
prevent fluorescent errors in the system, The test-background wells were applied for

each concentration. Then, 50 pl of the mas -smix was dispensed into the tested
on- b wells. The plate then was
preincubated for 20 ¥ ' ion was initiated with the
addition of the co ed_NADP" and either the subs olution to all wells. The
plate was protec! ure for proper reaction

4§ and 40 minutes for

t‘:\\ ns base (pH 10.5) to all

time (approximate
CYP2C9). The reactigis v

wells. Lastly, thefplatgiwas _‘; quire” the results for
analysis. %, A ‘\. \

ﬂl..l.l

-|'I q i
3.2.7 In vitro/assay of b ..-_.‘ y éffects of 4. marmelos fruit extract and
3 gt
imperatorin on CYPs F. .ﬁ: ¥ :_, =
3.2.7.1 Preparation of sample solutions
gepp—— -

=

tion of extract A

was prepared by
accurately weighing 174.22 mg umetric flask and adjusting
to volume with dimethyl sulfox “The final stocﬂoncemration of 17,422

pg/ml was obtained.

-l WS TN AN DTS

concen n of 435.50 pg/ml of 0.25% DMSO. The sample stock solutnon was

TWTANL SR

The sample stock solution of extract B was prepared by
accurately weighing 50.00 mg of extract B to a 10-ml volumetric flask and adjusting
to volume with water. The final stock concentration of 5,000 pg/ml was obtained. The
sample stock solution was serially diluted with water prior to use in the assay (Table
16).
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C. Stock solution and working solution of extract C
The sample stock solution of extract C was prepared by
accurately weighing 125.00 mg of extract C to a 10-ml volumetric flask and adjusting
to volume with water. The final stock concentration was 12,500 pg/ml, which was
serially diluted with water before use

rking solution of imperatorin

0 mM, 100% of acetronitrile,

ACN) was prepared 41 mg of imperatorin to a 1.5-ml

eppendorf then mixin until it became a clear solution. Then,

the 25 pl of stock _ 1 eppendort and mixed well with 975
pl of water to obtam'the fin@! ontrati . of ACN.

\ in 2.5% of ACN

was serially diluted & . 9% of - ACN." Several \" ntrations of imperatorin

solutions were freshly pgépaged before use in enzyme assa; le 16).

AULINENTNEINS
ARIAINITUNNINGAY



Table 16 Concentration of test sample solutions in reaction volum u /s
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-h‘i acen
(88 ‘ ASS

//AEN\Q\Q\

'Imperatorin, pM
1A2 | 3A4 | 2C9 | 2C19 1A2
0.06 | 0.11 0.11 0.06 0.1
0.11 0.55 1.1 0.11 0.5
0.55 11 5.5 1.1 1
) B | 2.2 11 o e
2.2 9.3 55 5.5
5.5 22 110 11 10
22 55
110
165
220

ZEIN

*Extract C, pg/ml
2C19 | 1A2 | 3A4 | 209 | 2c19
10 50 | 50 | 50 10
so | 100 | 250 | 100 | 50
100 | 250 | 500 | 250 | 100
250 | s00 | 750 | s00 | 250
500 | 750 | 1,500 | 750 | 500
750 | 1,000 | 1,600 | 1,000 | 750
J1,000 | 1,500 | 2,000 | 1,500 | 1,000
3,200 | 3,000 | 1,500
2,000

1 = solvent was 2.5%ACN,; final solvent concentration was 1% in mcuof\rm (100 pl).
2 = solvent was 0.25%DMSQO; final solvent concentrati

3 = solvent was water

ﬂ‘ﬁm‘ﬁﬂﬂ‘iwmﬂ‘i
QW']MﬂiﬂJ UANAINYA Y

$9


nkam
Typewritten Text
65


66

3.2.7.2 Imhibition test of A. marmelos and imperatorin on CYPs
Briefly, assay stage was composed of 4 steps. Firstly, in order
to achieve results for ICsy determination of A. marmelos extracts and imperatorin, 96-

well plate was measured for fluorescence intensity before use for background

correction of the corresponding wells. The sample solutions, control solution, test-

T Q| M| mf O O W >

R

3 *.
F s 1) THe AvUsrUisww O et et i Shau

St 3L _.'L ate

ﬂecondly, he 50 1l of the master pre-m@vas dispensed into the
tested well and contniﬂed well. While, 50 ul Uhe reaction buffer was dispensed for

s 07120 A 12010 g
tempera ddition of the
combmedﬂADP and the substratg solution to allﬂlells The plate wwrotected

DI TS

reaction with 10 pl of 0.5 M Tris base (pH 10.5) to all wells (Figure 13). Then, the

plate was measured the fluorescence to acquire the results for analysis.
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Step 4
Stop solution
Step 2 l
Step 1 CYP BACULOSOME Step 3 —
Testcompound  Regeneration system Substrate A

| | | l ) Inhibition

No fluorescence

i — No inhibition
High fluorescence

ibition assay

and imperatorin were
estimated from the fifloresceeeof metabolites at the e point. Fluorescence data
were exported a
spreadsheet.

“using a Microsoft Excel

N cukeoilrol

U

ﬁ‘i“ﬂilﬁ“ﬁ?j“ﬂ Swertng

Percent inhibition of the sample was plotted versus the log value of

‘-TWJ A T WAL (11011 d

uatlon for sigmoidal dose-response (variable Hill slope) to determine the ICsg

where,

value.
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3.2.9 Statistical analysis
All numeric data were presented as mcan(f):l:standard deviation
(SD). Mean differences between 4. marmelos and imperatorin groups were compared
using one-way analysis of variance (ANOVA) and Least-Significant Different post
hoc (LSD post hoc), and p<0.05 w. nsidered to be significant (e nilwivigm,
2548). |

AULINENTNEINS
AR TUAMINYAE



CHAPTER IV
RESULTS AND DISCUSSION

4.1 Extraction of A. marmelos fruit

A. marmelos is one of the most important medicinal plants used in the indigenous
system of medicine. Its fruit : wonally used as antidiarrhoea and
antidysentery. A. marme ‘ or used to make marmalade
candied fruit, cake or.&i e water e@ fruit is used to make tea

the fruit are various in

andpopular refreshingrdfink _Sirie actiy ‘-’;

i 1 : F solvents are
compounds from frus _ nts %\\\\\\1“ the extraction include
hydrophobic solvents su€h a5 acetone, hex: El:\:k\ 1- and hydrophilic solvent

nd Shz \ 1981; Ratan et al., 1981;
i

used for extraction of the

29, Banerji et al., 1988,

AR
W\

The fruit of A maj s roported to be the ¢
is the bioactive substang€’ Ipperatorin indie e pharmacological activities

e of imperatorin which

such as antibacterial, anticoagulant, ani ggregation. It also showed the effect
on drug metabolism by bei fodtie P450- or(Cai et al., 1993; Chen et al.
1996; Kleiner peratOrin'is insoluble in cold
water, sparingl "*— ?‘1 solvent (Budavari et

al., 1996). The so‘Ems such as ae ntarnc, exan:Bd methanol have been
used for extraction (IS‘yarma, B. R. and Sharma. P., 1981; Noysang, 1998; Rahman et

al.,?2
wﬂua ANURIWEI AN T i
were us (Tokitomo et al., 19&2 Noysang, 1998 Prommetta er al., 2006).
' akafie exfract’(extractA’ e the
hanolic extrdc (extract B)w mmﬂﬂﬂm
(} water extract (extract C) appeared yellow. All of the fruit extracts were kept at 0°C
for further analysis.
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4.1.1 Determination of total yield of A. marmelos extracts
Total yields of the extracts (extracts A, B and C) were quantified in
percentage weight obtained per dried 4. marmelos ground fruit. Total yields of
extracts A, B and C were 0.56%, 7.69% and 21.54%, respectively. (Table 17).

Table 17 The extracts of 4. ma \ - ,//
SN
"'-l.i‘_‘

Solvent extraction - ale | Baxtrac Bxtracti % Total yield,
:‘ : -/ \ E1gNlAE < : - ] Wf w
Hexane (extract A) l( 552¢ § ; 0.56
Ethanol (extract B) 0a0 £ | ™789282% | Redbic 7.69
Water (extract C) \ 21.54

Noysang (1998) fo :}: At the-yield ts of hexane and methanolic

extracts of 4. marmelos f and 20. espectively. The similar trend was

found in the present study. int 1 plvent gave the less amount of

extract.

- -

Y d

4.2. Quantitativeﬁmt mi . arﬁos extracts
4.2.1. Suitability of HPLC analysis of imperatorin

HPLC dondition in this study Waé modified from method of Li (2006)

ool S 3 A Wi o

water : méthanol. When using 30 : 70%, v/v water : methanol, the retention times

AT

Water : methanol, the longer retention time of imperatorin chromatogram of 11.36

minutes was obtained.

In this study, the system suitability was tested to ensure that the validity
of the analytical parameters, retention time, resolution, tailing factor and peak area.
Imperatorin standard solution at the concentration of 9 pg/ml was injected for six
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replicates into the HPLC column. ICH (2006) recommends that the relative standard
deviation (%RSD) of all parameters should be lower than 2 %. From the results,
%RSD of retention time, peak area and tailing factor are 0.406, 0.088 and 0.246,
respectively (Table 18), which were suitable for quantitative analysis.

Table 18 Retention time, peak & ,\ i i tor from modified chromatographic
condition of the HPLC anal 515 of R“ :

Injection number mAU-s™) | Tailing factor
A 1.141
B 1.143
C 1.145
D 1.143
E 1.146
F ‘ 1.149
SD 0.0 0.003

Jmm e
mean "‘ 37243 1.145
%RSD 0.088 0.246
4.2.2

-
AYM# _eloscxtracts was
validated accordiﬁo U

Accuracy m

tHe®method was studied at five different concentrations of
smaﬁmwwﬂ P e P b T 1.
show

%recovery of imperatorin at five concentrations ranged between 97.69

TS AT ..

verage in the range of 98-102% and %RSD of all samples should be lower than
2 %. Therefore, the accuracy of the proposed method was within the acceptable

criteria.
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Table 19 Accuracy test of imperatorin assayed by the HPLC method

Samples Actual Observed Recovery Average of RSD
conc.(pg/ml) | conc.(pg/mi) (%) Yrecovery (%)
(range)

1A 2.9439 100.10 0.20
1B 2.9439 (99.86-100.25)
IC 2.9439
2A 5.8878 "_4 ‘ 98.86 1.10
2B 5.8878 " 458945 100 (98.18-100.11)
2C ) :
3A \\"\\:‘H 98.43 1.04
3B “ 9‘7.69-99.60)
o Al Eﬁix\t
4A 58~ “\ 2 “\ 98.87 1.27
4B A 48. \ \ 97.90-100.29)
4C / 90|
5A 99.98 0.12
5B (99.85-100.09)
5C

1
, LY
Precision % ‘
The deteﬂﬂﬁon 0 ; 7' S10n Of th ytical lah()d fOl’ the assay of
i orin was at with six replicated s le solution which i rin
mperat pﬂfm ep c&:’ amp imperato

The measured concentrations, %recovery %%RSD obtained &9m HPLC

v i e T e

The %recovery in day 1 (97.69 to 100.76), day 2 (97.82 to 100.58) and day 3
(98.60 to 100.72) were in agreement with the guideline. All of the %RSD, 1.31, 1.07
and 0.72 in day 1, 2 and 3, respectively, were lower than 2.



Table 20 Precision test of imperatorin assayed by the HPLC method (day 1)
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Samples Actual Observed Recovery Average of RSD
conc. (pg/ml) | conc.(pg/ml) (%) Yrecovery | (%)
(range)
A 8.8318 8.7960 99.5954 99.45 1.31
B 8.8318 - 1“' | 97.6883 (97.69-100.76)
C 8.8318 \“‘Q‘*‘T 5810128
D 8.8318 .8498 100, 204
E 8.831¢ 8. 898 el 00. 7586
F 8.8318 Fﬂ# 8 ‘-"':7 .
715 QNSRS |
Table 21 Precisiontés j‘i d by the HPLC method (day 2)
Samples served | | Average of | RSD
Yerecovery (%)
(range)
A 99.43 1.07
B (97.82-100.58)
C
D
E
F . g'i ,...'==':_‘§;;=_,,..',..._..:j
Table 22 Precisicﬂmof' atort: D cHPL@ethod(dayS)
RSD
(%)

s
N O TN B

E 8.8318 8.8383 100.07
F 8.8318 8.7079 98.60

0.72
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The i | ision

Data of %recovery of imperatorin obtained from 3 days of analysis are
tabulated in Table 23. The percentage of RSD at three days of spiked imperatorin in
sample solution were 0.17. Precision of inter-day was within the limit range (98-102%
recovery and RSD+2%). Therefore, this analytical method revealed acceptable

precision. | ’ ,y

D) of ass ification of imperatorin
o —

Table 23 Inter-day preci

vy /NN ‘.
A ' : E%’ \ N 99.44
B G883 — | : 100.72
C 99.90
D 100.00
E 100.07
F 98.60
mean 99.79
%RSD =

= _r‘wﬁ '
Yy, Y ) "

Specifichiy ¢ igated-by determining the
retention time, "..l‘!l tion and asymmetry of imperatorin qﬂmatogram Resolution

(Rs) is a msmcmeet of how well two peaks are separated. The separation of all

=T YT I

¢ (w, +w

P 3,
TRALNAUARINGIA Y

t, is retention time of impurity peak which is next to imperatorin peak

w; is the peak width measured at baseline of imperatorin peak

wy is the peak width measured at baseline of impurity peak which is next to
imperatorin peak

(10)
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While, tailing factor (Tf) is a measurement of peak symmetry calculating from
peak width at 5% of peak height. Tf = 1.0 indicates a perfectly symmetrical, Tf > 2
indicates as a tailing peak that is typically not acceptable due to difficultly in
integrating the peak area precisely.

A+ B

(11)

height
mght

oximately 3 pg/ml,
n of 100 pg/ml) spiked

: | '\"K” _
with the same amount'of impe: aﬂﬂ :5:\ atogram of 4. marmelos

le (unknowassamplec © -‘.n—( ple) 'y
sampic . -o . d"i\\

& ‘. :d and compared for
confounding impurityoverl: hes ‘ ‘\

] /i3 A
in the sample should ng ! El "* ere ;1_ "". rom amount of standard

imperatorin. :,F

..M e,
Using the integrated .pragram, resi

From the results, retention {ifie o

There was no peak of i an

NP

nt of imperatorin spiked

and asymmetry were calculated.
am of imperatorin was 11.19 min.
atorin in extract sample. Hence,

the resolution (R$) of different peaks aks of sample and 4mpurity) could not be
o i
calculated. Asjfn actof of peak of extract

sample were fo be 1. 1.5 (Figure 14); hence,

the method was spemﬁc to the HPLC analysis of imperatorin. There are no

A
9 RIAINTUURIINEN AL
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Peak of imperatorin in extract A
Tf=1.145
Retention time = 11.279 min
——p— Y — ;
10.0 1245 150
min
"= Peak of imperatorin in extract B
2 Tf=1.241
E Retention time = 11.259 min
5.0
min
C
ﬁ L .00
<1 ()
E
150
D . min
200001
5 ; | Peak of imperatorin standard
=5 ) =1.143
10000 ntion time = 11.190 min

40 1) (20 175 pg/ml),

~ftidt

and of(D) imperatorin standard soldtion (2.98 pg/mbs,

ammﬂimumwmaa
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Table 24 Comparison of peak area and concentration between standard imperatorin
and spiked imperatorin

Standacd imperatorin Spiked impesstorin
Average peak 0 Average peak Observed
area SR t\' , Area concentration
(mAUs") SRS (ng/m)
113,745 > 13,60 2.9406
113,572 2.8920
113,765 2.9340

Linearity and rar

The linearity € oncentrations of standard

solutions (2.94, 5.89, & _ . The selected concentrations
covered the range of gach analy ¢ in-all-te samples -14.72 pg/ml). The linear
regression line for the regSponse * ak are; ;sus concentration plot is shown in

Figure 15. The linearity equation wa:

(12)

of peak area (mAUs™)

QN TARAG AL MINANA Y

Concentration of imperatorin solution, pg/ml

Figure 15 The linear regression line plotted between concentration of standard
imperatorin solution and mean of peak area (mAU-s™)
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Acceptability of linearity data is often judged by examining the coefficient of
determination (R?) and y-intercept of the linear regression line for the peak area
versus concentrations plot. A coefficient of determination of greater than 0.999 is
generally considered as evidence of acceptable fit of the data to the regression line.
The y-intercept should be less than a f per cent of the response obtained for the
analyte at target level (Green 96’ y-intercept of the linear regression line

(equation 12) was 1,685.8 of peak area at target level (mean
of peak area at the 136,419 mAU's™). Hence, the
linearity method was

From the result, datacLobserved and a qgentr tions are shown in Table
25, while the linearity ed (y) was shown in
Figure 16. A ploty atrations was linear with

coefficient of det 99 ﬁi\k he linearity equation for

ation 13.

(13)

¥
U

AULINENTNEINS
RININIUNRIINYIAE
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Table 25 Linearity test of imperatorin assayed by HPLC method

Samples Actual Average Observed Average
concentration actual concentration observed
(ng/ml) concer _'on (pg/ml) concentration
g (ng/mi)
1A .t " 29491 2.9467
1B 9438 | 29399
1C 7 e | 2
2A P A L 5.8209
) L
2B §'887% \ R0 4
2C 2 TR | 4 78 al
3A R I ) 8:8318 l \ 96 8.6933
3B
3C
4A 11.6429
4B
4C .5289
5A 14.7330 14.7162
5B
5C
E
c

&1

W18y

Actual concentration (pg/ml)

Figure 16 The representative linearity curve plotted between actual and observed

concentrations of imperatorin
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Limit of detection (LOD) and Limit of quantitation (LOQ)

The LOD and LOQ of the method were studied at five theoretical
concentrations of imperatorin standard solutions (0.06, 0.13, 0.25, 0.50 and 1.00
pg/ml). Slope of the calibration curve of imperatorin standard solutions and the

standard deviation of responses were measured and calculated for LOD and LOQ.

Table 26 LOD and LOQ ¢

7/

Sample LOD LOQ

(ng/ml) | (pg/ml)

Imperatorin 0.035 | 0.106

From the=overall resulis, it Can b Secn that gualisasve and quantitavite
Y AY )

determination OF imp sing HPLC analysis were

k |I
validated and pass 'the criteria according to USP32 NF29 rl idance as summarized

in Table 27. The vaildated HPLC method w further used for determination of

mﬁﬁﬂ”ﬂﬂﬂ"ﬁ?ﬂﬂﬂﬂ‘i
9 RIAINTUURIINEN AL



Table 27 Summarized results of analytical method validation fo
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Test Parameter
Accuracy %Recovery
Intra-day precision %RSD
Inter-day precision %RSD
Linearity and range y-intercept
R2
Specificity Resolution
Asymmetry
Peak area
ND = could not determine

Result Conclusion
98.43% to 100.10% Passed
0.72% to 1.31% Passed
0.17% Passed
1,685.8 Passed
0.9998 Passed
ND Passed
1.143-1.241 Passed
p=0.278 Passed

ﬂ‘lJEJ’JVIEJWI?WEJ’]ﬂ‘E
QW’]Nﬂ‘ﬁUﬁJMT}ﬂmaﬂ

18
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4.2.3 Determination of imperatorin in A. marmelos extracts

The composition of imperatorin from 4. marmelos fruit was determined
by RP-HPLC. Determination of imperatorin in hexane, ethanolic and aqueous extracts
were performed by using the validated HPLC condition as described above.
grated peak areas of the sample and the
Figure ages of impertorin in the extracts
were calculated by compari area es with those of the standard
imperatorin. Extract solution Was prepare n dupllcate into the HPLC,

Quantification was carried out from inte.

Reference soliios were injected i licate into the HPLC, and
peak area respons ; ! éd- The ‘cc f standard imperatorin
95, 6.93, 8.91 and 10.89

pg/ml). Standard c mperatorif | ‘ Hoy e 17 and average peak area of
impertorin is shown in Jablg 28 Theslope \ pt of the calibration curve were
calculated using least squg The reg sion equation of standard

curves was:

: (14)
where, Yo A

yisthepe&:ca( AU

X is concenlraeon of standard i unperatonn (pg/ml)

f mj.,m&m TUEINT, e

0.9998

Q‘WWE‘Nﬂ‘iﬂJ UAIINYIAY
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450000
400000
350000 -

250000 -
(7= 38497x- 28893
150000 -

Average peak Area (mAU's™)
W

12

era torin

Table 28 Averag tandard at five different

concentrations (stand

o
Concentration u 3:1

. r‘ﬂ ghagild | J" '
296 o—— 112,159
=
4 95 ged A A T 184,505

i IARAN T o L Y e

and 0.1179 + 9.1000¢°%, respectl ly, based on weight of dried extract While, the

TAIENT SO

s respectively. However, imperatorin could not be detected in aqueous
extract of A. marmelos.

From the result, it was shown that hexane extract considerably contained the
highest amount of imperatorin. Therefore, it could be concluded that hexane could be
an effective solvent to extract imperatorin from A. marmelos fruit.
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Table 29 Contents of imperatorin in A. marmelos fruit. — \ : >
Solvent extraction Concentrations of alaf 7/ § R\ ! _ . | torin (%w/w), (mean + SD), (n=3)
extract (ug/ml) ,
' in dried extract
Hexane (Extract A) 109 g ff frr =" 10,0008 5.7802 + 0.1373
104 foif 2. |- '
105 X8 P
Ethanol (Extract B) 3,873 ,» 7 3 _ | 0.00 8 0.1179 +9.1000¢™
3,836 42950 u_i.é; |
3,840 17,4755} )
Water (Extract C) 19,242 ND
23,246 .
20,175 | ND 1)
=could not determine

AULINENTNEINS
ARIANTAUNININGIAE

¥8
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There is no report for determination of imperatorin by using HPLC analysis.
Noysang (1998) investigated the content of imperatorin in 4. marmelos fruit using
gas chromatography and mass spectrometry (GC-MS). The content of imperatorin in
A. marmelos fruit was 0.055% when using hexane extraction and 0.04 to 0.2 % (w/w)
when using n-pentane extraction. From the result in this study, mean of percentage of

cts and imperatorin

monoexygenase reaction. Product
% 01. In this study, Vivid®
Xy oumarin (EOMCC) and
While, specific

gent, . = prepared from insect cells
expressing a human P450 i 7. mixe L with rabbit NADPH-P450 reductase.
Cleavage of BA U;[;Q d

product (7-hydzoxy-3- | Fruit extracts and impgraforin were tested for

i)

4.3.1 Veriﬂcatio of CYP inhibition assay

m ¢naphthoflavone,

kctoconazﬂc, sulfaphcnazole and ‘mlconazolc res tlvely) was stu SO as to

mﬁﬁﬁﬁfﬂ‘ﬂﬁ e "Tﬂ“ﬂ”““’

Each positive inhibitor solution was prepared in different concentrations.

strate vields blue fluorescent

inhibitory effect by

Then, the positive inhibitor solution was dispensed in 96-well black plate. Test
solutions were mixed with BACULOSOME CYP450 and incubated for the proper
time. The reaction was initiated by adding Vivid® substrate (BOMCC for CYP3A4
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and CYP2C9, EOMCC for CYP1A2 and CYP2C19) into a mixture. Inhibitory effects
of positive inhibitor were determined from the fluorescent production of metabolites
after adding stop solution (0.5 M, pH 10.5 of Tris base). Fluorescence data at the time
point were exported and analyzed for %inhibition by comparing with control
containing blank solvent, BACULOSOME CYP450 and Vivid® substrate. By using

| ICso values of CYP3A4,
CYP2C9 and CYP2C19.axere0.47, 0. ively, which related to
the values of previous studies, While, I€ A f CYP1A2 was 0.13 uM appeared

The diffi ' vallie Al ' pups may be due to some
ate, met te de source of enzyme etc..

In this study, type of gnzyfie W: .:- d fron \ wtrogenm) while other
studies using huma P from Gentest (Kleine 3), human liver tissue
| crosome (Marques-Soares
et al., 2003) and T i { arks and Larson, 2002).
While probe substratés we _, stud;. such as (S)-mephenytoin 4’-
hydroxycoumarin for C'Y; oand ‘. ipir YP3A4 (Monostory et al., 2004),
EROD for CYP1A2 (Kleiner ¢ . .f."n > a,-'. progesterone for CYP 2C9 (Marques-
Soares et al., 2003). B0y

Ll

Table 30 ICso ¥allie SB.95% CI)
Enzyme E Drugs ), rom ﬁso, uM from this study
other studies (95% CI)
CYPI ﬂwﬂ‘ﬁa . ﬂ y 0.13
Aﬂ WE n "'ﬂ ﬂ( 2t00-l4)
CYP3A4qll Ketoconazole 0. 13‘“
Fy
N ANELD EIJ BTN ""I"Ei d
9 0.69 (0.04 t0 0.28)
CYP2C19 | Miconazole 0.07® 0.25
1.78+0.84® (0.20t0 0.32)

(1)=Marks and Larson, 2002; (2)=Monostory, ef al., 2004; (3)=Kleiner, et al., 2003; (4)=Marques-Soares, ef al.,
2003



87

After verification of CYPs testing, 4. marmelos and imperatorin were
prepared and screened for inhibitory effect on CYPs (CYP1A2, CYP3A4, CYP2C9
and CYP2C19) using Vivid® CYP450 screening kits (Invitrogen™, USA). Briefly,
each test solutions were prepared at different concentrations. Then, the test solutions
were dispensed in 96-well black plate. Test solutions were mixed with

BACULOSOME CYP450 and ing "'ﬂ [ f ! oper time. The reaction was initiated

by adding Vivid® substrate inf ffects of test compound were
determined from the ‘..—,_..,, t p oductl of Ticiabolites after adding the stop
solution (0.5 M, pH 105 of Tms base). Fiu ~data at the time point were

exported and analyzed
blank solvent, BA

Prism software, I

solvent control containing
e. By using GraphPad

In the assay, - 50 M are considered to be
“potent” inhibitos§; whiere; est SAMmg vith ICsp. values of 10-50 puM are
considered to be “maog it 0

In this study, d
for each CYP are show . of A. marmelos extracts and
imperatorin on CYP1A2fCYR3A%, CYP CYP2C19 are shown in Table 31.
Details or %inhibition on varioi§-C¥Ps of { st samples are shown in Appendix A.

os extracts and imperatorin

Y

g
ﬂummmwmm

Q‘WWE‘Nﬂ‘iﬂJ UAIINYIAY
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4.3.2 In vitro inhibitory effects of A. marmelos hexane extract (extract A)

on human CYPs
Figures 18-21 display the curve of %inhibition of CYP activity versus
logarithmic concentrations of A. marmelos extract (extract A). Extract A inhibited
CYP 1A2 and 3 A4 activity for 96% and 95% of the control at the concentrations of 10

of ihe'contrel at the concentrations of 10
pg/ml and 15 pg/ml, sspectively. “of extract A on CYP2C9 activity

125-

g

------------

S

% Inhibition
S
o
g

2

=]
2

T

iw

Figure 18 Inhibitory éffest of hexane extract@fid. marmelos fruit (extract A) on

ﬁ%ﬁl?ﬂﬁlﬂ‘ﬁﬂﬁﬂﬂ‘i
ammnimwnwmaa
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%Inhibition

B

g

b

n
(=]
M

2
i
A

(=]

3

| 4ICso =
5% CI=1.32to 2.07 pg/ml

’ 887

1.65£0.05 pg/ml

i
h, L1
i TR
i 4 Y
._._.‘—. N A : 'I"

o -
> -
i o i —

__.-_'-'

armelos fruit (extract A) on
W,

%Inhibition

125+

Figure 19 Inhibitory@ffest of .
CYP34
WA
: 'I!' oy = r‘
l - "J-':_LJ

100

751

504 | v'

251

Cso=1324£0.03 pg/ml
,~‘-" g‘f 85 t0 3.69 pg/ml
J

F'm mmumw §N9

bt RRTR L ITREL

CYP2C9
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125;

100

2

%]Inhibition
3

o B

,/ MK ~_~.:_-i":':-;-:.::r X

" _J_. I||II I'._II -7'.-|
Figure 21 Inhibitoggeffeet ofhexane-es A, marmelos fiit (extract A) on
CYP2C19 = AN W

i 44
il
%

T

1_'. ‘... .

r e n
AT,

,
\
\

| ;r_. ]
i

ﬂ‘lJEl’J‘VIEW]‘iWEI’]ﬂ’i
ammnimumwmaﬂ
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4.3.3 In vitro inhibitory effects of A. marmelos ethanolic extract (extract B)

on human CYPs

Figures 22-25 display the curve of %inhibition of CYP activity versus
logarithmic concentrations of 4. marmelos extract (extract B). Extract B inhibited
CYP1A2 and 3A4 activities for 100% and 95% of the control at the concentrations of
500 pg/ml and 800 pg/ml, respective y values of extract B on CYP1A2 and
3A4 activity were 39.40+0. t / / S _ug/ml, respectively. Extract B
inhibited CYP2C9 and 2€19 for 7 /o and 91° ntrol at the concentrations of
1,000 pg/ml and 1,000 pg/m i y of extract B on CYP2C9 was

BN

\\ 0+0.02 pg/ml

"‘ : 05t04430pg!m1

125+

—
r S
A I

%Inhibition
H

[ ]
n
rt

=

]

I
i

Figure 22 Inhibitory#ffest of ethanolic extragt of 4. marmelos fruit (extract B) on

ﬁﬂ"ﬁl?ﬂﬁlﬂ‘ﬁﬂﬁﬂﬂ‘i
ammnimwnwmaa
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B

—
Aean

%Inhibition
3

g

>

- 86.59+0.05 pg/ml
98%%C1 = 68.52 to 109.40 pg/ml

Figure 23 Inhibitory / ./, bic ex ' \H\\ ﬁ-ult (extract B) on

1255

8

2

%]Inhibition
3

+0.04 pg/ml
5970toz4460pymx

% Cl #
R’=0.9879

.:rrar?n’ nnj
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g

g

e ‘ ICso = 107.90£0.02 pg/m

= iy 95% CI = 96.94 t0 120,00 pg/ml

g ) ~ #0.9951

04 — —— - N
o : ./A" \! ‘ —
/ —-tr r AR

Figure 25 Inhibitogy ef narmelos fruit (extract B) on

CYP2 19' %ﬁ ‘\H I'.

P A "
L b/A 7,

I;:d

ﬂ‘lJEl’J‘VIEW]‘iWEI’]ﬂ’i
ammnimumwmaﬂ
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4.3.4 In vitro inhibitory effects of A. marmelos aqueous extract (extract C)

on human CYPs

Figures 26-29 display the curve of %inhibition of CYP activity versus
logarithmic concentrations of A. marmelos extract (extract C). Extract C inhibited
CYP1A2 and 3A4 activities for 82% and 93% of the control at the concentrations of
1,500 pg/ml and 3,200 pg/ml, 1‘*-- i ICsovaluesofextractConCYPlAz
activity was 352.3040.04+ g/ Hi A4 was 842.4040.04 pg/ml.
For CYP2C9 and 2C19,.ext h_i ould in ad 93% of the control at the
concentrations of 3,000} uw'”‘ 2,000 pg/i "-g_._i ectively. While the ICso values
on CYP2C9 and 2 * i 0£0.20 pg/ml, respectively.

). \\\
o AN

1004 -====n=e=-

=

£ 75

LD

8 Iso 352.30+0.04 pg/ml

= 50 .\ 96.40 to 418.80 pg/ml
o

254

75 =
T

Figure 26 Inhibirg effect of aqueous extract of A. marmelos¥ruit (extract C) on
CYPIA2 € &

ﬂ‘lJEl’JVIEWl‘WEﬂﬂ‘i
QW'WMﬂ‘iﬂJﬂMTJﬂEﬂﬂEI
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125-
100 .-

£ 25

3

ﬁ i | #842.4020.04 pg/ml

X 686.3 to 1,034 pg/ml
25-

Figure 27 Inhibitory effe agueous ext na; ‘-,\" uit (extract C) on

CYP3A4

1251

100

751

: t01073|.|gfml
R’=09632 -

'ﬁﬁlﬁ“ﬂﬁfﬁﬂﬁ“’lﬂ‘ﬁ

Log concentranon, pg/ml

%Inhibition
3

)
bt

) |

Figure 28 Inhibitory effect of aqueous extract of A. marmelos fruit (extract C) on
CYP2C9




96

%Inhibition
3

/L ACHE 434.00+0.20 pg/ml

95%E1=162.2 to 1,056 pg/ml
0+
0

J : \ f
Figure 29 Inhibitory ¢ I auéous extract of AL marmelos fruit (extract C) on
CYP2CL

AULINENTNEINS
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4.3.5 In vitro inhibitory effects of imperatorin on human CYPs

Figures 30-33 display the curve of %inhibition of CYP activity versus
logarithmic concentrations of imperatorin. Imperatorin inhibited CYP1A2 and 3A4
activity for 88% and 97% of the control at the concentrations of 22 uM. The ICso
values for imperatorin inhibition of CYP1A2 and 3A4 activities were 0.42+0.02 uyM
(0.11£0.02 pg/ml) and 1.63+0.02 M (0 44£0,02 pg/ml), respectively. The ICso of
imperatorin on CYP2C9 and 2C] 3 II' Vi ;f‘/ 3.59+0.02 uM (0.97+0.02 pg/ml)
and 2.15£0.02 uM (0.58 a-,.,,‘ while the.ednCeatsation of 110 uM and 220 pM

125-

.-

// P \\\

g

>

0.02 uM
95% CL'= 037 0 0.47 uM
=0.9¢

%Inhibition
3

)
S

[=]

I
Fiﬂe 30 Inhibitory effect of imperatorin om€YP1A2

ﬂ‘lJEl’J‘VIEWI‘ﬁWEI']ﬂ‘i
ammmmummmaa
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- '1 G =1.630.02 pM
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Chemicals Content of imperatorin in dried
extract (Yow/w)
o (meantSD, n=3)
A. marmelos
Hexane extract, pg/ml 0.730.03 4.04+0.02 5.7802 % 0.1373
Ethanolic extract, pg/ml 39.40+0.02° | 107.90£0.02 0.1179 + 0.000091
Aqueous extract, pg/ml 352.30+0.04" 414.00+0.20" ND
Imperatorin, pg/ml 0.110. 02 058t0.03 ;
(1M) (0.4240.02)=1 (1.6320.02) | (3.59+0.02) :l:0.02)'
* Significantly different from ICs, of imperatorin (pg/ml) ontl he \¢ individua
ND=could not determine -

QW’]Mﬂ‘iﬂJ UNIINYIA
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CYPs are the principal enzymes for the oxidative metabolism of drugs and
other xenobiotics. Among the xenobiotic-metabolizing CYPs, CYP1A2, CYP2C9,
CYP2C19 and CYP3AA4, appear to be most commonly responsible for the metabolism
of drugs. Inhibition of CYPs-mediated metabolism is often the mechanism for

drug-drug interactions. This study i ; first report for inhibitory effect of

1l ICs0xSD (n=4) of A. marmelos
4 /nalySis, one-way analysis of

.-J

From the Tésult, dfhneratoru shawed th nt. inhibitory effect on human

N

CYPs at concentrations of lgss the ) 050 \- sratorin for CYP1A2 was

0.42+0.02 uM (0.1120.0241g/ml), CYP2€ f"v‘\ 0.02 pM (0.97+0.13 pg/ml),
NN

CYP2C19 was 2 0,58 g/ml) and 4 was 1.63+0.02 uM

sffect of imperatorin was found

for CYP1A2 followed by CYP3 9and ‘og C9. Imperatorin had been
reported for inhibitory effget % CYPs Such as CYPIAL, 1A2, 1B1, 2A6, 2B1,

2003). ICsp values of imperatorin
(Table 32).

in this study were compared with-pervious st
e ..._-;;‘-"J,

: .
L LES
: A i
LA
- o el Sl

Table 32 ICSO -'.E-lv;‘.l-llfltild ratorin on C Y Ps fmean+tSH-—95%,(]

LY |
Enzyme

< “s0, *M from this study
CYPIAI 764206 m ND
2.320

" ) A RS W T

m
CY.'P 6 11.7 (10¢ 13.3) . NDU
7 ' A Fy
NN RSN 1PN TR E
g 2 . 25,014)
CYP2C9 111 (89.1, 133)® 3.59+0.02 (3.25, 3.97)
CYP3A4 0.53 (0.45, 0.62) ™ 1.63+0.02 (1.45, 1.81)
CYP2C19 ND 2.15+0.02 (1.95, 2.37)

(1)=Kleiner et al., 2003; (2)= Cai et al., 1993
ND= not determined
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From Table 32, ICsy of imperatorin for CYP1A2 and CYP3A4 were in
agreement with values reported by Kleiner and coworkers (2003), but ICsp of
CYP2C9 was 30-fold lower than that reported. It was noted that this study and
previous study used the same sources of enzyme which are microsomes prepared from

insect cells infected with recombinant baculovirus containing a cDNA inserted for

study may be the dtff_ ent selective su for CYP2C9 which were
7-benzyloxymethyloxy-3=¢yanoeoumarin i , diclofenac in the previous
study.

by one of three potenti

group; (ii) degradation of the . .-.'::._... - heme group and (iii) covalent binding to the
= L= L ! P i 2

apoprotein her .. CYP1Al-mediated
cthoxywsorufi. ) activity inhepalit microsomes in
3-methylcholarithfene pretreat .J} pentoxyresorufin O-
dealkylase (PROIEactmty ] reated w ‘ baatal (Cai et al., 1993).

Effect of nnperatonn was compared with phenylhydramnc (posntnve control which

f°“R“TlH’Tﬁ TN
signifi OEJ osomal | pr€paration, while

phcnylhy ine formed an adduct‘wnth heme and g(.)wcd sngmﬁcantlytswer CYP

e sliep ik

ducts with the apoprotein and effectively destroy enzyme activity (Cai et al., 1996).
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Effect of A. marmelos hexane extract (extract A) on CYPs

From the results, ICso of A. marmelos hexane extract (extract A) for CYP1A2
was 0.73£0.03 pg/ml, CYP2C9 was 3.24+0.03 pg/ml, CYP2C19 was 4.04+0.02
pg/ml and CYP3A4 was 1.65+0.05 pg/ml (Table 31).

Compan'son among extracts, inhibitory effect of extract A showed the highest

Moreover inhibitory ef
imperatorin in all of
cause inhibition

Is0
A. marmelos hexa '/,' /

However in st for CYP1A2 followed

by CYP3A4, CYP2Q =19 trend of inhibition of
A. marmelos hex@ine cXtragt was differént from \ ) (extract A inhibited
CYP2C9 more thantCYR2CHE £ fie conten of imperatorin in 4. marmelos

hexane extract at ICs, yalues | (Ps,we er than imperatorin. This may
suggest that the acti : effects on those CYPs in
A. marmelos hexane extrac one. Since there were reports

that xanthotoxin, a ﬁ;ranoco arin found -;- _' armelos fruit, was an irreversible

eed of further study
extract should be

and c@l on enzymes in phase
II metabolism of A4. marmelos are recommcndcd to be studied.

Eﬁmﬂw ANLNINGINT

the results, ICso of‘.tl marmelos ethanollc extract (cxtract B) for

mﬂmﬁmwmm i

Inhibitory effect of 4. marmelos extract B was highest for CYP1A2 followed
by CYP3A4, CYP2CI19 and CYP2C9, respectively, which were the same trend with
imperatorin. Comparison among extracts, inhibitory effect of extract B showed lower
and higher inhibitory effect on CYPs when compared with extract A and extract C,

determined. AlsoEe mechan:
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respectively. The content of imperatorin in extract B was lower than extract A for 50-
- fold. The inhibitory effect of extract B was significantly different from that of
imperatorin in all those CYPs. This may suggest that 4. marmelos ethanolic extract
was not a potent inhibitor. The content of imperatorin in 4. marmelos ethanolic
extract at ICso values for those CYPs werc lower than imperatorin. This may suggest

that the active compounds whic on of extract B may not be due to

imperatorin alone.

Effect of A. marmelo

From thc (extract C) for CYP1A2
was 352.30+0.04 1ig/ml, CYP2C19 was
414.00£0.20 pg/ g/ml (Table 31). Extract C
showed the least inhibitoryeffect whean act A and extract B and
the ICso values v

content in extract C was low:

peratorin. Imperatorin
1on determined from HPLC
method, hence, extract defermhined. i ay suggest that the active
o ged to 1 Ivent extract and edible of
fruit j Julce of 4. marmel agrmm 7 e with low incidence of food-drug

Ijza)rocarcinogen such as
polycyclic aromatic ydrocarbon (PAHSs), hetcrocychc amines, aromatic amines,
nitropol m t), and dietary
e 11 1p 3101 o Nl

levels of this enzyme are also assoc*ated with breast cancer (Hong et al. 2004) colon

TR TR T N YR

'Bus result may suggest that 4. marmelos extracts may be beneficial for decreasing

car cmogenwls.

extrahepatic tlssugsuch as lung.

Moreover, CYP1A2 is responsible for biotransformation of many drugs such

as antidepressant drugs (amitryptyline, fluvoxamine and imipramine), antipsychotic
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drugs (clozapine and haloperidol), antiarrhythmic drug (mexiletine), antiemetic drug
(ondansetron), antihypertensive drugs (propanolol and verapamil), drug for treatment
of Alzheimer’ disease (tracrine), drug treatment for asthma (theophylline),
anticoagulant (warfarin), drug for treatment of migraine (zolmitriptan), caffeine, efc.
(Gibson and Skett, 1996, Colcman, 2005). Inhibition of CYP1A2 may suggest that

A. marmelos may decrease biotran f those drugs and may cause drug
toxicity. - ':;.. /O
- ) T ' i

uman liver. It metabolizes

endogenous co many clinically important
g mpo :

drugs including phe ipizide and non steroidal

anti-inflammato *(Shannon and Michael,

2005). Diclofenac and tolpttamids aré popular CYP2C robe substrates for in vitro
testing. While sulfaphe ; o : inhibitor for CYP2C9.
Whereas rifampicifl andéphafioBerbifz z mmonly known s inducer for CYP2C9
(Brandon et al., 2003). Warf: i/dhenytoin a drugs with low therapeutic
margin. Whereas, CYP2C 19 irally diverse therapeutic agents, some

substrates are converf tabolites by this enzyme.

‘
..ii&i-":' !- s

Inhibition of both of YJPE@' q,ntr C¥ may cause drug interaction.

intestinal P450 content. A4 is sible for the mc@yh’sm of 60% of all the
drugs on the market mcludmg 38 different medication classes. For example, CYP3A4

PO TS

antu‘etro agents, nmnunosupEwsants, antlulcer agents, and anticonvulsants

qm’ﬁmm (N [ Ir3h

YP3A4 at intestine may cause the lower drug's first-pass metabolism while
xenobiotics which inhibit CYP3A4 at liver may cause the higher of its bioavailability
(Parkinson and Ogilvie, 2008). From the result, A. marmelos extracts showed
inhibitory effect on CYP3A4. This may suggest that 4. marmelos fruit could interact
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with drugs which are primarily biotransformed by this enzyme and may cause drug
toxicity.

On the other hand, inhibition of CYP 3A4 may reduce efficacy for pro-drugs
requiring conversion to active metabolites (e.g. cyclophosphamide, irinotecan)
(Shannon and Michael, 2005; Sai ef al., 2008) or may decrease risk of conversion of
oxin /B1, aflatoxin G1, sterigmatocystin,

5 ibition of A. marmelos extract on

procarcinogen to carcinogen (e
senecionine) (Parkinson and ( oilvie
CYP3A4 may cause d me protoxicants.

A previous | e o1 A marmelos leaf extract which could

bifunctionally indu . Mice were treated with

A. marmelos w 100 mg/kg orally for 14
days. In phase-I ea# ; g ‘-‘\» 0 *'& ouse liver, CYPs and
NADPH-cytochrome 4450 (NADPH-CYI re determined by carbon
monoxide differefit spéctrd st and fhe contents \ CYP enzymes from
microsomal suspensidh were @stim: by ¢ methok of Omura and Sato (1964).
DS f 50, g presented significant
elevation in the speg ) mtla‘;éf_ _ : 'siat 0.90 and 1.15 folds, NADPH-CYP
reductase at 1.23 and 1.3 shrome bS reductase at 0.93 and 1.12
folds when compared with Eﬁi‘xaﬁu'e ,.u phase-ll enzymes, glutathione S-
transferase wa assayed in W& of liver. The. 4. marmelos treated groups
presented a signific

enzyine activities at doses of
y - A L 4 ;\? E
50 and 100 mg/mal by 1.44 and 1.66 ase when compared
! I}
The dlffa'cnc in results of this study from the previous study may be due to

:;;Wﬁﬁﬁmﬂmrﬁﬂm 42 i

(cmnaml aegeline, ianj e, haplopine) (Manandhar et al, 1978,

TP, Sy Y s
‘ Hﬁ‘mm’lﬁsmg, et al.,
5003). However, A. marmelos leaf was reported to have different compounds from its

fruit which contains alkaloid (o-methyl halfordinol, aegelenine), flavonoid glycoside
(rutin) and coumarin (marmesinin). The data may suggest that the effect of

with the control g

A. marmelos leaf on CYP may be related to the effect of those compounds. Moreover,
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there are some limitations of in vitro studies, for example, the use of high
concentration of the component which does not account for poor bioavailability of the
active component and for binding of active component to plasma proteins in vivo.
In vitro studies are valuable for evaluating multiple products or components, provide
mechanistic information about any potcntial interaction and are simple to conduct.

While in vivo studies are valuable dies to in vitro observations and are

the only ones that are most d :
- 1“'\-\. '
(Venkataramanan et al., 200

Another plan shhas been réported it'had food-drug interaction was

rtance of food-drug interaction

Angelica dahurica (Bat Zhi).its h&s bee d as amalgesic, antibacterial, carminative
and diuretic (Ban.¢ ( vitro inhibitory effect
on CYP3A4 (ICs _ oot extract could inhibit
CYP2C, CYP3A and I/ & 1o (Ishihara ef al’; 2000). The metabolism of
tolbutamide, nifedifine afid Buidralo ﬁi inhibited af
the extract at a dose of 1 glkg fo #% #Other veg
parsnip (Ceska et al., 1987), I 1g=.
(0.7-5.9 pg/g in fruit) (Ceska et al,'. :ﬂwﬁ

P
e

In summary, this study-previde information about ICso of imperatorin and

venously administered
ch contain imperatorin are
and Jurd, 1971) and parsley

'I.F.l-‘ -il.-ll'

-

hexane, ethanolic and aqueo: - dracts of A-marm he active compounds which
cause inhibitign-be ol imperatorin and
A. marmelos &uit .l-"', metabolism of
co-administered megdication whose oute of elimir 1; on is via those CYPs,

thus interpretation of these data from in vitro to human should be further studied.

oL AR IEIL 1 Tl bl i

A. marm hexane extract should determined. It would be beneficial for further

h it TR ook 0

c in vivo study.



CHAPTER V
CONCLUSION

used as an antidiarrhoea idys . St rmelos is widely used in

Thailand, repeated exposurg.ef this frui ffect-biotransformation enzymes. In
this study, 4. marmelos vas cxirac d for inhibitory effect on
cytochrome P450 (CVP), 4 cudtialid \ - WMPhase I metabolism.
Therefore, the @ fi as determined by

RP-HPLC analysis and¥
whether the 4. ma
The results from thi
possibility of interaction'betWeéh elos * and\some therapeutic drugs

ed so as to find out
‘on CYP activities.

jation to indicate the

A. marmelos fruit €ontai iried 0. _ ract, 7.69% of ethanolic
extract and 21.54% of aqueous exfrac I"" A ied weight. A total yields (%) of
imperatorin in hexane ai d etha 2%, wiw and 0.1179%,

w/w, respectively, based-ox mpe atorin could be
7 .

detected in aquedus l't-k iowed the potent
P1A2, CYP2C9, CYP2C19 and C 4atconcentranons

of less than 10 pM. w-bkA marmelos exu%gs showed the same trend of CYP

olic extract containgd less amount.of imperatorin showed the
ammm A

(ICso > 300). This may suggest that the active compounds which cause inhibition
belonged to nonpolar solvent. However the inhibitory effect of A. marmelos extracts

inhibitory effect oL

was not due to imperatorin alone.



109

Hexane extract of 4. marmelos fruit showed no significantly different when
compared with imperatorin. While both ethanolic and aqueous extracts had
significantly higher ICso values than imperatorin. The results of this investigation
suggested that the whole 4. marmelos fruit could promote food-drug interaction by
CYP inhibition. Howcver, the edible of fruit j jmcc of A. marmelos can be considered

ﬂ‘lJEl'WIEWI‘ﬁWEI']ﬂ‘i
’Qﬁ'lﬁﬁﬂ‘if”ﬂﬁﬂﬂ&ﬂﬁ&l



REFERENCES

THAI

wiouda AsANN. 2535. usgl i Bengal quince : myu'lns'Ine. Tu misde
' - DU3! nfﬁfufm’fﬁ.
sfna alaam unz Vuguastl_ flutinn. 2529, nufinsigazgy madensnsssuya
aoud 1 3501 o auAmani-Aand uaz
msmesdusghovndund Jutindsas, M 10U):77-84.

2y (Matuum). Tu anwd

psduiduanynafiivalegindne dan s utsumdusyIng, wih 132-

auns gAvITuA, 254
z

135. woalnai s
iy famiug. 2545, weghl. Tnd vy, 1 74-75. 0y wAs: dninueniguuas.

ENGLISH

2008. Isolation and

on indicum (Linn.)

Abdul,R. A,

identifica fww. J

O lai vicida 1'
Abebe, W. 2002. -:"- medication: potential for adverse

ir@m:tions with analgesic
drugs. J Clin Fgagm Ther. 27(6): 391-40].

- E‘mﬂ Pubah iy baniid e Ry

inflammation and enhancgd antimicrobi mty by gmsw FEMS

| ";]NJ WA E ..

Balakrishnan, A. 2006. In vitro glucose uptake activity of Aegle marmelos and
Syzygium cumini by activation of Glut-4, PI3 kinase and PPARy in L6

myotubes. Phytomedicine. 13: 434-441.
Aritajat, S., Kaweewat, K., Manosroi, J. and Manosroi, A. 2000. Dominant lethal test

a
Sweet. F zl_t-'-hm




111

in rats treated with some plant extracts. Southeast Asian J Trop Med Public
Health. 31: 171-173.

Arul, V., Miyazaki, S. and Dhananjayan, R. 2004. Mechanisms of the contractile
effect of the alcoholic extract of Aegle marmelos Corr. on isolated guinea pig

Badam, L., Bedeka ., DOLawane 3. and JoshiyS. P. 2002. /n vitro antiviral
activity of ba

oxsackieviruses B1-B6.
“ommun Dig#?

Bailey, D. G., Malco Amold, O. and Spence, J. 4. Grapefruit juice-drug
interactior T IR )

Ban,H.S, Lim,S. S S, Lee, Y.S, Shin, K. H. and
Ohuchi, 003 effects’of furanoco _ isolated from the roots
of Angelica daft aglandin E n. Planta Med. 69(5): 408-
412, . =

Banerji, J.,, Das, A. K, Ghoshial, N and B. 1988. Studies on Rutaceae:
part Wl—chcmca;_,‘g@vgﬂw onstituents of Aralantia wightii

graveolens Linn. &

Basnet, P, Yasuﬂ ., Kum ' ..ur ., Kuraishi, Y. and
Komatsu,“K. 2001. Inhibition of itch-scratch respofise by fruits of Cnidium
monmen in tﬁuﬂ@ﬂmﬁuﬂ 24(9): 1012-1015.

v Y W A A1

4*-501 India: New Connaught Place.

aﬁqaﬁm N fataX ik TEa ¥~ i

research: pros and cons. Toxicol Appl Pharmacol. 189(3) 233-246.
Budavan, S., Maryadele, J. O., Smith, A., Heckelman, P. E. and Kinneary, J. F. 1996.

The Merk Index 12" ed, p. 846. USA: WhitehouseStation.
Cai, Y., Kleiner, H., Johnston, D., Dubowski, A., Bostic, S., Ivie, W. and DiGiovanni,




112

J. 1997. Effect of naturally occurring coumarins on the formation of epidermal
DNA adducts and skin tumors induced by benzo[a]pyrene and 7, 12-
dimethylbenz[a]anthracene in SENCAR mice. Carcinogenesis. 18(8): 1521-
1527.

Cai, Y., Baer-Dubgsskas Wi, As gska, 0., Tachibana, S. and

DiGiovanni : .chanism-bz nactivation of hepatic
ethoxyresorufiad*O-déalkyl: v occurring coumarins.

nem Res 10X

Ceska, O., Chaudhag¥, S K , Warrington, B, J. anc N ith, M. J. 1987.

Protoactive furafocgur s 0 \\\ iferea. Phytochem. 26:

165-169.
Chen, I. S., Chang, | , I. L., Duh, C. Y. and Ko,
F. N. 1996. Co :, regation constituents from
Formosan Peucedan lemistry. 41(2): 525-530.
Chen, Y., Fan, G., Chen, XYW u, Y., Yan, C. and Wang, J. 2006.

Separs I_u an 1 0 J' O dS ﬁ‘omAngefl'ca

dahuric Fisch. ex Hoffm) Benth.  Ypressurized capillary
electrochr ‘
Coleman, M. D. Hu
Chichester: V‘lm

v 1o gw 918 (.0 At
AR SR TSN

. 1954. Ammoidin (xanthotoxin) in the treatment of vitiligo. Calif M
81(6). 402-406.

Crespi, C. L, Miller, V. P. and Penman, B. W. 1997. Microtiter plate assays for
inhibition of human, drug metabolizing cytochrome P450. Analytical



113

Biochem. 248: 188-190.
Deng, S., Chen, S. N, Yao, P., Nikolic, D., van Breemen, R. B., Bolton, J. L., Fong,
H. H,, Farnsworth, N. R. and Pauli, G. F. 2006. Serotonergic activity-guided
phytochemical investigation of the roots of Angelica sinensis. J Nat Prod.
69(4): 536-541.
Dhuley, J. N. 2003. Investiga ive and antidiarrhoeal properties
of Aegle marmelos unif -n ! ibiot Bull. 45(1): 41-46.
Ekiert, H. and GomolkayE«2000 ‘uran@toumarins-anFastinaca sativa L. in vitro
cultures. Ph
Ekiert, H. and Gong £ 2000 Copmarin, co! -._-t aAmmi majus L. callus
cultures. Phag .

Feuer, G. and ‘\. iancement of mammary
n

tumorigenes the female sprague-
dawley rat. I

Feuer, G., Kellen, J:'2
dimethylbenzo
Oncology. 33: 35

Foster, B. C., Foster,

TN
A4\

a by coumarin in the rat.

e ; ” . .
L S .y yanoenno C— = tls, A., Bud.ZInSkl, J W., Amason,
J. T., Gallicano, } . Dzan ;E:,# _ : : An in vitro evaluation of human
cytoc _;.*" 2450 3A4 and P~ I__ ' lic. J Pharm Sci.
4 16798 X
Foster, B. C., S ovie, Cfﬂz N., Drouin, C. E.,
Krantls, , Budzinski, J. W., Livesey, J. and on, J. T. 2004. In

actmtﬂoﬂt John's wort wcytﬁhr{q]m P4S‘0j isozymes and p-

Foster, WC Vandenhoek, S, Hana, J., Krantis, A., Akhtar, M. H.,, Brya.n M,

mzﬁaxmmm -

products Phytomedicine. 10(4): 334-342.
Fouin-Fortunet, H., Tinel, M., Descatoire, V., Letteron, P., Larrey, D., Geneve, J. and
Pessayre, D. 1986. Inactivation of cytochrome P-450 by the drug methoxsalen.

P 1 Exp Ther. 236: 237-247.




114

Fujita, T., Kawase, A., Niwa, T., Tomohiro, N., Masuda, M., Matsuda, H. and Iwaki,
M. 2008. Comparative evaluation of 12 immature citrus fruit extracts for the
inhibition of cytochrome P450 isoform activities. Biol Pharm Bull. 31(5): 925-
930.

Fukao, H., Yoshida, H., Tazawa, T. 2007. Antithrombotic effects of

odorless garlic pow ,‘ 1va mgsgmt_@_hm_lﬁ]m_hgm.
71(1): 84-90.

Gerson, T., Shorland,
the metabols
oil. Biocher ,

Gibson, G. G. and Skett, P 4986 latfoduction to.drug metabolism. New York:
Chapman and Ha ;

Gill, M. 1993. Are mp ed.), The chemistry
of natural prodéicts S pp. ¢ - tain: apman & Hall.

W,
Govindachari, T. R kaloids from Aegle marmelos.

ffect of beta-sitosterol on

diet containing coconut

Phytochemistry. 22

Green, J. M. 1996. A practical guide to:

Chemistry. (68): 305A% "‘m

Guo, L. Q., Tamguchl, *,‘_,L_ “ K amazoe, Y. 2001. Inhibitory
potential ‘medic : 450-mediated oxidation:

opec ST Rl relative

tical method validation. Analytical

presmtmﬂ pn J F. m
Guo, L. Q. and Yamazoe, Y. 2004. Inhibition of " cytochrome P450 by

_@T‘ um‘ﬁ ﬁ‘?ﬁﬁ'“f"‘ﬁ“?“’m

, W.,, He, L. C. and Cao, Y. X. 2007. Imperatorin induces

AR R AT A

178.

Hodge, G., Hodge, S. and Han, P. 2002. Al/ium sativum (garlic) suppresses leukocyte
inflammatory cytokine production in vitro : potential therapeutic use in the
treatment of inflammatory bowel disease. Cytometry. 48(4): 209-215.




115

Hong, C. C, Tang, B. K., Hammond, G. L., Tritchler, D., Yaffe, M., Boyd, N. F.
2004. Cytochrome P450 1A2 (CYP1A2) activity and risk factors for breast
cancer: a cross-sectional study. Breast Cancer Res. 6(4): R352-R365.
Hong, C. C, Tang, B. K, Rao, V., Agarwal, S., Martin, L., Tritchler, D., Yaffe, M.
and Boyd, N. F. 2004 e P450 1A2 (CYP1A2) activity,
mammographic densit} : * a cross-sectional study. Breast

Ingkaninan, K., Temi ., C‘cnch_-ﬁmm T. and Thongnoi, W
~ 2003. Scr activity in plants used in
Thai traditic it e B dies. L
89(2-3): 261-
International Confereafe 6n/ Hatric lization Technical Requirements for
Registration#of Bharmageutieais mna . (1996, November). ICH-
i ' methodology{Onlinc]. U.S.
and Drug Administration,
Center for 1 ‘ DER). Available from:
http://www.ich. orgleache’e: - tml [1 Dec. 2007]
Ishihara, K., Kushida, H., Yuzurihz _-_;;f; Kui, Y., Yanagisawa, T., Kamei, H
Ohmori, S. and Mﬂ-’ 000, Ip on of drugs and Chinese herbs:

pha 1C of ta D 11! aused by extract of
Angelicg dahurica. J Phan ‘."U;
Jagetia, C. J., V P tion of the radioprotectivc

effect o::ﬁ:f (A egle marmelos) extract in mice. |

A L1812 PRI PBIA G

prétects mice against radsatlon-mduccd lethal:ty l_tggLQM 3: 323-

%ﬁ MAINNRRNLIA Y-

activity of certain Indian medicinal plants in vitro: a preliminary study. J Med
Food. 7: 343-348.

Jagetia, G. C. and Venkatesh, P., 2007. Inhibition of radiation-induced clastogenicity
by Aegle marmelos (L.) Correa. in mice bone marrow exposed to different

. 80: 281-



116

doses of y-radiation. Hum Exp Toxicol. 26(2): 111-124.

Jagetia, G. C. 2007. Radioprotective potential of plants and herbs against the effects
of ionizing radiation. J Clin Biochem Nutr. 40(2): 74-81.

Jagetia, G. C., Venkatesh, P. and Baliga, M. S. 2005. Aegle marmelos (L.) Correa

Ehrlich ascites carcinoma in mice.

iol P 11 28(1): 58-6¢ ]
Jonen, H. G., Werringloer, ¥y Brough, | & R. W. 1982. The reaction

of phenylhydra: 0 catalysis of heme

ptozotocin  diabetic rats. J

modification’J'E

emic effect of water

Kamalakkannan, N Stanely Mainzen Prince, P, 2003. Effect of Aegle marmelos
§ in streptozotocin diabetic

_ , 003. Comparative evaluation
ctivity.-of 'i'i':‘_ medicinal plants in alloxan diabetic

Kar, A., Panda, S. and ,pm;{ﬁ&’ib@{ Ve efficacy of three medicinal plant
‘ d hormone concenftations in male mice. J

\col. 81(2) X'
Karunanayake, E|H., Welik “and Sinnadorai, G. 1984. Oral
hypoglycacmlc activity of some medicinal plants of Sri Lanka. J

TSV TNINBIAT « « o

DM metabohsm, transpoast and the influence of hepatic disease. In

Burton=M. E., Applied Pharmacokinetics«and. phazmacodynamies. principles

Kesari, A. N, Gupta, R. K, Singh, S. K., Diwakar, S. and Watal, G. 2006.
Hypoglycemic and antihyperglycemic activity of Aegle marmelos seed extract
in normal and diabetic rats. J Ethnopharmacol. 107(3): 374-379.



117

Kiani, J. and Imam, S. Z. 2007. Medicinal importance of grapefruit juice and its
interaction with various drugs. Nutr J. 6: 33.

Kleiner, H. E., Reed, M. J. and DiGiovanni, J. 2003. Naturally occurring coumarins
inhibit human cytochromes P450 and block benzo[a]pyrene and 7, 12-
dimethylbenz{a]anthracene -. VA adduct formation in MCF-7 cells. Chem Res

Kleiner, H. E., Vulimiri, SV, Stai J. and DiGiovanni, J. 2002.
1on of unmellm, blocks DNA adduct

formation and"s initi - ylbenz[a]anthraccnc in

Kusumoto, T. I, Nakabayasf % n,‘- ori, M. and Namba, T.

yurvcdlc medicine for
pe 1 (HIV-1) protease.

Lampronti, I., Martéllo, B, Bianchi, N., Borga 4., Lambertini, E., Piva, R., Jabbar,
i ~MAT Gambari, R. 2003. In vitro

antiproliferative lines of extracts from the
Bangladeshi medlclna : -1...,,."'- os Correa. Phytomedicine. 10(4):

300-308.
Lawvere, S. and! Mahoney, M. C. 2005. St. John's wort: L AT n Fam Physician.
Letteron, P Descﬁn , Larre | e, J. and Pessayre, D. 1986.

Inactivation and induction of cytochrome P450 by various psoralen derivatives

Li Y. ﬁts ._ | A r gm:]ﬂ ged—phase high-

pcﬂrmancc liquid chron%tography after oral administration of Radix

a1

Ginsenoside metabolites, rather than naturally occurring ginsenosides, lead to
inhibition of human cytochrome P450 enzymes. Toxicol Sci. 91(2): 356-364.

Lowe, N. J. 1983. Psoriasis therapy: a current perspective. West J Med. 139(2): 184-
189.




118

Luszczki, J. J., Wojda, E., Raszewski, G., Glowniak, K. and Czuczwar, S. J. 2008.
Influence of imperatorin on the anticonvulsant activity and acute adverse-
effect profile of lamotrigine in maximal electroshock-induced seizures and

chimney test in mice. Pharmacol Rep. 60(4): 566-573.
Lynch, T. and Price, A. 2007. f ytochrome P450 metabolism on drug

response, interactions . 76(3): 391-

396. \\\‘:51

Macleod, J. A. and Pi 081. j mtﬂe‘ﬂ—"-;onems of beli fruit (degle
marmelos) a . J'Agric Food'Ghem. 29: 1262-1264.
Madabushi, R., nd Butterweck, V. 2006.
Hyperforin a#St. J6 interactions. EurJ Clin Pharmacol. 62(3):
225-233. 4

Manandhar, M. D A4 Kapil o5 popli, S.P. 1978. New alkaloids from
Aegle marmelas. Phyt ; ' ﬁ -18 \

Marks, B. D. and Larsony B. R. . 'r n and lomation of cytochrome P450

inhibition assay$fonline]. 2008, Avail from: http://www.invitrogen.

A

[ ) 1te A . ! £ - Tartes ‘:‘ 1 i :_‘_. .‘_'J_l -

L -
Discovery/DD-Misc/Diug-Discovery-Posters. html[June 20. 2008]
Marques-Soares, C., Dgplgf -"f.‘..‘.;;;;__'_'___q L~ Wester, M. R., Johnson, E. F.,

Dansette, 4P N .?‘;’ ivatives as tools for
comparing', cytochrome P4 Y "'l omes P450 2Cs:

*’“
ldcntnﬁcatg a 2l mﬁwn to those enzymes.
(21): 6363-6369.

BT ey

hca furcyuga stmctures of hyuganosndes IV and V. Qh_qm_ﬁbggm_&u_

% 1&% SRR IR Yo

enzymes participating in p-nitrophenol hydroxylation by drugs known as
CYP2EI inhibitors. Chem Biol Interact. 147(3): 331-340.

Moongkarndi, P., Kosem, N., Luanratana, O., Jongsomboonkusol, S. and Pongpan, N.
2004. Antiproliferative activity of Thai medicinal plant extracts on human



119

breast adenocarcinoma cell line. Fitoterapia. 75(3-4): 375-377.

Narender, T., Shweta, S., Tiwari, P., Papi Reddy, K., Khaliq, T., Prathipati, P., Puri,
A., Srivastava, A. K., Chander, R., Agarwal, S. C. and Raj, K. 2007.
Antihyperglycemic and antidyslipidcmic agent from Aegle marmelos. Bioorg
Med Chem Lett. 17(6): 188‘ | 8

Narendhirakannan, R. T., "‘\;‘ ‘ n, amy, M. 2006. Biochemical
evaluation of ant Nic pro comrmnly used Indian

plants on stref n=inducet dlm:nmcntal rats. Clin Exp

Pharmacol PhySio!. / 504115 \
Nebert, D. W. and § / i mp \\ he cytochromes P450.

Lancet. 360(2340): 535 'f'?
Noysang, C. 1998. toeheriica hai bael fruits, degle ma
“orrea (L.)4#M: ;..‘ _ "\ utical Chcmlstry and

Phytochemistry; ( ‘g‘t ; m. niversity.
.. ﬂl..l.l
Ohnishi, A., Matsuo, ad zﬁr Fakanaga, -ii forimoto, S., Shoyama, Y.,
Ohtani, H. ang adz 000 Effect of furanocoumarin derivatives in
grapefruit juice © uptake of ¥ ine by Caco-2 cells and on the
# s

activity of cytochrome P45¢ A4-BE } Pharmacol. 130(6): 1369-1377.
Olila, D., Olwa-Odyek nd-Optida-Asibo, 311200k Antibacterial and antifungal

‘arburgia ugandensis,

ﬁﬁﬁ‘?ﬁﬁﬂ [T Cat T,

Artibxidative activity of ﬁlra.noct)umanns molated from Angehcae dahuricae.

mwm&am AANELE Ehoe

Naturally occurring coumarins inhibit 7, 12-dimethylbenz[a]anthracene DNA

adduct formation in mouse mammary gland. Carcinogenesis. 27(6): 1204-
1213.

Prommetta, P., Phivthong-ngam, L., Chaichantipyuth, C., Niwattisaiwong, N. and



120

Lawanprasert, S. 2006. Aqueous extract of the calyces of Hibiscus subdariffa
Linn.: effects on hepatic cytochrome P450 and subacute toxicity in rats. Thai
J Pharm Sci. 30(1-2): 8-18.

Pronsky, Z. M. and Crowe, J. P. 2004. Food-drug interactions. In Mahan, L. K and
Escott-Stump, S., Krause’s food nufrition & diet therap ed, pp. 455-457.
Philadelphia: Saundezs. \\

Rahman, A. U., Zareen, S m:“: aheen, F. and Parvez, M. 2004.
Conformations'ofimperatorin. Aeta Cryst-E6 650-01462.

Rajadurai, M. and
and alpha-tg
levels in ra
Med J. 46(2): 78481 v

Rana, B. K, Singhi; U JP. and " :.a. \ 997. Antifungal activity and kinetics of

inhibition by glfssalitiall Sl isasamilf o

of Aegle marmelos extract
' des and cardiac enzyme

il infarction. Singapore

s of Aegle marmelos. ]

Ethnopharmacol.
Rani, P. and Khullar, N 2004. icrobial gvaluation ofsome medicinal plants for
their anti-enteric ain i-drug resistant Salmonella typhi.

Ratan, ., Prabi M. 4nd- 2 1-;':5?."- _ 981. Studies on a neutral

Riyanto, S., S , M. A, Rahm Aimi, N, and Kitajima, M. 2003.

Chemical constituents of Aegle marmelos leaves and their cytotoxic activities.

Roy, A. afd Saraf, S. 2006. Lunono ids: overview of significant bioactive triterpenes

WATE TISTAINLIAL .

hyperglycemia and oxidative damage in diabetic rats: implication for
glycation-induced hemoglobin modification. Life Sci. 82(21-22): 1102-1110.



121

Saebg, M., Skjelbred, C. F., Brekke Li, K., Bowitz Lothe, I. M., Hagen, P. C,,
Johnsen, E., Tveit, K. M. and Kure, E. H. 2008. CYP1A2 164 A-->C
polymorphism, cigarette smoking, consumption of well-done red meat and
risk of developing colorectal adenomas and carcinomas. Anticancer Res.

28(4C): 2289-2295. )
het, and Manosroi, A. 2006. Safety
los and Stevia rebaudiana on

Saenphet, K., Aritajat, S.,
frop Med Public Health. 3:

evaluation of aqueous
reproduction -ef«female  rats. §
203-205. -_I"""-'
Sai, K., Saito, Y. 1shimia-Uesaka, H., Kurose, K iwa, N., Kamatani, N.,
Shirao, K., : , JHamag ., Ohe, Y., Tamura, T,
Yamada, Y., Miflan Jhtsu, A4 Yoshida, T., S ,N. and Sawada, J.

2008. Impg “YP3 A4 waplotypes « notecan pharmacokinetics in
Japanese cancg ANC ( l 62(3): 529-537.
Sancho, R., Marquez, b & alc zag A., Bettoni, G., Coiras,

M. T, Alcagy

Imperatorin inhib

Biol Chem. 279(36): 3
Sato, E., Kohno, M., Han

no, G. and Muiioz, E. 2004.
an Spl-dependent pathway. J

. 2006. Increased anti-oxidative
X )

MG g

Seow, A., Zhao Lee, ,,@MYT Tan, W. C
and Lee, H 2001 Cytochrome P4501A2 (CYP1A2) activity and lung

e (LT

V Balalmshnan, N Suresh, D., Sureshpandian, G., Edwin, E. and

’&1 w*imm WY

Shannon, F. M. and Michael, S. 2005. Drug interactions-a review. Clin Pediatric
Emergency Med. 6(2): 93-102.
Sharma, B. R. and Sharma, P. 1981. Constituents of Aegle marmelos 11 alkaloids and
coumarin from fruits. Planta Med. 43(1): 102-103.



122

Sharma, B. R. and Sharma, P. 1981. Marmelene, an alkaloid, and other components of
unripe fruits of Aegle Marmelos. Phytochemistry. 20(11): 2606-2607.
Sharma, B. R. and Sharma, P. 1979. Constituents of leaves and fruits of Aegle

marmelos. Indian J Chem. 19B: 162.

Ph}ﬁlCl . 68(5)u923-5 v
Singh, R. P, Banef' ‘-Nf Aegle marmelos on
biotransformation "/ \ '@l - tion  against free-radical-

mediated da
Sinha-Roy, S. P. an
inhibitor. Pk
Stanley, W. and Jurd,
Stump, A. L., Mayoy'T.

a powerful germination

19: 1106-1110.

\_ apefruit-drug
interactions. AmFa cian. 74 _

Tassaneeyakul, W., GuogL. Qi —Fuk ida Ohta, T. and Yamazoe, Y. 2000.

omponents on human cytochromes

)9. 2005. pp. 2748-

Tokitomo, Y., Sh : .ijj- T. 1982. Aroma
componentsof bael fruit (4egle marmelos Correa). Agt Biol Chem. 46: 1873-
1877.

v S RS WA o0 v

and| | subacute toxicity studies of Aegle marmelos Corr., an Indlan medicinal

PRTTAIA N A8 Y-

assessment of herb drug interactions. Life Sci. 78(18): 2105-2115.

Wang, Y., Hong, C., Zhou, C, Xu, D, Qu, H. B. and Cheng, Y. 2009. Screening
antitumor compounds psoralen and isopsoralen from Psoralea corylifolia L.
seeds. Evid B 1 t Alternat Med. 1-7.



123

Xie, J. T., Shao, Z. H., Vanden Hoek, T. L., Chang, W. T., Li, J., Mehendale, S.,
Wang, C. Z, Hsu, C. W, Becker, L. B., Yin, J. J. and Yuan, C. S. 2006.
Antioxidant effects of ginsenoside Re in cardiomyocytes. Eur J Pharmacol.
532(3): 201-207.

Yang, C. S, Brady, J. F. and Hong,J. ! 1992. ietaryeﬁ’ects on cytochromes P450,
xenobiotic metabolisr, anc l‘ l : / . 6(2):737-744.

Yang, L. L., Wang, M. @ Chen, L. ¥'C. 2003. Cytotoxic activity of

coumarins eukemia cell lines. Planta
Med. 69(12) .
Zou, L., Harkey, ] ' i.'_,; ). Effeets of herbal components on

cDNA-expre ymie catalytic activity. Life Sci. 71(13):
1579-1589.

ﬂ‘lJEl'WIEWI‘ﬁWEI']ﬂ‘i
’Qﬁ'lﬁﬁﬂ‘if”ﬂﬁﬂﬂ&ﬂﬁ&l



AULINENTNEINS
AR TUAMINYAE



APPENDIX A
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PERCENTAGE OF INHIBITION ON VARIOUS CYP OF A. MARMELOS

AND IMPERATORIN

Table 33 Percentage of inhibition \ , ' on CYP1A2 (n=4)
1.“:;::'&"

Concentration.of - %inhibition
imperatorin, jiiv al n3 n4
0.0 MI\R@ 0 0
U7/ NN N I
SEAL s s [
P2 SN\ [ = [~
AP AMENWN™ | ¢ | D
AL A RN | B | 5
f ke ek \
ND = not determined ; ATERT \ |
A
Table 34 Percentage of mh1 YP3A4 (n=4)
- n3 n4
i 0 0
35, al O 5 6 6
PLIEFIVIEY ﬁi’r‘ﬁﬂj 2
q 2.2 0 6 59 57
i 83 | 81 sfs| 80

96




Table 35 Percentage of inhibition of imperatorin on CYP2C9 (n=4)
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Concentration of %inhibition
imperatorin, pM nl n2 n3 n4
0.11 - 4 5 3 4
1.1 1” , 23 22 23
5.5_ NN / 50 51 50
o 60 59 61
‘ 78 78 75
M‘ﬂ"%&ux - 82
Table 36 Percentag
l\\\\ SCinhibition
i _I.W ol MG B
0 55 r. ‘\‘ 0 0
0.11 _ 3 4 3
== - ' 25 27
64 62
-3 S Y i, 73 74
91 90
99 98
101 100
= 98 101
100 99
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Table 37 Percentage of inhibition of hexane extract of 4. marmelos fruit (extract A)

on CYP1A2 (n=4)
Concentration of %inhibition
extract A, pg/ml nl n2 n3 n4
0.1 0 3 6 0
0.5 34 35 32
58 60 56
=12 73 71
3 90 88
0 100 92
W7
Table 38 Percentage of ithibition of hiex. los fruit (extract A)
on CYP3A4 (n=4) * ﬁ.. .
) of Yol %inhibition
extract it 1 n2 n3 n4
0.0396 . 3 3 0 0 0
=0 27 23 20
J 32 35
: 56 58
&.96 75 74
g 12 ol % 83 80 80
ﬁi A o A T s
1 |—'| 95 I| UND ND

ND = not?ctenmned
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Table 39 Percentage of inhibition of hexane extract of 4. marmelos fruit (extract A)

on CYP2C9 (n=4)

Concentration of %inhibition
extract A, pg/ml nl n2 n3 n4
0.1 i 14

\ I f

27
40
77
95

n3 n4
9 4
19 13
25 27
62 59
79 79
89 89
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Table 41 Percentage of inhibition of ethanolic extract of 4. marmelos fruit (extract B)
on CYP1A2 (n=4)

Concentration of %inhibition
extract B, pg/ml nl n2 n3 n4
10 ' 1 0 0 0
20 ‘ ‘ 2 3 6
65 70 68
) 84 84 88
" 9 95
106 107
L 7
Table 42 Perc e offinhibitior.of dthanoli act elos fruit (extract B)
on CYP3A4 (n=4) X
Conc of < %inhibition
extract B g/l 19 2 |
0.4 T ' 0 0
1 5
34 20
74 76
400 83 g 89 84
800, } 95 95 95 95
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Table 43 Percentage of inhibition of ethanolic extract of 4. marmelos fruit (extract B)
on CYP2C9 (n=4)

Concentration of %inhibition
extract B, pg/ml nl n2 n3 n4
10 2 0 8 13
100 27 25
52 52
63 64
77 75

ND = not det

-V/// }Nm\ ol A

Table 44 Percentag 1hibition of ethanplicextract of elos fruit (extract B)
on CYP2C19 (n=4)

n3 n4

15 13

38 32

54 50

74 71

82 82

89 88

% 91 91
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Table 45 Percentage of inhibition of aqueous extract of 4. marmelos fruit (extract C)

on CYP1A2 (n=4)
Concentration of %inhibition
extract C, pg/ml nl n2 n3 n4
50 N ” 6 7 1 6
100 x‘t'ﬂif& 14 12 13
250 N, - 38 36 39
500 ; 56 56 54
M/ [ = | ©
o7/ “\\\h ; ;;

ND = not determinec

"'Vllﬁ I\ \\'&' t

Table 46 Percentage
on CYP3A4 (n=4

n2 n3 n4
0 0
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68 69
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Table 47 Percentage of inhibition of aqueous extract of A. marmelos fruit (extract C)

on CYP2C9 (n=4)
Concentration of %inhibition
extract C, pg/ml nl n2 n3 n4
50 “’ , 0 7 15
-, N m// 10 11 9
7 — n o 10 12 17
"“-*- .26 27 25
MI\%L O R
/R l‘hﬁ\mx o I B
W LIE B ARNEN :3 :ﬂ’)

ND = not determified

“Vllﬂ i\ﬂ}m\!&\

-ﬂ'«l i *
armelos fruit (extract C)
_.M.—"’ ’

Table 48 Percentage of inhi
on CYP2C19 (n=4)
St + 2
Concentration ¢ %inhibition
X * g,-fﬁ‘f .iu . . -
U" — ﬁh_;:i 0 0
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& 29 33
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APPENDIX B

VERIFICATION OF THE VIVID® CYP450 SCREENING KITS

Table 49 Percentage of inhibition of e-naphthoflavone on CYP1A2 (n=2)

e L
e w N W

Concentration of =~/ |
a-napht ;_-& g -“é

' /ANS
eI AN °

PHIE-AANNNS ¢ | ©

/=9 \\N 33

F i’m NN\ 2 | 7
E = AN\

s npy/ e

w'immmummmaa

Figure 34 Inhibition curve of a-naphthoflavone on CYP1A2
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Table 50 Percentage of inhibition of ketoconazole on CYP3A4 (n=2)

Concentration of %inhibition
ketoconazole, pM nl n2
0.11 0 0

13 15

A4 57

79 80

84 87

=7 m\ﬁ_ .

////& N ?::*;}

%Inhibition
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Table 51 Percentage of inhibition of sulfaphenazole on CYP2C9 (n=2)
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Concentration of %inhibition

sulfaphenazole, pM nl n2
0.001 0 9
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Table 52 Percentage of inhibition of miconazole on CYP2C19 (n=2)
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%Inhibition
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Figure 37 In]:nbltlon curve of micofiazole on CYP2@49
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Vivid™ CYP450 Screening Kits Protocol

& INVItrOgEN" " cuse s s s ram, e s, o s, Foss, s Fom, b,

O-13873-r1 US 0405

1.0
20 MATERIALS SUPPLIED
21 Materials Required but not Supp!

3.0 STORAGE AND STABILITY
40 ASSAY THEORY
5.0
5
6.0 10
10
10
70 10
8.0 1n
9.0 12
100 12
1.0

138
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2.0 MATERIALS SUPPLIED

Vivid® CYP430 Screening Kit Deseription i

Vivid* CYP2D6 Cyan

Vind* CYP2F1 Blue (P3121)

Viviet” CYP3AA Blue (P2558)

g 1
*':ﬂﬂﬁfsdmﬁ ™ P
05 md NALE™ (FF. 10 oab NADP in 100 mbl potassinm

Thve Vi kI CYT4R0 Renction Duters are 200 mbd ¢

..“__w.




21 Materials Required but not Supplied

. Multiwell black plates suitable for fluorescence measurements (Note: black-walled, clear bottom plates are needed
wmmwmm Invitrogen recommends using Costar #3915 non-treated plates

. Fluorescence plate reader with filters as de

. Pipeting devices

. Reagent reservoir(s)

. Acetonitrile, anhydrous ‘-«,' %, '~. /

DMSO, reagent grade
Deionized water

Stop Reagent (¢ J v
control of inhibition. For more infog

in kinetic mode for the positive

STORAGE AND STAE

light at -20°C. For short-tern; .r' S ) ald b red in a desiccator at 4°C. Long-term
warmed to ambient 1 apeni; ing; - cay o avoid reagent dilution by

absorbed moisture. The CYP45 PV : NO f decrease in activity (see enclosed
Certificate of Analysis) was o d 3 ! : ool ept fur ¢ hi - Regeneration
System should be stored ags80°C. LU'pon ii r [ = peagent should not be subjected to additional
freeze /thaw cycles. The INADF d be Slore; ‘and is stable f st 10 freeze/ thaw 5. Store protected from light.
The Vind' CYP450 Reaction Buftgf (2X) can b 30M ten i

‘o o/
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distinct advantage over human liver microsomes
n by other CYP450s. The Vivid" Substrates are

==

’ ::ﬁ‘- < :
rel ‘
J#ﬁﬂh _

ot (s |0

- - LD
(N FE
L

F F

In end mw&ﬂ with the Pre-mix (Step 2), consisting

of CYP450 Reagents and the Regeneration System (consisting of glucose-6-phosphate and glucose-6-
Regeneration

phosphate dehydrugenase). Th

AWIAN,
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5.0

VIVID® CYP450 HIGH-THROUGHPUT SCREENING ASSAY PROTOCOL

Each complete reaction must contain CYP450 BACULOSOMES' Reagent, Vivid” CYP450 Substrate, NADP* and Regeneration
System, all in the appropriate Vivid* CYP450 Reaction Buffer (supplied with each kit as a 2X solution). There are two possible

eaction is stopped by the addition of the CYP450
agn to be performed in several multiwell plates

simultancously.
Note:  The following protucol is 00 pl reactions. However, the protocol can
be modified to he calculations for the number of wells

(mdwtmp«wdl) " ent. Se soy et Al on 9.0 for a complete list of references)
for use of Vivid" kitsiniis mats. Exelt ki 165 € ' at least 300 x 100 pl reactions.

5.1 Muymmﬂ
5.1.1 nt: \\\.
o

Ll ready to use. Do not vortex

fem, and \.1‘:&-\ ..
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5.1.2  Reconstitution of Vivid® Substrate and Fluorescent Standard

{ 2 MMMMWMWMMWMMWM(M
Tables 2 and 3).
2. Keep these solutions at room i jate use, or store at -20°C.
Table 2. Reconstitution of the Vivid® :
leazyme Type Vivid® cYP4se e M&“ Mw
1A2 |Virid® : k 2 3
L Vivid BC 01 2 s
Vivid™ 01 F 2
0. 2 10
xv [Vvia® o1 2 2
\} 1 2
Pl Vivsd” 1 - (0]
01 " 10
e Vied" Mg 01 2 5
2E1 2 10
10
3Ad [ - - : .
Vg 1 017 2
E v s i ks -
- 1 2 10
s v 2 s
I Sle Il i 2

f Heatat 70°C fjor 3-5 . _
able 3. the Fluo 'S d. ise ank cells in the your calculations. The value [X] is

amount of on
Assay Standaed per s tube [X x 10000) S veostintion.
Exmple I o ol i 1100 e
Fad Standacel e 100
Geeen Standard . 10
Bie Standard i 100
s 100
51.3 e A (TR
L ' serature water Ugh 1X Reaction Buffer for
: using 1 ml of Reaction
the standard curve and

that ithe >
To the first well of the ;
plotlxlmhm&n&rmuchofhmmmghdhhlhe

msmawmwm&usmwﬁmmm 195 pl of buffer to achieve a starting

=W

ix by pipetung.

ffer only and no
nM, 3125nM,

m Nute: mem tions for the standard curve. More or less may be appropriate




Prepare Test Compounds, Positive Inhibitlon Control, and Solvent Control

Prepare 2.5X Test Compounds by dilution intu deionized water. (For IC,, determination, a serial dilution of
the test compound is required.)
Prepare a 2.5X solution of a known P450 Inhibitor in deionized water for positive control of mhibition

(optional).
::m:::umomww 1""" :-. s and known P450 inhibitor at 2.5X final
“H\*ﬂw /7

ion 7.0.

tion System in Vivid”

tivity, dispense 50 pl of Vivid®
maupa.m

Table n). Keep on ice until
ready

-~ oSRo s e
w "'-H‘ .Il’ o g m -Zl'l\.l 5

o g -""'H‘rflﬂ“.n“h i 'llll\ - ©

2

10

10

s

mimiw|lwaln|lw el BIE]lw

For your first we suggest these comcentrations L“I’Pﬂim Based on your tesults, you may find more

or)

38 enxyme |

ﬂumwﬂmwmm
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517  Pre-incubate

] Incubate the plate for 20 minutes at room temperature to allow the compounds to interact with the CYP450
in the absence of enzyme turnover.

During this pre-incubation, prepare t -*.‘,- re of Vivid” Substrate and NADP" (see Table 5).

You may also wish to include a prere afnt to determine if your compounds are fluorescent.

Isoayme Type . _. i - w h'_‘ﬂ

.\‘C‘H_m 210
Vicid” B ; = | ‘.h‘-muh 100 010

w10

rate and NADP* mixture prepared in Step 5.1.7

5.1.9

’ the plate into the
wavelengths listed in

2 10 pl of recommended

pns. We recommend that you

reaction times will fall within 5 to 60 minutes.
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Cyan
Fluorescence Band center Band
Plate Readers width (nm) width
- 400 -
wiih ol
= 02 -
» 05 L
weanes 'S ) 4% o
------ a “ 0
with dichroic mizror 5 w0 L]
N i - 435 =X
Red Standard is sod in. Cyan Standard is 7-hydroxy-
| ' S ritation maximum is 385 nm)

to minimize badky
Fur optimal signal &
blockage) and be.#
Chroma Te L
72 Cotton Mill Hill,
Brattieboro, VT 054
Phome: (800) B2

Fax: (802) 2574400,
www.chroma.com

SUGGESTED PROTO

6.1 Kinetic Assay Mode

L Obtain reaction rates & : d fluorescen ut |
2. Calculate the percent inhibitin d of Test € d or positive inhibition control using the equation:
hibition control
%Inhibitim- . X 100%
( itive inhibition control
6.2 Endpoint Assay Mode
1. ..-::_,'..: - f d
2 Calculate percant the following equation:
- e e 4z T ol tastc o
. ‘tfn ' — ) X 100%
Optional: Both types of dat analysis ve as in Section 5.13 in urder to
calculate reaction rates nol product formed per unit time.

AUEINENINEINS
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7.0  SUGGESTED CYP450 INHIBITORS (STOP REAGENT)

Table 7. Suggested CYP450 inhibitors
Enzyme Inhibitor (Stop Reagent) Sigma-Aldrich Cal. no. Suggested Final Concentration**
CYPIAZ a-naphthoflavone NS757 M
CYP2Bo miconazole M3512 30 uM
CYracy suliaphenazole 50758 10 uM
CYP2C19 ‘micunazole 35 30 pM
P26 quiridine ' 18
|_CYF2E1 100 pM
CYPIAS 10 pM
CYPIAS cetoc . TP
**To stop the reaction, the sugge . inhibite centratioadiit 1 to produce inhibition of 0% or better is
indicated in the above table. Fa it ) tive 7dd gent should not exceed 10% of the final
reaction volume [eg., 10 ¢ill be added o M im hi ncrease in the volume of an endpoint
reaction does not have a significant eff e re i
8.0 SOLVENT TOLERANC!
P450 activity can be inhibited Ve s vs v & tistuding 4.5k
coutrol in your experimen the s 5 a g use of organic solvents, Table
values are percent the a cate in activity. Dashed lines
TR T W ) '“J A S are ‘%I " 1. . bh' “
organic solvents. -
Table 8. Solvent T ki o
] Ethanol
i cn ) % tion) (% Inhibition)
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AEGLE MARMELOS CORREA. FRUIT EXTRACT INHIBITS
HUMAN CYTOCHROME P450

“Duangiai Panvapoisak, *Nuansri Niwattisaiwong, ’Somsong Lawanprasert, and "Warangkana

Warisnoicharoen

KEYWORDS: Aegle mamw 0; F
INTRODUCTION ‘_-____,

Aegle marmelos n Rutsceae fan i in tropical areas such as
India, Burma and Thailand"( et JAlLp 1ar# . valued in Ayurvedic
medicine. Its fruit is edible andaWidely used for flavored po s such’ tu.. marmalade, refreshing
drink, candied fruit, cake and cre 'din chemical constitucnt melos fruit include

coumerins and terpenoidsi{!].
Thai traditional medicine is ¢l
antidiarthea and antidysent

i ‘: ve aid, gastric stimulant,
macological effects of 4.

marmelos fruit as antihyp ediic offectlby indusia gluco: ssporter Glut-4 and glucose uptake
[2]). The ethanolic fruit @xtract of A. ma as shalwed e activin SKBR3 human
breast adenocarcinoma cell lis . ibitory eopcentratio of 144.00+1.21 ug/ml [3].

Since A. marmeloz is widel i verage ang | ¥ d, repeated exposure of this
fruit may affect the matic biot i S

P P450) are phase |

drug-metabolizing enzymes whieh play a dom ole in food=drtig interaction, Many CYP isoforms can
be induced or inhibited by foed. Previc port showe. ct of 4. marmelos as a
bifunctional inducer on both p! f : ¢, and phase-11 enzymes;
glutathione S-h'amfense and DT-diaphorz ratorin @s one of the constituents in
Rutaceae was reported to inhibit mul(gﬁi__ : _ any information of A. marmelos fruit
on CYP activity, the current study determing the in vitro effect of A. marmelos fruit
extract on CYP activities. Moreover, the conient of im 1as the active constituent in the fruit
extract was determined by the high p;rs_msti ig
MATERIALS / ]
Preparation of A. mirgisloriruitextract——

Dried fruit of 4 armelos ' n- S And the extract was

concentrated to residue undes pr t at the temperature lower

than 60°C. 'l'hemiduewr;' d prote

Analysis of imperatorin g
Reversed-phase FIPLC method was used for determination of imperatorin. Standard solutions of

imperatorin were prepared methanol and the calibration concentration range was in between 3.0-11.0

© pg/ml. A. marmelos fruit prepared in. mthmo 00 ug/ml. 'Ihc sample solutions were
filtered a legryb ‘ - O/ C system
(Shimazu, J ui thaLC oven and
SPD-M20A al dulumn Luna

Ci8 (150 m 4.6 mm. id, s pm). ‘I‘he mobilc phue oonsimd ofl uuxtun of' methmol and water
(60:40, viv). mobile phue was f(iltered upder vacuum through a 0.45 ym membrane filt
degassed before use. The analysis was carried out at a flow rate of 1.0 M¥fmin and injection volum 0

R R A L A ] TeRK

nsed into 96-well black plate (40 pl per well). The control wells were dispensed with 0.1% DMSO.
vent error in fluorescent signal, the test-background wells were applied for each eoncenlmmn The
50 pl of the a mixture (containing cDNA-expressed human CYP P450 Baculosome®, glucose-6-
phosphate dehydrogenase, glucose-6-phosphate and NADPH reductase) was dispensed into the test wells
and 50 pl of the reaction buffer for test-background wells. The plate was then pre-incubated for 20
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minutes at room temperature. The resction was initiated with the addition of the 10 pl of combined
NADP® and substrate solution. Fluorescent substrates for the CYP are ethoxycourmarin (3 pM for
CYPIA2 or 10 uM for CYP 2C19) and 7-benzyloxymethyloxy-3-cyanocourmarin (10 M for CYP2C9
or 5 nM for CYP3A4). The plate was protected from light and incubated at room temperature for proper
reaction time (approximately 30 to 40 minutes). The reaction was stopped by adding 10 plof 0.5 M Tris
base (pH 10.5) to all wells. Finally, the plate was m od the fluorescence of the products. The relative

fluorescence unit (RFU) was read on a plate re 1Eimer) using the fluorescent excitation and
emission filters at 390 nm and 450 nm, resp ¢ lcvel of inhibition was then calculated by
tomparison of RFU to those wells as ia equation talo Linhik onofnmplemplouedvm
the log value of the sample concentrations | doeesresponse . Nonlinear regression was
performed with GraphPad Prism® S tion mponse (variable Hill
slope) to determine the ICy, values.

—
% inhibition =[ | - (R g RFUy, )
RESULTS My
The percent yields of ag ex ‘ melo ' "-Sé% w/w. From the HPLC
analysis, amount of impe: e extrag b o Wiw, it extract showed the

ability to inhibit the p!
standard imperatorin on CYP

Table 1 [Cy, yalties xtraethod i . A5, D; n=4)
Sample
ﬂ EH;, .HILETJ Ad
Extract, pug/m 0.05 ; +0.09
Imperatorin, pM | € Olﬁl ﬂ:b-o 2 4498 9 +0.09

& T-"T- 3 I
DISCUSSION AND CONC, SIO”JI"' 24
 The A. marmelos fruit & & 55 | drug-metabolizing enzymes,

CYP 1A2, 2C9, 2C19 and 3Ad. P forms were less than 10 uM

indlcuiug 2 potent enzyme inhibitor [5). Th tion © fie frult extract on CYP was considered to be
due to the some constituents found in e‘mb : rin,

In conclusion, the fruit.of Aegie e Carre: hib on human CYP 1A2,
2C9, 2C19 and JA y study sugg - poss! ction and risks of
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