CHAPTER Il
LITERATURE REVIEWS

Murdannia loriformis

M. loriformis (Hassk.) Rolla Rao et Kammathy, known in Thai as “Ya Pak King” or
“Angel Grass”, belongs to family Commelinaceae. M. loriformis comes from south

Chinese and grows in sandy soil with e sunshine outline. In China, plants in the genus

Murdannia are used to treat bre " 5 anai e ailment of neoplasms. In Thailand, M.
loriformis is used as a tradifional ici pain from cancer (Salalamp et al,
1992). Examples of eff fofmis useéhimspatients with cancer as conventional

medicine was shown ) aerial parts of M. loriformis are
ground with 4 table obta juice is filtered. Patients are
suggested to take the \ \~ eakfast and evening meal (3tun
AFa9T8Ng, 2542). \

M. loriformis is a ofabout-i ligh. Its leaves are simple alternate
leaves at lower stem with qf‘g;_ijﬁ___ oI Wi m long, whereas leaves at the upper
Lhsists of sepals of 4 mm long,
Y]

obovate; stamens 2"Herfe of=1 mm lon , style of 3 mm lon
~ m g.

| W
Fruits are capsules o -4 mm long, obovoid, with 2 seeds in each cell (Salalamp et al.,
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Table 1 Examples of effects of M. loriformis used in patients with cancer as conventional

medicine (3041 RFaa3ENNAUATANY, 2543).

female

=1

Kl ¥111419%

Sex Age | Year Disease and symptoms After used M. loriformis
male 64 1984 | Spleen and liver cancer, weight | Appetite increment,
loss, anorexia, insomnia weight gain, hypnotic
female 58 1986 | Cancer of cervix, swelling and Relief of pain, normal
pain 0 "-.“ﬁ movement
SOAWIIZZ .
male 63 . \\ ‘5/ Relief of cough
male 84 , -....,.,-.. ) andiieetwound Dryness of wound, without
pus and lymph
male 50 Appetite increment,
weight gain, hypnotic
male 64 Able to get up and walk,
appetite increment
male - ancer ot iver oo chotery 1.,‘ Pain relief, appetite
5 "ﬂ increment, hypnotic
I
waist pain, weight loss,
BN f [ D |
6112 I NS WEINAS
female 4 Leukemii, anorexia, weight Appetite increment,

N‘eﬂn elln hypnotic

I—J'

Cancer of cervix, Iymph
discharge from cervix with bad

smell, no restrain the urine

Reduce of lymph
discharge and bad smell,

normal restrain of urine

female

46

1988 | Haemorrhoid, intestine
contraction, sometine no break

wind, pain when defecate

Pain relief when defecate,
can break wind, normal

defecate




Table 1 (continued) Examples of effects of M. loriformis used in patients with cancer as

conventional medicine (31 35aRFUNNALAZANY, 2543).

Sex Age Year Disease and symptoms After used M. loriformis

female 39 1988 | Cancer of intestine, vomit, Relief of vomiting,
anorexia, can not lie on one's | appetite increment, can

back lie on one’s back

male |- 19 1988 | Leukemia, weakness, weight | Increasing of leukocyte,

\l//

weight gain
"

male 34 ::'_'“.“ of, er,@t Appetite increment, no

—

growth of cancer cell
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Figure 1 Ya Pak King (M. loriformis (Hassk.) Rolla Rao et Kammathy)

(Salalamp et al., 1992)



Chemical constituents found in M. loriformis include (o0 AfaaseIna, 2536,

Jiratchariyakul, 1997; Narintorn, 1999)

1. Amino acid: L-phenylalanine

L-phenylalanine is a protein amino acid. It is classified as an essential amino
acid. Dietary sources of the amino acid are principally derived from animal and
vegetable proteins. Vegetables and juices contain small amounts of the free amino

acids. The free amino acid is also, found in fermented foods such as yogurt. L-

tyrosine is via the enzymg_ ine*By@rfoxylase. L-tyrosine can be converted by
neurons in the brain to dopamine ‘ ephrine (noradrenalune) neurotransmitters
which are depleted b VOrK ane [@ain drugs. The mechanism of L-
phenylalanine is putgii essal :_ 2 accounted for by its precursor
Jrepinephrine and dopamine. Elevated

brain nofepinephrine yngyle ol hought to be associated with

Phenolic compounds are w .eomponents of plant material. The main

phenolic acids foune

4hydroxybenzoic acid and 4-

hydroxycinnamic _lf by oxybenzoic acid. It has been

| VLIR30 TR 1 3ig 1
3 F"‘fmﬂﬁ” AN A e

have investigated the antioxidant properties of flavonoids. Many are also potent

found in grape, plu nd vegetables (Rice-Evans, 2(@ Previous study demonstrated

inhibitors of several enzymes, such as xanthine oxidase, cyclooxygenase, and
lipoxygenase. A major property of flavonoids is their ability to scavenge hydroxyl
radicals. Lin et al., (2002) found that isovitexin demonstrated a characteristic of low
cytotoxicity (LD, >400 pM), but significant xanthine oxidase inhibitory activity and

antioxidative activity, thus exhibited potent protection of cells from xanthine oxidase
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induced damage. Chalconoids either natural or synthetic are known to exhibit various
biological activities. They have been reported as antibacterial, antifungal,
antiinflammatory, antitumor, antimutagenic. Chalconoids serve as precursors for the
synthesis of different classes of flavonoids (Mukherjee et al., 2001; Satyanarayana et al.,

2004).
4. Phytosterols: B-sitosterol, sitosteryl glucoside (3-B-D-glucopyranosyl-24&-ethyl-
cholest-5-ene)
Plant kingdom containg a number #fsterols that differ from cholesterol by giving
ethyl or methyl groups ok Asaturati échain. Three phytosterols including
-
abiguitous in higher plants. They are all

sitosterol, stigmasterol aa
essential compone erol is the major phytosterol in
higher plants, and ’~ sues of healthy individuals at
concentrations 800-1000 ti n l0genous cholesterol. Its glycoside,
[-sitosterol glycoside #I5 ; : 1 even lower concentrations. These
molecules are synthesizgtl igFpi vherea k obtain them through diet.

The scientific literaftire i ....: eports of the biological activities of sterols
or their glycosides in various a models. For instance, B-sitosterol and its glycoside
have been showntg re cinogen-in icey f the colon in rats, as well as
LU‘ sulin releasing, and immune

modulation (Bouic a@ Lamprecht, m

5. Glycosphi ﬂ ' ﬁ-ﬁ ﬁm ﬂ pj sﬁ)j -cosamide)-sphingosine
Glycq ipid ipi are the important part of

blologlcaﬁ ,pi:)é h ﬁﬁfr Irw ’_fﬁ ﬁ ﬁ‘i é@ﬂater soluble. They

occu raﬂ ndl othe red blood cells,

kidneys spleen, placenta, serum and liver. Generally glycosphingolipids play a role in

exhibit various effgGt

immune reaction. Glycosphingolipids isolated from the cancer cell are different from
those isolated from the normal cell. The difference indicates the altered immune reaction
of cancer cell. They are thus the most interesting in part of cancer research
(Jiratchariyakul et al, 1998). Glycosphingolipids, which are major membrane

constituents, play important roles in cell recognition, cell adhesion, and as receptors of
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microorganisms. These compounds change during cell differentiation and oncogenic

transformation, and some are recognized as differentiation or tumor markers (Narintorn,

1999).

6. Digalactosy! diglyceride

Digalactosyl diglyceride have galactose as the sugar group and are also known
as galactolipids, which is classified in glycolipid. The glycolipids are a structurally

heterogeneous group of membrane components found in all species. The term

taining one or more monosaccharide
residues bound by a gl ce SidiC | \kage I oiety which as hydrophobic moiety
such as an ;acylglyc ” = ephingpi ceramide (N-acylsphingoid) or a prenyl
phosphate. The gala g€ none- a d “digalactosyl diglyceride, are the major
constituents of thylakeif ibra un no. for'80% of polar lipids found in this
membrane. It either - 2, plastid or is assembled from
diacylglycerol moietie mic reticulum and is the main
glycolipid components offthafvarious membranes of.chloroplasts and related organelles,
and indeed these are ‘the Oostas : ) all photosynthetic tissues, including
those of higher plants, algae %;‘—;‘?L_: a (Christie, 2002).

. . Jeriformis were shown in Figure
2. T S = .\:'J
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Amino acid: L-phenylalanine

(,OOH

Phenolic compound: syringic acid

Chalconoid

Figure 2 Chemical constituents found in M. loriformis (Jiratchariyakul, 1997; Narintorn,

1999).
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Phytosterols: B-sitosterol, sitosteryl glucoside (3-B-D-glucopyranosyl-24&-ethyl-

cholest-5-ene)

Figure 2 (continued) Chemical constituents found in M. loriformis (Jiratchariyakul, 1997;

Narintorn, 1999).



14
Digalactosyl diglyceride
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Figure 2 (continued) Gherpl . loriformis (Jiratchariyakul, 1997;

Narintorn, 1999).
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Toxicological effects

Acute toxicity

An acute toxicity study was performed in rats using pressed juice from fresh M.
loriformis at doses of 5, 10, 20 and 30 g/250 g body weight. The results showed that no
abnormal signs were observed during 24 hours through 14 days after treatment. Clinical
blood chemistry and histopathological findings of lungs, kidneys, spleens, livers and

testis/ovaries were also within normal limits. Median lethal dose (LDSO) was found to be

A subchronic 7 performed. iMirats using pressed juice from fresh
M. loriformis at dos P ‘ /25 _H eight for 3 months. The results
linical blood chemistry and
histopathological findin gs. K spleen \ ers and testis/ovaries were also

)

within normal limit (W@ 380 Menaia- VRS, 2534).

.,I
o
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Pharmacological effects

1. Cytotoxic effect
Dried powder of M. loriformis was extracted with petroleum ether, then extracted
with chloroform and ethanol, respectively. The ethanol extract was fractionated by
Diaion HP20 (MCI gel CHP20P) column and eluted‘ into water, water-methanol (1:1),
methanol and ethyl acetate fractions. The water fraction contained inorganic salts,

carbohydrates and amino acids. T, ater-methanol (1:1) fraction contained phenolic

compounds. 0 ined glycosidic compounds, named
phytosterol glucoside (G182 /C i ﬁb), named 1-B-O-D-glucopyranosyl-
2-(2'-hydroxy-6"-cosamj anadwdigalactosyl diglyceride (G2a and G2b).
The MTT cytotoxici 3] ese, fractions. Results showed that

phytosterol ¢ j : lyceride were not cytotoxic while
glycosphingolipid e ~,; 10 pg/ml) against human colon

carcinoma (SW 620) S \ 4) cell lines (Jiratchariyakul et al.,

In an in vitro study € 7. plic, ex actofuM. loriformis had no mutagenic effects on

it out metabolic activation. The

—
ﬂ

Salmonella typhifnukit :
extract inhibite in By (AFB,), 2-amino-6-

methyldipyridc[1,2-a !I ,2'-d]imidazole (Glu-P-1), odipyrido[1,2-a:3',2'-d]imidazole

(Glu-P-2) di and 3-amino-1-methyl-
5H- pyndo[4@uﬂﬁﬂ ﬁﬁ ﬂ]giglfjo‘it In contrast, the extract
did not inhibit mutagenesi ﬁje mj—furyl )-3-(5-nitro-2-
furyl ﬁ ﬁiﬁdﬁ ij/bﬁgia ﬁijﬁ olic extract of M.

/or/form/s induced DT-diaphorase activity in murine hepatoma cell lines
(Vinitketkumnuen et al., 1996). DT-diaphorase has been known to be able to detoxify a
number of natural and synthetic compounds, including quinones and their derivatives,
as well as to protect cells against oxidative stress (Lind et al., 1990). Current evidence

suggests that induction of chemoprotective enzymes such as DT-diaphorase by any
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compounds is the predominant mechanism by which these compounds are able to be
used as a chemoprotective agent (Riley et al., 1992).

Likewise, 80% ethanolic extract of M. loriformis showed antimutagenicity against
2-amono-3-methylimidazo[4,5-flquinoline,  2-amino-3,4-dimethylimidazo[4,5-flquinoline,
2-amino-3,8-dimethylimidazo[4,5-flquinoxaline,  2-amino-1-methyl-6-phenylimidazo[4,5-
b]pyridine, 3-amino-1,4-dimethyl-5H-pyrido[4,3-bJindole, 3-amino-1-methyl-5H-
pyrido[4,3-bJindole, 2-amino-6-methyldipyrido[1,2-a:3',2'-d]imidazole, 2-

aminodipyrido[1,2-a:3',2'-d]imi > inoanthracene, 2-(2-furyl)-3-(5-nitro-2-
furyl)acrylamide, N-methy methylazoxymethanol acetate. The
inhibitions of mutage 31.4-67.9% at the dose of 10
mg/plate. However, the g enesis induced by 2-amino-9H-
pyridol[2,3-bJindole, 2,3-blindole, benzo(a)pyrene, N-

ot et al., 2002).

ethyl-N'-nitro- N-nitrosogdan]

3. Chemopreventive effe
Chemopreventivefefféctiof ethanolic, extract of M. loriformis was performed

at doses between 0.1-1.04G ot focus formations in male rat colon

which were induced by 1njection of 15 mg/kg body weight of

azoxymethane, a pri ents™ The results showed that the

extract at doses &b lﬂf azoxymethane induced

aberrant crypt focuswarmano ole ation s@e (21-51%) and post-initiation
stage (12-27%) in rat célgm,(Intiyot et al., 2002). Aberrant crypt focus is postulated to be

e cartiost PR bogn] BB b &) AR Fraiveis of aberant erypis

may facilitate ﬂe study of the early pathologicakand moleculargchanges that precede
coorepriiy pphodd 4201 dd 4 A B B B B
q
4. Hypoglycemic effect
Hypoglycemic effect of M. loriformis was investigated in vivo using water extract,
hot water extract and ethanolic extract of this plant in glucose-induced hyperglycemic
mice compared to a standard oral hypoglycemic drug, glibenclamide. Blood glucose

monitoring was measured every 30 minutes for 3 hours using blood sampling from

mice’s tail. The results showed that hot water extract and ethanolic extract of M.
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loriformis given orally at 2 g/kg body weight significantly reduced blood glucose of mice.
Hot water extract showed the maximum effect at 30 minutes after administration and the
effect lasted for 60 minutes. Ethanolic extract produced maximum effect at 60 minutes
which was later than that of the hot water extract. Ninety minutes after administration, the
hypoglycemic activity of this plant extracts disappeared (Lizmw&‘ 1%&0??mtta:ﬂm:,

2544).

5. Immunomodutator effect

A study was performg e the effect of pressed juice from M.

loriformis on human im ty..The results showed that the pressed

:L‘
juice had no cytotoxic effgei=en, the viability=0f_peripheral blood mononuclear and
increased proliferation@fmphoeyie. 'ﬁ\k eased thexcluster of differentiation (CD) on

o CB3, 5 ol ,8) after incubation with peripheral

the surface of the T
blood mononuclear af37: ‘COrh ) fy \' 3, days. However, the cluster of
differentiation (CD) o \‘\“. (CD3,4 and CD3,8) was
decreased if the incubatigh pfolenged-tofiday Planation for the inconsistency of the

T

results was still inconclusivgi(2tuat @54 a8 LA S AL, 2543).

AULINENINYINS
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Xenobiotics metabolism

Xenobiotics are foreign chemical compounds to the body, such as drugs, food
additives, and environmental pollutants (Murray, 1993). Most of these compounds are
subjeeted to be metabolized in the body. Xenobiotic metabolism is a biological process
which alters many substances leading to termination or alteration of biological activity.
Xenobiotic-metabolizing enzymes occur in many organs. Liver is the main organ

involved in metabolism. Other organs that display this function include gastrointestinal

tract, lungs, skin, and kidneys..Enzymes # jound in smooth endoplasmic reticulum
(SER). Some are located in%eytosol and aielare found in other organelles such as
mitochondria. Xenobiotic" B rm-'ionwonvert chemicals of lipophilic

property to metabolites @ daPii i/ DO ‘\\\\\:\\\\m readily excreted in urine or
feces (Timbrell, 2000; Rafkingod, 200433 In\ general, ‘the, reactions catalyzed by these
R\

enzymes are divided i ns and sometimes, phase Il

reactions (Table 2).

Table 2 The maijor biotra tioh‘toact bréll, ed., 2000)
Phase | Phase I
Oxidation Further metabolism of
Reduction . "Y' | Glutathione conjugates
Hydrolysis Slutat : atiorﬁ
Hydration ¢ =, Acetylationg ,
oonicsfld 2] ] VHAGIEIA 1T

U

Me@ylation

= o/
%miiotiizaaﬁ rTi ]oszu ﬂ iﬂeojicjeil;ﬂ, tlaﬂ reactive, more
9

electrophilic  intermediates, are capable of reacting covalently with biological
macromolecules such as proteins, nucleic acids or lipids. Binding of xenobiotic
metabolites to DNA may cause modification of genetic information, mutation and a

consequent possibility of malignant growth.
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Phase | reactions

Phase | reactions introduce a functional group (-OH, -NH,, -SH or -COOH, etc.)
to a molecule leading to a small increase in hydrophilicity as well as a suitable
characteristic for further phase Il biotransformations (Timbrell, 2000; Parkinson, 2001).
Phase | reactions change many xenobiotics to more polar metabolites which are more
active, less active or inactive than the parent compounds. The reactions involved in this

process include oxidation, reduction, and hydrolysis. Xenobiotic oxidation is mediated

ygenase, peroxidases, prostaglandin

Al d-proces ng during lipid peroxidation-coupled

Ofa=path ays@dmgenase. amine oxidase) of
o) ! ‘\\\?ﬁ P-450 reductase, azoreductase,

out reduction of xenobiotics, while
\\w c ydrolytic cleavage of specific
reactions which mostly catalyzed
* \ stems are predominantly localized
us KRown as microsomal enzymes. These

i

enzymes generally catalyze ‘-“-‘f-_ eactions of a wide variety of both

endogenous compound: 2flapping substrate specificity (Potter
and Coon, 1991; Y-’—’:-'—':5‘YfY:3""“-'“"""é mes in human, their specific

substrates and their @'ce D o atﬂsm are shown in Table 3.

Cytochrome P-450

- EJJLL&L’) NEDINEDDT e, s o0 e

prosthetic group (a thiolate- bound’ heme) and#&mechanism of @atalysis (activation of
i) P RGE I oL TV T-L
endows unigue substrate specificities. Amino acid sequences of genes are used to
classify CYP into families and subfamilies. The CYP enzymes are membrane-bound
haem proteins, which catalyse mono-oxygenation reactions. They are bound either to
the microsomal membrane or, in some cases, to the mitochondrial inner membrane.
Mitochondrial CYPs, involved in steroid-biosynthetic reactions, are found mainly in

steroidogenic organs and generally do not metabolize foreign compounds. The majority
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of microsomal CYPs belonging to families 1, 2 and 3 metabolize a great variety of
structurally different xenobiotics such as drugs, alcohols, aromatic organic compounds,
including many environmental pollutants and natural plant products. Some of these are
chemical carginogens or mutagens. These three families account for about 70% of total
CYPs in human livers while CYP4 is a family of enzymes involved in fatty acid and
prostaglandins metabolism (Rendic and Di Carlo, 1997). CYP isoforms which play a role

in the activation of xenobiotics to toxic metabolites include CYPs 1A1, 1A2, 2B1, 2B2,

2E1, 3Ain rats as well as CYPs 1A1, 2B6, 2E1, 3A4 in humans. An example of rat

and human CYPs that activalé me p inogens/mutagens are demonstrated

“
in Table 4. ——i'

The expression @ ( ‘4\\\- ‘--\ both by quantity and by CYP

diversity, but they are alS . el in kidney, lung, intestine, brain,

placenta, etc. In the livg utlvely expressed and commonly

also induced by chemicals ’ \\

The basic reaétionica g -. s 1- ygenation reaction as following

(Gibson and Skett, 2000): _.M Z. Bt
‘ﬁf < -'.i"'

w

Substrate (RH) + O, + NADPH: ‘4;{ z . Product (ROH) + H,0 + NADP'

: )
Product fror j’-' 0 ’[,iJ only a simple alcohol because
rearrangement migh e occurred. There are also doctmented that CYP may catalyze

reduction re aff]aﬁ epoxides (Guengerich,
1991). How ﬂveﬂls?rzloﬂ nmﬂalways a detoxification reaction. A
varie ﬁ re involved in the
actwaﬁnmﬁcﬁﬂﬁ mmﬁj ’H ?]rt‘l;j ﬂarkinson, 2001).

The regulation of these enzymes has been most extensively studied using rat,

mouse and rabbit as model systems. Species differences have been noted in the
expression of CYP gene. Table 5 presents sequential homology between rat and human
CYP isoforms known at the end of 1990. Sequential homology of cDNA and amino acid
sequence between rat and human CYP isoforms is high in similarity, approximately 70%.

There are generally conserved regions (for P-450 reductase, haem, signal peptide)



22

which increase this similarity. On the other hand, change in a single amino acid may
markedly or even completely alter CYP function, such as increase or decrease its

activity, or even completely change its substrate specificity (Soucek and Gut, 1992).
Important members of CYP families
CYP1A Subfamily

Enzymes in CYP1A subfamily are responsible for metabolic activation of some

known procarcinogenic environm icals, toxins, and drugs. CYP 1A1 and 1A2

are the most important mem ] ; 1A1 gene is not normally expressed
in liver, but i , I ‘ induced by polycyclic aromatic
hydrocarbons (PAH(' \ \ lorodibenzo-p-dioxin  (TCDD),

benzo(a)pyrene, m (M oflavone (B-NF), that are also

metabolized by thi Ssed and induced in several

extrahepatic tissue to activate tobacco-smoke-
derived PAHs is the b [ativelole of this CXP isoform in lung carcinogenesis

(Oinomen and Lindros, A1, CYP1A2 is not expressed in

extrahepatic tissues. CYi A 2ly expressed in liver and is also

induced by arcmatic hydrocarbons arylamines and dietary promutagens,
= g,»

3 F,,*

including nitrosam e—r______________,,n--,,,-.;jg are found in both humans
A ~—— AX ) :
and rats. Functione ACFOSS species, although there are

subtle differences (P4 " inson, 2001). For instance, isolated and purified human CYP1A2

enzyme from iver ﬁ f tr ecificity similar to the rat
protein. The @ﬁg eﬂﬁm ﬂﬂﬁnﬁi\jt being involved in the
metabolism of several cli tﬁ en, amitriptyline,
propa Im:];ﬁllﬂ ﬂﬂﬁﬁ% ﬁﬁﬁﬁg omeprazole and
Iansoprazole) or inhibitors (e.g. amiodarone, cimetidine, ticlopidine) of this CYP isoform

(Parkinson, 2001).
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CYP2B Subfamily

The expression of the highly similar CYP2B1 and 2B2 isoforms is low in rat liver,
but both are up to 50-fold induced by phenobarbital (Oinomen and Lindros, 1998).
CYP2B1 and CYP2B2 are highly similar in nucleotide sequence (with less than 3%
sequence differences) and have similar substrate specificity (Soucek and Gut, 1992).
Rat CYP2B1 is analogous to human CYP2B6 that is found in liver and extrahepatic

tissues but are generally expressed at low levels in the absence of inducers such as

phenobarbital. CYP 2B6 is found tg lly activate 6-aminochrysene, 3-methoxy-
g. cyclophosphamide, ifosfamide)
(Gonzalez and Gelboin Xyres 'mm:m‘ benzyloxyresorufin are often used
as substrate probes (o '“}“"1"" 7 vitro (Omiecinski et al.,1999).
Inhibitors of CYP thyn ) \\\s" ethoxyclor and orphenadrine

(Parkinson, 2001).

CYP 2E1 is expr. SOng vely and possibly in extrahepatic tissues,
parow (Parkinson, 2001). This enzyme is

ar weight chemicals, including benzene,

capable of metabolizing nume J.‘ :i’ i

carbon tetrachloridéey ylamine, and others. The ubiquitous

= = f.' .
nature: of CYP 2E F- a nwronment tobacco smoke,

1|

and diet has markeﬂnuman health implication Gonz and Gelboin, 1994). Only a

few substrates are ‘(ﬂgs S 51 dapsone, theophylline,
chlorzoxazoﬁ u(sl’JZm! ﬂh ﬁﬁgj ﬁ as ethanol, isopropanol,
acetone, toluene, and benzene, mdy also induce=€YP2E1 itself. I8ehiazid and imidazole
compa wfl @ﬁ;}ai m;l m’lg mcg.lt’] anﬂ of this enzyme
(Rendlc and Di Carlo, 1997). In human, CYP2E1 is accounted for approximately 6% of
total hepatic CYP. This isoform can vary up to 20-fold among individuals, probably due
to inducﬁon by environmental factors. Mechanisms of CYP2E1 induction include

transcriptional activation, mRNA stabilisation, translation efficiency, and enzyme

stabilisation (Berthou, 2001). Human liver CYP2E1 is similar to rat CYP2E1 and rabbit
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CYP2E1 in structure, catalytic activity and regulatory characteristics (Wrighton et al.,

1986). Thus, CYP2E1 are well conserved among mammalian species (Parkinson, 2001).
CYP3A Subfamily

The most abundant P450 enzymes in human liver microsomes belong to the CYP
3A gene subfamily, which include CYP3A4, CYP3A5, and CYP3A7. CYP3A4 and
CYP3AS are expressed in liver and in intestinal mucosa (Omiecinski et al., 1999).

CYP3AT is represented in fetal liver ndometnum and placenta. CYP3A subfamily

content in human livers (Taavitsainen,

gs and are involved in metabolic

ing aflatoxin B,, benzo(a)pyrene

7,8-diol, 1-nitropyrea emotherapeutic agent such as

cyclophospharnide, .if6 450 expressed in human and

\ fan 150 drugs belonging to about

38 classes are listed S ' @ A \ mples of substrates are opioid
analgesics, corticosteroids, imm 1S 2nd antiarrhythmics. This enzyme also
catalyzes the metabolisig of “endogen ter@ids including androgens, anabolic

hormones, cortisol, estradiola oste 2.(Table 3).

e

In human, t P \efous drugs, such as rifampin,

phenobarbital, ph 'uman CYP3A include azole

type antimycotics (m ketoconazole™ and clotnmazﬂ, macrolide antibiotics (e.g.,
erythromycin), HIV protéase inhibitors (e gmallr ntonavii estodene, ethynylestradiol,

statins, and ﬂryu&[’d’f; %lcﬂlm

flavonoids quer~"et|n naringin, bergamottin and maringenin) (Parkifison, 2001: Zuber et

a. @mmmm AR1INBI[E

YP3A1 and CYP3A2 are found in rats. Expression of CYP3A1 is very low in

ru1t juice (containing the

normal rat liver, whereas CYP 3A2 is the adult male-specific CYP which is absent from

the livers of adult females (Oinomen and Lindros, 1998).
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Table 3 Hurnan CYP enzymes, their specific substrates and their percent participation

in drug metabolism (modified from Rendic and Di Carlo, 1997)

CYP Substrates Participation in drug
enzymes metabolism (%)
1A1 7-Methoxyresorufin 25

1A2 8.2
2B6 3.4
2E1 j Acetaminophen - 4.1

AusIneniweIns
ARAATA NN TN

p-Nitrophenol

2C8, 9 Diclofenac 15.8
Hexobarbital
Phenytoin

Tolbutamide
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Table 3 (continued) Human CYP enzymes, their specific substrates and their percent

participation in drug metabolism (modified from Rendic and Di Carlo, 1997)

CYP Substrates Participation in drug
enzymes metabolism (%)
2C8, 9 S-Warfarin
2C18, 19 Diazepamy § § 8.3
vy
k, .
u‘_
":‘inviv;.-:-_:-_ Ie -
2D6 18.8
3A4,5 " 341
' :’l,
Cortls
F b 2
azolam
ﬂ UEJ@%%IM%I EJ’Iﬂi
Omeprazog

q
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Table 4 Role of rat and human CYPs in the activation of some potential carcinogens/

mutagens (Scucek and Gut, 1992; Guengerich, 1993; Gonzalez and Gelboin, 1994)

CYP B Potential mutagens/ carcinogens
Rat Human
1A1 Aflatoxin B, Benzo(a)pyrene
Benzo(a)pyrene 7,12-Dimethylbenz(a)anthracene

7,12-Dimethylbénz(a)anthracene 6-Nitrochrysene

1A2 2-Acetylfluorene
2-Aminoanthracene
Aflatoxin B,
4-Aminobiphenyl
2-Naphthylamine

6-Nitrochrysene

2B1

i

e B o ot TV o e W o oV e ———————————

e —F oY 2 72N E2 R AVava -

- 'y ‘
V. r

< 4,4'-(bis) Methylene chloroaniline ™

- AuBAngninenns
QRN TN INY Wb

2B7 Aflatoxin B,
2E1 N-N'-Nitrosodimethylamine Acrylonitrile
N-Nitroso-N-diethylamine Benzene

Carbon tetrachloride

Chloroform
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Table 4 (continued) Role of rat and human CYPs in the activation of some potential
carcinogens/ mutagens (Soucek and Gut, 1992; Guengerich, 1993: Gonzalez and

Gelboin, 1994)

éYP d Potential mutagens/ carcinogens

Rat Human

2E1 N-Nitroso-N-diethylamine
Styrene
Trichloroethylene

Vinyl carbamate

Vinyl bromide

Vinyl chloride

3A4 Aflatoxin B,
Aflatoxin G,
Benzo(a)pyrene
6-Nitrochrysene

Sterigmatocystin

AULINENINYINg
AR TN TN
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Sequential homology between rat and human CYP forms (Soucek and Gut,

P-450 form

Rat

Sequential homology”

ARTRAN

CYP3A9

CYP4A1

CYP4A3
CYP11A1

ol 3P Ne

CYP11A1

Human orthologue (%)
CYP 1A1 CYP 1A1 80(78)
CYP 1A2 CYP1A2 75(70)
CYP 2A1 _
CYP2A2 ot
CYP2A3 (85)
b
CYP2B1 78(74)
(76)
CYP2B2 | _
CYP2B3 —
CYP2C6 (75)
CYP2C11 80(77)
CYP2C12 .
CYP2C lg;.-— _________ 74(68)
CYP2DTHE : (71)
CYP2E1 J CYP2E1 ~ 75(78)
_FUEINEYELNET T

79(76)

°Similarity of cDNA and amino acid (in parentheses) sequence stated.

°No data available regarding existence of orthologous form.
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Mechanism of induction of CYPs

Induction is defined as an increase in amount and catalytic activity of CYP.
Classically, definition of induction is a de novo synthesis of new enzyme molecules as a
result of an increase transcription of its gene after stimulation by an appropriate
chemical signal. An increase in enzyme activity due to activation is not usually included
under the term of induction. Enyzme induction is dose-dependent, generally with a

steep dose-response relation and no clear-cut threshold of no-effect (Woolf, 1999).

A considerable div icted in the mechanisms of regulation of

CYP (Figure 3). Mecha io ene transcription through receptors,
mRNA processing, fsatipn - stabilisation which are shown in
Table 6 (Berthou, 2
X%
» b scripti 7 Translation Stabilisation
XRE, o At Endoplasmic reticulum
Transcription i g 1

?T i : I Apoprotein

L | P450 enzyme

AT I ]
BN 7 / *
4 P450 inactive

Enha eme pool ¢

transcrip

Degradation

AUEANENINEING | o

QA RARFRHRA R A

Effect of induction can be seen within the first two days of compound exposure,
but it usually takes more than a week for new enzymes to be synthesized and the
maximal effect to occur. The time course of enzyme induction onset and offset is closely
related to the plasma concentration of the inducer, as well as the half-life of enzyme
production and degradation. For drugs that are active in their parent forms, enzyme

induction can enhance metabolic rate of the affected drug, resulting in a decrease in the
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serum concentration of parent drug, and possibly a loss of clinical efficacy. For
prodrugs, compounds that require metabolic activation and whose effects are produced
by the metabolites, enhanced pharmacodynamic effects may be expected (Berthou,

2001).

Table 6 Mechanisms of induction known to date for different CYPs (Berthou, 2001)

Induction mechanism v CYPs known to be induced

Gene transcription throug [ 1 (cytosolic AhR), 1A2, 1B1
| 6 (CAR), 2C8, 2C9, 2C18, 2C19
(nuclear receptors PXR and SXR)

R oc)

_m—RNA processin f )
mRNA stabilisatio /i 3A4
Enzyme stabilisatio i

AhR = aryl hyér 'rggz

CAR = constitutive éné , or

PPAR = peroxiso . receptor

PXR = frt

SXR =s »

AULINENINYINT
ARIANTAUNNIINGIA Y




32

Mechanism of inhibition of CYPs

(Berthou, 2001; Lin and Lu, 2001; Gibson and Skett, 2000; Woolf, 1999)

Enzyme inhibition results in a decrease in the clearance, thereby an increase in
the steady-state serum concentration of the affected drug. The magnitude of the effect is
largely unpredictable because it depends on the specific enzyme which is inhibited and
the quantitative importance of that pathway in the overall clearance of the affected drug.

Inhibition of CYP enzymes is the m t common cause of metabolism based drug-drug

interactions. The inhibition of t,\“ \‘\1( =8' i310f clinical importance for both therapeutic

and toxicological reasons.” e inhibition can be categorized into

reversible inhibitiony- ibitiomsimechanism-base inhibition .
1. Reversibiefnhj \\

Reversible | of enzyme inhibition. Reversible

inhibition is transien unetions of CYPs continue after the
inhibitor has been ' ;‘l body: Reversible inhibition can be further
classified into competity , Mixéd-type and non-competitive inhibition.
' bitor to an enzyme prevents a further
e enzyme. In uncompetitive inhibition, an

binding of a substrate to the 3 m ;

inhibitor does not| bipg 7. D@ enzyme-substrate complex,
\

resulting in a non § plex. Mixed-type inhibition is

when an inhibitor birm either to the free enzyme or to 'm enzyme-substrate complex. In
the case of n compet‘fnﬂmhlbmon an i active binding site of the
enzyme, ancﬁiu&g a m Ejglﬁ bstrate but the enzyme-
substrate- lnhlbl‘tor complex is nonpi)ductlve

WIANNAETIAn0A ...

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

restore CYP activity in an in vivo.
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3. Mechanism-base inhibition

Mechanism-based inhibition can be mediated by covalent modification of a
pyrrole nitrogen in the prosthetic heme group of CYP or by direct modification of the
heme moiety or the apoprotein. The mode of inhibition is highly specific because the
inhibitor must both bind to and be metabolised by the enzyme. The inhibitory effect of

mechanism-based inhibition is terminated by enzyme resynthesis rather than inhibitor

washout.

One mode of mechanism-based ighibition is the so-called enzyme inactivation
(or suicide inhibition). S 5 ibitibAfCsults from covalent binding of reactive
intermediates to the heMEERALGE protein ok CYP™

The most impg chanism-based inhibition are time,

concentration, and NAE e activity. /n vivo, the inhibitory
effect of a mechanisti \"'"{ prominent after repeated dosing

and last longer tha

AULINENINYINT
RN TAUNIINGIAE
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