Influence of Phenethyl Isothiocyanate (PEITC) on N-Demethylation
of Caffeine in Rats

Angkana Wongsakul

A Thesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Science in Pharmacology
Prince of Songkla University
2011

Copyright of Prince of Songkla University
T

;mwﬁc%‘z‘iﬁﬂw Tom j (.2
é.- EEER! . weaxus, N

lanie, . MNGag T
P r.~.ZJ,-.Q.-.;;.;.‘.;-;....Eﬁ‘gg%-‘,,“.4.‘.u.nl:.w.wuv.ﬁagj




Thesis Title Influence of phenethyl isothiocyanate (PEITC) on

N-demethylation of caffeine in rats

Author Miss Angkana Wongsakul
Major Program Pharmacology
Major Advisor: Examining Committee:

........ B fanolu Kangteng Yonebhanrrn

(Assoc. Prof. Dr. Benjamas Janchawee) (Assoc. Prof, Dr. Krongtong Yoovathaworn)

&U'Ms %Me{

Co-advisor: (Assoc. Prof. Dr. Benjamas Janchawee)
Sulepone  Tiokiguh &Waw Tkipaulai
(Dr. Sathaporn Prutipanlai) (Dr. Sathaporn Prutipanlai)

~
0 AT T T AT Y S L T TP Y E T R T LAY T Y )

(Assist. Prof, Dr, Kitgf Sawangjaroen)

The Graduate School, Prince of Songkla University, has approved this
thesis as partial fulfillment of the requirements for the Master of Science Degree in

Pharmacology

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

(Prof. Dr. Amornrat Phongdara)
Dean of Graduate School

ii




Fadnarfinng AnTwsraawuadialalalsle loeundanisiia
& e e e a
En-Afiatuvasanninlunyam

Aidow PNEDIAI ’Jaﬁaqa
A RN
Un13@nwn 2553

UNAaLa

whwafialelolslolosun PEITC) wulufizaszpansudn 15w viealad nend
dy uazdinidn PEITC fuaflastumafeunTideaussuziSinansaenms PEITC dgnd
susnsainevzFlagarafiannmssumsmiisieasiayanss i'ﬂqﬂi:aaﬁﬂé'mﬂa
finwnavas  PEITC @iamnﬁmﬁu-ﬁmﬁaﬁ’umaamtﬂ‘é‘u’lmhm'ﬂﬂza'l.%’ml,w‘ﬁma"]u
u%’u [y , o A w ¥ o w ¥ Ry e o
MEIANazInAATIEIMIWNUaRe  lasnninidens PEITC wazsininuaailudniin
=1 A | A ;’ ] ] £ o = GE’
gfionisfinuludsanalng Jednwravasiminussdansdemsiiodu-aiufitatuaas
P = 1 e ¢ & \ ) o W oo oA
aunlBu mifinmazmbidainasaseaniiiu 9 ngu (nduaz 6 @) AUNIT LN naun
o & W oees A o \ o -/ PO VRN o '
1 ﬁmmaaolmuwghmuﬂﬂﬂaﬂmwamaﬂﬂiomm awa 10 BasnYumlaniu nga
r-‘:l 3 oo a o ar
71 2, 3, uaz 4 1% PEITC vathnasaden awe 2, 10, uaz 20 Hadniwhlaniy
anudey ngufl 5, 6, uaz 7 I PEITC mathnvananss (uwm 2, 10, uaz 20 Hafindw
Alaniy awday) wnan 5 1w ndy 8 uaz 9 Wimbhiwaemethnaiaudis @we 800
=9 =Y ;s =y Qs g r-9 =9 as = as | ol
fadnFuMlanin) uaznannaid @wie 800 Hsdnsumlaniy) Wwaa 5 7 mmaass
: : o o v g e - . - & a
Padudaznguazsznauday 2 oz seoh 1 daTnaaasldsuaWanadnaden asadnn
methnawa 10 SadndwAlandy szaeh 2 dadnasssdndamnuldiuglanii,
PEITC #3a sauwdsrashauaniiuasudiaudisaiwdn daanuduturaiannan
Lm:meua‘IaﬁIw‘fﬁ’uiﬂﬂmﬂﬁﬂiﬂmﬂmmﬁﬂuuumaamammmu:zgo WIANUaL
Wiisflouaadin unuala (TB/CF, PX/CF, TP/CF, and TB+PX+TP/CF) n3finw
Meva PEITC lumakimanhduiminuasdae
HanIANHLERIIsaTEINuEnUafaraIaWanITaas et NuER RN
m3lddy Wglwiu, PEITC (2-20 fadniw/Alanit) wazdninuas (p<0.001) msld
PEITC aw1a 10 waz 20 Sadniwflaniy sadamdmawnuedaldunnimglaniive
daiitdny dendmunueisvssanunduisassatelisdagisuiundinnlaio

iii




PEITC Nnuwiauazdinilues (p<0.005) SaNEMNUNLaRRUaIAUHBUNREINN 19 1A
3 ] 3 1 = e o o 2/94 5 r=] w

PEITC nauads lduandwedniinsdagannmslaivwuasads waiidudnisanss

a ) =3 n:i F=3 gl Qs H 3 1 ) | 2 3

Tudangmuuunuedafitiannnmsidivdniiuasa Fudataaninmsiasu PEITC a3

a ver § a a ) a . [y & \
- LFIET ....ﬂﬂ?lﬁ“ﬂﬁﬂlu@]ﬂ .5.....ﬂuﬁ(ﬂﬂﬂiqﬂﬂulﬂuﬂuﬂﬂﬂﬂﬂﬂﬂ?ﬂﬂﬂ‘ﬂa@iﬂﬂﬂﬂﬂiﬁLaﬂf}ﬂ U.ﬂ\?ﬁ.

fodnan newkmashauimiing 1 Ssdnsudviinams Pere 2.5 lulasniu

a1uflén PEITC (2-20 Bafinfw/Alanit) Fufamafiadu-fuiadusesamini
TumendsnnldfunuuefadmussnmsaHidausmlasmisasssosdasndinaunys
Sazasaudu PEITC 2wiags (20 fa@ndwflaniu) fuisansaunueiale
annhvglandu (10 Daantwilansy) nawhwenhduvasindiues (oo Nadini
Alan3u) fnadussmaiadn-mafiadusesaidnldigunu wdaenindle
uRsufiouty PEITC uamaidbifiwh PETC washdudniiuasarafinaduds
LoafifTay CYPIA2 ‘lﬁ'ﬁ‘fmmﬂaﬁnagumia‘ﬁmﬂﬂavlﬂﬁm%’umiﬂaaﬁunmﬁ@mzﬁa
289 PEITC 1¢

iv




Thesis Title Influence of phenethyl isothiocyanate (PEITC) on
N-demethylation of caffeine in rats

Author Miss Angkana Wongsakul

Major Program  Pharmacology

Academic Year 2010

Abstract

Phenethyl isothiocyanate (PEITC) is found in cruciferous vegetables
such as broccoli, brussel sprout, and watercress. PEITC has chemoprotective effect
against lung- and esophageal cancers. Its anticarcinogenicity is probably duec to
interfering with chemical bioactivation. The main objective of this study was to
investigate the effect of PEITC on N-demethylation of caffeine in rats by using
caffeine as a probe substrate and measuring its metabolic ratios. Since a variety of
watercress is found in Betong District, Yala Province, the effect of Betong watercress
on N-demethylation of caffeine was also investigated. The animals were divided into
nine groups (n=6) based on the pre-treatment regimen. Group 1, the animals were
intraperitoneally pre-treated with a single dose of fluvoxamine (10 mg/kg). Group 2,
3, and 4, the animals were orally pre-treated with a single dose of PEITC (2, 10, and
20 mg/kg, respectively). Group 5, 6, and 7, the animals were orally pre-treated with
multiple doses of PEITC (2, 10, and 20 mg/kg, respectively) for five days. Group 8
and 9, the animals were orally pre-treated with a single dose of dry power of Betong
watercress juice (800 mg/kg) and multiple doses (800 mg/kg) for five days.
Experiment for each group consisted of two phases. Phase I, the animal was given a
single oral dose of 10 mg/kg of caffeine alone. Phase II, the same individual was pre-
treated with fluvoxamine, PEITC or dry powers of Betong watercress juice followed
by caffeine. Serum concentration of caffeine and its metabolites were determined by a

validated HPLC method. Metabolic ratios (TB/CF, PX/CF, TP/CF, and




(TB+PXA+TP)/CF were determined and compared. The contents of PEITC in dry

powers of Betong watercress juice were also determined.

The results showed that metabolic ratios of caffeine were significantly

-.decreased by single-pretreatment. of . fluvoxamine, PEITC. (2-20-mg/kg), and -Betong . oo e

watercress (p<0.02). The decreases caused by 10 and 20 mg/kg of PEITC were
significantly greater than those resulted from fluvoxamine. Caffeine metabolic ratios
were also significantly reduced after five days pretreatment with all doses of PEITC
and Betong watercress (p<0.025). The percentage of decrease in caffeine metabolic
ratios was not significant with increasing doses of PEITC. The percentage of decrease
in caffeine metabolic ratios after multiple doses of PEITC was not significantly
different from that afier a single dose. The percentage of decrease in metabolic ratios
caused a single pretreatment of Betong watercress smaller than that produced by a
single dose of PEITC. The percentage of decrease in metabolic ratios after five day
pretreatment of Betong watercress was significantly larger than after its single
pretreatment. Quantification of PEITC contents showed that one milligram of dry
powders of Betong watercress juice contained 2.5 pg of PEITC.

In conclusion, PEITC (2-20 mg/kg) inhibited N-demethylation of
caffeine in vivo after single- and multiple dose(s) as shown by a reduction of caffeine
metabolic ratios. Magnitude of inhibition was higher at the higher dose of PEITC (20
mg/kg) and greater than that produced by fluvoxamine (10 mg/kg). Dry powder of
Betong watercress juice (800 mg/kg) also inhibited N-demethylation of caffeine but
with a lesser extent compared with PEITC. These findings could be a supportive

explaination for chemopreventive mechanism of PEITC.
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CHAPTER 1

Introduction

1.1 Background and rationale

Cytochrome P450 1A2 is an important enzyme responsible for
metabolism of caffeine (95%) by N-demethylation reaction. CYP1A2 converts
hydrophobic from xenobiotics to hydrophilic form in order to excretion. In addition,
environmental pollutants such as aromatic amines, polycyclic aromatic hydrocarbon
are metabolized by CYP1A2 to highly reactive carcinogenic metabolite that can cause
cancer in human body. For example, 4-(methyl nitrosamine}-1-(3-pyridyl)-butanone
(NNK), a procacinogen, is converted by CYP1A2 into 4-(methylnitrosamino)-1-(3-
pyridyl)-1-butano! (NNAL), which acts as a lung carcinogen (Hecht, 1997).

Phenethyl isothiocyanate (PEITC) is a dietary compound classified
into isothiocyanates (ITCs) found in the genus Brassica of cruciferous vegetables
(e.g. cabbage, cauliflower, brussel sprouts, watercress, broceoli, and kale) and the
genus Raphanus (radishes and daikons). PEITC is produced from glucosinolate
precursors by hydrolysis reaction via myrosinase enzyme released from plant cells
during chopping or chewing (Morse et af. 1997). PEITC and other ITCs have cancer
preventive property in animals treated with chemical carcinogens, including
polycyclic aromatic hydrocarbons and nitrosamines. It has been repotted that PEITC
inhibited 4-(methyl nitrosamino)-1-(3-pyridyl)-butanone (NNK)-induced lung tumors
by interfering the metabolic activation of NNK in rats and mice (Chung et al. 1996).
PEITC also blocked tumors of the mammary gland and esophagus induced by N-
nitrosobenzylmethylamine (NBMA) and 7, 12-dimethylbenz(a)anthracene (DMBA)
in rats (Stoner et al. 1991; Wattenberg, 1977). Thus, PEITC may inhibit enzyme
involving in bioactivation of procarcinogen. Moreover, consumption of watercress
which contains gluconasturtiin (a precursor of PEITC) has been shown to toxic
metabolite (NAPQI) of acetaminophen. It is likely that production of PEITC may

influence the activity of enzyme in drug metabolism (Chen et al., 1996).




The effect of PEITC on N-demethylation of caffeine in vivo has also
been investigated in earlier study but such effect is uncertain and not concordant with
in vitro data. Therefore, the inhibition property of PEITC on N-demethylation of

.caffeine should be carefully done in animal model. Since a variety of watercress is

cultivated at Betong District, Yala provine, Thailand. The effect of Betong watercress
on N-demethylation of caffeine should also investigate. To evaluate N-demethylation
of caffeine in vivo, caffeine is used as a marker because it is metabolized by CYP1A2
to paraxanthine (N-3-demethylation), theobromine (N-1-demethylation) and
theophylline (N-7-demethylation). Wistar rat was used in this study because
demethylation of caffeine by CYP1A2 is also occurred in rat (Jorritsma et al., 2000;
Caubet et al., 2002). The outcomes of the present study may provide the information

for supporting the explaination of mechanism of PEITC anticarcinogenesis in humans

and animalis.




CHAPTER 2

Literature review

2.1 Phenethyl isothiocyanate (PEITC)

2.1.1 Source and phytochemical classification

Phenethyl isothiocyanate (PEITC) is a dietary compound classified
into isothiocyanates (ITCs) which are characterized by the presence of an N=C=S
group whose central carbon is highly electrophilic. ITCs are found in the order
Capparales, which include the large family Brassicaceae of cruciferous vegetables.
Brassicaceae (syn. Cruciferae) is a plant family containing a large number of
economically important crops generally referred to as crucifers. The name crucifer
comes from the shape of the flowers, with four diagonally opposite petals in the form
of a cross (Higdon, 2005). Occurring in the wild in Western Europe, the
Mediterranean and temperate regions of Asia, this remarkable genus contains more
important agricultural and horticultural crops than any other genus. Brassica
vegetables, such as cabbage, broccoli, watercress, brussels sprout, cauliflower,
kohlrabi, chinese cabbage, turnips, and rutabaga, are rich sources of glucosinolate
precursors of isothiocyanates (Pedras et al., 1998). It is one of the healthiest and most
nutritious vegetable groups.

The Brassicaceae, which currently includes 3,709 species and 338
genera (Warwick et al., 2005), is one of the ten most economically important plant
families (Rich, 1991). Brassica vegetables have been cultivated for several thousands
of years. Most Brassica vegetables are good sources of oil that may be used for edible
and industrial purposes. Brassica vegetables also contribute almost exclusively to our
intake of a very powerful group of phytochemicals called ‘glucosinolates’, which can
have important implications for human health. More than 100 glucosinolates have
been identified, mainly in vegetables of the family Cruciferae (Verhoeven et al.,
1997; Tookey ef al., 1980). Common vegetables of this family ate summarized in
Table 2.1 (from Internation Agency for Research on Cancer, 2004). Hydrolysis of the

glucosinolates is catalyzed by muitiple forms of the enzyme myrosinase




(thioglucoside glucohydrolase, EC 3.2.3.1), which occur in the same plants, separated
cellularly from the glucosinolates, When the plant is macerated or chewed,

myrosinase mixes with the glucosinolate and affects the hydrolysis. Myrosinase

~catalyzes.- hydrol.ysis._.of. ...... the--glucosinolate--S-sugar--bond--leading.-to..an..unstable........... ...

thiohydroxamic acid that undergoes a lossen rearrangement yielding the
isothiocyanate. Depending on the nature of the R group and the conditions, other
products such as nitriles and thiocyanates may also form. A large number of
glucosinolates with many different R groups occur in substantial quantities in
cruciferous plants and crops.

Table 2.1 Scientific and common names of cruciferous vegetables in human diet

Genus Species and variety Common name
Brassica | B. oleracea var. botrytis Cauliflowers
B. oleracea var. capitata Cabbage, white cabbage
B. oleracea var. costata Portuguese cabbage
B. oleracea var. gemmitera | Brussels sprouts
B. oleracea var. gongyloides | Kohlrabi, turnip cabbage, stem turnip
B. oleracea var. italica Brocceoli
B. oleracea var. rubra Red cabbage
B. oleracea var. sabauda Savoy cabbage
B. oleracea var. sabelica Curly kale
B. oleracea var. viridis Kale, collards
B. oleracea var. albogtabra | Kai tan, Chinese kale
Brassica | B. rapa var. chinensis Chinese cabbage, pak-choi, bok choi
B. rapa var. oleifera Turnip rape
B, rapa var. pekinensis Chinese cabbage, pe-tsai, celery
B. rapa var. rapa Turnip
B. rapa var. aparachinensis | Choi sum
Brassica | B. napus var. napobrassica | Swede, Swedish turnip, rutabaga
B. napus var. oleifera Rape, canola, colza
Brassica | B. alba White mustard
B. juncea Indian mustard, brown mustard




Genus Species and variety Common name
B, juncea var. rugosa Kai choi
B. nigra Black mustard
"V Rhaphanus | Rsativiis radish
Armoracia | A. rusticana Horseradish
Nasturtium | N. officinale Watercress

Lepidium | L. sativum Cress, garden cress
Eruca E. vesicaria Arugula, rocket, ltalian cress
Wasabia | W. japonica Wasabi
Beta B. vulgaris flavescens Swiss chard
Crambe | C. abyssinica Crambe

(from Internation Agency for Research on Cancer, 2004)

flavonoids such as quercetin (Chiriboga et al., 1998), minerals such as selenium (Se)
(Lasch and Naumann, 1998), S-methyl cysteine sulfoxide, and 1,2-dithiole-3-thione
(Mclntosh et al., 1999). Cruciferous vegetables are the principle dietary source of
ITCs, but the types of crucifers frequently consumed by humans are limited. Although
about 100 different isotfliocyanate glucosinolates have been identified, only a few is
present frequently in the cruciferous vegetables commonly eaten, including phenyl
isothiocyanate (PITC), benzyl isothiocyanate (BITC), phenethyl isothiocyanate
(PEITC), 4-phenylbutyl isothiocyanate (PBITC), 6-phenylhexyl isothiocyanate
(PHITC), allyl isothiocyanate (AITC), sulforaphane {SF), erucin, dehydroericin, and

Crucifers also contain many other bioactive components including

iberin (Zhang et al., 1992; Fahey et al., 1997) (Figure 2.1),




N=C=8 PITC

CH,—N=C=§ BITC

CH,— CHy—N=C=§ PEITC

CH,— CH,— CH,— CH,—N=C=§ PBITC

QLR

H,C=CH—CH,—N==(C=§ AITC
CH,—S—CH,—CH,—CH,;—CH,—N=C=8§ Erucin
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I
CH3""'S'_CH2_ CHZ—'CHZ_‘N:'C:S Iberin
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Figure 2.1 Chemical structures of I'TCs (from Zhang, 2004).
Abbreviations: PITC, phenyl isothiocyanate; BITC, benzyl isothiocyanate; PEITC,
phenethyl isothiocyanate; PBITC, 4-phenylbutyl isothiocyanate; PHITC, 6-
phenylhexyl isothiocyanate; AITC, allyl isothiocyanate; SF, sulforaphane




2.1.2 Precursor and bioactivation
PEITC is a product of degradation of glucosinolate in plant.

Glucosinolates are a family of about 120 plant compounds and are secondary

glucosinolates shares a core structure containing a -D-glucopyranose residue linked
via a sulfur atom to a (Z)-N-hydroximino sulfate ester, and is distinguished from each
other by a variable R group, derived from one of several amino acids (Fahey ef al,,
2001) (Figure 2.2). Depending on whether they are derived from aliphatic amino
acids, phenylalanine, tyrosine, or tryptophan, glucosinolates are grouped into three
categories, aliphatic, aromatic, or indolyl (heterocyclic) glucosinolates, respectively

(Halkier and Du, 1997)

oH 0*540
H SN
OH 0 ([) o
19)5|
H H x

Figure 2.2 Glucosinolate basic structures (from Rowan et al., 1991),

Glucosinolates are present in all plant parts and are physically
separated from the enzyme myrosinase (thioglucoside glucohydrolase, EC 3.2.3.1).
Injury of plant tissues during processing or ingestion facilitates the contact between
glucosinolates and myrosinase enzyme. The glucosinolates are then hydrolysed by
both myrosinase enzyme present in plant and myrosinase produced by intestinal
microflora, to release a range of breakdown products (Figure 2.3) (Bemardi et al.,
2003; Fenwick et al., 1983; Finiguerra ef al., 2001; Cheng et al, 2004). The
conversion of glucosinolates by myrosinase is pH dependent. When crushed plant
tissue or seeds containing glucosinolates are added to water, myrosinases catalyse the
hydrolytic cleavage of the thioglucosidic bond, giving D-glucose and a
thiohydroximate-O-sulphonate (aglycone). Isothiocyanates are usually produced at
neutral pH while nitrile production occurs at lower pH. Isothiocyanates with a

hydroxyl group in the 2 position spontaneously cyclise to give oxazolidine-2-thiones




(Labague et al., 1991). The addition of ferrous ions to reaction mixtures promotes the
formation of the nitrile hydrolysis product. At low pH, a proton may block the lossen

rearrangement of the aglycone, thus promoting formation of the nitrile.

- Epithiespecifier-protein;-ESP;-is-a-small-protein. of molecular weight 30.t0.40.kDa, oo

which co-occurs with myrosinase. ESP does not have thioglucosidase activity, but
interacts with myrosinase to promote the transfer of sulphur from the S-glucose
moiety of terminally unsaturated glucosinolates to the alkenyl moiety, resulting in the
formation of epithionitriles, The presences of ferrous ions are essential for ESP
function. Enzyme characteristics (substrate affinity, temperature and pH optima) may
alter relative proportions of products by causing some glucosinolates to be hydrolyzed

at different rates. Thiocyanate production is controlled by the presence of specific R

group.
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Figure 2.3 Bioactivation of glucosinolates: Hydrolysis of glucosinolates by
endogenous enzyme myrosinase, to form nitriles, oxazolidine-2-thione,

isothiocyanates, and thiocyanates (from Tripathi and Mishra, 2007).




2.1.3 Physicochemical properties
PEITC (CgHsCIHLCHNCS; m.w. 163.24 Figure 2.1) as its pure

compound is light yellow liquid. Synonyms are 2-phentlethyl isothiocyanate, 2-

- isothioeyanatoethylbenzene;. - 2-phenethylisothiocyanate,.....1-(2-isothiocyanatoethyl} ... ... ...

benzene. It has a boiling point of 75 °C and a density of 1.094 g/mL at 25 °C. It is

insoluble in water {Chemicalbook, 2008).

2.1.4 Pharmacokinetics

Pharmacokinetic data of PEITC in animals (male F344 rats) have been
established in several studies. Conaway and colleaques (1999) have reported that peak
level of plasma PEITC was achieved within 2.9 h. The elimination half-life was about
21.7 h afler a single gavage dose of 50 pmolkg (8.15 mg/kg). Within 48 h PEITC
appeared in the urine and feces about 89% and 10%, respectively. Distribution of
PEITC is rapid in liver, kidneys and lungs.

Ji and Morris (2003) reported pharmacokinetic data of PEITC in
plasma and urine obtained from four healtly volunteers after consumption of 100 g of
watercress (approximately 25 mg PEITC). Elimination half-life was 4.9 h. The tuax
value was 2.6 h, Absorption rate constant (k,) was 1.3 h.

Ji and colleaques (2005) have studied that pharmacokinetics of PEITC
in male Sprague-Dawley rats administered PEITC at doses of 2, 10, 100, and 400
mmol/kg intravenously, or 10 and 100 mmol/kg orally. PEITC had high oral
bioavailability (115 and 93% at doses of 10 and 100 mmol/kg, respectively), low
clearance (0.70 + 0.17 L/vkg at the lowest dose of 2 pmol/kg), and high plasma
protein binding- (86 %). Nonlinear elimination and distribution were occured
following the administration of high doses.

Little or no PEITC was detected in most of the plasma samples from
volunteers who ingested 40 g of watercress (releasing 6-12 mg PEITC) and from
subjects after 40 mg oral PEITC administration (Liebes et al., 2001). Additionally,
PEITC was not detected in urine samples in subjects following watercress

consumption using HPLC (Chung ef al., 1992).
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2.1.5 Cytotoxic effect
Several in vitro studies showed cell growth inhibitory effect of ITCs.

Inhibition of cell growth and modulation of the cell cycle have been reported by

- Hasegawa-and.colleaques - (1993)-for- allyl.isothiocyanate . (AITC). (10. uM), benzyl .

isothiocyanate (BITC) (5 uM) and PEITC (2.5 pM) in HeLa cells, and similar effects
have been reported for sulforaphane (SF) (15 uM) in HT-29 cells. Similar results have
been reported in other cell lines including human leukemia HL60 and prostate cancer
cells lines LNCaP and DU-145 (reviewed by Conaway and colleaques (2002)). A
comprehensive study of the effect of ITCs on the growth of different cancer cells
reported that AITC, BITC and PEITC were able to inhibit cell growth (Zhang ef al.,
2003). The cytotoxicity of PEITC, BITC, NITC and SF, as well as the cytotoxicity of
the chemotherapeutic agent daunomycin (DNM) and vinblastine (VBL), has been
evaluated in human breast cancer MCF-7 and human mammary epithelial MCF-12A
cells (Tseng et al., 2004), BITC and PEITC can inhibit the growth of human breast
cancer cells as well as humnan mammary epithelium cells.

While some studies have demonstrated similar cytotoxicity in cancer
and normal cells (Fimognari et «l., 2003; Tseng et al., 2004), others have reported
differences. A synthetic ITC 4-(methylthio) butyl ITC has shown selective action
against human leukemia cells, and almost no effect on lymphocytes (Fimognari ef al.,
2003). AITC also has an inhibitory effect in the human prostate cancer cell lines,
while normal cell line PrEC remained unaffected by the same exposure (Xiao ef al.,
2003).

The cytotoxic effects of ITCs are apparent even after shorter
exposures. Comprehensive time-dependent studies of the effect of ITCs on the growth
of different cell lines reported that a number of ITCs, including AITC, BITC, PEITC
and NITC, were able to inhibit cell growth after 2 or 3 h exposures. That produced
ICso similar to those for exposure for 48-72 h, and indicated that short-term exposure
is sufficient to produce observable effect in vitro (Zhang et al., 2003; Tseng ef al,,
2004).

Animal studies demonstrated the anticarcinogenic activities of ITCs in
a number of carcinogen-induced cancer models in vivo. Over 20 natural and synthetic

ITCs have demonstrated cancer preventive properties in animals treated with chemical
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carcinogens, including polycyclic aromatic hydrocarbons and nitrosamines. For
example, ITCs can inhibit NNK-induced carcinogenesis by inhibiting the microsomal

metabolism of NNK to reactive species that form methyl and pyridyloxobutyl adducts

_..in. DNA (Hecht, 1999; Guo et «l.,.1992). Carcinogen inhibition was seen in anumber ... ..

of different organs such as lung, liver, forestomach, mammary gland and colon. BITC
has shown effectiveness in mammary gland cancer, while PEITC has been effective in
carcinogen induced models of mammary, lung, oral as well as esophageal cancer in
rats and mice (Morse ef al., 1989; Stoner ef al., 1991). Studies have shown that SF is
effective in prevention of azoxymethane-induced colonic cancer (Chung et al., 2000).
Table 2.2 summarizes the results of several studies on carcinogen-induced cancer
models in rodents.

A prospective case-control study in male subjects reported that the
section of the population with the highest intake of cruciferous vegetables had a lower
incidence of bladder cancer. Detailed studies into the risks associated with individual
cruciferous vegetables showed that cabbage and broccoli were able to reduce the risk,
independent of the intake of other crucifers (Michaud et al., 1999). Extensive
epidemiological evidence supports the contention that high fruit and vegetable
consumption is associated with a reduction in the incidence of cancer. It is well
established that consumption of cruciferous vegetables is inversely associated with the
risk of cancer of the lung, colon, stomach and prostate (Lin ef al., 1998; van Poppel et
al., 1999; Kristal and Lampe, 2002).

Although an inverse correlation between the intake of Brassica
vegetables and the risk of cancers in humans cannot be attributed solely to ITCs, as
other constituents such as vitamins, folic acid and fiber may also play a role in the
reduction of cancer risk, newer studies quantifying the amount of ITCs in the
biological samples have provided evidence that ITCs are important in cancer
prevention. Epidemiological studies in lung cancer risk have shown associations
between consumption of ITCs and reduced risk after the smoking status of the subject
is taken into account. A case-control study in Chinese women reported an odds ratio
(OR) of 0.31 for smokers with high ITC intake, and an OR of 0.70 for non smokets
with comparable [TC intake (Zhao et al., 2001).
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A breast cancer study with 720 cases and 810 controls reported that the
consumption of broccoli, a vegetable rich in SF, was inversely associated with breast

cancer risk in premenopausal women and that the association was not significant in

.post-menopausal . women,. When . they measured cancer risk and. total cruciferous
vegetable intake, the correlation was not significant (Ambrosone ef al., 2004). A study
in Chinese women evaluated the correlation between urinary ITC levels (determined
by a cyclocondensation derivatization of the total ITCs and dithiocarbamates in the
urine and breast cancer risk (Liebes et al., 2001). The study, performed on 337 cases
and matched controls, reported a 50% reduction in the cancer risk for the highest

quartile of ITC consumption (Fowke et af., 2003).
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2.1.6 Mechanisms of anticarcinogenesis
More than 20 natural and synthetic ITCs have been shown to block
carcinogenesis. Recent studies describing the effect of 1TCs in vitro, in vivo and in

clinical studies are described earlier in section 2.1.5. Current mechanisms proposed

for the anticarcinogenic effects of ITCs include: (1) inhibition of phase I enzymes
converting procarcinogens to highly reactive electrophilic carcinogens; (2) induction
of phase 1l enzymes inactivating carcinogens and promoting their excretion; and (3)

induction of apoptosis of cancer cells (Talalay and Fahey, 2001; Thornalley, 2002).

1) Inhibition of phase I enzymes

ITCs have been shown to inhibit rat and human CYP isoforms. Human
and rodent studies have demonstrated that PEITC blocks metabolic activation of NNK
and benzo(a)pyrenc (BaP), major lung carcinogens in tobacco smoke, via CYPs,
resulting in increased urinary excretion of detoxified metabolites, suggesting
inhibitory effects on CYP1Al, CYP1A2 and CYP2BI1 (Smits ef al., 1993; Hecht,
1999). Recently, using microsomes from baculovirus-infected insect cells expressing
human CYP isoforms, PEITC was found fo competitively inhibit CYP1A2 and
CYP2A6, noncompetitively inhibit CYP2B6, CYP2C9, CYP2C19, CYP2D6, and
CYP2El, and inhibit CYP3A4 following a mixed-type of competitive and
noncompetitive inhibition (Nakajima ef a/., 2001).

2) Induction of phase 11 enzymes

Phase II enzymes are generally referred to as detoxifying enzymes,
transferring hydrophilic endogenous substances such as glucuronic acid, sulfate or
glutathione to phase I metabolites, or parent molecules. The hydrophilic molecules
formed are more easily cleared from the body than their lipophilic parent compounds.
ITCs have been classified as monofunctional inducers of phase 1] enzymes, i.e. they
induce phase IT enzymes without inducing phase 1 enzymes. A number of studies have
demonstrated the phase Il inducing properties of ITCs both in vivo and in vitro
(Munday and Munday, 2004). A mixture indole-3-carbinol, PEITC and 1-
isothiocyanato 3-(methylsulfinyf)-propane (a glucosinolate breakdown product)

administration to F344 mice at dietary doses showed an increase in the pancreatic
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mRNA levels for the enzymes quinone reductase (QR) and glutathione S transferase
(GST) by 3.1 and 7.1 fold respectively. All of the other isothiocyanates, however,
increased GST and QR activities in the duodenum, forestomach, and/or the urinary

bladder of the animals, with the greatest effects being seen in the urinary bladder.

Phase II enzymes are known to protect against chemical caf&iﬂogenesis, and the
selectivity of isothiocyanates in inducing such enzymes in the bladder is of interest in
view of recent epidemiological studies showing a decreased incidence of cancer of
this organ in individuals with a high dietary intake of Brassica vegetables.

Other ITCs, 7-methylsulfinylheptyl ITC and 8-methylsulfinyloctyl ITC
present in watercress have also been reported to have potent inducing activity towards
QR (Rose et al., 2000). BITC induced GSTP1 isoform in rat liver epithelial cells
RL34 cells and increased in NQOI activity in LS-174 human colon cell line
(Nakamura ef al, 2000). PEITC increases the activities of UDP-
glucuronosyltransferase (UGT), GST and NQO! (Rose et al., 2000). PEITC treatment
of 1LS-174 human colon cells produced an increased protein expression of NQO1 and
y-glutamylcysteine synthetase (Bonnesen ef al, 2001). Following watercress
ingestion in smokers, there was an increased in urinary elimination of the

glucuronides of cotinine, suggesting the increasing of glucuronidation (Hecht, 1999).

3) Induction of apoptosis of cancer cells ,

Most ITCs inhibit cell growth by arresting the Go/M or the Gy cycle.
The induction of apoptosis occurs via the activation of intracellular signaling
pathways such as the MAPK and the caspase pathway. The MAPKs (ERK, JNK and
p38) convert various extracellular signals to intracellular responses through a series of
phosphorylation pathways. Caspases are cysteine proteases, which are activated as a
result of binding of death ligands to death receptors, The balance of anti-apoptotic
(Bcl-2 and Bel-XL) versus pro-apoptotic (Bad and Bax) proteins on the cell is also an
important determinant of stress required to initiate apoptosis.

Studies into the mechanism of in vitro apoptosis induction have shown
that while the action of SF and AITC is linked to an increase in caspase activity and
the expression of pro-apoptotic proteins in the Bel-2 family (Xiao et a/., 2003; Singh
et al., 2004), PEITC may cause the activation of the MAPK pathways, with JNK
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strongly activated. Components such as p53 dependent pathways have also been

reported to be involved in the process (Chen ef al., 1998; Huang et al., 1998).

2.2 CYP1A2

2.2.1 Cytochrome P450 (CYP)

CYPs are a superfamily of enzymes crucial for the oxidative,
peroxidative, and reductive metabolism (phase I reaction) of a diverse group of
compounds, including endobiotics, such as steroids, bile acids, fatty acids,
prostaglandins, and leukotrienes, and xenobiotics, including most of the therapeutic
drugs and environmental pollutants (Nelson et al., 1996; Bertz and Granneman,
1997).CYPs are mostly localized to the endoplasmic reticulum, but some CYPs are
also present in mitochondria inner membranes. In order to function, CYPs require an
electron transfer chain. In the endoplasmic reticulum, this source is NADPH-CYP
reductase, previously called NADPH-cytochrome ¢ reductase (Omura et al., 1999). In
mitochondria, electrons are transferred from NADPH by redoxin reductase to redoxin
and then to CYP (Gonzalez and Gelboin, 1994).

Humans have been estimated more than 2,400 CYP sequences
known and this gene can be grouped into 17 families of CYP genes and 42
subfamilies (Table 2.3) (Nelson, 1996). Mainly enzymes from the CYP1, CYP2, and
CYP3 families metabolise xenobiotics in humans. The CYP1 family includes 3
subfamilies (3 genes and 1 pseudogene); CYP2 family, 13 subfamilies (16 genes and
16 pseudogenes), and CYP3 family, 1 subfamily (4 genes and 2 pseudogenes). CYP
enzymes are divided into families based on amino acid sequence similarities and each
family can be further separated into subfamilies which are designated by capital
letters following the family designation (e.g., CYP3A) (Smith et 4., 1991). Individual
enzymes are subsequently indicated by arabic numerals (e.g., CYP3A4). An enzyme
belongs to the same family when the amino acid seauence possesses more than 40%
homology, enzymes with more than 55% homology belong to a subfamily and
individual enzymes can have up to 97% homology between the sequences
(Vercruysse and Claerebout, 1997). An individual CYP enzyme may be able to
metabolize many different drugs and a given drug may be primarily metabolized by a

single enzyme (Meyer and Rodvold, 1996).
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Table 2.3 Human CYP families, gene and their subfamilies (from Nelson et al.,

1996).

CYP family Gene and their subfamilies
CYPI1 3 subfamilies, 3 genes, 1 pseudogene
CYP2 13 subfamilies, 16 genes, 16 pseudogenes
CYP3 1 subfamily, 4 genes, 2 pseudogenes
CYP4 5 subfamilies, 11 genes, 10 pseudogenes
CYPS 1 subfamily, 1 gene
CYP7 2 subfamilies
CYP8 2 subfamilies
CYPI11 2 subfamilies, 3 genes
CYP17 I subfamily, | gene
CYP19 1 subfamily, 1 gene
CYP21 1 subfamily, 1 gene, 1 pseudogene
CYP24 1 subfamily, 1 gene
CYP26 3 subfamilies
CYP27 3 subfamilies
CYP39 1 subfamily
CYP46 1 subfamily
CYP51 1 subfamily, 1 gene, 3 pseudogenes

The enzymes in the families 1-3 are mostly active in the metabolism of
xenobiotics, whereas the other families have important endogenous functions (Table
2.4). Inactivating mutations in the CYPs with physiological functions often lead to
serious diseases, whereas similar mutations in xenobiotic-metabolizing CYPs rarely

do, although they affect the host’s drug metabolism and susceptibility to some

diseases, without directly causing disease (Nelson, 1999).
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Table 2.4 Human CYP families and their main functions. Data adapted from
(Gonzalez, 1992; Nelson et al., 1996; White ef al., 1997; Nelson, 1999)

CcYp
family
- CYP1---1-Xenobiotic- metabolism-- e
CYP2 | Xenobiotic metabolism Arachidonic acid metabollsm
CYP3 | Xenobiotic and steroid metabolism
CYP4 | Fatty acid hydroxylation
CYP5 | Thromboxane synthesis
CYP7 | Cholesterol 7a-hydroxylation
CYP8 | Prostacyclin synthesis
Cholesterol side-chain cleavage Steroid 11J -hydroxylation
CYPI1 ,
Aldosterone synthesis
CYP17 | Steroid 17u-hydroxylation
CYP19 | Androgen aromatization
CYP21 | Steroid 21-hydroxylation
CYP24 | Steroid 24-hydroxylation
CYP26 | Retinoic acid hydroxylation
CYP27 | Steroid 27-hydroxylation
CYP39 | Unknown
CYP46 | Cholesterol 24-hydroxylation
CYP51 | Sterol biosynthesis

Main functions

The CYP1A2 gene is found on chromosome 15 mainly in the liver
(Sesardic ef al., 1990). CYP1A2 plays an important role in the metabolism of several
clinically used drugs. Tt is one of the major P450 enzymes and accounts for
approximately 13% of the total content of this enzyme group in the human liver
(Shimada et al., 1994). There are two members of the CYP1A subfamily in human:
CYP1A1 and CYP1A2 (Guengerich et al., 1995). CYPIA2 is mainly a hepatic
enzyme with substrates as aromatic amines, polycyclic aromatic hydrocarbons; among
drugs metabolized preferentially by this enzyme are acetaminophen, caffeine,
clozapine, phenacetin, tacrine, and theophylline. Most of the drugs are also substrates
of other CYP enzymes, as the metabolic pathways are in most cases complicated,
involving the formation of more products or alternative routes. This is why CYP1A2
substrates include drugs such as fluvoxamine, fmipramine, clomipramine,
ondansetron, propafenone, terbinafine, and verapamil. Levels of CYP1A2 are known
to be variable depending on induction by known factors or diet. For example, brassica

vegetables increase and apiaccous vegetables decrease CYP1A2 activity (Lampe ef
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al., 2000). A role of CYP1AZ2 in chemical carcinogenesis is recognized heterocyclic
and aromatic amines, certain nitroaromatic compounds or aflatoxin B; (which may,
howevet, also be present in contaminated food) belong to substances activated by this

enzyme (Eaton ef al. 1995).

The CYP1A2 enzyme is known to be “éenetically polymorphic; one
allele has been shown to be connected with decreased in vivo activity. However,
detailed study of CYP1A2 phenotyping is needed, because a functionally significant
polymorphism has not yet been confirmed (Welfare et al., 1999). This CYP protein is
not only conserved among species, but is also rather stable against denaturation
(Anzenbacher et al., 1998). Its active site is able to accommodate planar molecules of

moderate volume and basicity (Lewis, 2000).

2.2.2 Inhibition of CYP1A2 and other isoforms

ITCs have been shown to inhibit rat and human CYP isoforms. CYPs
1A1, 1A2, 2B1, 2E!l and 3A4 are inhibited by ITCs, via competitive, noncompetitive
or mixed inhibition (Nakajima et a/., 2001). Of these isoforms, 1Al and 2El play the
most important role in the activation of carcinogens. Structural activity relationship
studies have shown that aryl alkyl isothiocyanates with 6 carbon chains can cause
maximum inhibition of CYP enzymes in rat liver microsomes (Conaway et al., 1996).
In rodent study, PEITC blocks metabolic activation of NNK and benzo(a)pyrene
(BaP), major lung carcinogens in tobacco smoke, via CYPs, resulting in increased
urinary excretion of detoxified metabolites, suggesting inhibitory effects on CYP1Al,
1A2 and 2B1 (Smits ef al., 1993; Conaway ef al., 1996; Hecht, 1999).

In addition, CYPIA2 plays a major role in bioactivation of
procarcinogens. Becquemont and colleaques (1996) have studied the influence of the
CYP1A2 inhibitor fluvoxamine administration on the disposition kinetics of single-
dose tacrine administration in humans. Tacrine is extensively metabolized by
CYP1A2 and fluvoxamine is a potent CYP1A2 inhibitor. Thirtecen healthy volunteers
participated in this double-blind, randomized crossover study, which compared the
effects of fluvoxamine (100 mg/day during 6 days) and placebo on the
pharmacokinetics of a single oral dose of tacrine (40 mg). From study was found

Fluvoxamine caused a decrease in the apparent oral clearance of tacrine from 1,683 +
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802 to 200+ 106 L/hr, which was explained by a decrease in its nonrenal clearance.
Fluvoxamine administration was associated with significant increases in the plasma
AUC values of three monohydroxylated tacrine metabolites and in the total urinary

recovery measurements of tacrine and its metabolites (9.1% + 4.6% versus 24.0%

2.6% of recovery). These results may be attributable to fluvoxamine-dependent
inhibition of CYP1A, which is responsible of the biotransformation of tacrine into its
monohydroxylated metabolites and further into dihydroxylated and reactive
metabolites. These results suggest that fluvoxamine inhibits the metabolism of tacrine.

CYP1A2 may be the target of this inhibition.

Chen and colleaques (1996) have studied effect of the consumption of
watercress on acetaminophen metabolism, the pharmacokinetics of acetaminophen
and its metabolites were studied in a crossover trial of human volunteers. A single
oral dose of acetaminophen (1 gm) was given 10 h after ingestion of watercress
homogenates (50 gm) in comparison with acetaminophen alone. From study was
found watercress ingestion resulted in a significant reduction in the area under the
plasma cys-acetaminophen concentration-time curve and in the peak plasma Cys-
acetaminophen concentration by 28% + 3% and by 21% : 4%, respectively.
Correspondingly, the cys-acetaminophen formation rate constant and cys-
acetaminophen formation fraction were decreased by 55% £ 9% and 52% + 7%,
respectively. These results suggest that the consumption of watercress causes a
decrease in the levels of oxidative metabolites of acetaminophen, probably due to
inhibition of oxidative metabolism of this drug.

Leclercq and colleaques (1998) studied effect of watercress on the
metabolism of chlorzoxazone; an in vivo probe for CYP2El, the oral
pharmacokinetics of chlorzoxazone was studied in 10 healthy volunteers before and
after a single ingestion of a watercress homogenate (50 gm). Have a reported the area
under the chlorzoxazone plasma concentration-time curve was significantly increased
by 56% after watercress ingestion. Similarly, chlorzoxazone elimination half-life was
prolonged after watercress (53%) administration. These results show that a single
ingestion of watercress inhibits the hydroxylation of chlorzoxazone, an in vivo probe

for CYP2E1
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Nakajima and colleaques (2001) have studied the inhibition and
mechanism-based inactivation potencies of PEITC for human CYP activities were
investigated using microsomes from baculovirus-infected insect cells expressing

specific human CYP isoforms, including CYP1A2, 2A6, 2B6, 2C8, 2C9, 2C19, 2D6,

2E1, and 3A4. PEITC was found to competitively inhibit CYP1A2 and 2A6, non-
competitively inhibit CYP2B6, 2C9, 2C19, 2D6, and 2E1 and inhibit CYP3A4
following a mixed-type of competitive and non-competitively inhibition. Furthermore,
PEITC is a mechanism-based inactivator of human CYP2El. Human CYP1A2,
CYP2A6, CYP2B6, CYP2D6, and CYP3A4 were not inactivated. These present
study directly proved that the chemopreventive effects of PEITC for nitrosamine-
induced carcinogenesis are due to the inhibition of CYP by an in vitro study. The
possibility that PEITC would affect the pharmacokinetics of clinically used drugs that

are metabolized by these CYP isoforms was also suggested.

2.3 Betong watercress

Watercress (Nasturtium officinale) (Figure 2.4) is a member of the
Cruciferae (or Brassicaceae) family, and therefore related to broccoli, cabbage,
brussel sprouts, cauliflower, and watercress. Watercress is the richest source of
glucosinolate nasturtiin, which on hydrolysis by myrosinase, an enzyme that is
activated upon crushing the vegetables by chopping or chewing, produces PEITC
(Getahun and Chung, 1999). Watercress is fairly easy to cultivate, it prefers to grow
in cool, flowing, water about 2 to 3 inches deep, in a partially shaded area. Being
semi-aquatic, watercress is well-suited to hydroponic cultivation, thriving best in
water that is slightly alkaline.

In Thailand, watercress is widely grown for commercial purpose in
Betong District, Yala province. It is so called Phak num Betong in Thai or Betong
watercress. Watercress is originally from France and has been brought to grow in
China. In Thailand, watercress was grown in north and spread to the south by Chinese

{(Education, Municipality of Betong, 2009).
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Figure 2.4 Betong watercress collected from watercress farm at Betong, Yala

(Photographed by Angkana Wongsakul at 10/05/2553)

Watercress is rich in vitamin A (from beta-carotene) and vitamin C,
and is a source of folate, calcium, iron, and vitamin E. It also contains useful amounts
of vitamin K, thiamin, vitamin Bg, potassium, and iodine and is naturally low in
sodium. Due to its high water content (93%) it is low in calories. It contains very little
carbohydrate and fat but provides some protein (Lindel et al., 2007). In addition to
nutrients, watercress is a rich source of a variety of phytochemicals. The most clearly
identified compounds include glucosinolate derivatives such as PEITC and
methylsulphinylakyl isothiocyanates (MEITCs), flavonoids such as; quercetin,
hydroxycinnamic acids, and carotenoids such as; betacarotene and lutein. PEITC and
MEITC have been shown to play a role in the suppression of carcinogenesis in a
number of in vitro studies. Flavonoids and carotenoids have a potent antioxidant
activity (Lampe et a/., 2000).

Jiao and colleaques, (1998) studied ITC contents in the nine types of
cruciferous vegetables namely broccoli, cabbage, cauliflower, choi sum (Brassica
chinensis var. parachinensis, also known as Chinese flowering cabbage), kai choi
(Brassica juncea var. rugosa, also known as mustard cabbage or Chinese mustard),
kai lan (Brassica alboglabra, also known as Chinese kale), bok choi (Brassica
chinensis, also known as Chinese white cabbage), watercress, and wong nga pak
(Brassica pekinensis var. cylindrica, also known as celery cabbage). After treatment
of cooked vegetables with myrosinase, the highest level of ITCs was found in

watercress (81.3 umol/100 g wet weight; Table 2.5)
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Table 2.5 Cruciferous vegetables and their total ITC cotent (Jiao ef al., 1998).

ITC contents,
Vegetables (a.=9) mean and range
(umol/100 g wet
weight)
Watercress (Nasturtium officinale) 81.3(17.1 - 144.6)
Kai choi (Brassica juncea var. rugosa) 71.2(25.6 - 138.4)
Broccoli (Brassica oleracea var. italica) 38.6 (10.1 - 62.0)
Cabbage (Brassica oleracea var. capitata) 27.5(11.9-62.7)
Kai lan (Brassica var. alboglabra) 15.4 (3.1 - 35.9)
Caulifliwer (Brassica oleracea vat. botrytis) 11.6 (2.7 - 24.0)
Choi sum (Brassica chinensis var. parachinensis) 11.1(3.5-23.4)
Wong nga pak (Brassica pekinensis var. cylindrica) 5.6 (2.5-8.8)
Bok choi (Brassica chinensis) 4.9 (2.0-17.5)

Population studies show an association between an increased intake of cruciferous
vegetables with reduced risk of cancers at several sites (Talalay and Fahey, 2001).

Wattenberg (1977) study has been reported that BITC and PEITC
inhibit DMBA-induced mammary tumor formation in female Sprague-Dawley rats
when administered 4 h prior to the DMBA. Comparable studies in which BITC was
administered 24 h before or 4 h after DMBA showed almost complete loss of
inhibition. Additions of BITC or PEITC to a diet containing DMBA inhibited
formation of neoplasms of the forestomach and pulmonary adenomas in female
ICR/Ha mice.

Hecht and colleaques (1995) studied observed significant benefits of
PEITC for cancer protection in animals and wanted to assess its potential in humans.
By used watercress, the richest known food source. Eleven smokers volunteered to
expose themselves to the lung-specific tobacco carcinogen NNK for 3 days, while
consuming 2 ounces (56.8 g) of watercress at each meal. From the study watercress
was found a highly significant increase in urinary NNK breakdown products during

days 2 and 3 which correlated with the intake of PEITC from watercress during this
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period. This linked PEITC and watercress consumption to the metabolism and

secretion/neutralization of the lung carcinogen NNK.
Chiao and colleaques (2004) studied in vivo affects of a PEITC-NAC

(N-acetylcysteine conjugate of PEITC) supplemented diet versus a nonsupplemente

diet on tumours of human prostate cancer cells grafted on to mice. After a 9-week
treatment period, there was a significant reduction in tumour size in 100% of the mice
on the supplemented dict. Tumour weight was reduced by 50% compared with mice
on the diet without PEITC-NAC. Mechanisms identified in this study suggest that
PEITC-NAC may reduce tumour growth by inhibiting proliferation (uncontrolled cell
growth) via cell cycle regulators, and inducing apoptosis (externally triggered cell
death).

2.3.1 History of watercress

The correct name for watercress is nasturtium officinale and it belongs
to the family Cruciferea. Cress is native to Europe and Asia,“common in Great Britain
and widely naturalized in the United States and Canada, It has also been introduced
into the West Indies and South America. Nasturtium officinale is called watercress in
Great Britain and America, Brunnenkress in Germany, Crescione in Italy, and
Nerokarthamon in Greece. Watercress is the most ancient of green vegetables known
to man and its use can be traced back to the persians, Greeks and Romans. In fact, a
famous persian chronicler advised persians to feed cress to their children to improve
bodily growth., He also strongly recommended its use to the Greek and Persians
soldiers of that time. Although these eminent rulers knew nothing of such matters as
mineral content and vitamins, they did observe that their soldiers were in better
condition when this plant was made part of will and diet.

In the middle of the 16th century. English cultivation started in early
1800, when a farmer near London began to give cress attention as a product of
agriculture to be used in salads. It was not long before its popularity spread and it
became increasingly difficult to meet the rather sudden increase in demand for
watercress. Recent chemical analysis of watercress reveals that the beneficial effects
are due to its generous content of vitamins A and C, and the minerals calcium and
iron. Watercress also contains credible amounts of folic acid and lucien. It is also

considered an excellent functional food for the prevention of cancer and related
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diseases. The United States, with its abundance pure running water, proper soils and
almospheric conditions is the most highly favored country in the world for raising
aquatic plants like watercress. These favorable conditions had made it possible for

large-scale commercial watercress cultivations in the United States. Wherever

watercress has been reported in history, it has been common to eat the crisp green
sprigs out of hand, combined with other tender greens in salads and as a garnish on
hot and cold dishes, In addition, certain nationalities have made a particular

watercress use famous in their country (B&W Quality Growers, 2008).

2.3.2 Health benefits of watercress

Watercress is among the most highty nutritious vegetable, many of the
great herbalists wrote of the revitalizing power of watercress. The health benefits of
watercress are attributed to its nutrient content. Watercress is an excellent source of
vitamins B1, B2, B6, C, E, manganese, and carotenes. It is also a good source of
calcium, fiber, iron and copper. The health benefits of watercress include preventing
of cancer, protecting the eyes as it contains a high level of two carotenoids, lutein and
zeaxanthine, normalizing cholesterol and blood pressure, increasing sexual energy
and enhances fertility, improving memory, mental function and to retard ageing,
cleansing the body, and increasing breast milk production.

Watercress livens up raw salad and it also makes a valuable juice.
Watercress juice is a green juice and must not be consumed alone. It also tastes bitter
and is much easier to swallow if mixed with carrot, potato, and a little parsley or
carrot, spinach, and turnip leaves. For optimal health benefits, eat watercress raw and

as fresh as possible (Hubpages Inc., 2010).
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2.4 Caffeine
2.4.1 Physicochemical properties of caffeine and its primary
metabolites
Caffeine or 1,3,7-trimethylxanthine (CgHpN4O»; m.w. 194,19)(Figure

2.5) is an alkaloid of the methylxanthine family, which also includes the similar
compounds 1,3-dimethyixanthine (theophylline; Figure 2.5), 3,7-dimethylxanthine
(theobromine; Figure 2.5) and 1,7-dimethylxanthine (paraxanthine; Figure 2.5). Pure
caffeine is white, odorless and has slight bitter taste, with a taste threshold in water of
0.2-1.8 mM. Caffeine is a weak base and the ionization constant (pK;) is 14 and the
lipid partition coefficient (log P) is 0.85 (Scott et al,, 1999). It is a boiling point of
178°C and a melting point of 238°C. Tt is a density of 1.2 g/emA2 and 1 gm dissolves

in 46 mls water, 5.5 ml water at 80°C, alcohol, chloroform, slightly in ether.
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3,7-Dimethylxanthine (C;HsN4O» m.w. 180.16) or theobromine as its
pure state it is an odorless white crystalline powder, the colour has been listed as
either white or coloutless, Theobromine is a weak base and the ionization constant

_(pKa.) is 10 (Gennaro ef al., 1992). It has a boiling point of -295°C and a melting point

of 290-295°C. One gram is soluble in approximately 2000 mL of water and 150 mL of
boiling water, 0.5M NAOH, insoluble in benzene, ether, chloroform, and carbon
tetrachloride. Theobromine affects humans similarly to caffeine, but on a much
smaller scale.

1,3-Dimethylxanthine (C;HgN4O, m.w. 180.16) or theophylline occurs
as a white crystalline powder with a bitter taste. Theophylline is a weak acid and the
ionization constant (pK,) is 8.8 (Gennaro et al., 1992). it has a melting point of 270-
274°C and clear colorless solution at 50 mg/1M ammonium hydroxide, soluble in hot
water, alkaline solution.

1,7-Dimethylxanthine (C7HgNsO, m.w. 180.16) or paraxanthine is the
most abundant of the dimethylxanthines, accounting for approximate 80% of the
hepatic degradation of caffeine in humans (Lelo ef al., 1986). It is a white to off-white
powder. Paraxanthine is a weak acid and the ionization constant (pK,) is 8.65. It has a
melting point of 351-352°C and clear colorless to faint yellow solution at 50 mg/mti in

1M ammonium hydroxide.

2.4,2 Pharmacokinetics

1) Absorption

Caffeine is rapidly absorbed from gastrointestinal tract, and reaches
99% bioavailability in human about 45 min after ingestion (Bolton and Null, 1981),
depending on variations in gastric emptying and the presence of dietary constituent
(Pekthong, 2000). Orally administered caffeine is mainly absorbed from the small
intestine although 20% has been reported to be absorbed from the stomach (Garattini,
1993). Pharmacokinetics of caffeine is independent on the route of administration. Its
pharmacokinetics is comparable after oral or intravenous administration of caffeine in
humans and animals, leading to superimposable plasma curves (Garattini, 1993).
Sweating does not play a significant role in the flux of caffeine. Absorption is,

however, not complete when the substance is taken as caffeine (Fredholm et al.,
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1999). Caffeine absorption is also complete in animals the peak plasma caffeine
concentration is reached 15-120 min after oral ingestion in human (Bonati ef al.,

1982). The caffeine elimination half-life ranges from 0.7-1.2 h in rats and mice

newborn infants (Arnaud, 1976; Le Guennec and Billon, 1987) and can be over 100
hours in premature infants (Parsons and Neims, 1981). The elimination half-life of
caffeine is reduced by 30-50% in smokers, doubled in women taking oral

contraceptives and raised to 15 h in the last trimester of pregnancy (Barone and

Roberts, 1996).

2) Distribution

Caffeine is rather poorly bound to plasma albumin (10-30%)
(Blanchard and Sawers, 1983). It seems that no physiological “barriers” limit the
passage of caffeine through out tissues; consequently, easy and rapid equilibrium is
reached between mother and fetus, blood and all tissues, including the brain (Burg,
1975). Caffeine may enter the brain by simple diffusion and carrier-mediated
transport (McCall ef al., 1982). It has been found that caffeine and its metabolites are
strong inhibitors of the human organic anion transporter (Sugawara et al., 2005)
which is expressed in human lungs, kidneys, and testes (Lee ef al., 2001), as well as

along the blood brain-barrier, as shown in cultured human brain endothelial cells (Gao

et al., 2000).

3) Metabolism

Caffeine has been applied as a metabolic probe for determining
CYP1A2 activity. This enzyme is involved in the liver biotransformation of many
drugs and xenobiotics (Berthou ef al,, 1992; Rostami-Hodjegan et al., 1996). As
shown in Figure 2.6, CYP1A2 catalyses the N-1, N-3, and N-7 demethylations of
caffeine (137X) to form theobromine (37X), paraxanthine (17X), and theophylline
(13X) respectively, accounting for about 11, 80, and 4% of caffeine metabolism
(Miners and Birkett, 1996). Each of these xanthines undergoes an N-mono
dimethylation reaction to give the corresponding monomethylxanthine, 1-

methylxanthine (1X), 3-methylxanthine (3X), and 7-methylxan-thine (7X). Caffeine
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and xanthines are hydroxylated into their corresponding uric acids, 1,3,7-
trimethyluric acid (137U), 1,3-dimethyluric acid (13U); 1,7-dimethyluric acid (17U);
3,7-dimethyluric acid (37U); l-methyluric acid (1U); 3-methyluric acid; (3U), and 7-

_.methyluricacid . (7U). . Other. _non-microsomal _enzymes _participate in caffeine .

metabolism (Tang et al, 1991). The polymorphic N-acetyl-transferase, NAT2,
catalyses the C8-N9 bond scission and the acetylation of paraxanthine to produce
5-acetylamino-6-formylamino-3-methyluracil (AFMU) which is then spontaneously
transformed into S-acetylamino-6-amino-3-methyluracil (AAMU) in urine. Xanthine
oxidase (XO) is responsible for the conversion of 1X into 1U.

Metabolism of caffeine in rats similar to human is shown in Figure 2.7,
CYP1A2 catalyses the N-1, N-3, N-7 demethylations to form theobromine (37X),
paraxanthine (17X), and theophylline (13X), respectively, Metabolism of caffeine in
rat was shown that CYPIA2 catalyse the C-8-hydroxylation of caffeine (137X) to
form 1,3,7- trimethyluric acid (137U} (70%) which is the major metabolic reaction
compared to N-1, N-3, and N-7 demethylations (Kot and Daniel, 2008). Then three
dimethylxanthines may be demethylated to form dimethyluric acids. Characteristic of
caffeine  biotransformation in rats is the formation of 6-amino-5-(NV-
formylmethylamino)-1,3-dimethyluracil (1,3,7-DAU), a metabolite with an opened
imidazole ring, in amounts of quantitative importance that was not found in human

(Arnaud, 1976; Bienvenu et al., 1993).
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Figure 2.7 Caffeine metabolic pathways in rat liver (from Jorritsma et al. 2000).

4) Excretion

Mainly the kidney excretes caffeine and its metabolites. It is submitted
to 98% renal tubular reabsorption, only a small percentage 0.5-2% of the ingested
dose in humans is excreted unchanged in urine (Garattini, 1993). The elimination
half-life of caffeine is highly variable with a mean value of 5 h but with a range of 2-
12 h for most individuals. In neonates, the elimination half-life may range up to 100 h.
Since CYPIA2 can be both induced and inhibited, various physiological and
environmental factors can influence the disposition of caffeine. For example, prior to
the onset of menstruation, caffeine elimination may be slowed in the late luteal phase,

potentially leading to exaggerated pharmacological effects during this time (Denaro et




34

al., 1990). Caffeine’s climination was decreased in subjects with citthosis compared

with healthy control subjects (Denaro et al., 1996).

A marker substrate is devised to provide information on the in vivo
CYP isoform activity {phenotyping), its level of induction, inhibition or drug
interactions. It must be characterized by safety, wide availability, and assay reliability
in bodily fluids and, of course, a metabolic pathway specific for one CYP isoform.
Currently, different marker substrates for various isoforms of CYP are widely used to
assess genetic, ethnic, and enviromnental differences in the in vivo metabolism of
drugs. CYP1A2 is one of the major phase I enzymes in the liver, accounting for about
13% of the total liver CYP content (Shimada ef al., 1994). This enzyme is important
in the metabolism of widely used drugs such as theophylline, clozapine, and
imipramine. It is the most important catalyst in the metabolism of caffeine (Berthou et
al., 1991; Gu et al., 1992) and has been involved in the metabolic activation of
environmental carcinogens, including heterocyclic amines, arylamine, and
nitrosamine, and in the biotransformation of drugs (Eaton ef al., 1995).

Interestingly, caffeine is the first-choice substrate for assessment of
CYPLA?2 activity. It is extensively metabolized in human and at least 14 metabolites
have been identified. About 80% of caffeine is N3-demethylated to paraxanthine
(1,7X) and the major enzyme catalyzing this reaction is CYP1A2 (Campbell ef al,,
1987; Berthou et al., 1991; Tassaneeyakul et al., 1992). In addition, caffeine has
proven to be useful for simultancous estimation of N-acetyltransferase-2 (NAT-2) and
xanthine oxidase (XO) activities (Kalow and Tang, 1993; Rostami-Hodjegan, 1996).
This is not surprising since caffeine is relatively safe, low toxic, and possesses many
favorable pharmacokinetic characteristics for a marker substrate. Several caffeine-
based approaches for assessing CYP1A2 activity in vivo have been described. These
approaches have utilized caffeine concentrations in plasma or saliva (caffeine
clearance), as well as plasma, saliva, or urinary caffeine metabolite ratios.

A number of parameters based on caffeine metabolism have been
selected as marker of CYP 1A2 activity, including caffeine breath test, urinary

caffeine metabolites ratio and plasma or serum caffeine metabolites ratio (Kalow and

2.4.3 Assessment.of CYP1A2 activity using a marker substrate........ . ...
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Tang, 1993; Fuhr and Rost, 1994). The first is tested by the measurement of *CO; or
40, following a dose of caffeine labeled in the N3-methyl group (Rost and Root,

1994). The requirement for isotope labeled and specialized equipment is needed to

_.measure.the labeled. carbondioxide. in exhaled air. The second. is the determinationof ... ...

caffeine and its metabolites in urine after caffeine intake (Rasmussen et al., 1998).
This method based on cither secondary or tertiary metabolites are not ideal indices of
CYP1A2 activity because these metabolites are not exclusively formed by CYP1AZ2,
These methods might vary substantially with factors such as urinary flow, inter-ethnic
differences in renal function and sampling time of urine collection (Ou-Yang ef al.,
2000). The last one is the determination of caffeine and its metabolites in plasma or
serum, Paraxanthine/caffeine ratio has been recognized as a good index for CYP1A2
activity because paraxanthine is a major metabolite and catalyzed by CYP1A2 (Fuhr
et al., 1996).

The studies using caffeine as a probe to assess CYPLA2 enzyme
activity are as follows. Krul and Hageman (1998) reported an analysis of five urinary
metabolites of caffeine; caffeine or (137X), paraxanthine (17X), 1,7-dimethylurate
(17U), 1 methylxanthine (1X), l-methylorate (1U) and 5-acetylamino-6-
formylamino-3-methyluracil (AFMU). A standardized procedure was used for oral
intake of caffeine and for urine collection. CYP1A?2 activity was calculated from the
molar ratio (AFMU+1X+1U)/17U, N-acetyltransferase (NAT) from the ratio
AFMU/1X, xanthine oxidase (XO) from the ratio 1U/1X+1U and CYP2A6 from the
ratio 170/(17U+17X+1U+1X+AFMU), Using this procedure, metabolic ratios were
determined for four groups of subjects; healthy, non-smoking females using oral
contraceptives (n=55) and non-users (n=55), healthy nonsmoking males (n=59) and
children (n=57). A higher CYP1AZ2 ratio was found for males compared to females.
For the other enzyme activities, no significant differences were found between the
groups of subjects in this study.

Jodynis-Liebert and Matuszewska (1999) determined levels of caffeine
and its primary metabolites in plasma of rats pretreated with toluidine at doses: 1, 10,
and 60 mg/kg/b.w (p.o.) and dinitrotoluene (DNT) at doses: 100 and 200 mg/kg/b.w
(p.0.). Caffeine metabolite ratios in plasma: TB/CF, PX/CF, TP/CF, and
(TB+PX+TP)/CF were calculated and compared to those of control rats group which
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received olive oil and caffeine alone, Administration of toluidines resulted in a 2-20
fold increase of the concentration ratios of metabolites to caffeine. All toluidines seem

to be inducers of CYP1A2, Two out of the four tested dinitrotoluenes slightly affected

.CYP1A2 activity;-2,3-and.3,4-DNT. increased .estimated .parameters. 2-6. fold._ Two
others, 2,4- and 2,6-DNT can be considered as moderate hepatotoxic agents
decreasing CA metabolic ratios to 4-70% of the control values.

Bozikas and colleaques (2004) study was to assess the impact of
smoking on the metabolism of psychotropic drugs in a group of patients with
schizophrenia, by measuring CYP1A2 activity. This activity was assessed by the
molar ratio (MR) of caffeine metabolites in urine (AFMU + 1U+ 1X)/17U and saliva
(17X/137X). Participants were 40 patients with schizophrenia: 30 current cigarette
smokers and 10 nonsmokers. The two groups (smokers and nonsmokers) differed
significantly in their ratio of men to women (83% men and 17% women were among
smokers compared with 50% men and 50% women nonsmokers). Smokers had
significant higher MR in urine as well as in saliva than nonsmokers, suggesting a
higher activity of CYP1A2 dependent on smoking. When gender was used as a
covariate, the differences between the two groups remained significant for MR,
Cigarette smoking may be a factor influencing the plasma levels of antipsychotics that

are metabolized through CYPLA2.

2.4.4 Mechanism of action

Caffeine acts through multiple mechanisms, the most important of
which is the antagonism of adenosine receptors (A; and Asa). Caffeine blocks
adenosine receptors and competitively inhibits the action of adenosine at the
therapeutic concentrations of caffeine (10-100 M), with K; of 29 and 48 M at the A;
and Asa adenosine receptors, respectively. As an adenosine receptor antagonist,
caffeine increases the release of various neurotransmitters (Fredholm et al. 1999).
Moreover, due to a negative interaction between adenosine and dopaminergic
receptors, caffeine increases responses from dopaminergic receptors (Fredholm and
Svenningsson, 2003). Because of its ability to affect neurotransmission in different

regions of the brain, caffeine displays psychomotor stimulant properties and promotes




37

behavioral functions such as vigilance, attention, mood, and arousal (Fisone ef al.,

2004),

2.4.5. Pharmacological effects.....

1) Effects on central nervous system

Caffeine has CNS stimulant properties. In humans, the manifestration
is as followa; increased arousal and vigilance, decreased fatigue, increased capacity
for work, decreased motor reaction time for some tasks, and elevated mood
(Benowitz, 1990; Serafin, 1996). Caffeine also has substantial effects on sleep.
Ingesting caffeine 30-60 min before sleep will increase sleep latency, decrease total
sleep time, and substantially worsen subjective estimations of sleep quality
(Regestein, 1980). Caffeine also stimulates the medullary respiratory center. This
effect is due to an increased sensitization to carbon dioxide but needs large doses to
elicit this effect, 150-250 mg, parenterally. The spinal cord is stimulated at higher
doses and convulsions and death may result. A caffeine withdrawal syndrome which
is well described includes headache and fatigne most prominently; anxiety, impaired
psychomotor performance, nausea, and vomiting, or an intense desire for coffee occur
less commonly (Griffiths and Woodson, 1988). Headache is usually preceded by a

feeling of fullness in the head that occur about 18 h after the last caffeine intake.

2) Effects on cardiovascular system

Caffeine has an effect on the cardiovascular system by stimulating the
heart and often increasing contraction rate (pulse). Its direct stimulatory effect on the
heart may be neutralized by its central vagus stimulation. The direct effect
predominates at very large doses with tachycardia and, eventually, arrythmias
resulting (Ritchie et al, 1975). Although caffeine dilates blood vessels by a direct
action, its central effect is one of constriction. At higher doses, the dilating effect is
apparent (Peach, 1972; Poisner, 1973). Similarly, because its direct and central effects
are antagonistic, the resultant effect of caffeine on blood pressure is unpredictable.

The net effect is usually of less than 10 mm of Hg in blood pressure (Ritchie ef al,,

1975).
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3) Effects on respiratory system
In the respiratory system, one of the most common disorders of

breathing is asthma, which is greatly relieved by the stimulating effects of caffeine

—.and theophylline. Caffeine expands these passages as well as increasing the breathing ... ]

rate. It remains uncertain to what extent caffeine and theophylline exert anti-asthmatic
effects through blockade of adenosine receptors, and to what extent through
phosphodiesterases inhibition (Onken, 2000). In patients with asthma, caffeine
functions as a bronchodilator. Bronchodilation is only about 40% of the potency of

theophylline at comparable concentration (Gong et al., 1986).

4) Effects on gastrointestinal system

Caffeine stimulates the small intestine to secrete water and sodium.
Caffeine doses greater than 100 mg enhance the production of gastric acid secretions
and cause gastric irritation. Interestingly, decaffeinated coffee also stimulates gastric
acid production, suggesting that caffeine is not the only compound in coffee that
influences gastric juice flow. In the distal colon, coffee stimulates motility and

promotes defecation (Sawynok, 1995).

5) Effect on renal system

The effects of caffeine on renal function, namely diuresis, increase
blood flow, and stimulation of rennin release, appear to be linked to blockade of
adenosine receptors-adenosine analogs having the opposite effects to xanthines
(Grattini, 1992). Xanthines, including theophylline and caffeine, reverse adenosine-
mediated reduction in glomerular filtration, vasoconstriction, and inhibition of renin
release. Caffeine has a diuretic effect, and the patfern of enhanced excretion of water
and clectrolytes is similar to that produced by the thiazide drugs. It is believed that
this effect results from direct action on the renal tubule. Caffeine causes an increased

rate of sodium and chloride excretion (Serafin, 1996).
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2.4.6 Withdrawal symptoms
In human, caffeine withdrawal translates into typical symptoms. The

most often reported are headaches, feelings of weariness, weakness, and drowsiness,

—impaired concentration, fatigue, and work difficulty, depression, anxiety, irrritability, ... .

increased muscle tension, occasionally tremor, and nausea and vomiting, as well as
withdrawal feelings (Hughes ef al., 1993; Nehlig et al.,, 1994; Richardson et al.,
1995). Withdrawal symptoms generally begin about 12-24 h after sudden cessation of
caffeine consumption and reach a peak after 20-48 h. However, in some individuals,
these symptoms can appear within only 3-6 h and last for one week (Barone and
Roberts, 1984; Lane, 1998).

In animal, caffeine withdrawal signs have been reported in rats, cats
and monkeys. Those include decreases in locomotor activity (Finn and Holtzinan,
1986) operant behavior (Mumford ef al., 1988), and in the reinforcement threshold for
electrical brain stimulation. The severity of caffeine withdrawal depends on the dose,
and decreases in locomotor activity do not appear when caffeine doses lower than 67
mg/kg/day are substituted by water. The length of the decrease in locomotor activity
depends also upon the dose of caffeine and the duration of the treatment before the
substitution by water. The latency to the onset of caffeine withdrawal effects usually
occurs within 24 h, and peaks around 24-48 h (Finn and Holtzman, 1986). The
caffeine withdrawal-induced behavioral changes usually last a few days (Griffiths and
Mumford, 1996), except for the sieep-related signs that have been shown to last up to

30 days after the onset of caffeine withdrawal (Sinton and Petitjean, 1989).

2.4.7 Toxicity

Acute toxicity

The signs of acute caffeine toxicity include nausea, vomiting, diarrhea,
cramps, and muscle facoiculations, Central nervous system effects are manifested as
restlessness, agitation, and irritability. In severe cases, seizures may occur
{Massachusetts Poison Control, 1994).

Animal studies have demonstrated teratogenecity at extremely high
doses, but not at physiologic or even moderately toxic doses. Clinical trials in humans

have shown heavy coffee drinkers (>600 mg caffeine/day)} to have an increased
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incidence of miscarriages and premature birth, however these differences lose
significance when adjusted for other factors such as smoking and demographics

(Massachuseet Poison Control, 1994). In addition, caffeine is reported as a teratogen

...causing.developmental abnormalities.of the.craniofacial and musculoskeletal systems, ... ...

abortion, and stillbirth (Duke University Medical Center, 2000; Massachuseet Poison
Control, 1994).

2.5 Analytical methods for caffeine and its metabolites

Various analytical methods have been available for initial screening,
confirmation, and quantification of caffeine and metabolites (as shown in Table 2.6)
such as gas chromatography (GC) (Hirai and Kondo, 1985), high performance liquid
chromatography (HPLC) (Ventura et al., 2003), an liquid chromatography coupled
with mass spectrometry {LC-MS} (Arinobu et al., 2009)
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2.5.1 High performance liquid chromatography (HPLC) and
Liquid chromatography coupling mass spectrometry (LC-MS)
HPLC is an important analytical tool for separating and quantifying

components in complex liquid mixtures. HPLC is a separation technique utilizing

differences in distribution of compounds to two phases, called stationary phase and
mobile phase. The stationary phase designates a thin layer created on the surface of
fine particles and the mobile phase designates the liquid flowing over the particles.
Under a certain dynamic condition, each component in a sample has different
distribution equilibrium depending on solubility in the phases and/or molecular size.
As a result, the components move at different speeds over the stationary phase and are
thereby separated from each other. Mobile phase is constantly fed into the column
inlet at a constant rate by a liquid pump. A sample is injected from a sample injector,
located near the column inlet. The injected sample enters the column with the mobile
phase and the components in the sample migrate through it, passing between the
stationary and mobile phases. Compounds move in the column only when is in the
mobile phase. Compounds that tend to be distributed in the mobile phase therefore
migrate faster through the column while compounds that tend to be distributed in the
stationary phase migrate slower. In this way, each component is separated on the
column and sequentially elutes from the outlet. Each compound cluting from the
column is detected by a detector connected to the outlet of the column.

When the separation process is monitored by the recorder starting at
the time the sample is injected, a graph is obtained. This graph is called a
chromatogram. The time required for a compound to elute (called retention time) and
the relationship between compound concentration (amount) and peak area depend on
the characteristics of the compound. Retention time is therefore used as an index for
qualitative determination and peak surface area (or height) as an index for quantitative
determination, The retention time of the target compounds and the concentration for
each unit of peak area are based on data obtained in advance by analyzing a sample
with known quantities of the reference standards. Normally, the reference standards
are highly purified target compounds., A HPLC system is basically consist of a pump,
an injector, a column, a column oven, and detector (Global Centre Environmental

foundation, 1997).
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There are several types of HPLC defined by the type of mobile phase
and stationary phase that is used. One of the most commonly used types of HPLC is

referred to as “reversed phase.” In this type, consists of a non-polar stationary phase

and an aqueous, moderately polar mobile phase. One common stationary phaseis

silica which has been treated with RMe,SiCl, where R is a straight chain alkyl group
such as CigHs7 or CgHyy. Water, methanol (methyl alcohol), ethanol (ethyl alcohol),
and acetone are examples of polar solvents. The stationary phase in reverse phase
HPLC is a nonpolar material such as a long chain hydrocarbon molecule,

HPLC is widely used for caffeine and metabolites analysis. The
separation of caffeine and its metabolites are usually performed with silica-based
reverse phase column, mainly C18 (Lau and Falk, 1991; Tanaka ef al., 1991; Scharder
et al., 1999; Sinues et al., 1999; Tuomi et al., 1999; Caubet et al., 2002; Theodoridis
and Manesiotis, 2002; Ventura ef al., 2003).

Caubet and colleaques (2002) described the development and
validation of analytical methodology for the determination caffeine and metabolites in
human urine by HPLC-DAD detection. The chromatographic separation was achieved
on an Eclipse XDB C18 reverse-phase column (250 X 4,6 mm i.d., 5 pm). The mobile
phase was a mixture of distilled water:acetic acid:tetrahydrofuran (996.5:1:2.5 v/v/v)
:acetronitrile in gradient mode and the extraction is solid phase extraction. The results
showed that the method allows to separates and quantify rapidly (23 min) the
metabolites of caffeine, with high precision and accuracy.

Liquid chromatography coupling mass spectrometry (LC-MS) is a
technique that combines the physical separation capabilities of liquid chromatography
with the mass analysis capabilities of mass spectrometry. LC-MS is a powerful
technique used for many applications which has very high sensitivity and specificity.
An analysis of the mass and pattern of fragmentation provides information on

composition and structure.
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2.5.2 Gas chromatography (GC)
GC is an instrumental technique used in drug analysis. A gas

chromatography consists of a flowing mobile phase, an injection port, a separation

column containing the stationary phase, and a detector. GC is a physical method of
separation based on the distribution of a solute (i.e., analyte) between a mobile
gaseous phase (or carrier gas) is inert gas helium (He), hydrogen (Hz), or nitrogen
(N), and a stationary liquid phase that are coated on a solid support material found
within the chromatographic column. When the sample is injected onto the column, the
individual molecules continuously transfer between the stationary and mobile phases
as the injected solute band moves down the column. Each solute moves at a rate
determined by its partition between the gas and liquid phase and the flow rate of
carrier gas. Selective partitioning between the mobile and stationary phases is highly
dependent on the analyte molecule’s solubility in each phase. Thus, solutes that are
less soluble in the stationary phase will elute from the column first while solutes that
are more soluble will elute later. Because solubility depends on the physical and
chemical properties of a compound, a series of compounds exhibiting a systematic
variation in structure and thus, chemical properties, would be expected to partition
between the mobile and stationary phases to different extents (Skoog et al., 1998). A
number of different detectors are available for use in gas chromatography. Caffeine
and its metabolites determination have been performed using GC couple with
different systems such as mass spectrometry (often abbreviated as ‘MSD’ for mass
selective detector), flame ionization (FID), and nitrogen-phosphorus (NPD)).

The MSD is the most common of the three, principally because it can
provide definitive identification of compounds along with quantitative information.
The FID is used in arson cases because of its sensitivity to hydrocarbons, the primary
ingredient in most accelerants. The NPD is used in drug analysis and toxicology. One
of the advantages of chromatographic systems such as GC is the ability to provide
both qualitative information (identification of individual components) and quantitative
information (concentrations of individual components). If the instrument is properly
calibrated, it can be used to determine quantities of materials present in samples, and
this is commonly done in drug analysis. For example, the purity of a drug sample

seized as evidence can provide important information and may be used as part of the
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prosecution, Similarly, when a sample of plastic or a fiber is analyzed by pyrolysis
GC, the relative abundance of the individual components can be useful in creating a
chemical signature or fingerprint of that particular sample.

In the determination of caffeine GC technique, Hirai and Kondo (1985)

study determination of caffeine in human plasma and urine by using a nitrogen
phosphorus-detector (NPD). The glass column (2 mm i.d. x 6 ft.) was packed with
1.8% OV-17. The column temperature was 240°C and the injector and detector
temperatures were 260°C and 270°C, respectively. Helium was used as carrier gas, at
a flow rate of 30 ml/min, The result showed this method seems thoroughly
satisfactory as a convenient, rapid and highly sensitive analytical method for routine

uscs.

2.6 Sample preparation for determination of caffeine and metabolites

Sample preparation and clean-up procedures are important prior to
drug analysis. The major goal of sample preparation is to isolate and concentrate an
analyte from matrix components. The extent of isolate, purification, and concentration
of the analyte is determined by the complexity and composition of the matrix, the
selectivity and sensitivity required for the subsequent analysis (Diana, 1997), The
various different methods have commonly been used to isolate caffeine and
metabolites and other drugs, including liquid-liquid extraction (Caubet er al., 2000;
Ventura et al.,, 2003), solid phase extraction (Theodoridis and Manesiotis, 2002;
Arinobu et al., 2009; Tuomi ef al., 1999) and protein precipitation (Scharder et al.,
1999).

2.6.1 Liquid-liquid extraction (LLE)

Traditional liquid-liquid extraction (LLE) is one of the most useful
techniques that are being used for selective extraction of catfeine and metabolites
from aqueous solution (Chung, 2004). LLE, also known as solvent extraction and
partitioning, is a method to separate compounds based on their relative solubilities in
two different immiscible liquids, usually water and an organic solvent. It is of a
substance from one liguid phase into another liquid phase. LLE is a basic technique in

chemical laboratories, where it is performed using a separatory funnel. In other words,
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this is the separation of a substance from a mixture by preferentially dissolving that
substance in a suitable solvent. By this process a soluble compound is usually
separated from an insoluble compound. Solvent extraction is used in nuclear

.. reprocessing, ore_processing, the production of fine organic compounds, the

processing of perfumes and other industries (http:/en.academic.r/). Extraction of
caffeine and metabolites by LLE has been reported by several approaches which wide
variety of solvents have been used, including dichloromethane (Tanaka et al., 1991),
chloroform:ethanol (82.5:17.5 v/v) (Lau and Falk, 1991), and chloroform:isopropanocl
(80:20 v/v) (Boylan et al., 2008). The more polar solvents are more effective for
recovering the polar hydrolyzed metabolites.

Several studies have reported using LLE for isolating caffeine and its
metabolites from samples. In a previous study,- Grant and colleaques (1983) used the
chloroform:isopropanol (85:15 v/v) as organic solvent to extracting of caffeine and
metabolites compound form human urine samples where recovery of 90-100% was
obtained from sixty-eight subjects from the Toronto population when taken drug
daily.

Tanaka and colleaques (1991) used the dichloromethane (3 mL) as
organic solvent to extracting of caffeine and its three primary metabolites in human
plasma samples. The organic layer was evaporated to dryness and analyzed with
HPLC.

In addition, Lau and Falk (1991) used the chloroform:ethanol
(82.5:17.5 v/v) as organic solvent to extract caffeine and metabolites from rat serum

samples. The percentage recoveries were obtained in the range of 63.6-91.5%.

2.6.2 Solid phase extraction (SPE)

SPE is the most widely used technique for sample preparation. The
isolation of selected analytes is based on the partition equilibrium between sorbent
and cluting solvent. SPE is used most often to prepare liquid samples and extract
semi-volatile or nonvolatile analytes, but also can be used with solids that are pre-
extracted into solvents. SPE products are excellent for sample extraction,
concentration, and clean-up sample and transfer from the sample matrix to a different

solvent. Selecting the most suitable product for each application and sample is
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important. The SPE designs frequently used are in the form of cartridge, syringe or
disk. SPE cartridges and disks are available with a variety of stationary phases, each
of which can separate analytes according to different chemical properties. Most

.. stationary. phases. are_based on silica that has been bonded to a specific functional

group. Sorbents can be classified into four categories depending on their primary
retention mechnism; reverse phase, normal phase, ion exchange, and adsorption
(Simpson, 2000). Reversed phase separations involve a polar or moderately polar
sample matrix (mobile phase) and a nonpolar stationary phase, such as LC-18, LC-8,
ENVI-8, 1.C-4, and LC-Ph. Normal phase SPE procedures typically involve a polar
analyte, a mid- to nonpolar matrix (e.g, acetone, chlorinated solvents, and hexane),
and a polar stationary phase, such as LC-Si, LC-Florisil, and LC-Alumina. Ion
exchange SPE can be used for compounds that are charged when in a solution. The
sorbents can be classified as either anionic or cationic; Anionic {negatively charged)
compounds can be isolated on LC-SAX or LC-NH,. Cationic (positively charged)
compounds are isolated by using LC-SCX or LC-WCX.

The SPE method is popular to isolate caffeine and its metabolites from
simple biological matrices such as urine, plasma, and serum. Many reports evaluated
the different types of SPE procedure for isolation of caffeine and its metabolites.
Caubet and colleaques (2002) used SPE to those compounds from human urine. The
sample was first acidified with 1 N HCI before loading onto a SPE column Oasis C18
preconditioned with methanol, 0.02 N HCI and water. The analytical method yielded
high recovery of extraction (83-99%).

Theodoridis and Manesiotis (2002) used SPE to extract with human
plasma. The sample was loaded on the MIP-SPE cartridge (molecularly imprinted
polymer) using different loading conditions (solvents, pH value). Washing and eluting
of the caffeine bound to the MIP was studied utilizing different protocols. The
analytical method showed high recovery of about 80%.

In another work, Arinobu and colleaques (2009) have used Oasis HLB
cartridge used as a precolumn for extraction from human serum. The analytical
method showed the recovery of more than 75%. SPE method has been preferred over
LLE because of the practical advantages of no emulsions, better recoveries, cleaner

extracts achievable, and the ability to remove many interferences and matrix
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components sclectively, and so on, Of course, SPE was also prized because of the
much lower quantities of solvents required, and the corresponding decrease in the

volume of waste solvents produced. In addition, the choices of different sorbents and

. tunable selectivity of the organic solvent mixtures used as eluents, provides SPE with

a very high degree of versatility compared with LLE (Agilent, 2000)

2.6.3 Protein precipitation

Protein precipitation achieves separation by the conversion of soluble
proteins to an insoluble state, which subsequently can be removed by various means.
Precipitation is usually induced by addition of a salt or an organic solvent or by
changing the pH to alter the nature of the solution (Technical Bulletin, 2006). The
properties of the solvent can aiso be modified by addition of high concentrations of
certain salts or of miscible organic solvents. Addition of specific metal cations such as
7Zn*, Cd*, and Ba?*, or of compounds with bulky anions such as picrate, tannate,
tungstate, molbdate, trichloroacetate, perchlorate and sulfosalicylate, can also
precipitate proteins at appraparite pH vale. Protein precipitates reagen inclued
acetronitrile, methanol, acetone, ethanol, perchloric acid and ammonium sulfate.

Schreiber-Deturmeny and Bruguerolle, (1996) determined caffeine and
its metabolites in human plasma using HPLC. The sample was prepared by using
protein precipitation with 20% perchloric acid. After centrifugation (2000 x g, 5 min),
the supernatant was transferred to autosampler vial and injected into HPLC system.
The extraction procedure is limited to a deproteinization with perchloric acid, which
allows rapid processing,

The main advantage of precipitation is the relative ease of use. In
addition, precipitating agents can be chosen that provide a more stable product than
found in the soluble form. A protein is made insoluble by changing its surface, charge
characteristics or changing the solvent characteristics; the latter being preferred

(Asenjo, 1990). However, some proteins may denature.
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2.7 Objectives
The objectives of this work are to study the influence of PEITC on

N-demethylation of caffeine in rat serum. The effect of different doses of PEITC on

N-demethylation of caffeine was investigated. In addition, the effect of dry powders

of Betong watercress juice on N-demethylation of caffeine in rat serum was
investigated which studied the following subtopics:
2.7.1 Investigate the effect of a single dose of PEITC and dry powders of
Betong watercress juice
2.7.2 Investigate the effect of multiple dose of PEITC and dry powders of
Betong watercress juice
2.7.3 Determination of PEITC content in dry powders of Betong watercress

Juice




CHAPTER 3

Methodology

3.1 Chemicals and apparatus

Caffeine (CsHoN4O3), theobromine (C;HgN4jO;), theophylline
{C7HgN4O,) phenethyl isothiocyanate (PEITC), and paraxanthine (C;HgN4O,) (purity
>98%) which were used as a reference standard, and acetaminophen (CgHoNO;)
which was used as an internal standard was purchased from Sigma-Aldrich (St. Louis,
MO, USA). Fluvoxamine, 1,2-benzenedithiol and myrosinase enzyme
(thioglucosidase) were also purchased {from Sigma-Aldrich. Methanol HPLC grade,
and ammonium hydroxide (NH4OH) (J.T. Baker) were obtained from Mallinckrodt
Baker Inc. (Phillipsburg, NJ, USA). Ammonium sulphate ((NH4),SO,4) was purchased
from Okhla Industrial Area (Delhi, New Delhi, India). Potassium phosphate
(KH,PO4) was purchased from Ajax Finechem (Botany, Auckland, New Zealand).
Acetic acid (CH3COOH), isopropanol {(CsH;OH), and sodium hydroxide (NaOH) AR
grade were purchased from Merck (Darmstadt, Frankfurter, Germany.). Acetronifrile
HPLC grade was purchased from Mallinckrodt Baker Inc. (Phillipsburg, NJ, USA).
Chloroform (CHCl;) AR grade was purchased from VWR international (Z1 de
Vaugereau, Briare, France.). Tetrahydrofuran HPLC grade was purchased from Fisher
Scientific UK Limited (Loughborough, Leicestershire, UK).

Centrivap concentrator was purchased from Becthai Bangkok
Equipment & Chemical Company Limited (LABCONCO, Bangkok, Thailand.).
Vortex-2 genie was purchased from Scientific Industries Inc. (Bohemia, New York,
USA). Waterbath shaker was purchased from Grant Instrument (Barrington,
Cambridge, England). Ultrasonic cleaner was purchased from KODO Tech Research
(Hwaseong-City, Gyeonggi-Do, South korea). Hettich centrifuge was purchased from
Andrease Hettich Gmbh & Co.KG (Tuttlingen, Baden-Wuerttmberg, Germany)
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3.2 Overview of the study protocol
This study was aimed to investigate the effect of a single and multiple

oral doses of PEITC (2, 10, and 20 mg/kg) on CYP1A2 activity in rats. The CYP1A2

_activity induced by PEITC was also compared with that resulted from a selective

CYP1A2 inhibitor, fluvoxamine. The scope of the study protocol is shown in Figure
3.1. Fresh Betong watercress purchased from Betong district, Yala province was
identified botanical species. Betong watercress in a form of dry powder was prepared
by lyophilization. The effect of a single and multiple dose(s) of PEITC and Betong
watercress on CYP1A2 activity in rats were investigated by using caffeine as a
marker substrate. Then, serum caffeine and its mefabolites were measured for the

calculation of metabolic ratio before and after receiving the study regimens,

Betong watercress Standard PEITC
v ‘ l
gi:ep ara:lml-llf f Botanical Determination of PEITC
ry powaer oY identification & Experiments in animal
lyophilization

Gr,1 Fluvoxamine + caffeine

Gr.2 PEITC (single low dose) + caffeine

Gr.3 PEITC (single medium dose)} + caffeine
Gr.d4 PEITC (single high dose) + caffeine

Gr.53 PEITC (mulitiple low doses) + caffeine
Gr.6 PEITC (multiple medium doses) + caffeine
Gr.7 PEITC (multiple high doses) + caffeine
Gr.8 Dry watercress (single dose) + caffeine

Gr.9 Dry watercress (mulfiple doses) + caffeine

Figure 3.1 Scope of the study
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3.3 Betong watercress
3.3.1 Botanical identification

Fresh Betong watercress was obtained from a local farm in Betong

.. district, Yala province. The specimen was identified botanically for its scientificname . _

at Maha Chakri Sirindhorn Natural History Museum, Prince of Songkla University,
Hat Yai, Songkhla, Thailand.

3.3.2 Preparation of dry powder of Betong watercress juice

Fresh Betong watercress (10 kg) was cleaned thoroughly and divided
into portions. A portion of approximately 150 g of betong watercress was chopped
and added with 100 mL of deionized water. The mixture was blended for 1 min into a
fine paste using a kitchen miniblender. The vegetable paste was filtered with
cheesecloth and squeezed to release the juice into a large beaker. The residue was
mixed with 125 ml deionized water and squeezed again (Jiao et al., 1998). The
vegetable juice was lyophilized at Scientific Equipment Center (SEC) and
Pharmaceutical Laboratory Service Center, Faculty of Pharmaceutical Sciences,

Prince of Songkla University, Hat Yai, Songkhla, Thailand.

3.4 PEITC analysis
3.4.1 Preparation of standard solutions
1) Stock solution
A stock solution of 1000 ug/ml. of PEITC was prepared in

acetronitrile (6 mL) in a 15 mL-centrifuge tube and stored at -5°C until analysis.

2) Working standard solutions

Working standards of PEITC were prepéred by serial diluting a stock
standard solution with acetronitrile to concentrations of 0.1, 0.3, 1, 5, 10, 15, 20 and
30 pug/mL.

3) Calibration standard solutions

Calibration standards sofutions (0.3, 1, and 5 pg/mbL) were

prepared by adding working standard of PEITC at the concentrations 0.3, 1, and 5
pg/mL to derivertization reaction of PEITC (100 pl.).




58

3.4.2 Chromatographic instrument and condition of PEITC
The HPLC system consisted of a Waters 2695 Separation Module and
a Water 5487 Dual A Absorbance detector (Milford, MA, U.S.A.). Data were

_.collected and processed using the Empower ™ Software System,

Concentration of PEITC was determined using method reported by
Jiao and collaques with some modifications (Jiao et al., 1998). The HPLC column
was Fortis® C18 (150 x 4.6 mm i.d., 5 pm particle size). It was connected to the
guard-sunfire (20 x 4.6 mm) precolumn module inserted with C18 packing materials.
A mobile phase was a mixture of methanol:water (90:10, v/v) and flowed at 1.1
mL/min. The column temperature was controlled at 25°C. The sample injection
volume was 20 pL. The mobile phase was freshly prepared each day and was filtered
through 0.22 pm nylon filtered paper and degassed (30 min) before using. Detection

was made at a wavelength of 365 mun.

3.4.3 Derivatization of PEITC in standard solutions

PEITC was derivatized via cyclocondensation reaction of ITC
substrate with 1,2-benzenedithiol to yield 1,3-benzenedithiole-2-thione as shown in
Figure 3.2. To analyze one hundred microliter of PEITC standard solution was mixed
with 600 pL of 1,2-benzenedithiol in isopropanol (10 mM) and 500 pL of 0.1 M
phosphate buffer (pH 8.5) in a 10 mL-glass tube. The mixture was incubated for 2 h at
65°C in a waterbath shaker (Jiao et al., 1998) (Figure 3.4).

)T\
SH SH S S
2h
R—N=C=§ + wem— + R—NH
65°C :
ITC substrate 1,2-benzenedithiol 1,3-benzenedithiol-2-thione

Figure 3.2 Cyclocondensation of isothiocyanates with 1,2-benzenedithiol producing a

derivative (1,3-benzenedithiole-2-thione) (from Liebes et al., 2001)
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[ 100 L of PEITC standard solution ]

- reaction with 1,2-benzenedithiol 600 pL

- vortex for I min

[ Add 500 pL of phosphate buffer (pH 8.5) ]

- vortex for 1 min

- incubation at 65°C for 2 h

[ 1,3-benzenedithiole-2-thione J
[ Analysis by HPLC ]

Figure 3.3 Sample preparations by derivatization of PEITC via cyclocondensation

reaction (from Jiao et al., 1998)

3.4.4 Method validation

The method of analysis was validated in accordance with the Guidance
for Industry: Bioanalytical Method Validation (FDA, 2001). Parameters included
linearity and range, intra-day and inter-day precisions and accuracies, and lower limit

of quantification (LLOQ).

1) Linearity and range

Linearity was evaluated by preparing eight standard samples with
different concentrations of PEITC in five replicates of each concentration; 0.1, 0.3, 1,
5, 10, 15, 20 and 30 pg/mL. Calibration curve was constructed by plotting peak area
(Y) of 1,3-benzenedithiole-2-thione versus the concentrations of PEITC (X).
Regression analysis was performed to obtain the calibration equation and correlation

coefficient (r).
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2) Precision
Precision of analysis was determined by using four quality controls

(QC) samples obtained by preparing different concentrations of PEITC; 0.1, 3, 10 and

.25 ug/mL (five replicates of each concentration), Intra-day precision was determined

by assaying five samples of each concentration on the same day under the same
experimental condition while the inter-day precision was evaluated by assaying of the
samples for five consecutive days. The precision was expressed as the relative
standard deviation (RSD) and calculated by the formula:

Relative standard deviation : RSD (%) = standard deviation x100.
mean

The level of acceptance for precision is within 15% RSD except at the LLOQ where
20% RSD is an accepted (FDA, 2001).

3} Accuracy

Accuracy of analysis was determined by using the same QC samples
(five replicates). Intra-day accuracy was determined by assaying five samples of each
concentration on the same day while the inter-day accuracy was evaluated by assaying
of the samples for five consecutive days. The accuracy was expressed as the deviation
(DEV), which was derived from the formula:

{(measured concentration —nominal concentration)] <100

Deviation : DEV (%) = - -
nominal concentration

It is acceptable when the DEV is within +15% except at the LLOQ where £20% is

accepted.

4) Lower limit of quantification (LLOQ)

Lower limit of quantification were determined as the lowest
concentration on the calibration curve that could be determined based on signal to
noise ratio (S/N). For LLOQ, S/N is usually required to be equal to or greater than 5
(FDA, 2001).
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3.4.5 Quantification of PEITC in dry powders of Betong
watercress juice

Analysis of PEITC content in dry powder of Betong watercress juice

... followed. the method described by Jiao and colleaques with some modifications (Jiao . .

et al., 1998). The procedure consisted of 2 steps; 1) glucosinolate conversion to
PEITC and 2) PEITC derivatization via cyclocondensation (Figure 3.4). Prior to
starting the real experiment, a pilot study to determine optimum concentration of
myrosinase used for glucosinolate conversion was carried out. Different
concentrations of myrosinase at 0, 2, 3, and 4 mg/mL in 0.1 M potassium phosphate
buffer (pH 6.6) were added into 2 mg of dry powder of Betong watercress juice
dissolved in 2 mL of deionized water prior to the next step.

To quantify PEITC, the following procedure was done. Two
milligrams of dry powder was placed in a 10 mL-glass tube. Two milliliters of
deionized water was added and the mixture was sonicated for 10 min at 37°C to
facilitate dissolution. One milliliter of myrosinase solution (4 mg/ml in 0.1 M
potassium phosphate buffer, pH 6.6) was added before mixing by vortex for 1 min.
The mixture was incubated for 2 h at 37°C in a waterbath shaker. After finishing the
incubation, the mixture was immediately centrifuged at 875 xg for 15 min, One
hundred microliter of a clear fraction of the reaction mixture which contained PEITC
derived from glucosinolate conversion was transferred to another clean 10 mL-glass
tube. A 600 uL-aliquot of derivertizing agent 1,2-benzenedithiol (10 mM) and 500
nL-aliguot of 0.1 M phosphate buffer (pH 8.5, degasses) were added. The mixture
was incubated for 2 h at 65°C in a waterbath shaker. Then, the sample (20 pL) was
analyzed by HPLC.

PEITC contents were calculated by the following expression:

Amount of
Measured PEITC conc. by HPLC x Vol. of cyclocondensation reaction mixture
PEITC/mg of =
Vol. of aliquot of enzymereaction mixture .
dry powders enzyme reaction

% Total vol. of

Weight of dry powders mixture
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[ Dry powders of Betong watercress juice (2 mg) J

+ deionized water, 2 mL
s sonicated-10 min; 37°C

[ Glucosinolate conversion to PEITC ]

+ myrosinase (4 mg/mL), 1 mL
vortexed, 1 min
incubated 2 h, 37°C
centrifuge 875 xg, 15 min

{ Reaction mixture (100 uL) ]

!

[ Cyclocondensation (PEITC derivatization) J

+ 1,2-benzenedithiol, 600 L

- vortexed, 1 min

+ 0.1 M phosphate buffer, pH 8.5, 500 pL
- incubated 2 h, 65°C

[ HPLC analysis (20 pL) ]

Figure 3.4 Sample preparations for determination of PEITC in dry powders of Betong

watercress juice (modified from Jiao et af., 1998)
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3.5 Animals
Male Wistar rats weighing between 195 and 220 g were obtained from

the Southern Laboratory Animal Facility, Prince of Songkla University, Hat Yai,

...Songkhla,. Thailand. The experimental protocol was approved by the Animal Ethic

Committee, Prince of Songkla University (Ref. 17/51). During the experimental
period, the animals were maintained under a controlled environment (temperature of
25+ 2 °C, light/dark cycle of 12/12 h) with food and water ad libitum. Before dosing,

the animals were fasted overnight (12 h) but freely access to water.

3.6 Experimental design

The animals were divided into nine groups (six animals each) based on
drug pre-treatments. Group 1, the animals were intraperitoneally pre-treated with
fluvoxamine at a single dose of 10 mg/kg (dissolved in water, (10:1). Group 2, 3, and
4, the animals were orally pre-treated with PEITC at a single dose of 2, 10, and 20
mg/kg, respectively. Group 5, 6, and 7, the animals were orally pre-treated with
PEITC at multiple doses of 2, 10, and 20 mg/kg, respectively. PEITC at the doses 2,
10, and 20 mg/kg was dissolved in corn oil (1:9, 1:4, and 1:1, respectively). Group 8
and 9, the animals were orally pre-treated with dry powder of Betong watercress
which suspended in 20% acacia (1:15) at a single dose and multiple doses of 800
mg/kg, respectively.

Expetiment for each group consisted of two phases, i.e. phase [ and
phase II (Figure 3.5). In phase 1, the animals were given a single oral dose of 10
mg/kg of caffeine (dissolved in water, (10:1). In phase II, the same individuals were
pre-treated with the study drugs, i.e. fluvoxamine, PEITC, and dry watercress, and
received the same dose of caffeine as in phase I. There was a two-day period between
phase I and phase II to completely wash out caffeine, Blood samples were collected at

0 and 3 h after caffeine administration in phase I and phase II of each group.
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3.6.1 Animal handling
Blood samples (2 mL) were taken the orbital sinus of rat. After

allowing blood samples to clot for 30 min, serum was separated by centrifugation at

1000 xg for 20 min at room temperature {ca. 25°C). Serum samples were keptina2

mL microcentrifuge tube at -70°C until analysis,

Single dose

Gr.1 Fluvexamine 10 mg/kg
Gr.2 PEITC 2 mg/kg
Gr.3 PEITC 10 mg/kg

Blood cellection Gr.4 PEITC 20 mg/kg

followed by Blood CF Blood
CF 10 mg/kg colleetion Gr.5 Dry watercress 800 mg/kg 10 mg/kg  collection
l 3h l Wash-out ./ l 30 min l 3h l
Ton Tsn (2 days) Tsn
4—Phase[— P € -——— - —neniniaaaan »4———— Phase | ——»
Multiple doses
Gr.6 PEITC 2 mg/kg
Gr.7 PEITC 10 mg/kg
Blood collection ,
followed by Blood Gr.8 PEITC 20 mg/kg CF Blood
CF 10 mgrkg collection Gr.9 Dry watercress 800 mg/kg 10 mg/kg collection
l 3h l Wash-out '/l l l l l 30 min l 3h l
Ton Tsn (2 days) 12345 Taa
(Days)

<4+—Phase | —>4---------crreno- >« Phase 1I »

Figure 3.5 Experimental design
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3.7 Analysis of caffeine and it metabolites
3.7.1 Preparation of standard solutions

1) Stock solufions

. Stock solutions of caffeine and acetaminophen (internal standard) were

separately prepared in deionized water. Those of paraxanthine and theophyiline were
also separately prepared in 0.1 M ammonium hydroxide, while that of theobromine

was prepared in 0.1 M sodium hydroxide. The concentrations were 1000 pg/mL

2) Working standard solutions

Working standard solutions of caffeine, paraxanthine, theobromine,
and theophylline were prepared as a mixture by diluting their stock solutions with
deionized water to different concentrations of 0.08, 0.16, 0.32, 0.4, 2, 4, 10, 20, and
40 pg/mL. A stock solution of 1000 pg/mL of internal standard (acetaminophen) was

prepared in deionized water. It was also diluted further with deionized water to a final

concentration of 100 pg/mlL.

3) Calibration standard solutions

Calibration standard solutions were prepared by adding working
standard mixture of caffeine, paraxanthine, theobromine, and theophylline at the
concentrations of 0.02, 0.04, 0.08, 0.1, 0.5, 1, 2.5, 5, and 10 pg/mL and 50 uL of

internal standard acetaminophen (final concentration of 25 pg/mL) to rat serum blank

samples (final volume 200 uL).

3.7.2 Chromatographic instrument and condition of caffeine and
it metabolites

The HPLC system consisted of a Waters 2695 Separation Module and
a Water 5487 Dual A Absorbance detector (Milford, MA, U.S.A.). Data were
collected and processed using the Empower ™™ Software System.

Serum concentrations of caffeine and its metabolites (theobromine,
paraxanthine, and theophylline) were determined using the method described by
Caubet and colleaques with some modifications (Caubet ef al. 2002). A HPLC

column was Symmetry® C18 (250 x 4.6 mm i.d., 5 um particle size). It was connected




60

to the guard-symmetry (20 x 3.9 mm) precolumn module inserted with C18 packing
materials, A mobile phase consisted of a mixture of water:acetic acid:tetrahydrofuran

(996.5:1:2.5 v/v/v) as a solvent A and acetronitrile as a solvent B. Separation was

.performed.using the.following . gradient._elution:. B. . was set_at 6% for. 9 min, then ... ...

increased to 15% from 9 to 10 min under curve 10 and then decrease to 6% in 1 min
under curve 6; with a post run of 3 min in order to equilibrate the column between
injection. The flow rate of the mobile phase was maintained at 1.3 ml/min and column
compartment was controlled at 32°C. The mobile phase was freshly prepared each day
and was filtered through 0.22 pm nylon filtered paper and degassed before using

(30 min). Detection was made at a wavelength of 274 nm.

3.7.3 Sample extraction of caffeine and it metabolites

Serum samples were extracted following the technique described by
Grant and colleaques with some modifications (Grant et al., 1982). A serum sample
(200 uL) was combined with 50 pL of acetaminophen (100 pg/mL) followed by
adding of 60 mg of ammonium sulphate and mixed by vortex for 30 s. Then, 6 mL of
a mixture of chloroform:isopropanol (85:15 v/v) was added. After 30 s mixing by
vortex, the extracted sample mixture was centrifuged at 875 xg for 15 min and the
aqueous (upper) phase was removed by aspirated. The organic (lower) phase was
transferred to a clean conical centrifuge tube and evaporated to dry under vacuum at
40°C using a centrivap concentrator (LABCONCO, Bangkok, Thailand). Finally, the
residue was reconstituted in 100 pl. of the mobile phase and a 20 pl. aliquot was

injected into the HPLC system for analysis as follows (Figure 3.6).
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Gerum sample (200 pL))

- add 50 pL of acetaminophen (IS)

. and standard

(Add 60 mg of ammonium sulphate)

l - vortex
@ 6 mL of chloroform:isopropanol (85:15 V/D

l - centrifuge 875 xg for 15 min

@Vaporate at 40°C>

l - reconstitute with 100 pL deionize water

@ject 20 uL into HPLC)

Figure 3.6 Serum sample preparation for determination of caffeine and it

metabolites (modified from Grant et al., 1982).

3.7.4 Method validation for caffeine and metabolites in serum
analysis
The method of analysis was validated in accordance with the Guidance
for Industry: Bioanalytical Method Validation (FDA, 2001). Parameters included
linearity and range, intra-day and inter-day precisions, accuracy, recovery and lower

limit of quantification (LLOQ).

1) Linearity and range

Linearity was evaluated by preparing standard serum samples with
different concentrations of caffeine and its metabolites in five replicates of each
concentration; 0.02, 0.04, 0.08, 0.1, 0.5, 1, 2.5, 5, and 10 pg/mL for caffeine and
paraxanthine; 0.04, 0.08, 0.1, 0.5, 1, 2.5, 5, and 10 pg/mL for theophylline, and 0.08,
0.1, 0.5, 1, 2.5, 5, and 10 pg/mL for theobromine, and 25 pg/mL of acetaminophen

into serum. The calibration curve was constructed by plotting the ratio of the peak
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area of the analyte to that of the internal standard (Y) versus its concentrations (X).
Regression analysis for each calibration curve was performed to obtain the calibration

equation and correlation coefficient (r).

2) Precision

Precision of analysis was determined by using four quality controls
(QC) samples obtained by preparing of mixture of caffeine and its metabolites; 0.02,
0.45, 4.5, and 9 pg/mL for caffeine and paraxanthine, 0,04, 0.45, 4.5, and 9 pg/mL for
theophylline and 0.08, 0.45, 4.5, and 9 pg/ml. for theobromine; five replicates of each
congentration, and 25 pg/mL of acetaminophen in serum blank were used. Intra-day
precision was determined by assaying five samples of each concentration on the same
day under the same experimental condition while the inter-day precision was
evaluated by assaying of the samples for five consecutive days. The precision was
expressed as the relative standard deviation (RSD) and calculated by the formula:

standard deviation N

mean
The level of acceptance for precision is within 15% RSD except at the LLOQ where

20% RSD is accepted (FDA, 2001).

100.

Relative standard deviation : RSD (%) =

3) Accuracy

Accuracy of analysis was determined by using four quality controls
(QC) samples obtained by preparing of mixture of caffeine and its metabolites; 0.02,
0.45, 4.5, and 9 ug/mL for caffeine and paraxanthine, 0.04, 0.45, 4.5, and 9 pg/mL for
theophylline and 0.08, 0.45, 4.5, and 9 pg/mL for theobromine; five replicates of each
concentration, and 25 pug/mL of acetaminophen in serum blank were used. Intra-day
accuracy was determined by assaying five samples of each concentration on the same
day under the same experimental condition while the inter-day accuracy was
evaluated by assaying the samples for five consecutive days. The accuracy was
expressed as the delviation (DEV), which was derived from the formula:

[(measured concentration — nominal concentration )]
nominal concentration

x 100.

Deviation : DEV (%) =

1t is acceptable when the DEV is within £15% except at the LL.OQ where £20% was

accepted.
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4) Recovery

The recovery of mixture caffeine and its metabolites after extracting

from serum samples was determined at LLOQ (0.02 pg/mL for caffeine and

...paraxanthine,.0.04..pg/mL. for.theophylline, and.0.08 . pg/mL. for theobromine), low..... ... ...

(0.45 pg/mL), medium (4.5 pg/mL), and high (9 pg/mL); five replicates of cach
concentration, and 25 pg/mL of acetaminophen by comparing with the response
obtained after direct injection of standard mixture caffeine and its metabolites and
acctaminophen. The recovery for the determination of all analytes was from the
expression:

response after extraction injection <100

Recovery (%) = T
response after direct injection

5) Lower limit of quantification (L.LLOQ)
Lower limit of quantification were determined as the lowest
concentration on the calibration curve that could be determined with a precision of

20% and accuracy of 80-120% (FDA, 2001).

3.8 Data analysis

Metabolic ratios (TB/CF, PX/CF, TP/CF and (TB+PX+TP)/CF were
calculated by determining the ratios of serum concentrations of each metabolite, i.e.
TB, PX, TP and summation of those of all metabolites, i.e. TB+PX+TP. The data
were analyzed using SPSS software version 15.0. Statistical significant were
compared between groups using a Student-paired f-test and ANOVA followed by
LSD test, p values less than 0.05 (p < 0.05) were used as the significant level.




CHAPTER 4

Results

4.1 Botanical identification of Betong watercress

The whole plant was identified at the Princess Maha Chakri Sirindhorn
Natural History Musem, Prince of Songkla University, Hat Yai, Songkhla where the
voucher specimens (B. Janchawee 1) have been deposited. The watercress is member
of the family Brassicaceae, Vernacula name is Phak Num Betong, and Sciencific
name is Nasturtium officinale R.Br, (Figure 4.1B). In Thailand, watercress is a local
plant grown in Betong District, Yala Province, so called Phaknum Betong in Thai or
Betong watercress (Figure 4.1A). Watercress supply of grown widely in France then,
watercress was grown in China, In Thailand, watercress was grown the firstly in north
and spreaded to the south by Chinese. Watercress is grown mostly in the south of

Thailand at Betong, Yala (Education, Municipality of Betong, 2009).

Figure 4.1 Betong watercress collected from watercress farm at Betong district, Yala
province; (A) Fresh watercress and (B) Watercress was identified at the Princess

Maha Chakri Sirindhorn Natural History Museum
70




Figure 4.1 (cont) Betong watercress collected from watercress farm at Betong
district, Yala province; (A) Fresh watercress and (B) Watercress identified at the

Princess Maha Chakuri Sirindhorn Natural History Museum
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4.2 Yield of dry powder of Betong watercress
The samples of fresh Betong watercress (10 kg) were made the

vegetable juice. Then, the vegetable juice was lyophilized at Scientific Equipment

-~Center - (SEC)---and.. Pharmaceutical ... Laboratory... Service.. Center, Faculty..of
Pharmaceutical Sciences, Prince of Songkla University, Hat Yai, Songkhla, Thailand,
Dry powder of Betong watercress juice is a green coatse powder. All samples (dry
powder of Betong watercress) were collected in a plastic bag. Then, all samples were

weighed. The total weights are 146 g and keep at -20°C until analysis.

4,3 Chromatographic profile for PEITC analysis

Analysis of PEITC using HPLC was performed by detecting a
derivative product obtained from cyclocondensation reaction of PEITC with 1,2-
benzenedithiol (derivertizing agent). Theoretically, the product is 1,3-benzenedithiole-
2-thione. Since standard 1,3-benzenedithiole-2-thione was not commercially available
so indirect method was performed to confirm the presence of derivatization product.
The reaction mixture with varying concentration of PEITC were prepared and added
to 600 uL of 10 mM of derivertizing agent. The mixture after derivatization was
analyzed by HPLC and chromatograms of separation were shown in Figure 4.2. Peak
appeared at 3.89-3.95 min after adding the different concentration of PEITC (1, 3, 5,
and 50 pg/mL) in the mixture. Their intensity was increasing as the concentrations of
PEITC increased while the intensity of peaks at 8.09-8.18 min decreased. It is mostly
likely that peaks at 3.89-3.95 min represent a derivative 1,3-benzenedithiole-2-thione.
Chromatographic profile of separation of PEITC product in Figure 4.2 provided peak
area of the derivative used for quantification of PEITC concentration by using
standard curve of PEITC concentrations against peak response of the derivative.

Chromatographic analysis of PEITC in dry powders of Betong
watercress juice was shown in Figure 4.3. The retention times of the derivative which
is 1,3-benzenedithile-2-thione were 3.91-3.97 min. Peak response shown in Figure 4.3

B was back calculated to PEITC concentration of 0.15 ng/mL.
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Figure 4.2 Representative chromatograms for separation of derivative product of

PEITC cyclocondensation reaction with varying concentrations of PEITC; 1, 3, 5, and

50 pg/mL (A) acetronotrile blank; (B) derivatizing agent (1,2-benzenedithiol at 10

mM) blank and (C) PEITC 1 ug/mL
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Figure 4.2 (cont.) Representative chromatograms for separation of derivative product

of PEITC cyclocondensation reaction with varying concentration of PEITC; 1, 3, 5,
and 50 pg/mL (D) PEITC 3 pg/mL; (E) PEITC 5 pg/mL and (F) PEITC 50 pg/mL
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Figure 4.3 Representative chromatograms for analyzing PEITC in dry powders of
Betong watercress juice (A) reaction mixture obtained from derivatization of standard
PEITC (5 pg/mL) and (B) reaction mixture of derivatization of PEITC producted

from treatment of dry powders of Betong watercress juice with myrosinase (4 mg/mL)
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4.4 Method validation for PEITC analysis
1) Linearity and range

Regression analysis results showed that the calibration curve were

..linear .over_the._concentration range_of 0.1-30_ug/ml. for PEITC (Figwe 4.4). (five . ... ...

replicates of each concentration). The regression equation was y = (15200+£172.39) x

+ (460.02+52.023) (r = 0.9999)

500000 -
456000 -
400080
350000 -
300000
250000 -
200000 -
150000 -
100000 -
50000

0

r=0.9999

Peak area of derivative

e e e

t 5 10 15 20 25 30 35

Concentration (ng/ml.)

Figure 4.4 Linearity plots of mean peak area £ S.D. against different concentrations

of PEITC; (correlation coefficient (r) = 0.9999)

2) Precision

Both intra~-day (repeatability) and inter-day (reproducibility) precisions
were determined using four quality control (QC) samples prepared by dissolving
PEITC (0.1, 3, 10 and 25 pg/mL) in acetronifrile. Intra-day precision was determined
by analyzing five samples of each concentration during the same day under the same
instrumental operating condition. Inter-day precision were determined by analyzing of
the samples for five consecutive days. Intra- and inter-day precisions for determining
PEITC are shown in Table 3.1. The relative standard deviation (%RSD) of PEITC
values ranged from 0.65 to 4.06%. Both values for analytes were found to be within
the acceptable value (15%RSD and 20%RSD for the concentration at LLOQ) (FDA,

2001). The results indicated that the method of analysis was precise.
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The accuracy of an analytical method is defined as the degree to which

the determined value of analyte in a sample corresponds to the true value. In this

... work, the accuracy was.determined by using four QC samples. of standard PEITC . . .

(0.1, 3, 10 and 25 pg/mL) in acetronitrile (five replicates for each concentration). The
accuracy (%DEV) ranged from (-) 7.5 to (+) 18.22%. The results for determination of
analyte ranged between £15% and +20% for the concentration at LLOQ (FDA, 2001).

Table 4.1 Precision and accuracy of the method for determination of PEITC

Concentration Precision (%oRSD) Accurary (%DEV)
(ng/ml.) Intra-day Inter-day Intra-day Inter-day

0.1 3.22 4.06 18.04 18.22

3 2.21 3.86 -6.85 -1.15

10 1.18 1.98 -1.32 0.53

25 0.65 1.74 -1.5 -1.4

4) Lower limit of quantification (LLOQ)
For PEITC, the LLOQ was determined based on signal to noise (S/N)
ratio which equal to or greater than 5. It was found that the LLOQ for PEITC was 0.1

ig/mL. The sensitivity of the method was in the range of nanograms per component

on-column, being quite enough for analysis PEITC. The LLOQ obtained with this

method was higher than those shown by Ye and coworker (2002) detecting derivative

of PEITC and DTC (Dithiocarbamate) with HPLC.
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4.5 Chromatographic profile of caffeine, paraxanthine, theobromine and

theophylline
Chromatographic profile of separation of a standard mixture of 4.5

..ug/mL.of caffeine, paraxanthine,. theobromine and. theophylline is shown in Figure . .

4.9. All analytes and the internal standard were well separated with no interference
within 14,0 min. The retention times were 6.09, 7.80, 9.28, 9.76 and 12.66 min for
theobromine, acctaminophen, paraxanthine, theophylline and caffeine, respectively.
Acetaminophen was a good internal standard because it caused no chromatographic

interference with the analytes
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Figure 4.5 Representative chromatograms for separation of caffeine
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(CP),

paraxanthine (PX), theobromine (TB), and theophylline (TP); (A) rat serum blank;

(B) rat serum blank containing internal standard (acetaminophen (AP), 25 pg/mL);

(C) standard mixture of caffeine, paraxanthine, theobromine, theophylline (4.5

ng/mL) and internal standards spiked in rat serum blank and (D) caffeine,

paraxanthine, theobromine, and theophylline detected from serum of a rat receiving

caffeine (10 mg/kg, p.o.)
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4,6 Method validation for analysis of caffeine, paraxanthine, theobromine and
theophylline

1) Linearity and range

coee..Bor _the . analysis.. of _caffeine, _paraxanthine, theobromine and ... . .

theophylline in rats serum samples, regression analysis results showed that the
calibration curves were linear over the concentration ranges of 0.02-10 pg/mL for
caffeine and paraxanthine, 0.04-10 ug/ml, for theophylline and 0.08-10 pg/mL for
theobromine (Figure 4.6) (five replicates of each concentration). The regression
equations were y = (0.195+0.017) x + (0.003+0.002) (r = 1) for caffeine, y =
(0.116+0.014) x + (0.006+:0.003) (r = 0.9997) for paraxanthine, y = (0.168+0.017) x +
(0.005:0.004) (r = 0.9999) for theophylline and y = (0.164+0.020) x + (0.011+0.009)

(r=0.9993) for theobromine (Table 4.2).

2.5 1

r = 1.0000
3 r=0.9959 + TB
-g r=0.9993 . PX
o r=0.9997
& A TP
=
2 x CF
g
=,

12

Concentration (pg/mL)

Figure 4.6 Linearity plots of mean peak area ratiotSD against difference
concentrations of caffeine (CF), paraxanthine (PX), theophylline (TP) and
theobromine (TB) spiked in rat serum; correlation coefficient (r) = 1 for CF, 0.9997
for PX, 0.9999 for TP and (.9993 for TB (n =5)
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Table 4.2 Linear regression analyses for theobromine, paraxanthine, thephylline, and

caffeine
Range of linearity _ Correlation

Analyte Calibration equation *

Theobromine 0.08-10 (0.164+0.020)x + (0.011+0.009) 0.9993

Paraxanthine 0.02-10 (0.116+0.014)x + (0.006+0.003) 0.9997

Theophylline 0.04-10 (0.16840.017)x + (0.005+£0.004) 0.9999
Caffeine 0.02-10 (0.195+0.017)x + (0.003:£0.002) 1.0000

* Mean + SD

2) Precision

Both intra- and inter-day precisions were determined using four (QC)
samples prepared by dissolving caffeine and paraxanthine (0.02, 0.45, 4.5 and 9
pg/mL), theophylline (0.04, 0.45, 4.5 and 9 pg/mL) and theobromine (0.08, 0.45, 4.5
and 9 ug/mL) in rat serum blank. Intra-day precision was determined by analyzing
five samples of each concentration during the same day under the same instrumental
operating condition. Inter-day precision was determined by analyzing of the samples
for five consecutive days. Intra- and inter-day precisions for determining caffeine,
paraxanthine, theophylline and theobromine are shown in Table 4.3. The relative
standard deviation (%RSD) values ranged from 3.46 to 6.46% for theobromine, 2.27
to 9.26% for paraxanthine, 2.09 to 7.35% for theophylline and 2.81 to 13.40% for
caffeine. Both intra- and inter-day precisions for all analytes were found to be within
the acceptable values (£15%RSD and +20%RSD for the concentration at LLOQ)
(FDA, 2001), The results indicated that the method of analysis was precise.
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3) Accuracy
The accuracy (%DEV) ranged from (-) 11.54 to (+) 18.46% for
caffeine, (-) 5.74 to (+) 11.32% for paraxanthine, (-) 1821 to (-) 17.25 for

..theophylline. and (-). 4.57 to..(+)..17.90%.for theobromine (Table 4.3). The values. . ... ...

ranged between £15% and +20% for the concentration at LLOQ (FDA, 2001).

Table 4.3 Precision and accuracy of the method for determination of theobromine,

paraxanthine, thephylline, and caffeine

Concentration Precision (%RSD) Accurary (%DEV)
Analytes
{(pg/mL) Intra-day | Inter-day | Intra-day | Inter-day

Theobromine 9.00 3.80 4.92 +0.09 -4.57
4.50 3.80 6.46 +1.55 +6.33

0.45 4.30 3.46 +10.48 +3.58
0.08 5.28 3.60 +17.90 +17.23

Paraxanthine 9.00 5.32 3.00 +3.04 +1.65
4.50 3.68 5.88 +1.11 +5.59

0.45 2.27 2.60 -5.74 -1.71

0.02 9.26 6.82 +11.32 +3.50

Theophylline 9.00 6.76 4.34 +2.26 +5.13
4.50 4.60 6.55 +1.09 +8.26

0.45 4.54 2,09 -4.61 -1.62

0.04 7.35 3.08 -17.25 -18.21

Caffeine 9.00 6.55 6.17 -4.03 -5.97
4,50 5.51 7.33 -3.53 -3.02

0.45 3.56 2.81 -11.54 -6.80
0.02 5.91 13.40 +7.08 +18.46
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4) Recovery
Results of the recovery of extraction of theobromine, paraxanthine,
theophylline, and caffeine from rat serum are shown in Table 4.4. The mean

... percentages of recovery were 107.77 to 109.77% for theobromine, 108,12 to 118.20%

for paraxanthine, 105.11 to 110.54% for theophylline, and 104.82 to 108.97% for
caffeine. The percentage of recovery in this study was similar to that reported by other
studies. For example, Grant and colleaques (1982), who use LLE method to exfract
caffeine and metabolites in urine samples prior to detecting with HPLC, reported that
the percentages of recovery ranged from 97-101% for caffeine and metabolites.
Schrader and colleaques (1999) determining levels of caffeine including eight major
metabolites in rat urine by HPLC reported that the percentages of recovery was

greater than 70% for all metabolites.
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Table 4.4 Extraction recovery for determination of theobromine, paraxanthine,

thephylline, and caffeine in rat serum

. Mean peak area ratio
1. Compound {_ ?fncentratlon Direct After | % Recovery | %Recovery
(/i) A . Jfolecovery' 4o
injection | extraction of IS

0.08 0.0114 0.0123 | 77.034+10.62 | 107.77+5.41

Theobromine 0.45 0.0759 0.0831 89,52+ 10.49 | 109.51 £4.93
4.5 0.7571 0.8292 | 8521+953 |107.77+541

9 1.5090 1.6424 | 80.10+6.63 | 109.51+4.93
0.02 0.0021 0.0025 | 7740+£9.27 | 118.20+£17.53

Paraxanthine 0.45 0.0473 0.0520 | 89.52+10.49 [ 110.07 £ 8.05
' 4.5 0.4836 0.5229 {85.21+£9.53 | 108.124+4.03

9 0.9577 1.0728 | 80.10+6.63 | 112.25+5.29

0.04 0.0063 0.0066 | 78.52::8.23 | 104.76+7.64

Theophylline 0.45 0.0740 0.0816 89.52+10.49 | 110.27+ 4,57
4.5 0.7602 0.8179 | 85.21£9.53 | 107.59+4.58

9 1.5104 1.6697 | 80.10+6.63 | 110.54+7.32

0.02 0.0037 0.004 78.40+10.21 | 108.10 + 6.59

Caffeine 0.45 0.0805 0.0847 | 89.52+10.49 | 105.21 £3.59
4.5 0.8106 0.8497 | 85.21+9.53 | 104.82+5.73

9 1.1621 1.7093 | 80.10+6.63 | 106.01+6.53

"Mean (SD)

5) Lower limit of quantification (LLOQ)

For rat serum samples, the LLOQ was determined by using five
calibration curves of serum standard theobromine, paraxanthine, theophylline, and
caffeine at concentrations of 0.5, 1, 2,5, 5 and 10 pg/mL. It was found that the LLOQs
were 0,02 png/mL for caffeine and paraxanthine, 0.04 pg/mL for theophylline and 0.08

ug/mL for theobromine.
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4,5 Optimum concentration of myrosinase
Incubation of mixture of dry powder of Betong watercress (2 mg/2 mL

water) with different concentration of myrosinase i.e. 2, 3, and 4 mg/mL result in

showed that increasing of myrosinase from 2 mg/mL to 3 mg/mL increased quantity
of derivatization product. At 4 mg/mL of enzyme, the product tended to be the
highest. Thus, the concentration at 4 mg/mL was selected as the optimum

concentration of myrosinase.

4000
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‘3000 :
2500 -
2000 -

1500 1

Peak area of derivative (Al)

0 T L .- T T T
2 3 4

Concentration of myrosinase (mg/mlL) (n=3)

Figure 4.7 Concentration profiles of myrosinase enzyme (at 0, 2, 3, and, 4 mg/mL,

respectively).

4,6 Quantity of PEITC in dry powder of Betong watercress juice
The quantification of PEITC after analysis by HPLC peak area was

used to determine nominal concentration and calculated by the formula:

Amount of
Measured PEITC cone. by HPLC x Vol. of cyclocondensation reaction mixture
PEITC/mg of = x Total vol. of
Vol, of aliquot of enzymereaction mixture .
dry powders enzyme reaction
Weight of dry powders mixture
0.1387 ug/mLx1.2mL
Amount of PEITC/mg of dry powders = hg/ x3mL

0.1mL
2mg

Amount of PEITC/mg of dry powders = 1.644 pg/mL
= 1.6644 pg/mL x 3 mL




Amount of PEITC/mg of dry powders = 4.9932 ng/ 2 mg of dry

powder Betong watercress

Amount of PEITC/mg of dry powders =2.5 ug

Table 4.5 Peak area and concentration of dry powder of Betong watercress

Dry powder of Peak area of | Measured concentration A?E}l,{}(t;)f
Betong watercress derivative of derivative (ug)Ymg of
(2 mg/2 mL) (AU) (pg/mL) dry powders

ny 2538 0.1460 2.6280

ny 2256 0.1258 2.2644

n3 2515 0.1443 2.5974

Mean 2436 0.1387 2.4966

S.D. 156.5961 0.0112 0.4022

%RSD 6.4275 8.0824 8.0532

The results were showed peak area and concentration of dry powder of
Betong watercress in Table 4.5 and showed quantity of PEITC in dry powder of

Betong watercress. The results were calculated amount of PEITC in dry powder of

betong watercress equal to 2.5 pg/mg of dry powder of Betong watercress.
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4.7 Metabolic ratio of caffeine in rats before (Phase I) and after (Phase II)
pretreatment with a single dose of fluvoxamine, PEITC and Betong watercress

Metabolic ratios of caffeine in phase I and phase II for rats receiving a

..single dose of fluvoxamine. (10 mg/keg, i.p.), PEITC (2, 10.and 20 mg/kg, p.o.)anddry. ... ...

powders of Betong watercress juice (800 mg/kg, p.o.) were shown in Figure 4.8.
Pretreatment of fluvoxamine before caffeine administration caused a significant
reduction of all metabolic ratios in phase II compared with those in phase 1 (receiving
caffeine alone) (»p<0.02). Similar findings were also observed for pretreatment with
different doses of PEITC and Betong watercress. However, TB/CF ratio in phase II
after pretreatment with Betong watercress was not significantly decreased compared
with those in phase L.

In addition, metabolic ratios of caffeine in phase II for rats receiving a
single medium and high doses of PEITC (10 and 20 mg/kg) were significantly lower

than those of fluvoxamine (p<0.03).




88

A TB/CF

Metabolie ratio
=

FVI0 PEITC2 PEITC10 PEITC20  Betong

B PX/CF watercress

Metabolic ratio

1
04 —-
FVI0 PEITC2 PEITCI0 PEITC20  Betong

C TPICF watercress
o

| [l%
bt
=1 T

FV 10 PEITC2 PEITC10 PEITC20 Betong

Metabolic rato
it
s

D watercress
TB+PX+TP/CF

0.8 | ; .
6 ¥ % %
0 i
od | % 0O phase [
0.2 4 phase II
04 : : epeen s

FV 10 PEITC?2 PEITCI10 PEITC20 Bctong

Metabolic ratio
o
™

watercress

Figure 4.8 Metabolic ratios (mean+SD) of caffeine and its metabolites in rats (n=0)
receiving a single dose of caffeine (10 mg/kg, p.o.) alone (phase I) and pretreated with
a single dose of fluvoxamine (10 mg/kg, i.p.), phenethyl isothiocyanate (2, 10, 20
mg/kg, p.o0.) and Betong watercress (800 mg/kg, p.o.) prior to receiving the same dose
of caffeine (phase II); *p<0.02, compared with phase I using Student’s paired z-test;
#% p<(.03, compared with phase IT of fluvoxamine-pre-treatment using ANOVA
Abbreviations: CF, caffeine; TB, theobromine; PX, paraxanthine; TP, theophylline;
FV, fluvoxamine; PEITC, phenethyl isothiocyanate
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4.8 Metabolic ratio of caffeine in rats before (Phase I) and after (Phase II)
pretreatment with multiple doses of PEITC and Betong watercress

Metabolic ratios of caffeine in phase T and phase II for rats receiving

. multiple doses.of PEITC (2, 10 and 20 mg/kg, p.o.) and Betong watercress (800 =

mg/kg, p.o.) were shown in Figure 4.9. Pretreatment with different doses of PEITC
before caffeine administration caused a significant reduction of all metabolic ratios in
phase II compared with those in phase I (receiving caffeine alone) (p<0.025). Similar

findings were also observed when pretreatment with Betong watercress (p<0.025).
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Figure 4.9 Metabolic ratios (meantSD) of caffeine and its metabolites in rats (n=6)
receiving multiple doses of caffeine (10 mg/kg, p.o.) alone (phase I) and S-day
pretreatment with phenethyl isothiocyanate (2, 10, 20 mg/kg, p.o.) and Betong
watercress (800 mg/kg, p.o.) prior to receiving the same dose of caffeine (phase II);
*p<0.025, compared with phase I using Student’s paired -test

Abbreviations: CF, caffeine; TB, theobromine; PX, paraxanthine; TP, theophylline;
PEITC, phenethyl isothiocyanate
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4.9 The percentage of decrease in metabolic ratios of caffeine in rats receiving a
single- and multiple dose(s) pretreatment with fluvoxamine, PEITC, and Betong
watercress

. Figure 4.10 shown the percentages of decrease in the metabolic ratios

of caffeine in rats after receiving prefreatments with a single dose of fluvoxamine,
PEITC, and Betong watercress. The percent reduction of metabolic ratios; TB/CF,
TP/CF, and (TB-+PX+TP)/CF, were significantly larger in rats receiving PEITC at the
dose of 10 and 20 mg/kg, compared with those receiving fluvoxamine at the dose of
10 mg/kg (p<0.05). This effect was not significant for PX/CF ratio. The percentages
of decrease of metabolic ratios were not significantly different among different doses
of PEITC.

The percent reduction of metabolic ratios (TB/CF) in rats receiving
multiple doses of PEITC (2-20 mg/kg) was significantly larger than when those
receiving a single dose of fluvoxamine at 10 mg/kg (p<0.05). The percentages of
dedecrease in metabolic ratios after administration of multiple doses of PEITC (2, 10,
and 20 mg/kg) were not significantly different from those after single dose

administration of the same doses.
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CHAPTER 5

Discussion and Conclusion

PEITC is widely present in cruciferous vegetables as its glucosinolate
precursor, gluconasturtiin, by hydrolysis reaction via myrosinase enzyme released
from plant cells during chopping or chewing (Morse ef al., 1997). PEITC and other
ITCs have cancer preventive property in animals treated with chemiéal carcinogens
such as polycyclic aromatic hydrocarbon and nitrosamines. (Chung et al., 1996;
Stoner ef al., 1991; Wattenberg, 1977). These carcinogenic compounds are inducers
of the xenobiotic metabolizing enzyme, especially CYPLA2 (Degawa et al., 1989;
Ayrton et al., 1990). Hence, the inhibition of CYPLA?2 activity may play a key role in
the elimination of the bioactivation on the certain procarcinogens. Caffeine is an
important probe substrate which is capable of revealing activity of CYP1A2 activity
since it is almost completely absorbed in gastrointestinal tract is (95%) and primarily
metabolized via CYP1A2 mediated N-demethylation to theophylline (TP),
paraxanthine (PX) and theobromine (IB) (Liebert and Matuszewska, 1999).

HPLC method validation confirmed that an HPLC procedure was
suitable for PEITC determination. As PEITC is a volatile compound that is sensitive
to heat and moisture causing a loss of the analyte during experiment (Ji et al., 2005),
derivatization by cyclocondensation reaction was used to determine level of PEITC.
PEITC was derivatized with 1,2-benzenedithiol to produce, 1,3-benzenedithiole-2-

thione. Although the derivatization is necessary to measure PEITC, it has some

disadvantages several when compared with direct analysis. For example, the
derivertization involves more complicated preparation steps, requires more time and
carries the risk of introducing impurities (Mitrevski and Zdravkovski, 2005).
However, due to limitation of PEITC, this step is important and to avoid the
impurities from derivertization, samples were filtered through a 0.45 um syringe filter
before injection into HPLC. Retention times of PEITC derivative and 1,2-
benzenedithiol were 3.94 and 8.17 min, respectively. The retention time obtained

from this study longer than that reported by Getahun and Chung (1999), i.e. 3.2 min.
93
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It may be due to the difference of flow rate, mobile phase, and type of column etc.
Regarding PEITC method validation, good linearity was shown for quantification of

PEITC derivative. No interference was found in the chromatogram. The inter-day and

--intra-day precision-and-accuracy-were found within. the.acceptable values. which- were ...

+15%RSD and ::20%DEV, respectively. The LLOQ was determined based on signal
to noise ratio (S/N<5) and the obtained value in this study, 0.1 pg/mL was higher than
the LLOQ value reported by other works which were 1.6 ng/mL (Liebes et 4l., 2001),
1.27 ng/mL (Ji and Morris, 2003), and 0.65 ng/mL (Ji ef al., 2005). This is probably
due to different analytical techniques i.e. UV-HPLC (274 nm) (Liebes et al., 2001)
and LC/MS/MS (Ji and Morris, 2003; Ji ef al., 2005). In general, the LC/MS/MS
technique is shown to be an analytical technique with higher sensitivity and
specificity when compared to HPLC. However, the sensitivity by HPLC technique in
this study was sufficiently high for determining PEITC derivative in all samples.
Regarding to caffeine and it metabolites method validation, all analytes
were well separated with no interference in blank serum. The retention times of all
analytes obtained from this study, i.e. 6.09, 9.28, 9.76 and 12.66 min for TB, PX, TP,
and CF, respectively, were shorter than those reported by Caubet and colleaques
(2002) which were 14.12, 18.99, 19.31, and 23.08 min, respectively. This could be
due to the difference in the column temperature and flow rate. These factors caused
the decrease in the retention time of all analytes. The column temperature and flow

rate used in this study were 32°C and 1.3 mL/min, respectively, which those reported

by Caubet and colleaques (2002) were 23°C and 1 mL/min, respectively.

The inter-day and intra-day precision and accuracy were found within
the acceptable values (£15 %RSD and £20 %DEV for the concentration at LLOQ).
Good linearity was shown for quantification of caffeine and its metabolites in the
studied range of concentrations. The coefficient of determination (1*) obtained for the
regression line demonstrated the excellent relationship between peak arca and
concentrations of all analytes. The LLOQ values for caffeine and all metabolites
ranged from 0.02 to 0.08 pg/mL. Although the range of LLOQ value for spiked in rat
serum was higher than those reported by other works, i.e. 5 ng/mL for all analytes in
rat urine (Caubet et al., 2002), less than 8 ng/mL for all analytes in human urine

(Schneider et al., 2003), and 24 ng/mL for caffeine in human milk (Aresta et al.,
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2005). Percentage recovery which was almost 100% showed that this procedure is
highly efficient for determining caffeine and its metabolites in rat serum.

Determination of PEITC content in dry powder of Betong watercress

consisted-of two. steps-conversion.of. glucosinolate. to. PEITC and derivertization.of ... ...

PEITC to a detivative. To more correctly determine the quantity of PEITC, optimum
coftcentration of myrosinase enzyme ;vas investigated. Increasing of mysosinase
enzyme from 2 to 3 mg/ml resulted in increasing of peak area of a derivative. At this
concentration myrosinase may entirely convert the glucosinolate compound in dry
powder to PEITC. In contrast, increasing of enzyme from 3 to 4 mg/ml showed only
slightly increase of peak arca of a derivative, probably due to total glucosinolate was
completely hydrolysed to PEITC. However, tendency of the peak area of the
derivative reached the highest level at the myrosinase concentration of 4 mg/mL.
Then, this concentration was considered optimal to convert the glucosinolate
compound to PEITC prior to derivatization. Quantity of PEITC in dry powder of
Betong watercress was calculated as described in Chapter 2, The amount of PEITC
was 2.5/mg of dry powder.

In the present study, caffeine and its primary metabolites were
simultaneously determined in rat serum. Ratios of the concentration of each
metabolite to that of caffeine were calculated. Additionally, the ratio of total
concentrations of all three metabolites recommended to that of caffeine by Tanaka et
al. (1994) was included. All metabolic ratios of caffeine for rats receiving a single
dose of caffeine alone (phase I} were varied. This may be due to a wide range of
weight i.e. 168-244 g of animals was included. Similar findings were also observed
for multiple doses pretreatment with caffeine. This group induced rats with weight
range of 150-200 g.

All metabolic ratios of caffeine for rats receiving pretreatments of a
single dose of fluvoxamine before caffeine administration were significantly
decreased when compared with those receiving caffeine alone. This result was
attributable to fluvoxamine inhibition of N-demethylation of caffeine. In vifro studies
have shown that fluvoxamine is a potent inhibitor of the metabolism of caffeine in
human liver microsomes with the K; values ranged from 0.12 to 0.24 pM (Brosen ef

al., 1993), and from 0.08 to 4.4 uM (Rasmussen et al., 1998). In addition, a drug-drug
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interaction between fluvoxamine and caffeine has been reported in healthy volunteers.
The results indicated that intake of caffeine during fluvoxamine treatment may lead to

caffeine intoxication as a result of a potent inhibition of fluvoxamine (Jeppesen et al.,

--1996).- Therefore, fluvoxamine was.chosen.to.usc.as.a.reference for inhibition of . .. .

caffeine metabolism in this study.

All metabolic ratios of caffeine for rats pretreated with a single dose of
PEITC (2, 10, and 20 mg/kg) before caffeine administration were significantly
decreased when compared with those receiving caffeine alone. Similar findings were
also observed for pretreatment with multiple doses of PEITC (2, 10, and 20 mg/kg).
The results indicated that a single- and multiple dose(s) of PEITC can inhibit
N-demethylation of caffeine in rats.

In addition, all metabolic ratios of caffeine for rats receiving
pretreatments of a single- and multiple dose(s) of Betong watercress at the doses 800
mg/kg before caffeine administration were significantly decreased when compared
with those receiving caffeine alone. The results indicated that a single- and multiple
dose(s) of Betong watercress at the dose 800 mg/kg can also inhibit N-demethylation
of caffeine in rats.

The metabolic ratios; TB/CF, TP/CF, and (TB+PX+TP)/CF in rats
after receiving pretreatments of a single dose of PEITC at 10 and 20 mg/kg were
significantly decreased by approximately 50-60% when compared with fluvoxamine-
pretreatment which exhibited the percentage of decrease approximately 30-35%.
Similar findings were also observed for the pretreatment with multiple doses of
PEITC at 10 and 20 mg/kg which caused the percentages of decrease of metabolic
ratios approximately 55-70%. The results indicated that PEITC was able to inhibit the
N-demethylation of caffeine in vivo and the inhibitory effect was comparing more
extensive than fluvoxamine at the dose of 10 mg/kg. It has been reported that PEITC
and NNK inhibited activation mediated by human CYP1A2 (Smith 1996). The results
reported here in suggested that PEITC itself is a potent inhibitor of CYP1A2 catalyses
the N-demethylation of caffeine. Similarly, Nakajima and colleaques (2001) have
studied the inhibition and mechanism-based inactivation potencies of PEITC for
human CYP activities by using microsomes from baculovirus-infected insect cells

expressing specific human CYP isoforms. PEITC was found to competitively inhibit
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CYP1A2 with K; value of 4,5 uM. Thus, it was cleatly demonstrated that PEITC, acts
as an inhibitor of N-demethylation of caffeine in human.

The percentage of decrease of all metabolic ratios in rats after

-.receiving pretreatments-of-a-single. dose.of PEITC.(2,-10,.and .20.mg/kg) was.doses. ... e

dependent, though not significantly different. In contrast, the percentage of reduction
of all metabolic ratios in rats after receiving pretreatments of multiple doses of PEITC
in different doses (2, 10, and 20 mg/kg) tended to decrease when rats receiving
pretreatments with high dose (20 mg/kg) of PEITC. The results suggested that effects
of multiple doses of PEITC at the doses of 2, 10, and 20 mg/kg were dose- and time-
independent manner, This result may be due to involve nonlinear pharmacokinetics of
PEITC. The previous study, reported by Ji and colleaques (2005), described
pharmacokinetics of PEITC in male Sprague-Dawley rats treated with PEITC at doses
of 1.63 (low dose) or 16.32 (high dose) mgrkg orally. At higher doses, the clearance
(C1) of PEITC tended to decrease, suggesting that PEITC may be eliminated in a
capacity-limited manner. The volume of distribution (Vs) was increased, suggesting
that PEITC may permeate into tissues and bind to tissue proteins extensively. Taken
together, the data may offer a partial explanation the decreased metabolic ratio
induced by PEITC at high dose. In addition, this may be due to animal was prolonged
fasting (1-5 days) of animals. This factor caused the increase of activity of enzyme
which causes the decreased metabolic ratio. The previous study, reported by Toropila
and colleaques (2005), determined the effect of prolonged fasting (0-7 days) on
changes in the activity of selected adaptive enzymes: tyrosine aminotransferase
(TAT), tryptophan-2-3-dioxygenase (TO), alanine aminotransferase (ALT), and
aspartate aminotransferase (AST) in Wistar rats. The acitivity of these enzymes in
liver of fasting rats were increased (p<0.05) significantly

In the present study, Betong watercress at a single dose of 800 mg/kg
which was equivalent with PEITC at the dose of 2 mg/kg caused less reduction in
metabolic ratios (i.e. 10-25%) when compared with 2 mg/kg PEITC. Similar finding
was also observed after pretreatment with multiple doses of Betong watercress at 800
mg/kg. The percentage of reduction tended to be smaller than that obtained from
multiple doses of 2 mg/kg PEITC. The results indicated that Betong watercress was
able to inhibit N-demethylation of caffeine but less than PEITC. This may be due to
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the extent of conversion from glucosinolate to PEITC. The previous study revealed
that the percentage of conversion after ingestion of watercress from glucosinolate to

PEITC in vivo by the action of hydrolysis was in the range of 30 to 67% (Chung et al.,

--1992).- This - reflects-- the -efficiency. of - glucosinolate .conversion..in. human_body.. ... ...

resulting in lesser effect in reduction of metabolic induced by 800 mg/kg Betong
watercress,

In addition, the percent decrease of all metabolic ratios in rats
receiving pretreatments with multiple doses of PEITC at 2 and 10 mg/kg tended to
increase when compared with rats receiving pretreatment with a single dose of PEITC
at 2 and 10 mg/kg. The result indicated that multiple dose(s) of PEITC at 2 and 10
mg/kg tended to inhibit N-demethylation of caffeine more than a single dose of
PEITC at 2 and 10 mg/kg, though not significantly different. The decrease of
metabolic ratios; TB/CF, TP/CF, and (TB+PX+TP)/CF in rats receiving pretreatments
of multiple doses of Betong waterctess at 800 mg/kg were significantly increased
when compared with a single dose of Betong waterctess at 800 mg/kg. Thus, the
result indicated that multiple dose(s) of Betong watercress at 800 mg/kg was able to
inhibit N-demethylation of caffeine more than a single dose of Betong watercress at
800 mg/kg. Finally, the above data of a single- and multiple dose(s) of PEITC in
different doses (2, 10, and 20 mg/kg) and Betong watercress at 800 mg/kg can inhibit
N-demethylation of caffeine in rats which seen from the metabolic ratios is decrease.

In fact, metabolism of caffeine in rats is not exactly the same as that in
humans. CYP1A?2 catalysed the C-8-hydroxylation of caffeine is the major metabolic
pathway in rats to form 1,3,7-trimethyturic acid (137U) (70%). In contrast, CYP1A2
catalysed 3-N-demethylation is the main oxidation pathway of caffeine in humans to
form paraxanthine (70%) (Kot and Daniel, 2008). Therefore for the future work
aiming to investigate CYP1AZ2 inhibition in vive, measuring of 1,3,7-trimethyluric

acid should be performed.
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Conclusion
A single- and multiple oral dose(s) administration of PEITC inhibited

N-demethylation of caffeine in rats. The effect tended to be more extensive at high

CYP1A2 inhibitor). Dry powder of Betong watercress juice also inhibited caffeine N-
demethylation but with a lesser extent compared with PEITC. These findings
suggested that CYPLA2 activity may be affected and may support the
chemopreventive property of PEITC. The HPLC-UV techniques used for the
determination of 1,3-benzenedithiole-2-thione (derivative of PEITC), caffeine and its
metabolites in was simple, sensitive, precise and accurate. This technique is universal
and cost-saving and facilitates routine analytical work.

In addition, the present study described the evaluation of N-
demethylation of caffeine in rat by using caffeine as a marker because about 95% of
caffeine is metabolized by CYP1A2. Caffeine is relatively safe, low toxic, and
possesses many favorable pharmacokinetic characteristics for a marker substrate.
Several caffeine-based approaches for assessing N-demethylation of caffeine in vivo
was calculated from the ratios of the serum concentration of caffeine and its three
demethylated metabolites (TB/CF, PX/CF, TP/CF and (TB+PX+TP/CF). Therefore, a
method to determine N-demethylation of caffeine in vivo is of great pharmacological

and toxicological interest,
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