CHAPTERII

LITERATURE REVIEWS

Hibiscus sabdariffa Linn.

H. sabdariffa is a medicinal plant belongs to family Malvaceae. It is natively grown in

tropical Africa but nowadays it is grow throughout many tropical climate regions. It has been

called differently in different locations sueh as ica roselle (in Mexico), Karkade roselle (in

!J i )
! wdaeng, Krachiap-prieo (Central),

Phak-Kheng-Kheng (North : ae-Hong. Son), Som-por-dee  (Northeast)

Switzerland), Roselle or Jamican.io
Thailand. It has been known
(Boonyapraphastsara, N., Bunyapraphatsara, N., 1992;
Marderosian, A.D., and Beu

In Thailand, ional medicine as diuretic,

hypocholesterolemic ag ¢ agent, intestinal peristalsis
stimulation, bile acid secreti

I AIAUN, 2532; quS Tan  , yapraphastsara, N., 1987).

Various parts of thi 1 used. in traditional medicine as following

1. Leaves: for tr?’n cXpectorant.
2. Flowers: for treatment of kidney stones, urinary bladder stones and strangury,

- Fm‘tﬁﬁe» 1at10n1ﬂﬁ m;l ’lﬂj\d hypercholesterolemia.
TR e T

5. Not specified parts: for fever, alleviation of thirst, health promotion, treatment of
fatigue, biliary disease, disorders of urination, cough, as an antihypertensive,
antihypercholesterolemia, expectorant, blood tonic, element tonic, antidiabetic, and

vasodilator.



Botanical description of H. sabdariffa (Figure 1)

H. sabdariffa is an erect annual herb with reddish, cylindrical stem, nearly or quite
glabrous. Leaves are simple, having petiole, blade 3-5 lobed or parted, the lobes serrate or
obtusely toothed. Flowers are solitary, axillary, nearly sessile, 5-7 centimetre in diameter;
consisting of 8-12 epicalyx-segments, distinct, lanceolate to linear, adnate at base of the calyx;
thick calyx, red, and freshy, cup-like, deeply pWrommently 10-nerved; 5 petals, yellow,
twice as long as calyx; numerous Stamens, tge ﬁ]amcrffs:umted into a staminal column; single

style, 5-branched near summitystigha capitate. Fruit is-eapsule, ovoid, pointed, 1-2 centimetre

long, shorter than the calym/(

propagated by seeds. See At the eginning of the rainy season, and the seedlings,
R T

Fx3 f@; spacing. The erop should be harvested in 5-6

énscly sharp and stiffhairs, loculicidally dehiscent. It is

when ready, are planted o
month after planting (Farns and -B !yapraphatsara, ., 1992).

..-'." :,4 L+

Figure 1 The calyx of Hibiscus sabdariffa Linn.



Chemical constituents found in the calyx of H. sabdariffa
These following constituents were found in the calyx of H. sabdariffa :
1. Organic acids: citric acid, malic acid, tartaric acid, and (+)-allo-hydroxycitric acid lactone

(hibiscus acid) (Miller, L.P., 1973)

Citric acid
Citric acid is a hydroxy! is polybasic acid is abundant in fruit
juices, widely distributed in { i urring in the free state in various

plant extracts with comparati
Biologically, the majo is is through the formation of a
C-C bond between oxalg tion of citrate synthetase, also

known as citrate condensing

Malic acid

Malic acid contains 1s therefore known in two active
forms. The naturally occurring cid. L(-)-malic acid, in general is
the principal organic acid in a gr ts. It is universally distributed in living
organisms. The richest.sou bacco leaves, and Kalanchoe
leaves.

L(-)-malic acid is marﬁcid. This reaction is reversibly

catalyzed by a soluble enzyme, fumarate hydra se (or fumarase), which is specific for these

s ﬂumwﬂmwmm

Tartaric acid
PRI DRIV o
acid. Thefhaturally occurring acid has a levo configuration. This acid is widely distributed in
plants, especially in tamarinds and other fruits, in the free state and as its salt of potassium or
calcium. The tartaric acid isolated from Bauhinia has been reported to be the D-isomer.
Tartaric acid is somewhat similar to oxalic acid in respect to its metabolic inertness in
certain plants. Although the presence of both oxalic and tartaric acids in plant tissues has been

long reported, the metabolic transformation of these acids has not been elucidated.



+)-Allo-hydroxycitric acid lactone (Hi

(+)-Allo-hydroxycitric acid lactone (hibiscus acid) is hydroxycitric acid derivatives,
which is a unique hydroxycitric acid that can find in H. sabdariffa. Hydroxycitric acid (HCA) is
the principal acid found in Garcinia cambogia, Garcinia indica, Garcinia atroviridis,
H. sabdariffa, beet sugar. It is discussed with reference to its use as a metabolic regulator of

dient in functional foods (Fletcher, R., 1997)

obesity an its potential for application asia

and HCA is susceptible to lactonisati eSpe during evaporation and concentration

.

single bond to the third 7 flayonc ids are'found in fruits, vegetables, nuts, seeds, herbs,
spices, stems, flower, asavell 45 téa @and Ted T'hey are prominent components of citrus

fruits. Flavonoids are effectiVe in's ammatio itelet, allergic disease, coronary artery

s
Bone, K., 2000; Rice-Evans, C. 03",
The flavonoids that foun(L ﬂ—@ de gossypetin, quercetin, anthocyanins.

crimson and delphinidins 1eranthocyanin also found in H.

sabdariffa such as hibisﬂ (Delphinidin-3-xylosylglucoside) 'ﬂﬁller, L.P., 1973; Phillipson,

J.D., 1994).
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more hydroxyl groups (C-OH). PCA is phenolic acid that can find in H. sabdariffa. Furthermore,
PCA is also found in a number of soft fruits and vegetables in the form of glucosides, such as in
grape, strawberry, black berry, black currants. PCA is shown to be able to inhibit LDL lipid
peroxidation and to reduce the extent of its cytotoxic activity (Rice-Evans, C.A., 2003).

Chemical structures of these constituents in H. sabdariffa were shown in Figure 2.



Organic acid: citric acid

COOH
)-Malic acid

HO—C—-

ﬂuﬂﬁﬂﬂﬂﬁﬂﬂﬂﬂﬁ
R mnmummmaa

Figure 2 Chemical constituents found in H. sabdariffa (Miller, L.P., 1973; Phillipson, J.D.,
1994)



Flavonoids: gossypetin
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delphinidin
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Delphinidin, R = R’ = H

Figure 2 (continued) Chemical constituents found in H. sabdariffa (Miller, L.P., 1973;

Phillipson, J.D., 1994)
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hibiscin

Figure 2 (contmue Chemlcal constltuents found in H. sa bdariffa (Miller, L.P., 1973;
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Pharmacological effects

Antihypertensive effect

An intravenous administration of the aqueous extract of H. sabdariffa at doses of 62.5,

125 and 250 mg/kg caused hypotension and bradycardia in normotensive rats. In isolated

guinea-pig atria, the extract exhibited nég otropic and chronotropic effects which were

found to be concentration depen 7_sabdariffa showed vasorelaxant effect
. . .7 § . J " . o
when tested on aortic ria dotheliuni—intacimand endothelium denuded which

precontracted by phenyle R1, 1999

500 and 1,000 mg/kg body wgightswas foundito lower both s lic and diastolic blood pressure

alyx extract infusion at doses of

in spontaneous hyperteriSive afid flofmiterisiveWis

crcﬁir: 8, cholesterol and glucose in the treated rat was
i

decreased while serum uricfacid was

2 \ o rats. Urine output of the treated

spontaneous hypertensivé rats ose of the control group. As

ificantl
-

compared to the control ggdup Seri

e, P.C. et al., 1999). Effect of

aqueous extract of H. sabdawiffa;was e established stage of 2-kidney, 1-clip

renovascular hypertensive Spraggg% fer 8 weeks of the administration of the

extract at 250 mg/kg/dayi e systolic, ood pressure and heart rate

d

were lower than those "of P., et al., 2003). Effectiveness

and tolerability of H.
investigated in pati f ‘m 5 eﬁ’ ith.di ed.hypertension and without
antihypertensiveﬁiclﬂgjefo a ﬁmo Mﬂﬁﬁjmemation. Patients in
experimental treatment group received 90 g of A. sdbdariffa_dry caly®in 0.5 L. of water
(Contailfaq %r;g aliﬁﬁlmoﬂm;i]ylﬁ Eﬁi:klﬁwgﬂleas patients in

control treatment group received captopril 25 mg twice a day, for 4 weeks. The results showed

sabdariffa in patients with mild te” moderate hypertension were

that H. sabdariffa was able to decrease the systolic blood pressure from 139.05 to 123.73
mm.Hg and diastolic blood pressure from 90.81 to 79.52 mm.Hg. At the end of the study, there
were no significant difference between the blood pressure detected in H. sabdariffa treatment

group and captopril treatment group (Herrera-Arellano, A., et al., 2004).
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Hypo-cholesterolemic effect

Dried calyx extract of H. sabdariffa was administered at the doses of 500 mg/kg/day
and 1,000 mg/kg/day for 6 weeks to male Sprague-Dawley rats which were induced to become

hypercholesterolemia by continually feeding with cholesterol dissolved in corn oil. The results

demonstrated that serum cholesterol, trigl des and LDL-cholesterol level were decreased
while serum HDL-cholesterol level by H. sabdariffa administration. In

addition, administering the exfrae day to the hypercholesterolemic

rats for 6 weeks decrease ' irunpanich, V., 2001). Feeding
New Zealand white rabbi tract in high cholesterol diet for
10 weeks resulted in lo sterol and LDL-cholesterol as
compared to the control i : high wlesterol, diety The number of foam cells in
atherosclerotic lesions in t faci rtf Ver fo degrease in H. sabdariffa treatment

groups (Chen, C.C., et al., 20

Gastroprotective effe

.l‘i'-‘J L2 = - 3
Gastroprotectlv‘f}effe@t of t lﬁj W Cli sabdariffa was examined in rats.

Oral administration o y—m-r-——:--
formation induced by indﬁm ic ﬁtraint-stress (Rujjanawate, C.,
et al., 2000). The H. sabdarlllgfa mucilage fractxon was isolated and examined in experimentally

st e TRV o 550 et

significantly inhiBited gastric ulcer f.gnnatlon mduced by mdomethacm cthanol and

TRRTANTIUR AR MNYIRE

Antlox1datlve effect

Hibiscus anthocyanins (HAs) were studied for antioxidant bioactivity using the model
of tert-butyl hydroperoxide (--BHP)-induced cytotoxicity in rat primary hepatocytes and
hepatotoxicity in rats. The results demonstrated that HAs at the concentrations of 0.10 and 0.20
mg/ml significantly decreased the leakage of lactate dehydrogenase and the formation of
malondialdehyde induced by a 30-min treatment of ~-BHP (1.5 mM). The in vivo investigation

showed that the oral pretreatment of HAs (100 and 200 mg/kg/day) for 5 days before a single
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dose of +-BHP (0.2 mmol/kg; i.p.) significantly lowered the serum levels of hepatic enzyme
markers (alanine and aspartate aminotransferase) and reduced oxidative liver damage.
Histopathological evaluation of the liver revealed that Hibiscus pigments reduced the incidence
of liver lesion including inflammatory leukocyte infiltration, and necrosis induced by -BHP in

rats (Wang, C.J., et al., 2000). Antioxidative potential of three fraction of the ethanol crude
extract (chloroform soluble fraction, eth !ﬁ oluble fraction, residual fraction) obtained
from the dried flowers of H. sa « &)for their capacity of quenching 1,1-
diphenyl-2-picrylhydrazyl (@radi\?l Q xanthine oxidase (XO) activity.

Ethyl acetate soluble frac

activity (EC,, = 0.742 ed using a model of -BHP-

induced oxidative dama, isolated hepatocytes to +-BHP

resulted in leakage of LD -t" ar lipids. All fractions were found to

inhibit significantly the unsc DI ﬁ; : luced by -BHP at a concentration

of 0.20 mg/ml. Chloroform soluble fj’m}n soluble fraction also decreased the

leakage of lactate dehydrogenase (LDH).and {5 ion of malondialdehyde (MDA) induced
ST _

by +-BHP (1.5 mM) co&dmfably at a concentration d/0.20 mg/ml in the rat primary

hepatocyte cultures (Tsedg, T.H., et al., 199 J“" uic acid (PCA) is a simple

phenolic compound isol from calyx of H. sabdariffa. Afteﬂn’etreatment with PCA for 10

min at the final concen TET 0,02, 0.05.0 Of' ,,hepatocytes were incubated with ¢-
BHP (1.5 mM)ﬁﬁ . ﬁ/ﬁ ﬂﬂr oﬁ%l{j ﬁio mg/ml significantly
decreased the leakge of LDH, ALT and fhe formation 08MDA (Tseng, T, et al., 1996). The
investigﬂom%aﬁm)ﬁamuamiazg‘nmﬂt{jtay E’Jo showed that
pretreatmeqnt with PCA (50-100 mg/kg) by gavage for 5 days before a single dose of t-BHP (0.2
mM/kg; i.p.) significantly lowered serum levels of the hepatic enzyme markers; LDH, ALT and
AST, as well as reduced oxidative stress of the liver , as shown by evaluating of MDA and
glutathione (GSH). Histopathological evaluation of the rat livers revealed that PCA reduced the
incidence of liver lesions including hepatocyte swelling, leukocyte infiltration, and necrosis

induced by +-BHP (Liu, C.L., et al., 2002). In a study, using lipopolysaccharide (LPS, an

endotoxin from Escherichia coli) to induce rat liver inducible nitric oxide synthasc (iNOS) and
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hepatic damage, showed that pretreatment of rats with PCA (0.2 and 0.5 mmol/kg/day by
gavage) for 5 days significantly decreased serum levels of the hepatic enzyme markers (ALT,
AST) induced by the 6 hours treatment with LPS (5 mg/kg; i.p.). Furthermore, PCA reduced the

incidence of liver lesions induced by LPS, including neutrophil infiltration, congestion, and liver

V//

The 80% ethanol extr e redu

cells swelling (Lin, W.L., et al., 2003).

Antimutagenic effect

-90% of the mutagenicity induced
by 2-amino- l-methyl-6-phen other heterocyclic amines at a
concentration of 12.5 m / . The inhibitory effects of the

extract in F344 rats in int -~ cr focus (ACF). formation was induced by

azoxymethane (AOM) an inogenesis, the extract at the
dosage of 1.0 g/kg body wgigh -induced ACF in the colon for
17-25 % and number of PhIP-i o (Chewonarin, T., et al., 1999)
Hibiscus protocatechuic acid its ability to inhibit the 12-O-
tetradecanoylphorbol-13-acetate (TPA; otion in skin tumor of female CD-1 mice
Topical applications of SA i 15" prigi-to TPA (15 nmol) treatment
twice weekly for 20 ;—-“‘ lumor-initiate senzo[a]pyrene) were found to

inhibit the incidence of tumors in mi 6.3"_/@mspectively, while all mice in

the TPA-treated group develeped tumors. The pr ective effects of PCA were also presented by

Ly LI R —

by 65% and 73% 8t doses of 10 and 20 ol, res ectlvely When it was applied to the dorsal
g

= RO TR AN AN = o

epidermal fornithine decarboxylase (ODC) enzyme induced by 5 nmol of TPA and of
myeloperoxidase (MPO) enzyme induced by 6.5 nmol of TPA. PCA (5, 10 or 20 pmol) also
inhibited the formation of hydrogen peroxide in the mouse skin by 61, 84 and 89%, respectively,

as compared to the TPA-treated group (Tseng, T.H., et al., 1998).

Neuropharmacological effect

The neuropharmacological effects of the aqueous extract of H. sabdariffa were studies

in rodent. The extract at doses of 100, 200 and 400 mg/kg, i.p. caused a remarkable dose
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dependent decrease in spontaneous motor activity in mices, increased the duration of
pentobarbital (40 mg/kg; i.p.)-induced sleep in rats and reduced the exploratory behaviour in
mice. The extract significantly inhibited the intensity of apomorphine (1 mg/kg; s.c.)-induced
stereotypic behaviour and attenuated climbing of the mice in a dose dependent manner (Amos,

S., etal., 2003).

Cathartic activity

The cathartic activi @tmct of roselle 800 mgkg was

investigated. It was show e amount of wet faeces in rats

without any significant . [ \movement. Unlike senna (the
positive control), norma d to the distilled water treated
group (the negative contr ' icproper of the ot may be due to the saponin-like

compounds contained in th:
Toxicological effects

Clinical study

Thirty six healthy s ale medical stud 1 between'20-30 year old participated in

the study. They were 4 '; day for 7 days. The results

pH were unchanged whereas crea *l ne, uric acid, citrate, tartrate,

)1l ﬂET?T'%’ WO """
AR NN TN

1ed powder of H. sabdariffa was extract with the mixture solvent of methanol and

showed that their urinary

water (4:1). The extract was given orally to Wistar albino rats. The rats were divided into 6
groups in which rats received the extract for 0, 1, 3, 5, 10 and 15 doses of 250 mg/kg,
respectively. The results showed that serum AST and ALT were significantly increased in all of
the H. sabdariffa treatments as compared to the control group receiving 0.9% NaCl. Serum
levels of alkaline phosphatase, and lactate dehydrogenase were not significantly affected. Only

the group receiving 15 doses of the extract possessed a significant increase of serum albumin.
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However, the histopathological evaluation revealed no pathological changes in livers and hearts

in all of the H. sabdariffa treated groups (Akindahunsi, A.A., and Olaley, M.T., 2003).

Acute and subchronic toxicity studies

The median lethal dose (LD,;) was found to be 5 g/kg body weight. H. sabdariffa
aqueous extract was given to rats at dose 1.15, 2.30, 4.60 g/kg in drinking water for 12
# ionin food and water consumption were

roup. Serum levels of potassium,

weeks. The results showed that
observed in the treated grou
sodium, chloride and bica ignificant d 1 while serum levels of BUN and
1s with areas of degeneration

\\ 003) Subchronic effect of H.
l’r :

1 i three tested groups receiving the

creatinine were significa the kidneys were significant
decreased. The major hi;
of which severity was do

.m..
extract dissolving in drinkin - u‘-'u’ of U'and 4.60 g/kg for 12 weeks. The
results showed that a significan e85 opit 7 mal sperm counts was observed in the 4.60
g/kg group. Rats in the 2.30 g/kg g oup- shov 7 erpasia of testis with thickening of the

basement membrane, oweg-distortion of tubules and a

disruption of normal ep ’ i j' rol (Orisakwe, O.E., et al.,

2
ﬂ‘lJEJ’J'VIEJﬂﬁWEJ’]ﬂ‘E

Qﬁﬂaﬂﬂ‘im URIINYAY

2004).
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Metabolic bioactivation of xenobiotics

Xenobiotics are foreign chemical compounds to the body, such as drugs, food additives,
and environmental pollutants (Murray, R.K., 1993). Mammals are equipped with a variety of
enzyme systems that catalyze the transformation of xenobiotics to form, in general, more polar

i e or feces and that are less likely to have access

metabolites that are more readily excreted ig

to and to interact with membrane-bound rece T.F., 1999).
Xenobiotic metabolistiis.a biolo "’ alters many substances leading to

termination or alteration of bi olizing enzymes occur in many

organs. The organ most tion of foreign compounds is

liver because of its positi nd' funci ign compounds are taken into

systemic circulation. Othd}rga on in@ie gastrointestinal tract, lungs,

skin, and kidneys. Enzymeg are found in smow endoplasmic reticulum (SER). Some are

ocacd e @ S B R AT SRS A e

In generamnetabollsm can be sngply and convemently divided mtg}wo phases: phase [
ot @ B STV B SRR B o
functional‘group which can then be conjugated in phase II. Most biotransformations can be
divided into phase [ and phasell reactions, although the products of phase II biotransformations
may be further metabolized in what is sometimes termed phase III reactions. If the foreign
molecules already possesses a functional group suitable for a phase II reaction, a phase I

reaction will be unnecessary (Timbrell, J., 2000).
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Table 1 The major biotransformation reactions (Timbrell, J., 2000)

Phase I Phase II Phase III
Oxidation Sulphation Further metabolism of
Reduction Glucuronidation Glutathione conjugates
Hydrolysis Glutatk; ugation
Hydration }/

Dehalogenation ac1¢on IBAti0R
S i

Phase I reactions

Phase I reactions ig€lug : on; re on, h rolysis and hydration in order to
reveal or introduce functiona ; OH, SH, NH,, CO,H in the molecules
(Ioannides, C., 1996; Woolf, T P 3 The g ions will be discussed in terms of reaction
type and, with respect to oxidation, _ fe—of .Oxidation performed by the microsomal
mixed-function oxidase"s 7 5 7

of its importance and the di

and Skett, P., 1994). m 7

is fonsidered separately because

X § zyme system (Gibson, G.G.,

[y
oo -t e S Y 2 F) 5

The mostlimportant enzyme system catalyzmg phase I metabohc reaction is the

AR ﬂ’ﬂﬁﬁi"?jm?ﬁﬁﬂﬂwﬁ i

microsomés were treated with dithionite and purged with carbon monoxide, a strong absorption

band occurred at 450 nm that was most unusual for the known pigments. The pigment
responsible for this phenomenon was called P (for pigment) 450 (Ioannides, C., 1996).

The P450 enzymes are hemoproteins with approximate molecular weights of
50,000 Da. These enzymes catalyze the monooxidation of a wide variety of structurally
unrelated compounds, including endogenous steroids and fatty acids and essentially unlimited
number of lipophilic xenobiotics. Those members of this family of enzymes that participate in

steroidogenesis and found in the mitochondria and endoplasmic reticulum of steroidogenic



20

organs (Woolf, T.F., 1999). Cytochromes P-450 mono-oxygenase (CYPs) is located particularly
in the SER of the cell. The enzyme system is isolated in the microsomal fraction which is
formed from the endoplasmic reticulum when the cell is homogenized and fractionated by
differential ultracentrifugation. Microsomal vesicles are thus fragments of the endoplasmic

reticulum in which most of the enzyme activity is retained (Potter, T.D., and Coon, M.J., 1991).

olve the four-electron reduction of dioxygen,
which is coupled to the two-ele tron oXi ., substrate (RH) and the two-electron
oxidation of reduced nicotinamide. ad nin& dir& Bhosphate (NADPH) to form the
oxidized product (ROH), [ Zyma ivity is dependent on a flavoprotein,
NADPH-cytochrome P quivalents from NADPH to the
cytochrome P450 su B basic. rea catalyzed by CYP is a

monooxygenation reactio  (Gibse .G., and\Sketty P., 1994):

isoforms, especially C¥Pfis family 1, 2 an tivation of certain chemical
procarcinogens (Soucek, E and Gut, I.
The majority of mi€resomal CYPs beloag to families 1, 2, and 3 metabolize a great
variety of struﬂ'au &egtmr&cm iﬂﬂrﬂsﬂlﬁmls, aromatic organic
compounds, including many environmengal pollutants apd natural plant preducts. Some of these
are che@awa@xﬁ)ﬂuﬁm &Jewafa’ailw a&ltﬂ aa&llt 70% of total
CYPs in %uman livers while CYP4 is a family of enzymes involved in fatty acid and
prostaglandins metabolism (Rendic, S., and Di Carlo, F.J., 1997). CYP isoforms which play a
role in the activation of xenobiotics to toxic metabolites include CYPs 1A1, 1A2, 2B1, 2B2,
2E1, 3A in rats as well as CYPs 1A1, 1A2, 2B6, 2E1, 3A4 in humans. An example of rat and
human CYPs that activate some potential carcinogens/mutagens are demonstrated in Table 3.
The model system for study in CYPs was using rat, mouse and rabbit. Species

differences have been noted in the expression of CYP gene. Table 4 presents sequential
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homology between rat and human CYP isoforms known. 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, heam, signal peptide) 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 (Souce

W7/1., 1992).

Y,

Important members of CYP.

and CYP 142 genes appe cated i ouse chromosome 9, hamster
chromosome 4 and hum @ 1! . Comyj ¢ ding sequences have been determined

for both CYP 1Al and se, rat and hamster. CYP 1Al

sequence has also been dete ish (Ioannides, C., 1996).

Enzymes in CYP 1A subf: mily are responsib the metabolic activation of critical

-_——
environmental chemicals such as-a"p;xlj(@'yéh? hydrocarbons, heterocyclic amine and aromatic
amines. Substrate specifically metabolized by CYP 1A1 is benzold)pyrene [B(a)P], CYP 1A2 is

own to be induced by 3-

acetanilide. These two  forms j CY
methylcholanthrene (3-MC), [-naphthoflavone, 2,3,7,8-tetr
‘o U : . .
and other polyc cu(zja?nvfﬂ ?‘l ?Wﬁwrﬂlﬁn the liver, but also in
various extrahepati¢ tissues such as the lung and kidney, whereas the expression of CYP 1A2 is
mainly fﬁ jTﬁ;v A » 4 = jﬁ‘ﬁtﬁ 1 ﬁ:ﬁr’ﬁbons present in
cigarettﬁn ke di ﬁl Zi:m;il 2" in'th :ﬂﬁ in extrahepatic

tissues, such as in lung (Ioannides, C., 1996; Gonzalez, F.J., and Gelboin, H.V., 1994; Oinomen,

achlorodibenzo-p-dioxin (TCDD)

T., and Lindros, K.O., 1998).

CYP 1Al and CYP 1A2 are found in both humans and rats (Soucek, P., and Gut, I,
1992). Function of CYP 1A is fairly well conserved across species, although there are subtle
differences (Parkinson, A., 2001). For instance, isolated and purified human CYP 1A2 enzyme
from the liver has been shown to display substrate specificity similar to the rat protein. The

human CYP 1A2 isoform is functionally important, being in the metabolism of several clinically
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important drugs such as acetaminophen, amitriptyline, caffeine, propranolol, theophylline,
warfarin, etc. Some drugs are inducers (e.g. omeprazole, lansoprazole), or inhibitors (e.g.
amiodarone, cimetidine, ticlopidine) of this CYP isoform (Parkinson, A., 2001; Rendic, S., and

Di Carlo, F.J., 1997).

CYP 2B Subfamily

The CYP 2B subfamily is t

/ ‘cytochrome P450 generally associated with
phenobarbital-type induction in 1 2B2 are highly similar in nucleotide
; %S analogous to human CYP 2B6

re iver and extrahepatic tissues but are

sequence and have similar substr:
(Soucek, P., and Gut, I., 199
generally expressed at lo ch as phenobarbital. The CYP

2B6 cDNA was isolated fro d to metabolically activate

NI
Al o

o W o |

Cytochrome P450 2E1 itutively expressed in liver and many other

.

tissues. A cell-specific.dist: secific endogen ous functions, although the level

il
Within the cell, the highéest concentrations of CYP 2E1 are found in the endoplasmic reticulum.

Besides highest i"ﬁ iver ﬁ | A= kidney. Low levels of
CYP JE1 ace exﬂ;ﬁvﬂn om tﬂlyijn (ﬂ EITJ a,lung, testis ovaries, small
intestine,.co bilical vein e 1‘1 % ilﬁ! ides, C., 1996).
This enaqnﬁ :Iaa ﬂﬂﬁmﬂlﬁﬁw oﬁzgjzjg lﬂicals, including
benzene, carbon tetrachloride, acrylonitrite, N-nitrosodimethylamine, and others. The ubiquitous
nature of CYP 2E1 substrates in the industrial workplace, environment, tobacco smoke, and diet
has marked human health implication (Gonzaleze, F.J., and Gelboin, H.V., 1994). CYP 2E1
substrates such as ethanol, isopropanolol, acetone, toluene, and benzene may also induce CYP
2E1 itself. Isoniazid and imidazole compounds are also potent inducers. CYP 2EI is also

induced by the pathophysiologic state of diabetes (Rendic, S., and Di Carlo, F.J.. 1997,

Gonzaleze, F.J., and Gelboin, H.V., 1994). Human liver CYP 2EI is similar to rat CYP 2E1 and
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rabbit CYP 2E1 in structure, catalytic activity and regulatory characteristics (Wrighton, S.A., et

al., 1986). Thus, CYP 2E1 are well conserved among mammalian species (Parkinson, A., 2001).

CYP 3A subfamily

The most abundantly expressed P450s in human liver belong to CYP 3A subfamily.

Four P450s are known to exist in this sub

ily:;, CYP 3A3, CYP 3A4, CYP 3AS and the fetal
. CYP 3A4 is the major form of P450

s&’ tissues, including kidney, intestine
T ———

ly 30% of the spectroscopically

CYP 3AS5. Up to 60% of total P

expressed in normal adult hu 1
—
and probably other tissue :

detecable cytochrome P CYP 3A are very important in

metabolism of drugs of a number of chemical

carcinogens including afl itropyrene, 6-amino-chrysene,
and the chemotherapeuti ng 1 o@l oli cyclophosphamide,
ifosfamide (Gonzaleze, F.J., CYP 3A4 is the major P450 expressed in
human and figures prominently . More than 150 drugs belonging to
about 38 classes are listed as suj fta 4. Examples of substrates are opioid
analgesics, corticoste@}ys, immu H - i \ ics. This enzyme also
catalyzes the metabol ' of endo : ogens, anabolic hormones,

cortisol, estradiol and progsterone
In human, CYP 3A @nzymes are inducible by numerous drugs, including phenobarbital,

phenytoin, rifazﬂ:udﬂogameﬂnmg w lﬂm;q ﬂPﬁA include azole type

antimycotics (e.g.ql!etoconazole, clotrimazole), macroliﬂ antibiotics (e.gﬁsrythromycin), HIV
proteascﬂhﬁffs}eaﬂanﬂrﬁtﬁjle%%,ati’xa aWdE}ifc}@irE}alcium channel
blockers (parkinson, A., 2001).

Some dietary compounds can either stimulate or inhibit CYP 3A4 in vivo and in vitro.
For instance, flavonoids (quercetin, kaempherol, tangeretin and naringenin) inhibit nifedipine
and felodipine oxidation catalyzed by CYP 3A4 in human liver microsomes. Grapefruit juice
(containing the flavonoids, quercetin, naringin, bergamottin and naringenin) was found to inhibit
the oxidation of both nifedipine and felodipine as well as affect the disposition of cyclosporine,

terfenadine, midazolam and 17 Ql-ethinylestradiol (Yang, C.S., et al., 1994).
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CYP 3Al and CYP 3A2 are found in rats. Expression of CYP 3Al is very low in
normal rat liver, whereas CYP 3A2 is the adult male-specitic CYP which is absent from the

livers of adult females (Oinomen, T., and Lindros, K.O., 1998).

AUt INENINeINg
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Table 2 Human CYP enzymes, their specific substrates and their percent participation in drug
metabolism (modified from Rendic, S., and Di Carlo, F.J., 1997)

CYP Substrates Participation in drug
enzymes metabolism (%)
1A1 2.5
1A2 8.2
2B6 34
2E1 4.1
.f Chlorzoxazon
ﬂuﬁl’mﬂ'ﬂﬁﬂﬂ’ﬂﬂ‘i
Halothane
2C8,9 Diclofenac 15.8
Hexobarbital
Phenytoin
Tolbutamide
S-Warfarin




Table 2 (continued) Human CYP enzymes, their specific substrates and their percent
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participation in drug metabolism (modified from Rendic, S., and Di Carlo, F.J., 1997)

cyp Substrates Participation in drug
enzymes metabolism (%)
2C18, 19 Diazepan 8.3
2D6 18.8
3A4,5 34.1

ﬂ w

1A

Nifedipine

ﬂ‘lJEl I N

Testosterone

TR Y
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Table 3 Role of rat and human CYPs in the activation of some potential carcinogens/

mutagens (Soucek, P., and Gut, 1., 1992; Guengerich, F.P., 1992; Gonzalez, F.J., and

Gelboin, H.V., 1994)

CYP

Potential mutagens/carcinogens

Human

1A1

1A2

2B1

Al

U

Coi
%86
2B7
2E1

Benzo(a)pyrene

7,12-Dimethylbenz(a)anthracene

6-Nitrochrysene

Acetylfluorene
\ 2-Aminoanthracene
" Aflatoxin B,
4-Aminobiphenyl
2-Naphthylamine

-Nitrochrysene
-
"
N J

1y

Be‘zﬂ)pyrene

SANSNINYNNT

4,4'-(bis)Methyl¢ne chloroaniline,

IRIRANAAR NN Y

6-Aminochrysene

Aflatoxin B,
N-N'-Nitrosodimethylamine Acrylonitrile
N-Nitroso-N-diethylamine Benzene

Carbon tetrachloride

Chloroform

N-Nitroso-N-diethylamine
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Table 3 (continued) Role of rat and human CYPs in the activation of some potential
carcinogens/mutagens (Soucek, P., and Gut, I., 1992; Guengerich, F.P., 1992;
Gonzalez, F.J., and Gelboin, H.V., 1994)

Potential mutagens/carcinogens

CYP
Human
2E1 Styrene
Trichloroethylene
inyl carbamate
3A4

Benzo(a)pyrene
6-Nitrochrysene

Sterigmatocystin

AULININTNEINS
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Table 4 Sequential homology between rat and human CYP forms (Soucek, P., and Gut, 1.,

1992)
P-450 form Sequential homology’
Rat Human orthologue (%)
CYP 1Al 80(78)
CYP 1A2 75(70)
CYP 2Al =
CYP 2A2 =
CYP 2A3 (85)
— _ b
CYP 2B1 78(74)
(76)
CYP 2B2 .
CYP 2B3 .
CYP 2C6 (75)
CYP2CIL A< | 80(77)
CYP2cI?A | e
CYP 2C13 E YP 2C8 U 74(68)
HUINeHEwNNT
CYP 2E ] 2 75(78)
U
CYP 3Al 6CYP3A3 & ks )
NTI9 a3 1Y B il
CYP 3A2 CYP 3AS (71)
CYP 3A7 (65)
CYP 3A9 S
CYP 4Al CYP 4A9 =
CYP 4A3 — e
CYP 11Al CYP 11Al 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. Although
the precise molecular mechanisms of cytochrome P450 induction are not fully understood at
present, much effort has been expended in trying to rationalize the inductive response of the

drug-metabolising enzymes in hepatic tissue. Figure 3 shows the functional components of the
hepatic mixed function oxidase system' res # for cytochrome P450-dependent drug
metabolism. Accordingly, ind . C may arise as a consequence of
combination of these threg csSes secifical e 5 summarises some of the

biochemical effects noted oh resp 17 \ \; om this table, it is clear that

enzyme inducers have a vagi ‘on the f i‘a« iona u‘: ponents of the mixed function

oxidase system, particularly ‘ : hdemoprote ochrome P450 (Gibson, G.G., and

Table 5 Differences in induction m : shrome P450s

[

-
" *r in induction mechanism

P450 isoenzymes ? —

@nscrlptlonal activation by

1A1 l Diox

ligand activated Ah receptor

U A ) |

2B1/2B2 Phenobarbxt&l Transcrlptlonal gene activation
19 ] Y AR YR B
3A1 § » Dexamethasone Transcriptional gene activation
4A6 Clofibrate Transcriptional activation,

mediated by peroxisome

proliferators activated receptor
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i
i [_mRNa ] — [_mRNa ]
e
< Pentose FAD protoporphyrin l
3 phosphate FMN | |[APOproten = Apoprotein
a parhway l
. 1 ¥
NADP
NADPH :#) ——————"%| Cytochrome P-450
C
8
‘5 /&
g . Haem Apoprotein
L tal degradation catabolism
o
o
Figure 3 Synthesis an o n , ents of the hepatic mixed

function oxidagé s
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Mechanism of inhibition of CYPs
(Gibson, G.G., and Skett, P., 1994; Lin, J.H., and Lu, A.Y.H., 1998; Woolf, T.F., 1999)

Enzyme inhibition results in a decrease in the clearance, thereby an increase in the
steady-state serum concentration of the affected drug. A major concern of clinical

pharmacologists is the area of drug-drug interaction in which two or more drugs are co-

phenomenon. Inhibition of $ st non cause of inhibition of drug

metabolism, that is clinic ) the nd toxicological reasons. The

drug interactions. Reversible inhibitiefrcan rther lassified into competitive, uncompetitive,
mixed-type and non-crompetitiw-'ﬁﬁiﬁ” itive_inhibition is when the binding of an
inhibitor to an enzymé prevents.a f 2 substrateto thie active sites of the enzyme.

In uncompetitive inhibition, ree enzyme, but binds to the

enzyme-substrate complex, resultmg in a nonproductlve enzyme -substrate-inhibitor complex.

Mixed-type mhﬂ me or to the enzyme-
substrate complemjoJ:competltwe u\m an ﬁg’ bmﬁ a nonactive binding site of
the en m ﬁﬁ ydI) w g.]bxﬁ( zyme-substrate-
MO MR TR YNNG

Many of the potent reversible CYP inhibitors are nitrogen-containing drugs, including
imidazoles (e.g. ketoconazole, cimetidine), pyridines (e.g. metyrapone, indinavir) and quinolines
(e.g. quinidine, primaquine, chloroquine, amodiaquine, mefloquine). The potency of an inhibitor
is determined both by its lipophilicity and by the strength of the bond between its nitrogen lone

pair electron and the prosthetic haem iron.
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2. Quasi-irreversible inhibition via metabolic intermediate complexation
A large number of drugs, including methylenedioxybenzenes, alkylamines, macrolide
antibiotics and hydrazines, undergo metabolic activation by CYP enzymes to form inhibitory
metabolites. These metabolites can form stable complexes with the prosthetic haem of CYP,
called metabolic intermediate (MI) complex, so that the CYP is sequestered in a functionally
d the catalytic function of ferric CYP can be
i mpounds that displace the metabolic
txoaor éﬂt of the MI complex results in the
owevel tuatlons, the MI complex is so

LR

of new enzymes is the Sihich \’i\\,
complexation is, therefore i " &G ‘:‘ \‘Q

Drugs containing ceffai ﬂ’ﬁ i s can be oxidized by CYP to reactive

inactive state. MI complexation can be re

stored by in vitro incubation wi

intermediate from the active si

reactivation of CYP functi
stable that the CYP invo g metabolism, and synthesis

tored. The nature of the MI

intermediates that cause irrevegsible inactivatic ¢ enzyme prior to its release from the
active site. Because metabolic act1 at dired for enzyme inactivation, these drugs are

classified as mecha iSm-b tivators or bsirates. The mechanism-based

inactivation of CYP may result from A€l or protein, or a combination

of both. The most imp@nt phena A sm-ba% inhibition of CYP are time,
concentration, and NADPH#dgpendent loss of thg enzyme activity. In vivo, the inhibitory effect

o  mechnisif b QA B dosi s o

longer than that o?'ell reversible inhibitor. &

ARIANN I UANINYAY



	Chapter II Literature Review
	Hibiscus Sabdariffa Linn
	Pharmacological Effects
	Toxicological Effects
	Metabolic Bioactivation of Xenobiotics
	Mechanism of Induction of CYPs
	Mechanism of Inhibition of CYPs


