CHAPTER 1l
LITERATURE REVIEWS

Orthosiphon grandiflorus

O. grandiflorus Bold, known locally as Yaa nuat maeo, Kidney tea plant or Java tea,

is a medicinal plant in family Labiatae. f diflorus is used traditionally for treatment of
kidney diseases, dysuria with uri \ @d joint pain, diuretic, antihypertensive
and antidiabetic ({¥un9u um o en recommended that about 4 g of

aerial parts of O. grandifk 50 ml of boiling water and the

water is administered fo ment of renal stones (AUYi7 &M

A7, 2642).
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seeded nutlets. Nutlet ﬁobovate father flatt

(Figure 1).

Figure 1 Morphology of O. grandifiorus.



Chemical constituents found in O. grandiflorus include (Banskota, A.H., et al., 2003; Awale,

S., et al., 2002).

1. Diterpenes:
1.1.  Neoorthosiphols A and B
1.2.  Nororthosiphonolide A

1.3.  Norstaminols A-C

1.4.  Norstaminolactone

1.5.  Orthosiphols A-J™™

1.6. Orthosiphonon

1.7.  Secoorthosipho

1.8.  Siphonols A-E

1.9. Staminols A

1.10. Staminolacton
2. Flavonoids:

2.1, Cirsimaritin

2.2. Eupatorin

2.3. 5-Hydroxy-€

2.4. 6-Hydroxy- 1 il t
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2.10. Tetramethylscutellarein
2.11. 5,7,3',4'-Tetramethoxyflavone

2.12. 5,7,4-Trimethoxyflavone
2.13. 7,3, 4-Tri-O-methylluteolin



3. Others:
3:1
3:2
3:3
3.4
3.5
3.6
3ol
3.8
3.9
3.10
3.11
312
343
3.14
3:15
3.16

The chemical st

shown in figure 2.
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Acetovanillochromene
Aurantiamide acetate
Benzochromene
Betulinic acid

Caffeic acid

2-Caffeoyltartaric acid
Cichoric acid

Coumarin

B—Sitosterol
Ursolic acid

Vomifoliol
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Figure 2 Chemlcal constituents found in O. grandiflorus (Shibuya, H. et al., 1999; Ohashi,

K., et al. 2000; Tezuka, Y. et al., 2000; Awale, S. et al., 2002, 2003: Olah, N. et al., 2003:
Akowuah, G.A. et al., 2004; Nguyen, M.T.T. et al., 2004).
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Figure 2 (Contlnued) Chemical constituents found in O. grandiflorus (Shibuya, H. et al.,
1999; Ohashi, K., et al. 2000; Tezuka, Y. et al., 2000; Awale, S. et al., 2002, 2003; Olah, N.
et al., 2003; Akowuah, G.A. et al., 2004; Nguyen, M.T.T. et al., 2004).
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Diterpenes
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Figure 2 (Continued) Chemical constituents found in O. grandiflorus (Shibuya, H. et al.,

1999; Ohashi, K., et al. 2000; Tezuka, Y. et al., 2000; Awale, S. et al., 2002, 2003; Olah, N.
et al., 2003; Akowuah, G.A. et al., 2004; Nguyen, M.T.T. et al., 2004).
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Flavonoids

Caffeic acid Cichoric acid

Figure 2 (Continued) Chemical constituents found in O. grandiflorus (Shibuya, H. et al.,
1999; Ohashi, K., et al. 2000; Tezuka, Y. et al., 2000; Awale, S. et al., 2002, 2003; Olah, N.
et al., 2003; Akowuah, G.A. et al., 2004; Nguyen, M.T.T. et al., 2004).



12

“‘l 'ﬁ "COOH
SR U Iy i

-sntostero Ursolic aqg

ARNAINTUNRINGNAY

Figure 2 (&ontmued) Chemical constituents found in O. grandiflorus (Shibuya, H. et al.,

1999; Ohashi, K., et al. 2000; Tezuka, Y. et al., 2000; Awale, S. et al., 2002, 2003; Olah, N.
et al., 2003; Akowuah, G.A. et al., 2004; Nguyen, M.T.T. et al., 2004).
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Pharmacological effects
1. Diuretic effect
Rats were given orally with O. grandiflorus aqueous extract at the doses of 125
mg/kg, 750 mg/kg and 1 g/kg whereas rats in the other two control groups receiving water
and furosemide, respectively. The results showed that O. grandiflorus aqueous extract was

active on the diuretic system in rodents and the optimum activity which was comparable to

that of the furosemide control group at receiving the extract at the dosage of
750 mg/kg (Englert, J. and Ha ., "
id

Rats were given ora | Wi ter/@ of furosemide, 700 mg/kg of
tincture A and 700 mg/kg of i ¥ (Tipc re prepared from 100 g of dry
leaves of O. grandifiorus o0 ¢ \ 7 0% ethanol, respectively). The
results showed that the tinc J , S 2 et a bet \< lcal action than the tincture B.
The tincture A eliminated"Sod stter i ‘ or furosemide, usefully diuretic,

but it had preserved pol@Ssi I ,‘ v Bétter, then furesemide or the tincture B. The
experiments on same tinctuge A ic 19] f y goa ‘\ climination of uric acid (Olah, N., et

al., 2003).

2. Renalstoneeffget® N £

.v;,— Y]

Effect of O. gramt was studied in 16 patients

who had renal stone wit ' a diameter of 0.3-2 cm. Each 41 atient received 300 ml of tea
(prepared by 4 ﬁ ﬁﬂ ) for 1-10 months. The
results showed iET ﬁ m ﬁ’iﬁ nd pH of the urine was
trended to be lncreased (AR el uaz uej7 iesien, 2535). A

WU O Ghobsdot b P dich ool e romoters anc
inhibitors 3f renal stone precipitating was studied in 6 healthy male volunteers aged
between 27-45 years old. They received 1 liter/day in 4 divided dose of 0.53%w/v of
O. grandiflorus macerating solution. Their urine samples were then collected at 3 interval

times during 24 hours for analysis of various chemistry values. The results showed that their

urine pH was increased and the titratable acidity was lower as compared to those of the
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water control group. There were no changes of urine volume, osmolarity, creatinine, sodium,
potassium and chloride. However, an increase of the promoters of renal stone such as
oxalate, calcium was observed. It was recommended that O. grandiflorus may be beneficial
for increasing the alkalinity of the urine. Thus, it could be used to lower risk factors of uric

acid renal stone. In contrast, it showed a tendency to increase risk of calcium oxalate

urolithiasis (g7 [Himine uazAT=RI Wisniy, 2535).

A long-term study on the efficac “ ! @ Jorandiflorus in renal calculi treatment was
- \

performed comparing to sodium p .;‘ m citfat€@a"day widely used for the management

into 2 groups. Patients in grg teceived 2 cups oi.0. grandiflorus tea containing 5 g

of O. grandifiorus and patig h.g.of granular sodium potassium

citrate for 18 months. The regliitsfSh |ze reduction per year was not

6 ¥16.0% and 33.8 + 23.6% for

\"

statistically different betwee
patient group | and I, respeci ore than 90% of the subjects in
both groups reported an easi sy 1&' oms of the disease. None of the

subjects in group | had any & ' 0. grandiflorus whereas 26.3% of the

subjects in group Il reported feeliag s -«- ,, e s of appetite (Premgamone, A., et al.,

2001). AE— v

S\ 7
Effect of O. grand; ?v. ‘Tenal stones was performed.

d tea made of 2, 3 and 4 tea
bags of O. gra ﬁ mﬁf spectively for 15 days.
The results shoﬁ M o&l?]ﬁi little effects on serum
and urine_ eters re ed to t:)ﬂ’s rﬂjowever, higher
doses an |ﬁ h‘i ﬂﬁﬁnﬁﬁuﬁ an increase of

urinary volume (8N Wlsunua uaTAE, 2545).

The patients were divided |nto 3 groups. They were receivi

3. Antihypertensive effect
Methylripariochromene A (MRC) was isolated from leaves of O. grandiflorus and

subjected to the examination of antihypertensive activity using conscious male stroke-prone



LS

spontaneously hypertensive rats. The results indicated that MRC caused a continuous
decrease in systolic blood pressure and decrease in heart rate after subcutaneous
administration MRC at doses of 50 mg/kg and 100 mg/kg as compared to the control
receiving 0.5% Tween 80 solution which was used as a vehicle of MRC. MRC exhibited the

concentration-dependent suppression of contractions induced by high K', -phenyleprine or

prostaglandin F,q in endothelium-denuded, rat thoracic aorta. In addition, MRC increased

urinary volume and the excretion 0 1\ ’ } t 3 hours after oral administration at the
\

dose of 100 mg/kg of MRC (M %ﬁ__:: et -
Neoorthosiphols A and B8 ..._qg-rm_ orthosiphonone A and B,

methylripariochromene A, ag hiomene A, tetramethylscutellarein

e

‘uced by K" in endothelium-

and sinensetin were isolaig . They were found to exhibit
concentration-dependent ofo)t

denuded rat thoracic aofta v' hag

4. Nitric oxide (NO) inhibitogy eff \

ati f*""’-’

Several diterpene de ANe methanolic extract of O. grandiflorus

such as staminane-type diterping ‘5» -.fﬁ,g‘;- diterpenes etc. were tested for their

2

inhibitory  activities @ijs ;;;;:;:.".._....5...‘.,....._=;'=;;-:-:.:.:‘i ccharide (LPS)-activated
. LN

macrophage-like J774. ;ll ; [7- ated diterpenes significantly

inhibited nitric oxide n’. ction in LPS-activated macrophe-like J774.1 cells in a dose-

e TN
’ ’Wﬁﬁﬁﬂi"ﬁiﬁj@ DABEIAAL, e oo

strain Baylor 186 comparing to the standard antiviral drug, acyclovir. In that study,
O. grandiflorus was extracted into five fractions including ethanol fraction, hexane fraction,
aqueous-ethanol fraction, ethyl acetate fraction and aqueous-ethyl acetate fraction. The

results showed that O. grandiflorus hexane, aqueous-ethanol and aqueous-ethyl acetate
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extracts were shown to possess anti-herpes simplex virus activity (Ana¥mu FAufass,

2545).

6. Antiproliferative effect
Orthosiphols D, E, O, P and Q, nororthosiphonolide A and orthosiphonone A were

isolated from the aerial parts of O. grandiflorus. They displayed mild antiproliferative

8 mg/ml, histamine 2 x cre added one by one into the

chamber and the changing of ife va_nl ;}m%_ 1SiQ corded. The results showed that
aqueous extract at the con€ent ,-|,.,L,; . nl ca a relaxation of trachea smooth

muscle and also could completeli-Block: i e-induced contraction of trachea

smooth muscle (Chanarat, N., et ~3,5;h;/

4

\"7
8. Hypoglycemic effec r
= ~
i

xtract was studied in normal,
iabeti ﬁ)ﬁ fﬁ' rally-loaded (1 g/kg) rats. Each
.rji; it ﬁﬂ;ﬂ Iuti ﬁﬂﬁdﬁi doses of 1 g/kg and
O. grandiflorus at doses of 400 mgﬂ; . Blood gleose Ievel;latﬁ}aﬁous times were

compareBbab bk G e bl Sk 3ol &

The hypoglycem' ffect of O. grandiflorus aqueou

alloxan-induced

group of rats wel

n a’uﬂqueous extract

caused a reduction of blood glucose in all groups of rats but its effect was lower than
tolbutamide (Chanarat, N., et al, 1997).

Hypoglycemic effect of O. grandiflorus extract on oral glucose tolerance was
studied in normal rats. Rats were given orally with O. grandiflorus ethanol extract at doses

of 125, 250, 500 mg/kg, or chlorpropamide at the dosage of 40 mg/kg. The result showed
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that O. grandiflorus ethanol extract at the dose of 125 mg/kg reduced blood glucose more

than the control rats (faBn ayANIIMINTAl, 8787 UnuFay uaz a73s 1uAns, 2543).

9. Antiinflammatory effect

Anti-inflammatory activity of orthosiphol A and B was measured on mouse ears

10. Transforming gro nistic activity

Aqueous and me s as well as triterpenoidal

constituents, ursolic and ojganaglic j& - vere teste TGF-ﬁ1 antagonistic activity.

The results showed that bo Fagltie ol Aot anol extrag ts exhibited a dose-dependent

inhibitory activity towards' thefbigding! of ronaliGE o its receptor in Balb/c 3T3 cells.
W3 "

Triterpenoidal constituents wergialsa ;"f:. oter jtre —B1 antagonists (Yoshimura, H.,

et

et al, 2003). 7
a:vﬁfﬁ
Toxicological effects ;— {‘3‘
Acute toxicity -

U

was performed in mnce and rats using an aqueous extract of

)
dried leaves of ight. The median lethal
doses (LD,) in ﬂ Hﬂrg ﬂﬁﬂjﬂmgeal injection were 0.93
(male ra % alwﬁ ﬁjt] ﬁ m mpj Wﬂﬂ ﬁ:a no lethal effect
was fou in ght mice (97

NTTAN UATANLY, 2533).

Acute toxicity st

Subacute toxicity
A subacute toxicity study was performed in mice and rats using an aqueous extract

of dried leaves of O. grandifiorus at doses of 0.5, 1 and 2 g/kg body weight given orally for
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30 days. The results showed that no changes of body weight, clinical blood chemistry and
histopathology of major visceral organs, i.e., kidney, liver, heart, lung and spleen as

compared to the control group (qflﬁ NHNTZAN UATANE, 2533).

Chronic toxicity

A chronic toxicity study was performed in rats using an aqueous extract of dried

aerial parts of O. grandiflorus at dost #4600 and 18.0 g/kg/day given orally for 6

months. The results showed tha v < es in growth and food consumption
J »
between groups throughout'thesstudy. Ger ral%_igns revealed no abnormalities.

NS
(AR 17aNA FozWmnd uazAy, 2536).
R

ing"an aqueous extract of dried

Only at the dose of 18.0 g/kg/g creased significantly (p<0.05).

Serum sodium levels decreas foups. Histopathological findings
showed no evidence of lesiopé refé

A chronic toxicit
aerial parts of O. grandifi 80 g/kg/day given orally for 6
months. There were no diffefe . »  consumption between groups
throughout the study. Hemat ical blood chemistry, gross and
histopathological examinations of : ;::".»
of 6 month study. Platglét-€ounts of female rats receiving th eshighest dose (4.80 g/kg/day)

e LY

V

ere determined after the completion

of the extract was sig > but was still in the normal

|

f;;

range. Serum sodium - " els decreased (p<0.05) in a#* treatment groups. Alkaline

phosphatase lev Méf ﬂ ﬂaﬁ%’ﬁﬁvgﬁ ﬂﬁ ’fiingher than that of the
control. Incide highest dose (4.80
g/kg/day) of the extract was significantly higher thanathat of the contrél(u1nnA AndaNINA

wornz bl TANTIIEU N TIVIETRE



19

Xenobiotics metabolism

Xenobiotic are chemical compounds that do not belong to the normal composition
of the human body. These compounds enter the body via diet, air and medication. The
principal route of elimination of xenobiotics from the body is biotransformation (Taavitsainen,
P., 2001). Biotransformation is the conversion of lipophilic xenobiotics into more hydrophilic,

water-soluble metabolites, thereby serving to reduce the biological half-life of the

change the duration of the biologicatacti @cs (loannides, C., 1996). Drug
metabolizing enzymes are a di are responsible for metabolizing

a vast array of xenobioti Y environmental pollutants, and

endogenous compounds sugh' ag's ierdidis_anc S. Drug metabolism is normally

divided into two phases,#phagé | (or I ctio on i and phase Il (or conjugative
L

reactions) (Table1). , oy |

Table 1 Reactions classed as etabolism (Gibson, G. G. and Skett, P.,

1994)

Phase | o

Oxidation - Glucuronida i glucosidation
Reduction

s AUEN UN LN
Hydratlon

oaricactyly | 1N T] TlNEII LAY
Isomensatlon Glutathione conjugation

Fatty acid conjugation

Condensation
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The reactions of phase | are thought to act as a preparation of the phase Il
reactions, resulting in conjugation with endogenous substrates, increased water solubility
and polarity, and drug elimination or excretion from the body. Liver is the main organ
responsible for phase | and phase |l drug metabolism reactions.

Phase | metabolism includes oxidation, reduction, hydrolysis and hydration

reactions. Oxidation performed by the microsomal mixed-function oxidase system

(cytochrome P450 dependent). The, b lionyoxidase system is found in microsomes

of many cells such as liver, kidne

Cytochrome P450 (CYP)

The CYP superfami L ar bfammes on the basis of their
nucleotide sequence | of microsomal hemoproteins
catalyses the monoo endogenous and exogenous
compounds. They play a e variety of xenobiotics, drugs,
alcohols, aromatic organi / environmental pollutants and
natural plant products. Somg" ofjth&se <.are ical carcinogens or mutagens. Most
biotransformation of xenobiotics i ? rt [

families are mainly inyeive s Jcompounds, such as fatty

from the families CYP1, 2 and 3. Other

acids, bile acids and H in the human liver belong

: i

k.
to the families which pa#i€ipate in drug metabolism. Of t

"Y”CEM%J s o
been most exte ied! usi ela odel systems. Species
differences have been noted in the exPression of CX& ene. Table Zigresents sequential

pomaoaPloffen ¥ had Skdsidid Shadtd b Blotthrs an i

acid sequence between rat and human CYP isoforms is high in similarily, approximately

e CYP3A4 represents about

70% (Soucek, P. and Gut, I., 1992).
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CYP1A subfamily

The human CYP1A subfamily consists of two members, CYP1A1 and CYP1A2.
CYP1A2 is mainly expressed in the liver, while CYP1A1 is primarily expressed in
extrahepatic tissues. Evolutionary conservation the CYP1A subfamily throughout mammals
suggests that this subfamily of P450 may play an important role in the metabolism of critical

environmental chemicals (Table 3) (loannides, C., 1996).

CYP1A1 is induced by polyc ydrocarbons (PAHs), such as 2,3,7,8
tetrachlorodibenzo-p-dioxin  (T€ methylcholanthrene (MC) and
o #
B-naphthoflavone (BNF) (TABIEAY (Tl %K 0., 1998).

The constitutively exg ver is inducible by, for example,
environmental compounds st 03 ed. eat, cruciferous vegetables,

cigarette smoke, PAHs andgpo 2YP1A2 represents about 15% of

’\
total CYP enzymes in the"hurg

CYP2B subfamily
The expression of the high ;:{q,- ar, and 2B2 forms is low in rat liver, but

both are up to 50-fold induced e;.j,l ,.s:'» YP2B1 metabolizes various lipophilic
S

drugs and steroids more ¥..and Lindros, K., 1998). Rat

-y

AY —

erand extrahepatic tissues but
Ml
e absence of i i

CYP2B1 is analogous tefhi

are generally expressed “ low levels in cers such as phenobarbital

(Gonzdilez, E: a"dﬁeﬁig.?% EJ Y1 %JW g1N3

CYP2E subfamily

RIFAIAFAUBAFIBAR B s
to be mduable by ethanol and a number of other small compounds that are substrates for
the enzyme. CYP2E1 is capable of metabolizing numerous low molecular weight chemicals,
including benzene, carbon tetrachloride, acrylonitrile, N-nitrosodimethylamine, and others.
The ubiquitous nature of CYP2E1 substrates in the industrial workplace, environment,

tobacco smoke, and diet has made human health implications (Gonzalez, F. and Gelboin,
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H., 1994). CYP2E1 expression is regulated by many factors. For example, fasting elevates
level of the protein by increasing the transcription of the gene and diabetes by stabilizing
the mRNA, while isoniazid increases the translation efficiency and affects the enzyme

stabilization similarly to ethanol and imidazole (Taavitsainen, P., 2001).

CYP3A subfamily

CYP3A subfamily represents. of the total P450 content in the human liver,
AL ng individuals. In human, CYP3A

bundant CYP enzyme in human

although levels of the proteinsg
subfamily consists of three
liver and expressed in seve in the liver and in the small
intestine is of major intereg f drugs and other xenobiotic
chemicals. CYP3A5 is a mig ., 0 e which is expressed in lungs
and colon. About 20% 6f indivi A5 at a high level in the liver.
CYP3A7 is expressed in fete I' o1 £ d| ,’._.r., ometrium and placenta (Taavitsainen,

P., 2001). Members of this famil eta 3*"' ? 0ids \o selected drugs. The expression of

CYP3AT1 is extremely low in nermat.fat liver PIA2 is only expressed in male rats

(Oinonen, T. and Lindros, K.O., 1 ',r;r)f:' .._i)

CYP3A is induelble by many drugs, for example & fifampicin, dexamethasone,

carbamazepine and phénob ibitors of CYP3A have a wide
l (1]

ures. For example, azole-type * J

variety of chemical stru ingicides, ketoconazole and

“tﬁ”ﬁm%ﬂ*ﬁ TIWENNg
AMIAN TN INYAE
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Table 2 Sequential homology between rat and human P450 forms (Soucek, P. and Gut, |.,
1992)

P450 form Sequential homology® (%)
Rat Human orthologue

CYP1A1 CYP1AT 80 (78)
CYP1A2 N 75 (70)
CYP2A1 b
CYP2A2 b
CYP2A3 (85)
R b
CYP2B1 78 (74)
(76)

CYP2B2 _®
CYP2B3 b
CYP2B18 b
CYP2C6 (75)
CYP2C7 et
CYP2C11 80 (77)
CYP2C12 ‘ — ‘ b
CYP2CA 0 10t B o | m ~  74(68)
A WU INBTINENT 7
c ¢ o Q) v
I AN IUTANINYA L
gvpzm S b
CYP2D5 S— b
————— CYP2D7 =
e CYP2D8 _®

CYP2E1 CYP2E1 75 (78)
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Table 2 (continuted) Sequential homology between rat and human P450 forms (Soucek, P.

and Gut, 1., 1992)

P450 form Sequential homology” (%)

Rat Human orthologue

CYP3A1 (78)
s (73)
CYP3A2 (71)
(65)
CYP3A9 =
CYP4A1 B
CYP4A2 .-
CYP4A3 -
CYP4A8 -
CYP4B1 (>80)
CYP7 (82)
CYP11A1 79 (76)
CYP11B1 (67)
CYP17

=9

THUY qwsﬁmwm

® No data available regarding existence of orthogous form.
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Table 3 Carcinogens and toxins metabolized by human P450s (Gonzalez, F. and Gelboin,

H., 1994)

P450 Carcinogen/toxin

CYP1A1 Benzo(a)pyrene, dimethylbenz(a)

~ anthracene, 6-nitrochrysene

CYP1A2 N minofluorene, 2- acetylaminofiurene,
: | in B,, 4-aminobiphenyl, 2-
..... Oanthracene, 2-amino-3-
imidazo[4,5f]quinoline (1Q), 2-

8-dimethylimidazo[4,5f]quinoline

idazo[4,5f]quinoxaline
= elQ,), 2-amino-6-methyldipyrido[1,2-
LTRIA 2"_dlimidazole (Glu P-1), 2-
| aminodinyve do ,2-a:3",2"-dlimidazole (Glu
UA01 4-dimethyl-5H-
pyridoi[4, *6] indole (Trp P-1), 3-amino-1-

ueanenimImE

phenylimidazo[4,5-

CUREXTPTTE T hiow (i1

nitrochrysene

CYP2A6 Aflatoxin B,, N-nitrosodiethylamine, 4-
(methylnitrosamino)-1-(3-pyridyl)-1-
butanone (NNK)
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Table 3 (continuted) Carcinogens and toxins metabolized by human P450s (Gonzalez, F.

and Gelboin, H., 1994)

P450 Carcinogen/toxin
CYP2B6 6-Aminochrysene
CYP2C8, 9, 18 None known
CYP2D6 thylnitrosamino)-1-(3-pyridyl)-1-
floge (NNK)
CYP2E1 et = AeglDm 'mo} en, acrylonitrile, benzene,
letrachloride, chloroform, 1,2-
\\ pane, ethyl carbonate,
3ne. .,‘_;- romide, ethylene dichloride,
; _- de, methylene chloride
\: .‘ thylamine, styrene, vinyl
cart dale, viny! bromide, vinyl chioride,
1-trichloroethane, trichloroethylene
CYP2F1 nOWN
CYP3A4 fiatoxin B SO in G,, 6-aminochrysene,
D I e-7,8 diol, 6-nitrochrysene,
-nitropyré , tris-(2,3-dibromopropyl)
‘a
atocystin, serecionine
vy AU T Bﬂiﬁﬂ’lﬁ“ﬁ

CYP4B1




27

Table 4 Regulation of P450 gene expression (Soucek, P. and Gut, I., 1992)

CYP Mechanism and regulation of gene
expression”
1A1 Inducible (all tissues) — MC, TCDD, ACLR,
ISF, BNF: transcriptional activation +
1A2 (liver): transcriptional activation
a(all tissues) - MC, TCDD, ACLR,
NE: transcriptional activation +
stabilization
2A1 I| er) — age, sex, growth
'x- abetes, hypertension:
MC, PB, ACLR, BNF, PCN, ISF:
iption activation
2A2 : ;,__—i::;;;-;..;-...’---...g,‘ — age, sex (6 ), growth
: . "I“ criptional activation
2A3 Inducible (lurig) - MC
2B1

AuEINENREInT =
RN IUURTTREDALL v o

PCN, starvation: transcriptional activation

+ mRNA stabilization
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Table 4 (Continued) Regulation of P450 gene expression (Soucek, P. and Gut, 1., 1992)

CYP Mechanism and regulation of gene
expression’
2B2 Constitutive (liver) — age, growth hormone
Inducible — PB, ACLR, ISF, PCN, DEX,
arvation: transcriptional activation +
WA stabilization
283 GORGHITEVE (iver)
2B12 ve (liver, lung, kidney, testis)
Cible PR transcriptional activation
2C6 &\(liver, brain) — age:
iptional activation
26T age, sex (3/9 = 1/2),
tes: transcriptional activation
ole — PB, AE
2CH aSHGIVElideY - age, sex (3). growth
A % :do etes, hypertension:
transcripti ol activation
2C12

AugInenimerins o

es AN TUNRTINELLAL . sere

transcriptional activation

Inducible — AE
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Table 4 (Continued) Regulation of P450 gene expression (Soucek, P. and Gut, I., 1992)

CYp Mechanism and regulation of gene
expression’
2D1 Constitutive (liver, kidney) — age, sex, strain:

- transcriptional activation

2D2 ' shstittitive (liver, kidney) — age:

2D3-5
2E1 Conslitutive (liver, kidney) — age, growth
e > transcriptional activation;
etes -. ation; transcriptional
\ mRNA stabilization
uc (ver, lung) — ISN, AE, AC, B:
ein stabilization
2G1 tive (olfactory neuroepithelium)

3A1 e iaducible —PENLDEX, PB, hypertension:
1 -. |~!

dticAal activation + mRNA

stabilizatio ” TAO : protein stabilization

* Ausinendpmmes oo
QRIaIN T NuITNEIAY, ...

stabilization
4A1-3 Constitutive (liver, kidney): transcriptional

activation
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Table 4 (Continued) Regulation of P450 gene expression (Soucek, P. and Gut, I., 1992).

CYP Mechanism and regulation of gene
expression’
4A1-3 Inducible — clofibrate, starvation:

1scriptional activation

4B1 (lung): transcriptional activation
° Abbreviation usegf® woelor 1254, AE — ethanol, B —
benzene, BNF - ﬁ-naphtho' E DEX = 8, ISF — isosafrole, ISN — isoniazid,

MC - 3-methylchlanthrene, F enolone-1 60L-carbonitrile, TAO

— triacetyloleandomycin, TCDD* etiz ch Hhan'

Physiological facto & ade, sat '*’ﬁ_ \\ e specificity), diabetes, growth
hormone, hypertension, st3 rva !' f?" gge echanism of gene expression:

protein/mRNA stabilization, traasiilEaees

FIUEJ’JVIEWﬁWEJ’Iﬂ‘i
ﬂﬁ?ﬁﬂﬂ‘i'ﬂlﬂﬁﬂﬂmﬁﬂ
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Mechanism of induction of CYPs

Induction is defined as an increase in enzyme activity associated with an increase in
intracellular enzyme concentration. Induction of drug metabolism contributes to
interindividual and intraindividual variation in drug efficacy and potential toxicity associated
with drug-drug interactions (Woolf, T.F., 1999).

A considerable diversity has been depicted in the mechanisms of regulation of P450

S

XRE,

N
g \§!\ Translation | Stabilisation
\\ ‘.... ic reticulum

Transcription factors

Apoprotein P450 enzyme

P420 inactive
Enhanced
— Heme pool l
Degradation
Catabolism
proteasome

Figure 3 Steps in P450 expfiegsion (Berthou, F.g2001).

ﬂ‘HEJ’JVIEJVI?WEJ’]ﬂ‘i
quﬂﬁﬂimuﬁﬂﬂmﬁﬂ
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Table 5 Mechanisms of induction known to date for difference P450s (Berthou, F., 2001)

Induction mechanism P450s known to be induced or regulated

Gene transcription through receptors 1A1 (cytosolic AhR), 1A2, 1B1
2A6, 2B6 (CAR), 2C8, 2C9, 2C18, 2C19
3A4, 3A5 (nuclear receptors PXR and SXR)

(PPARQL)

Il
Ty
mRNA processing \" TV =

mRNA stabilisation 1A . 3A4

Enzyme stabilisation // | 1 \m;

Abbreviation used: CAR Constitutive androstane

receptor, PPAR-peroxiso 1 ceptor PXR-pregnane (or
pregnenolone)-receptor & StEroid-Ke \\

Inhibition of P450, s er a décreas: polism of a particular xenobiotic

Mechanism of inhibition of

(Benedetti, M., 1998; B ., G. and Skett, P., 1994; Lin, J.H.

L

by another xenobiotic 'ﬁ" f’ of the enzyme. There are

many known selective inm)itors of varous P4505s i forms.gwd there are several different
mechanisms by which a P48Qgsoform may be fnhibited. This inhibition of drug metabolism

S— xenﬂou 21 3308 NS NI AR S e costucton of e

existing enzymes, hlblthﬂ of enzyme gynthesis or bgomplexmg andmpus inactivating the
drug—me{q wg}@n@ ﬂlﬁlw M%’e}@l%r@’r}sﬁ |E]Jrug toxicity or
induce car&nogens. Mechanism of CYPs inhibition can be classified into three categories.
1. Reversible inhibition
Reversible inhibition is probably the most common mechanism responsible for the
documented drug interactions. Reversible interactions arise as a result of competition at

the CYP active site and probably involve only binding of the substrate to the ferric form
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of the enzyme. Many of the potent reversible CYP inhibitors are nitrogen-containing
drugs, including imidazoles, pyridines and quinolines. These compounds can not only
bind to the prosthetic haem iron, but also to the lipophilic region of the protein. The
potency of an inhibitor is determined both by its lipophilicity and by the strength of the
bond between its nitrogen lone electron pair and the prosthetic haem iron.

2. Quasi-irreversible inhibition via metabolic intermediate complexation

A large number of drug ethylenedioxybenzenes, alkylamines,

macrolide antibiotics and hyel labolic activation by CYP enzymes to
form inhibitory metabolites. These mets m stable complexes with the
prostatic haem of CYP, tabolic e (MI) complex, so that the CYP is

sequestered in a functign@ // /

catalytic function of fe an-be festore n vitro incubation with highly

iexation can be reversed, and the

lipophilic compound$ti jigpldce the- me ic intermediate from the active site. The
in vivo situations, the YP involved in the complex is
unavailable for drug me enzymes is only means by which

activity can be restored.

3. Mechanism-based inhibitiofaicide

Mechanism-bagedl” inhibitors_are compounds which aré converted into an active
e -

|

{- und or complexed, usually

irreversibly, with eithe the heme moiety or to the prot

form by P450 a ."'I -
within the active site of the

o ﬂ‘NEJ’JVIEJ‘VIﬁWEJ’]ﬂ‘i
ammﬂimumawmaﬂ
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