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Aegle marmelos or Matoom is a medicinal plant. Unripe fruit had been traditionally used as an 

anti diarrhoea and antidysentery. Several chemical constituents of A. marmelos fruit have also been reported 

for its pharmaceutical activities. The fruit of A. marmelos was reported to be the source of imperatorin and 

other bioactive substances. Imperatorin indicated some pharmacological activities such as antibacterial, 

anticoagulant, anti platelet aggregation. It can have an effect on drug or xenobiotic metabolism by being 

cytochrome P450 or CYP inhibition. In this study, A. marmelos fruits were extracted with hexane, ethanol 

and water then they were dried and prepared for inhibition test on human CYP isoforms (CYPIA2, 

CYP2C9, CYP2C 19 and CYP3A4). Using the conversion of specific probe substrates, the inhibitory effect 

could be measured fluorometrically in a 96-well plate format. Moreover, the fruit extracts were analyzed 

for imperatorin by using RP-HPLC. A. marmelos dried fruit contained 0.56% w/w of n-hexane extract, 

7.69% w/w of ethanolic extract and 21.54% w/w of aqueous extract. Hexane extract of A. marmelos 

showed the highest content of imperatorin. Total yields (%) of imperatorin in hexane and ethanolic extracts 

were 5.78% w/w and 0.12% w/w, respectively, based on weight of dried extracts. For each test substance, 

the IC so (the concentration required to inhibit metabolism of CYP activities by 50%) was estimated. 

Imperatorin showed potent inhibitory effect on human CYP I A2 (IC so of 0.42±0.02 J..lM), CYP2C9 (ICso of 

3.59±0.02 J..lM), CYP2C 19 (ICso of 2.15±0.02 J..lM) and CYP3A4 (ICso of 1.63±0.02 J..lM) at concentrations 

of less than 10 J..lM. Whereas hexane extracts of A. marmelos did not showed significantly different 

inhibition when compared with imperatorin . Hexane extract showed the highest inhibitory effect for 

CYPIA2 (ICso of 0.73±0.03 Ilg/ml), CYP2C9 (IC so of 3.24±0.03 J..lg/ml), CYP2CI9 (ICso of 4.04±0.02 

J..lglml) and CYP3A4 (ICso of 1.65±0.05 J..lglml). While ethanolic extract showed lower inhibitory effect for 

CYPIA2 (ICso of 39.40±0.02 J..lglml), CYP2C9 (ICso of 197.60±0.04 J..lg/ml), CYP2CI9 (ICso of 

\O7.90±0.02 J..lglml) and CYP3A4 (ICso of 86.59±0.05 J..lg/ml) and aqueous extract showed the least 

inhibitory effect, CYPIA2 (ICso of352.30±0.04 J..lglml), CYP2C9 (ICso of 965.00±0.02 J..lglml), CYP2CI9 

(ICso of 414.00±0.20 J..lglml) and CYP3A4 (ICso of 842.40±0.04 J..lg/ml). This study provided the 

information of effects of imperatorin and A. marmelos extracts on phase I drug-metabolizing enzymes. 

These data suggest that imperatorin and A. marmelos fruit extracted with hexane potentially inhibit the 

metabolism of co-administered medication whose primary route of elimination is via those CYPs, thus 

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

INTRODUCTION 

1.1 Background and significance of the study 

Aegle Marmelos Correa is a medicinal plant, belonging to family Rutaceae. It 

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

Sri Lanka and Thailand. It has been called in India as Bael, in Burma as Okshit and in 

Thailand as Matoom (r'("i'W nnniu(, 2545). All parts of A. marmelos are edible and 

valued in Ayurvedic medicine. Its fruit is popular and ascribed to be of the greatest 

medical value. The ripe fruit pulp is sweet, orange in color and has a refreshing flavor. 

Unripe fruit is bitter, acrid, sour and astringent. For those reasons, it becomes 

attractive flavored products such as tea, marmalade, refreshing drink, candied fruit, 

cake and cream (Macleod and Pieris, 1981 ; Jagetia, Venkatesh and Baliga, 2004). 

Thai traditional medicine is claimed A. marmelos fruit as astringent, digestive aid, 

gastric stimulant, anti-diarrhea and anti-dysentery (rnnu 'l"tn17ufi', 2546). 

Several chemical constituents have been isolated and identified from 

A. marmelos fruit. These include alkaloids: marmeline, cinnamide and aegeline 

(Sharma and Sharma, 1981); coumarins: imperatorin, alloimperatorin, skimmianine 

and xanthotoxol (Sharma and Sharma, 1981; Banerji et al., 1988); terpeniods: terpene 

alcoho~ limonene, phellandrene, terpineol and linalool oxide (Tokitomo et al., 1982); 

steroids: p-sitosterol and stigmasterol (Noysang, 1998); other compounds: gum, 

oleoresin, sugar: L-rhamnose, L-arabinose, D-galactose and D-galacturonic acid and 

vitamin C (Ratan, Prabir and Amal, 1981; l~"n 111-:l"n" lin:: ;;1Jn"mu ;;l\1J1~fJn, 2529). The 

main chemical constituents of A. marmelos fruit are terpenoids and coumarins. Both 

groups are useful compounds i.e. terpenoids are useful for their flavor and in 

perfumery and coumarins are biologically active compounds (Gill, 1993). 

There were previous reports on the pharmacological effects of A. marmelos 

extracts. For hypoglycemic and antihyperglycemic activities, the aqueous seed extract 

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

14 days could decrease blood glucose in glucose tolerance test (Kesari et al., 2006). 

Aqueous extract of A. marmelos fruit given at 125 and 250 mg/kg twice daily, p.o. for 

4 weeks to streptozotocin-induced diabetic rats could reduce blood glucose of rats 
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(Kamalakkannan and Prince, 2003). Methanolic fruit extract of A. mannelos at a 

lower dose of 100 ng/ml showed glucose uptake activity in vitro by significantly 

elevating Glut-4, glucose transporter in L6 myotubes, when compared with insulin 

and" rosiglitazone (Anandharajan et al., 2006). The antidiarrhoeal activity of 

unripe A. mannelos was observed by Dhuley (2003) when given intravenously the 

fruit extract at dose of 50 and 100 mglkg to castor oil-induced diarrhoeal mice. The 

extracts seemed to reduce intestinal fluid and transit time. Similarly, oral 

administration of aqueous and methanolic fruit extracts of A. mannelos at the doses of 

3, 7.5 and 15 mglkg to mice at 30 minutes before applied orally 0.3 ml castor oil 

resulted in a significant decrease onset time of diarrhea, total number of faeces, 

number of wet faeces and total weight of wet faeces (Shoba and Thomas, 2001). 

Interestingly, hydroalcoholic fruit extract of A. mannelos showed a radioprotective 

effect in mice. The mice were given the extract at dose of 20 mglkg once daily for 5 

days before exposure to 10 Gray (Gy) of radiation and the reduction of severity of 

symptoms and mortality from radiation were observed (Jagetia et al., 2004) . 

Recently, the antiproliferative and antioxidant of its fruit extract were reported. 

Ethanolic fruit extract showed antiproliferative activity against SKBR3 human breast 

adenocarcinoma cell line (lCso= 144.00±1.21 Ilg/ml) (Moongkarndi et al., 2004) . 

A dose-dependent nitric oxide scavenging activity of A. mannelos fruit extract using 

sodium nitroprusside as an nitric oxide donor was observed by Jagetia and Baliga 

(2004). Aqueous fruit extract given to streptozotocin-induced diabetic rats at 250 

mg/kg twice daily for 4 weeks produced a significant decrease in peroxidation 

products and increase antioxidant enzymes (Kamalakkannan and Stanely Mainzen 

Prince, 2003). Lastly, methanolic fruit extract possessed strong antibacterial activity 

against multi-drug resistant Salmonella typhi (Rani and Khullar, 2004) and antiviral 

activity against human coxsackievirus BI-B6 with ICso of 500 Ilg/ml (Badam et al., 

2002). 

In order to employ A. mannelos for medicinal purpose as nutraceuticals or 

pharmaceuticals, the study on toxicity and other biological effects would be beneficial. 

Jagetia and coworkers (2004) found that ethanolic fruit extract of A. mannelos was 

nontoxic and had no side-effect up to a dose of 6 g/kg in mice. A lethal test showed 

no toxic effect on reproduction and progeny outcome on 8-week treatment rats with 

aqueous extracts. In male rats, no adverse effects on body, testicular weights, cauda 

epididymal sperm counts as well as no notable changes in sperm morphology and 
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motility were observed. In female rats, there were no significant changes in the 

number of implantation sites, viable fetuses, dead fetuses relative to controls (Aritajat 

et al., 2000) and reproduction (Saenphet et al., 2006). 

Another aspect dealing with the safety of A. mannelos for medicinal use is the 

ability of A. mannelos to cause the biological interaction with concomitant drugs or 

compounds. Food-drug interaction is the results of the action between a drug and 

nutrient that would not happen with the nutrient or the drug alone, and the effect of a 

medication on nutritional status. While food-drug interaction happens, it can change 

the therapeutic effects or side effects of drugs (Pronsky and Crowe, 2000). Food-drug 

interaction may be divided into two broad types: pharmacodynamic and 

pharmacokinetic interactions. Pharmacodynamic food-drug interaction is the study of 

the biochemical and physiological properties of food on the conventional drug. While, 

pharmacokinetic food-drug interaction is the study of the time course of a drug in the 

body involving the absorption, distribution, metabolism (biotransformation) and 

excretion when co-administered with food (Shannon and Michael, 2005). 

In an attempt to determine the food-drug interaction, study of drug 

metabolism is one of the important process. Conventionally, drug metabolism is 

broadly divided into phase I and phase II pathways. Enzymes involved in drug 

metabolism facilitate those chemical reactions. Phase I metabolism includes oxidation, 

reduction, hydrolysis and hydration resulting in the formation of functional groups 

(-OH, -SH, -NHz or -COOH) that impart the metabolites with increased polarity 

compared to the parent compounds (Gibson and Skett, 1986). Of the phase I reactions, 

cytochrome P450 (CYF) superfamily is associated to the metabolism of a variety of 

xenobiotics and endobiotics (Pronsky and Crowe, 2004). 

The CYF enzymes (also called microsomal mixed-function oxidase enzymes) 

are belonged to a group of enzymes which possess similar core and mode of operation. 

Core of CYF enzyme is a hydrophobic part of heme structure (also known as 

ferriprotoporphyrin-9; F-9). The operation mode of enzyme is apoprotein (Coleman, 

2005). At the cellular level, CYF is embedded in the phospholipid bilayer of the 

smooth endoplasmic reticulum with a portion exposed to the cytosol of many tissues 

(liver, kidneys, small intestine, skin, nasal mucosa, eyes, lungs, adrenals, pancreas, 

heart, brain, erythrocytes and platelets) (Gibson and Skett, 1986). 

Currently, CYFs are classified according to their amino acid sequence 

homology, that is: 40 per cent of their amino acid structure in common they are 
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assumed to belong to the same "family". While, 55 per cent sequence homology of 

their amino acid structure in common they are assumed to belong to the same "sub 

family". Finally, individual 'isoforms', are enzymes which are originated from a 

single gene (Coleman, 2005). Presently, there are more than 270 different CYP gene 

families, with 18 recorded in mammals. Human beings have 57 CYP genes and 33 

pseudogenes arranged into 18 families and 42 subfamilies (Nebert and Russell, 2002; 

Kashuba et ai., 2006). 

The important human CYP isoforms that metabolize drugs include CYP IA2, 

2C9, 2C19, 2D6, 2EI and 3A4 (Kashuba et aI., 2006). Those enzymes are responsible 

to different duties such as CYPIA2 is capable of oxidizing oestrogens, series of 

hormones, planar aromatic molecules, aromatic amines, variety of drugs (which are 

aromatic amines such as caffeine, ~-naphthylamine and theophyllin). While, CYP2C9 

is responsible for the metabolism of common medications including ibuprofen, 

phenytoin, warfarin, rifampin, rifabutin, etc. CYP2C 19 is responsible for the 

metabolism of several drugs such as omeprazole, benzodiazepine, citalopram, 

tricyclic antidepressant (TCAs) , lansoprazole, etc. CYP3A4 is the most abundant 

CYP isoform in humans, and is responsible for the metabolism of more than 60% of 

all drugs in the market, representing 38 different therapeutic classes. Substrates of 

CYP3A4 include psychotropics, antiarrhythmics, benzodiazepines, antimicrobial 

agents, antiretroviral agents, immunosuppressants, antiulcer agent and 

anticonvulsants. CYP3A4 is also involved in the metabolism of several endogenous 

steroids such as cortisol, testosterone, estradiol and progesterone (Nebert and Russell, 

2002; Coleman, 2005). 

The mechanical reaction of CYPs to reduce their substrates is that CYPs form 

complex with substrate (RH), then NADPH-dependent cytochrome P450 reductase 

provides one electron to molecule of CYP-substrate complex. Molecule oxygen, an 

electron and two hydrogen ions combine with the reduced cytochrome P450-substrate 

complex, resulting in release ofthe product (oxidized substrate; ROH), reoxidation of 

CYP, NADP+ and production of water. Products from this reaction appear to be a 

simple alcohol (Gibson and Skett, 1986; Kashuba et ai., 2006). 

Interestingly, the activity of CYP can be induced or inhibited by xenobiotics 

such as drugs, food and environmental toxicants. (Brandon et ai., 2003). Foods and 

food components such as grapefruit juice, garlic, ginseng, St John's wort, ginkgo, etc. 
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were found for their abilities on CYPs (Venkatararnanan, Komoroski and Strom, 

2006). 

Grapefruit or Citrus paradisi is belonged to family Rutaceae. Grapefruit is a 

low a glycemic index fruit with an excellent source of vitamin C, pectin, fiber and 

lycopene. Pharmacological effects of grapefruit juice include hypocholesterolemia, 

antihypertension, antidiabetes, antiobesity, antioxidant, antimicrobial and antifungal 

(Stump, Mayo, and Blum, 2006; Kiani and Imam, 2007). Effect of grapefruit juice on 

drug absorption was discovered in that it has the capacity to inhibit the activities of 

human CYPIA2, CYP3A4, and p-glycoprotein (Bailey et al., 2004; Guo and 

Yamazoe, 2004; Kiani and Imam, 2007; Fujita et al., 2008) . In addition, bergamottin 

and 6',7'-dihydroxybergamottin which are active furanocoumarins in grapefruit, 

appeared to have CYP3A4 inhibition at ICso value of 1.0 and 0.45 11M, respectively 

(Ohnishi et al., 2000). Garlic or Allium sativum is a plant in the onion family, 

Alliaceae. Garlic has been used throughout recorded history for both culinary and 

medicinal purposes. Garlic seed is the most commonly used for consumption (raw or 

cooked), and for medicinal purposes. A number of pharmacological effects of garlic 

have been reported such as lowering of blood pressure, prevention of age-related 

changes in the vasculation and reduction of serum lipids (Abebe, 2002; Hodge, G., 

Hodge, S. and Han, 2002; Sato et al., 2006; Fukao et al., 2007). As part of food-drug 

interaction, it has been reported about inhibitory effect of garlic on CYP2C9, 2C19, 

2D6 and 3A4 (Foster et aI., 2001). Allicin, the active compound in garlic, showed 

inhibitory effect on CYP2C9 and 2CI9 with ICso of 5.41 and 3.52 11M, respectively 

(Zou, Harkey and Henderson, 2002). Ginseng or Panax ginseng is a root of plants 

belonged to family Araliaceae. Ginseng is promoted as antimicrobial, 

anticarcinogenic and antioxidant properties (Ahn et al., 2006; Xie et al., 2006). Liu 

and collaborates (2006) reported the inhibitory effect of ginseng and its active 

components (steroid-like compounds: ginsenosides, eleutherosides) on CYPIA2, 2A6, 

2C9, 2D6 and 3A4 with ICso of 78.4, 63.6, 32.0, 58.0 and 14.1 11M, respectively. 

St John's wort or Hypericum peiforatum, is a plant in Hypericaceae family. 

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

depression. The naphthodianthrones, hypericin and pseudohypericin along with the 

phloroglucinol derivative, hyperforin, are thought to be its chemical constituents 

(Lawvere and Mahoney, 2005). St John's Wort and its active components (hypericin 

and hyperforin) were able to inhibit the activities of CYP2C9, 2C19, 2D6 and 3A4 
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(Foster et a/., 2003; Venkataramanan et a/., 2006; Madabushi et at., 2006). Ginkgo or 

Ginkgo bi/oba is a plant belonged to family Ginkgoaceae. Ginkgo leaf extract has 

been used to treat a variety of ailments and conditions including memory 

improvement, prevention of Alzheimer's disease and dementia (Sierpina, 

Wollschlaeger and Blumenthal, 2003). Zou and collaborates (2002) reported an 

inhibitory effect of Ginkgolic acid I and Ginkgolic acid II on CYPIA2, 2C9, 2C19, 

2D6 and3A4. 

Since A. manne/os is widely used for food, beverage and medicinal herb in 

Thailand, repeated exposure of this fruit may affect biotransfonnation enzymes. 

Previous report showed that methanolic extract of A. manne/os leaves possessed 

bifunctional inducing properties on both phase I, CYPs and NADPH-CYP reductase, 

and phase II, glutathione S-transferase and DT -diaphorase in Swiss albino male mice 

(Singh, Banerjee and Rao, 2000). In adddition, imperatorin, one of the active 

constituents in A. manne/os could inhibit CYPIAI, 2Bl (Cai et a/., 1993), lA2, IBI, 

2A6, 2B6, 2C9 and 3A4 in human CYPs (Kleiner, Reed and DiGiovann~ 2003). 

However, there is no infonnation of A. manne/os fruits on human CYP activity. This 

study was designed to detennine the in vitro inhibitory effects of A. manne/os fruit 

extract obtained from different solvent extraction on human phase I metabolism 

enzymes; CYPIA2, 2C9, 2C19 and 3A4. Amount of imperatorin in the fruit extract 

was detennined by HPLC analysis and its effects on those CYPs were investigated so 

as to find out whether this compound properties was related to the inhibitory effect of 

the extracts. 



1.2 Objectives of the study 

The objectives of the present study were as follows: 

1. To detennine in vitro effect of A. manne/os fruit extracts on CYPs. 

2. To detennine in vitro effect of imperatorin on CYPs. 

1.3 Benefits of the study 

The benefits of the present study are as follows: 

7 

1. The information regarding the inhibitory effects of A. manne/os fruit extracts 

on CYP will be obtained. 

2. The content of imperatroin in A. manne/os fruit extracts is detennined. 

3. The results from this study would be a beneficial information to indicate the 

possibility of interaction between A. manne/os fruit and some therapeutic 

drugs when taken concomitantly. 



2.1 Aegle marmelos 

CHAPTER II 

LITERA TURE REVIEW 

Aegle marmelos Correa (Figure 1) is a very hardy tree and can thrive even under 

adverse agroc1imatic condition. It belongs to the family Rutaceae and is known to 

have originated in Southeast Asia countries. It is grown throughout Thailand, India, 

Srilanka, Pakistan, Bangladesh and Burma. There are no standard names 

for A. marmelos cultivars. A. marmelos Correa is generally named after the locality 

where it is available. It has been called in India as Bael, in Burma as Okshit and in 

Thailand as Matoom (f(1'11 ff~l1,;'U'i, 2545). 

A. marmelos is a popular plant in local communities due to its availability and its 

refreshing flavor. Indians place A. marmelos as the tree of Lord Shiva and also called 

"Shivadume", with their respect to its flavor and applications. It has been long time 

noted as indigenous medicinal plant in several Thai traditional treatment formulas 

while its fruit is used as a refreshing drink (ffm'll {J~rJ1,:r'U~, 2546). 

Figure 1 Aegle marmelos Correa (l'IlD1J~~ flHlm1, 2535) 
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2.1.1 Botany 

A. maremelos is a medium-sized tree about 10-15 m in height with 

short, strong, sharp and spiny branches. The bark is bluish-grey with irregular furrows. 

Leaves are 2.5-5 em long, ovate or oval-ovate, abrupt or tapering at base. Flowers are 

regular, bisexual and pale greenish white. Fruit diameters are globose, 5-12.5 cm 

(Srilanka), 8.5-16.8 cm (India), 5-15.5 em (Thailand). Pericarps are smooth, greenish

yellow, about 3 mm thick and hard. Seeds are numerous and compressed. It 

surrounded by slimy, transparent mucous, testa white and covered with woolly hairs 

(Bishen and Mahendra, 1980; r{1Y i1~11';\l{, 2545). 

2.1.2 Cultivar and physiology 

A. maremelos is a hardy, subtropical, deciduous tree that can thrive in 

various soil-climatic conditions. It can tolerate alkaline soil and temperature below 

O°C. It is usually propagated by seeds which are sown in June and seedling are 

transplated a year later. Budding in June-July on its own 2-year-old rootstock, 

seedlings can be obtained. In vegetatively propagated plants, fruiting begins after 5 

years and full bearing can be attained in about 15 years. The growth and development 

of fruits are in May to September. In Thailand, flowering starts from March in the 

Northeastern part. Fruit setting of A. marmelos takes place in early April. Its fruits 

take 4 months to be full size in August and another 4 months to be a mature fruit in 

December (~~'u lJ~tJ1,r\l"', 2546). 

2.1.3 Medicinal properties 

All parts of A. marmelos can be edible and valued in Ayurvedic 

medicine. The leaves are made into poultice and used in the treatment of ophthalmia 

and ulcers and fresh juice is recommended for treatment of catarrh and fever. The 

roots and bark are used for treatment of various ailments, particularly in intermittent 

fevers and also as a fish poison. Ripe fruit is regarded as astringent, digestive, 

stomachic and specially efficacious in chronic diarrhea and dysentery. It is often 

proving effective after all other medicines have failed (Bishen and Mahendra, 1980; 

r{1Y i1~11';\l{, 2545). Different parts of A. marmelos have been reported for several 

pharmacological activities (Table 1). 
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2.1.3.1 Antihyperglycemic activity 

Defective Glut-4 translocation In glucose transport and 

impaired insulin signaling cascade are among the major defects in insulin resistance 

in type 2 diabetes. For in vitro study, methanolic extract of A. manne/os fruit at 
I 

concentration of 100 ng/ml showed significantly elevated of Glut-4, the glucose 

transporter in L6 myotubes as compared to insulin and rosiglitazone (Anandharajan et 

a/., 2006). While, in vivo study, A. manne/os fruit aqueous extract given orally at 125 

mg/kg twice daily for 4 weeks to streptozotocin-induced diabetic rats, showed a 

significant antidiabetic eff~t. A highly significant decrease in glucose level nearly to 

normal was found when a dose of 250 mg/kg of the extract was given 

(Kamalakkannan and Prince, 2003). The plasma levels of vitamin C, GSH and 

a-tocopherol were increased due to the reduction of blood glucose in diabetic rats 

(Kamalakkannan and Prince, 2003; Kamalakkannan and Stanely Mainzen Prince, 

2003). The aqueous extract of A. manne/os seeds at the effective dose of 250 mg/kg 

once daily, for 14 days in diabetic rats was reported not only lowered total cholesterol, 

triglyceride and LDL-cholesterol but also enhanced the cardioprotective lipid HDL 

cholesterol. Seed extract also reduced the glucose level by 26.8% and 35.1 % after 4 

and 6 hours, respectively, in treated rats following glucose tolerance test (Kesari et a/., 

2006) . 

2.1.3.2 Antidiarrhoeal activity 

Antidiarrhoeal effect of unripe A. manne/os fruit extract at 

50 and 100 mg/kg, i.p. in castor oil-induced diarrhoeal mice was reported by Dhuley 

(2003). The extract reduced intestinal fluid and intestinal transit time. It also 

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

stress or indomethacin. The researcher suggested that gastroprotection of A.manne/os 

extract may probably involve in a prostaglandin-independent mechanism In addition, 

oral administration of A. manne/os aqueous and methanolic fruit extract at the doses 

of3, 7.5 and 15 mg/kg, p.o. for 30 minutes before giving orally with 0.3 ml castor oil 

resulted in a significant decrease of onset time of diarrhea, total number of faeces, 

number of wet faeces and total weight of wet faeces in mice (Shoba and Thomas, 

2001). 
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2.1.3.3 Anticancer activity 

Hydroalcoholic fruit extract of A. manne/os showed a 

radioprotective effect in mice at the pretreatment dose of 20 mg/kg, once daily, i. p. 

for 5 days before exposure to 10 Gray (Gy) of radiation. Treatment of mice with all 

doses of the extract showed reduced severity of symptoms and mortality after 30 days 

postirradiation (Jagetia et a/., 2004). Ethanolic fruit extract of A.manne/os showed 

antiproliferative activity against SKBR3 human breast adenocarcinoma cell line with 

the 50% inhibitory concentration (lCso) of 144.00±1.21 f.lg/ml (Moongkamdi et al., 

2004) . 

2.1.3.4 Antibacterial activity 

Methanolic fruit extract of A. manne/os possessed strong 

antibacterial activity against multi-drug resistant Sa/monella typhi (Rani and Khullar, 

2004) . The researcher suggested that antibacterial activity may be due to the essential 

oils such as cineole, p-cymene, citronellol, citral, cuminaldehyde, D-limonene and 

eugenol contained in A. manne/os fruit. They have shown to possess a broad 

spectrum of antibacterial and anti-fungal activities (Rana, Singh and Taneja, 1997; 

Roy and Saraf, 2006). 

2.1.3.5 Antioxidant activity 

Exposure of animals to different doses of y-radition 

significant decreased glutathione (GSH) contents in a dose-dependent manner. The 

radiation also associated with increasing of lipid peroxidation in the liver, intestine, 

kidney and stomach. An in vitro study showed beneficial effects of 

A. manne/os fruit by expression of GSH and reduction in radiation-induced lipid 

peroxidation in those tissue of mice after pretreatment dose 20 mg/kg, once daily, i.p. 

for 5 days before exposure to 10 Gy of radiation. (Jagetia and Baliga, 2004). 

Moreover, when aqueous extract of A. manne/os fruit was given at effective dose of 

250 mglkg twice daily, p.o. for 4 weeks to streptozotocin-induced diabetic rats, it 

produced a significant decrease in peroxidation products and increased all the values 

of antioxidant enzymes (GSH, superoxide dismutase, catalase and glutathione 

peroxidase) in hepatic and renal tissues of rats (Kamalakkannan and Stanely Mainzen 

Prince, 2003). 
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Both studies showed antioxidative effect of A. marmelos fruit 

but the researcher suggested that there were still needed for biochemical and 

pharmacological investigations to isolate and identify the active constituents. 

2.1.3.6 Antiviral activity 

The efficacy against human coxsackieviruses BI-B6 of 

A.marmelos fruit extract was tested in an in vitro plaque inhibition assay. The 50% 

inhibitory concentration (ICso) was found to be 500 Ilg/ml (Badam et al., 2002). 

Apart from pharmacological effect of fruit extract, other parts of A. marmelos 

also provided several activities (Table 1). The seed extract of A. marmelos showed 

blood glucose lowering effect, antiinflammatory, relief respiratory problem and 

analgesic (Karunanayake et al., 1984; Kesari et al., 2006). While, its bark showed 

antiviral, HIV-l protease, and antiproliferative activity (Kusumoto et al., 1995; 

Lampronti et al., 2003). Its ethanolic extract from leaves has been reported for 

anticancer activity when administrated at the dose of 400 mglkg once daily for six 

consecutive days to the tumor bearing mice (Jagetia, Venkatesh and Baliga, 2004). 

Moreover, hypoglycaemic activity was observed in alloxan-induced hyperglycemic 

rats given extract at the dose of 250 mg/kg, p.o. for 2 weeks (Kar, Choudhary and 

Bandyopadhyay, 2003). The leave extract contained anti-inflammatory by significant 

inhibition of carrageenan-induced paw oedema and cotton-pellet granuloma in rat and 

analgesic activity by reduction the early and late phases of paw licking in mice (Arul, 

Miyazaki and Dhananjayan, 2005). Hydroalcoholic leaf extract of A. marmelos was 

bifunctional inducer both phase I and phase II metabolism enzymes and had 

antioxidative effects by significantly increasing the basal levels of acid-soluble 

sulphydryl (-SH) content, cytochrome P450, NADPH-cytochrome P450 reductase, 

cytochrome b5, NADH-cytochrome b5 reductase, glutathaione S-transferase, DT

diaphorase, superoxide dismutase, catalase, glutathione peroxidase and glutathione 

reductase in mice after administered the extract at doses of 50 and 100 mg/kg p.o. 

daily for 14 days (Singh et al., 2000). Finally, its antifungal, antihistamine effects and 

analgesic activity were found (Rana et al., 1997; Arul et al., 2004, 2005; 

Shankarananth et al., 2007) . 
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Table 1 Traditional uses and pharmacological activities of A. marmeios 

Plant parts Activities References 

Fruits Traditional use: 

-Digestive aid h 

-Antidiarrhea 
Bishen and Mahendra, 1980; 

-Antidysentery rt1~ n~l1l1l1i. 2545 

-Mildly astringent 
1"-

Pharmacological activities: 

-Hypoglycemia activity Kamalakkannan and Prince, 
2003; Kamalakkannan and 
Stanely Mainzen Prince, 2003 

-Activation of glucose transporter Anadharajan et ai., 2006 

-Gastroprotective Dhuley, 2003 

-Antidiarrhoeal Shoba and Thomas, 2001 

-Radioprotective effect Jagetia et ai., 2004 

-Antiproliferative activity Moongkarndi et ai., 2004 

-Nitric oxide scavenging activity Jagetia et aI., 2004 

-Anti-lipid peroxidative activity Kamalakkannan and Stanely 
Mainzen Prince, 2003 

-Antimicrobial Rani and Khullar, 2004 

-Antiviral Badam et ai., 2002 

-Anti-alzheimer Ingkaninan et aI., 2003 
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Table 1 Traditional uses and pharmacological activities of A. marmeios (Cont.) 

Plant parts Activities References 

Leaves Traditional use: 

-Treatment of bronchitis 

11 Bishen and Mahendra, 1980; 
-Treatment of ophthalmia >- c'('lY "~l1iu{, 2545 

-Catarrh and feverishness ..) 

Pharmacological activities: 

-Radioprotective effect Jagetia, 2007 

-Phase I and Phase II metabolism Singh et ai., 2000 
enzyme induction 

-Antioxidation Singh et ai., 2000 

-Mosquito larvacidal Abdul et ai., 2008 

-Hypoglycemic activity Kar et al., 2003~ 
Narendhirakannan, Subramanian 
and Kandaswamy, 2006~ 
Narender et ai., 2007 

-Anti-inflammatory Arul et ai., 2005 

-Analgesic Shankarananth et al., 2007 

-Antifungal Rana et al., 1997 

-Atihyperlipidemia Rajadurai and Prince, 2005~ 
Narender et ai., 2007 

-Regulation of hyperthyroidism Kar, Panda and Bharti, 2002 

-Antihistamine Arul et ai., 2004 
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Table 1 Traditional uses and pharmacological activities of A. marmelos (Cont.) 

Plant parts Activities References 

Seed Pharmacological activities: 

-Hypoglycemia and Kesari et al., 2006 
antihyperglycemic activities 

-Anti-inflammatory Karunanayake et al., 1984 

Bark Traditional use: 

-Chronic fever 
} Bishen and Mahendra, 1980; 

-Antimalarial f{1Y n~lfl1u{, 2545 

Pharmacological activities: 

-illV -1 protease inhibition Kusumoto et al., 1995 

-Antiproliferative effect Lampronti et al., 2003 

2.1.4 Toxicological activity 

Although A. marmelos has been used as food and beverage for years, 

its extract has been previously reported especially at high concentration, up to a dose 

of 6 g/kg, body weight. Ethanolic fruits extract of A. marmelos fruits showed 

nontoxic and no side effects in mice (Jagetia et al., 2004). Aritajat et al. (2000) 

reported no toxic effect on male reproduction and progeny outcome on 8-week 

treatment rats with aqueous extracts of A. marmelos. Treatment rats showed no 

adversely affected on body and testicular weights as well as cauda epididymal sperm 

counts. No notable changes in sperm morphology and motility were observed. There 

were no abnormal changes in the number of implantation sites, number of viable 

fetuses and number of dead fetuses in females mated with plant extract-treated males 

relative to controls. An extended study, aqueous extract of A. marmelos fruit given to 

rats at 1 ml/day, p.o. for 60 days before mating had no effect on reproduction of 

female rats (Saenphet et al., 2006). Ethanolic leaf extract of A. marmelos up to dose 

of 1,750 mg/kg showed no toxicity and no drug-induced mortality in treated rats 

(Jagetia et al., 2004). The LDIO and LDso of extract in acute mortality in rats were 
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found to be 2,000 and 2,250 mglkg, respectively. The extract has been reported to be 

non toxic up to 4 glkg orally (Jagetia et a/., 2004) . 

2.1.5 Chemical constituents and biological activity 

A. manne/os fruits contain many groups of compound such as 

Coumarins, alkaloids, flavonoids, lipid, terpenoids and sugar. Coumarins which are 

found in acetone extraction of A. manne/os fruit are imperatorin, alloimperatorin, and 

xanthotoxol (Sharma, B. R and Sharma, P., 1981; Banerji et a/., 1988) while 

alkaloids are marmeline, cinnamide and aegeline (Sharma, B. R and Sharma, P., 

1981). Terpeniods in methanolic extractions are terpene alcohol, limonene, 

phellandrene, terpineol and linalool oxide (Tokitomo et a/., 1982) and flavonoid in 

ethyl acetate extraction is pelargonidin (Noysang, 1998). Sugars found in the aqueous 

extract include L-rharnnose, L-arabinose, D-galactose and D-galacturonic acid (-nlJn 

",mil -n'YltJl~fJn lin:: t;;",n nh'll'Yl, 252~; Ratan et a/., 2001). Steroids found in hexane 

extracts are p-stitosterol and stigmasterol (Noysang, 1998). Other compounds (such 

as gum and oleoresin) are found by using methanolic extraction (Tokitomo et al., 

1982) (Table 2). 

2.1.5.1 Coumarins 

Coumarins are thought to be the main ingredients found in 

fruits of A. mannelos. The coumarin compounds are reported to be imperatorin, 

alloimperatorin, xanthotoxin and psoralen. All of imperatorin, alloimperatorin, 

xanthotoxin and psoralen are furanocoumarins, their chemical structures are shown in 

Figure 2. In general, furanocournarins exists in plants belonging to families 

Umbelliferae, Rutaceae, Moraceae and Leguminosae such as parsnip, parsley, fennel 

and citrus fruit (grapefruit, orange and pomelon). There are used to cure skin diseases 

and their photosensitizing properties have led to development of a modem medical 

principle, photo chemotherapy. The biological roles of furanocoumarins in their host 

plants have not been well understood, but at least these chemicals are considered as 

natural toxins to protect plants from insects, livestock and microbes. One of the 

toxicities of furanocoumarins is related to the inhibition of CYP enzyme in phase I 

metabolism (Guo and Yamazoe, 2004). 
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Table 2 The chemical constituents of A. manne/os fruit 

Type of chemicals Chemicals References 

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

Alloimperatorin, Sharma, B. R. and Sharma, P., 
Xanthotoxin, Psoralen 1981 

Alkaloid Marmeline, Cinnamide, Sharma, B. R. and Sharma, P., 
Aegeline 1981 

Skimmianine, Haplopine Banerji et a/., 1988 

Terpenoid Linalool, a-Phellandrene, Macleod and Pieris, 1981; 
Limonene Tokitomo et a/., 1982 

Flavonoid Pelargonidin Noysang, 1998 

Sugar L-rhamnose, L-arabinose, ;;1Jn"HN ;;l1tJl\jQn lin:: l;;"n nlr)1l1, 
D-galacturonic acid, 2529; Ratan et a/., 1981 
D-galactose 

Steroid p-sitosterol, stigmasterol Noysang, 1998 

Other Oleoresin, gum Tokitomo et aI., 1982; ;;1Jn"HN 

;;l1tJl\jQn lin:: ,;;"n n h)1l1, 2529 
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Furanocournarin 

~ o 

Imperatorin Alloimperatorin 

Xanthotoxin Psoralen 

Figure 2 Chemical structure of furanocoumarins and their derivatives 
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Imperatorin (9-(3-methylbut-2-enyloxy)-7H-furo[3, 2]chromen 

-7-one, ammidin, mannelosin, pentosalen) is probably the therapeutically active 

component of A. mannelos fruit (Table 3). Imperatorin has been reported on 

significant antiseizure effect in mice at dose of 50 mg/kg, from electro chock-induced 

seizures and chimney test (Luszczki et al., 2008). Also, Imperatorin could inhibit 

nitric oxide (NO) production at ICso of 60 ~M (Matsuda et al., 2005). In vitro study, 

imperatorin inhibit HIV-l replication in MT-2 cells infected with HIV-l (Sancho et 

al., 2004). Imperatorin showed chemopreventive effect by inhibition of polycyclic 

aromatic hydrocarbon-induced skin tumor initiation In mice by blocking CYPs 

mediated bioactivtion of benzo-[a]pyrene (B[a]P) and 7, 12-

dimethylbenz[a]anthracene (DMBA) (Kleiner et al., 2003). Oral administration of 

imperatorin to mice significantly inhibited B[a]P-DNA adduct formation by 26% 

(Cai et al., 1997; Kleiner et al., 2002). 

Moreover, imperatorin showed antioxidative effect against 

2,2'-azobis (2-aminodinopropane) dihydrochloride (AAPH)-induced cellular damage. 

Imperatorin also showed potent antioxidant effects against the 2,2-diphenyl-l

picryhydrazyl (DPPH) radical and against renal epithelial cell injury by using AAPH 

to generate peroxy radicals in vitro (Piao et al., 2004). Lastly, imperatorin showed 

antiplatelet aggregation and vasodilation effects (Chen et al., 1996; He et at., 2007). 

Other coumarin, xanthotoxin (ammoidin) could inhibit nitric 

oxide production (Matsuda et al., 2005) and CYP (Cai et al., 1993). It also showed 

antiinflamatory and photoprotecting effect in patients with vitiligo (skin condition in 

which the losing of skin pigmentation causes white spots to appear) (Couperus, 1954). 

Interestingly, coumarin like psoralen has been reported as antipsoriasis by reduction 

of rash (Lowe, 1983). It showed anticancer effect by significant increasing apoptosis 

of tumor cell in vitro (Wang, et al. 2009). 

There were some studies on CYP activities of furanocoumarins . 

Imperatorin acted as selective inhibition in vitro for CYP lA2, 1 B 1, 2B6 and 3A4 at 

ICso lower than 1 ~M. While xanthotoxin showed inhibit effects on CYPIAI and 

CYP 2Bl at ICso lower than 10 ~M. Table 4 shows the ICso values offuranocoumarin 

and selective inhibitors, a-naphthoflavone, sulfaphenazole, miconazole and 

ketoconazole (Kleiner et al., 2003; Cai et al., 1993; Marques-Soares et at., 2003 and 

Monostory, Hazai and Vereczkey, 2004). 
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Table 3 Pharmacological activities of imperatorin, xanthotoxin and psoralen 

Chemicals Activities References 

Imperatorin -Antiseizure Luszczki et al., 2008 

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

-Inhibition of nitric oxide (NO) Matsuda et al., 2005 
production 

~. 

-Inhibition ofIDV replication Sancho et al., 2004 

-Chemopreventive effect Kleiner et al., 2002 

-Antitumor Cai et ai., 1996; Yang et 
al., 2003 

-Antioxidative activity Piao et al., 2004 

-Antiplatelet aggregation Chen et al., 1996 

-Vasodilation effect He et al., 2007 

Xanthotoxin -Inhibition of nitric oxide (NO) Matsuda et al., 2005 
production 

-Treatment of vitiligo Couperus, 1954 

- CYP450 inhibition Cai et al., 1993 

Psoralen -Antipsoriasis Lowe, 1983 

-Anticancer Wang et al., 2009 



Table 4 IC so values (~M) of imperatorin, xanthotoxin and selective inhibitors on CYPs 

ICso, ~M (±S.D. or 95% C.l.) 
Enzymes 

Selective inhibitors Coumarins 

a-naphthoflavone sulfaphenazole miconazole ketoconazole '. imperatorin xanthotoxin 

CYP1A1 0.186±0.037(1) ND ND ND 2.76±0.64(1) 9.6i2) 

CYP1B1 0.012±0.002(1) ND ND ND 0.7l±0.17(I) ND 

CYP1A2 0.042±0.017(1) ND ND ND 0.38±0.12(1) ND 

CYP2A6 >500(1) ND 132.8±11O.86(4) >250(4) 11.7 (13.3, 10i1
) ND 

CYP2B1 18.20(2) ND ND ND 5.44(2) 1.30(2) 

CYP2B6 >500(1) ND ND ND 0.32 (0.40, 0.25i1
) ND 

CYP2C9 185 (211, 159i1
) 0.6(3) 5.4l±3.52(4) 52.l±30.2l(4) 111 (133, 89.1i1

) ND 

CYP2C19 ND >500(3) 1.78±0.84(4) 122.l±77.42(4) ND ND 

CYP2E1 ND ND >250(4) >250(4) ND ND 

CYP3A4 ND ND 2. 04±0. 60(4) 0.4±0.16(4) 0.53 (0.62, 0.45><1) ND 
I 

ND = not determined, (1) Kleiner et al., 2003, (2) Cai et al., 1993, (3) Marques-Soares et al., 2003, (4) Monosto!), et al., 2004 
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2.1.5.2 Alkaloids 

Some alkaloids 10 A. manne/os fruits are marmeline, 

cinnamide, aegeline, skimmianine and haplopine, in which some are biologically 

active. Skimmianine could be used for antifungal and antiviral activities (Olila, Olwa

Odyek and Opuda-Asibo, 2001). Aegeline showed antihyperglycemic activity as 

evidenced by lowering the blood glucose levels in streptozotocin-induced diabetic 

rats at the dose of 100 mglkg body weight. It also significantly decreased the plasma 

triglyceride (Tg), total cholesterol (TC), and free fatty acids (FFA), accompanied with 

an increase in HDL and HDLlTC ratio in dyslipidemic hamster model at the dose of 

50 mglkg body weight (Narender et aI., 2007). 

2.1.5.3 Flavonoids 

The principal flavonoids in A. manne/os fruit are cyanidin 

and pelargonidin (Noysang, 1998). Pelargonidin has been reported for its anitidiabetic 

potential and antioxidant in streptozotocin-induced diabetic male wistar rats (Roy, 

Sen and Chakraborti, 2008). 

2.1.5.4 Terpenoids 

Terpenoids are widely distributed in nature, mostly in the plant 

kingdom Oil of A. manne/os fruit is abundant source of terpenoids such as linalool, 

a-phellandrene and limonene. Terpenoids are useful for their flavor and in perfumery. 

(Macleod and Pieris, 1981; Tokitomo et a/., 1982). 

2.1.5.5 Sugars 

The sweetness of A. manne/os fruit is due to the presence of 

L-rhamnose, L-arabinose, D-galactose and D-galacturonic acid. The total sugar 

contents gradually increase with the advancement of fruit maturity (Ratan et al., 

1981; ~lJnl'lntu ~'Wl~fJn lin:: 1~l'In nlm'Yl, 2529). 

2.1.5.6 Steroids 

~-sitosterol and stigmasterol are phytosterols which can be 

found in A. mannelos fruit (Noys ang , 1998). ~-sitosterol and stigmasterol have been 

reported for lowering cholesterol in rats (Gerson, Shorland and Dunckley, 1965). 
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2.2 Food-drug interaction 

Food-drug interaction is the result of the action between a drug and nutrient that 

would not happen with the nutrient or the drug alone and the effect of a medication 

on nutritional status. When food-drug interaction happens, it can change the effects 

of drugs and the therapeutic effects or side effects of drugs (Pronsky and Crowe, 

2000). 

Drug failure might occur after treatment has firstly appeared to be successful, 

where a patient becomes stabilized on a particular drug regimen, which then fails due 

to the addition of another chemical or nutrients to the regimen. In another way, drug 

causes the failure by accelerating of the removal of another drug or compound from 

the patient's system, so levels of removal drug are then too low to be effective. In the 

treatment of epilepsy, the loss of effective control of the patient's fits could lead to 

injury to themselves or others. The failure of a contraceptive drug would lead to an 

unwanted pregnancy and the failure of an antipsychotic drug would mean 

hospitalization for a patient at the very least. 

Drug toxicity might occur when drug accumulation, either by overdose or by a 

failure drug removal. A reduction in the rate of drug removal from the body (often 

due to administration of another drug or chemical), will lead to drug accumulation. 

Toxicity can be an intensification of drug's therapeutic action, or an unrelated 

damaging effect on a tissue or organ system For example, if the immunosuppressive 

cyc1osporine is allowed to accumulate, severe renal toxicity can lead to organ failure. 

Excessive levels of anticonvulsant and antipsychotic drugs cause confusion and 

drowsiness and the accumulation ofterfenadine can lead to lethal cardiac arrhythmias . 

Drug toxicity may occur much more rapidly than drug failure, it often within hours 

rather than days (Coleman, 2005). 

Risk factors for increasing of food-drug interactions can be external and internal 

factors. Internal risk factors such as genetic, age, sex, hormone, disease and 

nutritional status. While, external risk factor such as polypharmacy, diet and 

environment (Gibson and Skett, 1996). 

2.2.1 Pharmacology of food-drug interaction 

Medication is administered to produce a pharmacologic effect in the 

body or more specifically in a large organ or tissue. To achieve this goal, the drug 

must move from the site of administration to the blood stream and eventually to the 
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site of drug action. In due course, the drug may be changed to active or inactive . 

metabolites and ultimately eliminated from the body. An interaction between the drug 

and food, a food component, or a nutrient can alter this process at any point. 

Food-drug interactions may be divided into two broad types: 

Pharmacodynamic interactions 

Pharmacodynamics is the study of the biochemical and 

physiological effects of drug. The mechanism of action of drug might include the 

binding of drug molecule to a receptor, enzyme, or ion channel, resulting in the 

observable physiological response. Ultimately, this. response may be enhanced or 

attenuated by the addition of other substances with similar or opposing actions. 

Pharmacokinetic interactions 

Pharmacokinetics is the study of the time course of a drug in the body 

involving the absorption, distribution, metabolism (biotransformation) and excretion 

of the drug. Absorption is the process of the movement of the drug from the site of 

administration to the blood-stream. Distribution occurs when the drug leaves the 

systemic circulation and travels to various regions of the body. A drug is metabolized 

and eliminated from the body as either unchanged drug or as a metabolite of the 

original compound (Pronsky and Crowe, 2000). If food can affect the . duration of 

drug in the body, difference in pharmacokinetics will be observed. 

2.2.2 Biotransformation of foods 

Some compounds in food are xenobiotics which may be foreign 

compounds to the body as same as drug or pollutant. Living organisms have 

biotransformation processes to protect themselves against accumulation of 

xenobiotics to a high level. These processes general involve lipophilic compounds 

being converted to water-soluble metabolites. Metabolites are then ionized at 

physiological pH and excreted primarily in urine and feces. In general, 

biotransformation reactions involve by enzymes are divided into two categories, 

phase I and phase II (Gibson and Skett, 1996). The chemical reactions are normally 

associated with phase I and phase II drug metabolism as shown in Table 5. 
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Table 5 Reactions classed as phase I and phase II metabolism (Gibson and Skett, 

1996) 

Phase I Phase II 

Oxidation Glucuronidationlglucosidation 
CVP P450-dependent oxidation Sulfation 
CVP P450-independent oxidation Methylation 

Reduction Acetylation 
Hydrolysis Amino acid conjugation 
Hydration Glutathione conjugation 
Dethioacetylation . Fatty acid conjugation , 
Isomerisation Condensation 

Liver is the major organ of metabolism. While, renal excretion is the 

major route of elimination for drugs and drug metabolites either by glomerular 

filtration or tubular secretion. To a lesser extent, drugs may be eliminated in bile and 

other body fluids (Pronsky and Crowe, 2000). Other organs of metabolism are such as 

gastrointestinal tract, lungs, skin and kidneys. 

Enzyme facilitate chemical reactions involved m drug 

biotransformations. The microsomal mixed-function oxidase system is responsible for 

phase I metabolism This system consists of two enzymes: cytochrome P450 and 

NADPH-dependent cytochrome P450 reductase. Of all drug-metabolizing enzymes, 

cytochrome P450 enzymes metabolize the largest number of substrates having the 

greatest amount of structural diversity (Kashuba et at., 2006). In phase I, endogenous 

compounds (e.g. hormones and prostaglandins produced in the body) and xenobiotics 

are transformed by biochemical reactions (reaction which introduce functional group 

e.g. -OH, -NH2, -SH or -COOH to parent compound), primarily by cytochrome P450 

(CVP) into more water-soluble compounds. 

In phase II, the metabolites produced in phase I are conjugated in a 

series of reactions controlled by a different series of enzyme called conjugase. The 

conjugases attach a substance to the phase I biotransformed compounds to make them 

less toxic and more easily eliminated. Conjugators involved in phase II reactions 

include glucuronic acid, glutathione and glycine. Enzymes that catalyze phase II 

reactions include glutathione S-transferase, nicotinamide adenine dinucleotide 

phosphate (NADP) and quinine reductase. The conjugated water-soluble metabolites 
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produced by phase II are excreted in the urine or feces (pronsky and Crowe, 2000) 

(Figure 3). 

Achieving a balance between these two phases of detoxification is 

critical because phase I metabolites that are not biotransformed by phase II agents can 

be more toxic than the original molecule. For example, a component of cigarette 

smoke that is relatively harmless is transformed during phase I into a metabolically 

activated carcinogen and in phase II the carcinogen or metabolite are biotransformed, 

detoxified, and eliminated. 

Environmental pollutants. 

T oxic chemicals. Hormone. 

Other potentially harmful chemicals 

1 
.- ____ 1 ____ , 

~ n===.====:::::;'1 
Bile and Kidneys and 

elimination urinary excretion 

Cytochrome P-450 enzymes 

act on toxins to oxidize. reduce. or hydrolyze them. 

after which some of them can be excreted. 

Conjugation enzymes 

covert toxins to water-soluble forms for excretion or 

elimination. 

Figure 3 Detoxification in the liver 
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2.2.3 Cytochrome P450 (CYP) 

The CYP enzymes (also call microsomal mixed-function oxidase) are 

belonged to a group of enzymes which all have similar core and mode of operation. 

The active site at core of CVP enzyme is hydrophobic part as heme structure (also 

known as ferriphotoporphoryn 9; F-9) (Figure 4). The operation mode of enzyme is 

apoprotein (Coleman, 2005). 

CVPs were discovered In 1958, the nomenclature of CVP or 

cytochrome P450 is from the reaction between heme containing protein and carbon 

monoxide, the production of this reaction is a complex that has maximum UV 

absorption at 450 nm (Kashuba et al., 2006). Currently, CYPs are classified 

according to their amino acid sequence homology. If 40 percents of their amino acids 

are in common, they are assumed to belong to the same "family". If 55 percents 

sequence homology of their amino acid structures are in common, they are assumed 

to belong to the same "sub family". Finally, individual 'isoforms', are which originate 

from a single gene (Coleman, 2005). Presently, there are more than 270 different 

CVP gene families, with 18 recorded in mammals. Human beings have 57 CYP genes 

and 33 pseudogenes arranged into 18 families and 42 subfamilies (Nehert and Russell, 

2002; Kashuba et aI., 2006). 

Figure 4 Structure of active site of CVP 

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

heen found in virtually all organs in the body including kidney, small intestine, skin, 

nasal mucosa, eyes, lung, adrenals, pancreas, heart, brain, erythrocytes and platelets. 
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At the cellular leveL CYP is embedded in the phospholipid bilayer of the smooth 

endoplasmic reticulum with a portion exposed to the cytosol (Gibson and Skett, 1996). 

Initially, CYPs form complex with substrate (RH), then 

NADPH-dependent cytochrome P450 reductase provide one electron to molecule of 

CYP-substrate. Molecule oxygen, an electron and two hydrogen ions combine with 

the reduced cytochrome P450-substrate complex, resulting in release of the product 

(oxidized substrate; ROH), reoxidation of CYP, NADP+ and production of water. 

Products from this reaction appear to be a simple alcohol. The typical reaction by 

CYP can be summarized as follows (Gibson and Skett, 1996; Kashuba et al., 2006): 

CYP 
Substrate (RH) + 02 + NADPH + W --+. Product (ROH) + H20 + NADP+ 

Figure 5 Typical reaction by CYP enzyme 

NADPH-dependent cytochrome P450 reductase is a flavoprotein, 

which consists of two components, FAD (flavin adenine dinucleotide) and FMN 

(flavin mononucleotide). NADPH-dependent cytochrome P450 reductase locates 

primarily on the surface of the membrane, but in close proximity to the CYP 

substrate-binding site. NADPH reductase can be seen as the 'fuel pump' for the CYP 

it serves. It uses NADPH to supply the two electrons necessary for the cycling of the 

CYP. As CYPs run continuously like a machine tool, a constant flow of electrons is 

necessary to maintain CYP metabolism (Gibson and Skett, 1996; Coleman, 2005). 

Among CYPs, CYP 1, 2 and 3 are main CYP families involved in 

xenobiotics metabolism. These three families account for about 70% of total CYPs in 

human livers. Whereas, CYP 5, 7, 8, 24 and 51 are the main enzymes involved in 

biosynthesis of endogenous substances (Nebert and Russell, 2002; Kashuba et aI., 

2006) (Table 6). 
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Table 6 Endogenous substrates of human CYP families (Nebert and Russell, 2002) 

Family Substrates (functions) 

CYP4 Fatty acids, arachidonic acid, eicosanoids 
CYP5 Thromboxane A2 synthase 
CYP7 Cholesterol (bile acid synthesis) 
CYP8 Prostacyclin synthase (bile acid synthesis) 
CYPll Steriod (Steroido biosynthesis) 
CYP17 Steroid 17a-hydoxylase, 17/20-lyase 
CYP19 Aromatase (oestrogen formation) 
CYP21 Steroid 21-hydroxylase 
CYP24 Vitamin D3 24-hydroxylase 
CYP26 Retinoic hydroxylase (retinoic acid hydroxylation) 
CYP39 24-hydroxycholesterol, 7 a-hydroxylase 
CYP46 Cholesterol 24-hydroxylase 
CYP51 Lanosterol 14 a-desmethylase 

2.2.4 Important members ofCYPl, 2 and 3 families 

The CYP enzymes which belong to families 1, 2 and 3 are main CYP 

families involved in xenobiotics metabolism (Gibson and Skett, 1996; Shannon and 

Michael, 2005; Coleman, 2005; Kashuba et al., 2006). On the basis of the 

concentrations of individual CYP enzymes in human liver rnicrosomes, CYP3A 

represents 30% of total hepatic P450 content; CYP2C represents 18%; CYPIA2 

represents 13%; CYP 2El represents 7%; CYP2A6 represents 4%; CYP2D6 

represents 1.5% and CYP2B6 represents 0.2%. 

However, the relative contributions of individual CYP to the 

metabolism of drugs may not mimic the relative abundance of CYP in the liver. For 

example, CYP3A4 metabolizes approximately 36% of all drugs metabolized by P450, 

followed by CYP2D6 at 19%, CYP2C9 at 16%, CYPIA2 at 11%, CYP2C19 at 8%, 

CVP2El at 4%. This ranking is more important when considering drug interactions 

(Kashuba et al., 2006). The enzymes responsible for most drug metabolism and 

interactions are listed in more details. 

CVPIA subfamily 

Enzymes in CYPIA subfamily are responsible for metabolic activation of 

some known pro carcinogenic environmental chemicals, toxins and drugs. CYPIAI 

(aryl hydrocarbon hydroxylase) and lA2 (aryl amine oxidase) are the most important 

members of this family. Expression of the CVPl family can be increased (induced) 
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by polycyclic aromatic hydrocarbons found in charbroiled meat, cigarette smoking 

and cruciferous vegetables (broccoli and cabbage). Sununary of major CYPIA 

isoforms and their substrates, inhibitors and inducers are listed in Table 7. 

CYPIAI This isoform binds and oxidizes planar aromatic, essentially flat 

molecule. These compounds are multiples of benzene, such as naphthalene (two 

benzenes) and polycyclic aromatic hydrocarbons (PAHs). This isoform is 

no-constitutive in the liver but it accumulates in lung (Coleman, 2005). CYPIAI can 

also be induced by polycyclic aromatic hydrocarbons and cigarette smoking. 

CYPIAI is detected higher level in lung of smoker or breast cancer sufferer. 

Expression of CYPIAI appear to be more of a threat than a protection, as it is often 

expressed in high levels in the vicinity of carcinogenesis (Kashuba et al., 2006). 

CYPIA2 This isoform is capable of oxidizing oestrogens, series of hormones, 

planar aromatic molecules, aromatic amines, variety of drugs (which are aromatic 

amines such as caffeine, ~-naphthylamine and theophyllin). CYPIA2 is different 

from CYPIAI. It accumulates in liver and accounts for 10 to 15% of the total CYP 

content of human liver, and it is capable of aromatic amines while CYPIAI does not 

(Nebert and Russell, 2002). CYPIA2 can induced by polycyclic aromatic 

hydrocarbon, cigarette smoking and drugs (such as omeprazole, phenobarbital, 

phenytoin, rifampin). While, it can be inhibited by erythromycin, ciprofloxacin, 

fluvoxamine and grapefruit juice. It is blocked by the methylxanthine derivative and 

furafylline (Shannon and Michael, 2005). 

CVP2 subfamily 

Around 18 to 30 percents of human CYPs are in this series, making it the 

largest single group of CYPs in man. They appear to oxidize various hormones, 

arachidonic acid and eicosanoids in addition to the metabolism of xenobiotics. As 

with many other CYPs, they are flexible enough to recognize many potential toxins 

such as drugs. Summary of major CYP2 isoforms and their substrates, inhibitors and 

inducers are listed in Table 8. 

CYP2C9 This isoform is responsible for the metabolism of severe common 

medications including ibuprofen, phenytoin and warfarin. Rifampin and rifabutin are 

powerful inducers of CYP2C9 activity and will therefore decrease serum 

concentrations of the other of its substrates. Other inducers include carbamazepine, 
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ethanol and phenobarbital. Amiociarone, fluoxetine and fluconazole are among 

several drugs known to inhibit CYP2C9 activity. 

CVP2C19 This isoform differs by only around 10 per cent of its amino acids 

from CYP2C9, but it does not oxidize acidic molecules, indicating that the active 

sites and access channels are subtly different. CYP2C19 metabolizes omeprazole, 

benzodiazepine, citalopram, tricyclic antidepressant (TCAs) and lansoprazole 

(Coleman, 2005). Rifampin induces CYP2C19 activities, whereas fluvoxamine, 

fluoxetine and ticlopidine inhibit this enzyme. 

CVP2B6 This isoform originates from a gene found on chromosome 19, 

although it is less well known than many other CYPs, partly due to a lack of 

experimental inhibitors. The 2B series have been extensively investigated in animals, 

but CYP2B6 is the only 2B form found in human. 

CVP2D6 This isoform comprises a relatively small percentage (2 to 6 %) of 

the total CYPs in the liver but it is responsible for more than 70 different drug 

oxidations. Multiple TCAs, P-blockers, haloperidol, sertraline and thioridazine are 

metabolized by CYP2D6. The conversion of codeine to the active form, morphine, is 

catalyzed by CYP2D6, and patients with low activity demonstarate a poor analgesic 

response. Unlike other CYPs, there are no known inducers of this activity. Several 

medications inhibit CYP2D6, the most potent include cimetidine, fluoxetine, 

haloperidol, paroxetine and codeine (Shannon and Michael, 2005; Lynch and Prince, 

2007). 

CVP2El This comprises around 7 percents of human liver CYPs and it is 

unusual as a mammalian CYP in that it oxidizes small heterocyclic agents, ranging 

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

ketone) . Ethanol and acetone are strong inducers of this isoform. Many of its 

substrates are water-soluble and it is often implicated in toxicity, as the metabolites 

can be highly reactive and toxic to tissues. It is responsible for the oxidation of 

paracetamol. This isoform is also correlates to smoking-induced cancers (same as 

CYPIAI and CYPIA2). Many sulphur-containing agents block this enzyme, such as 

carbon disulphide, diethyl dithio carbamate and antabuse (Kashuba et al., 2006). 

CYP3A subfamily 

The CYP3A family consists of CYP3A4 and CYP3A5. This family maintains 

most abundantly expressed CYP enzymes in human liver and gastrointestinal tract. It 
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is involved in the metabolism of the largest proportion of medications and is most 

important in drug interactions. This family of enzymes also metabolizes endogenous 

compound such as steroid and bile acid. Summary of major CYP3A isoforms and 

their substrates, inhibitors and inducers are listed in Table 9. 

C¥P3A4 This isoform is the most abundant CYP isoform in humans, and is 

responsible for the metabolism of more than 60% of all drugs on the market, 

representing 38 different therapeutic classes. Approximately 30% of hepatic CYP 

protein and 70% of intestinal CYP protein, is CYP3A4. The presence of CYP3A4 in 

the small intestine results in decreased bioavailability of many drugs. Substrates of 

CYP3A4 include psychotropics, antiarrhythmics, benzodiazepines, antimicrobial 

agents, antiretroviral agents, immunosuppressants, antiulcer agent and 

anticonvulsants. CYP3A4 is also involved in the metabolism of several endogenous 

steroids such as cortisol, testosterone, estradiol and progesterone. Inhibitor of 

CYP3A4 include clarithromycin, diltiazem, erythromycin, grapefruit juice and 

itraconazole. 

CVP3A5 This isoform is initially thought to minimally contribute to the 

overall protein load and activity of hepatic CYP3A. Substrates of CYP3A5 include 

caffeine and diltiazem Inhibitors of CYP3A5 include troleandomycin (Coleman, 

2005). 
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Table 7 Drugs metabolized by CYPIA subfamily (Shannon and Michael, 2005; 

Kashuba et a/., 2006; Lynch and Prince, 2007) 

CYP Substrates Inhibitors Inducers 

IAI Polycyclic aromatic hydrocarbons a-Naphthoflavone PAHs 
(PAHs) Organochlorine 
Organochlorine insecticides Cigarette smoke 

IA2 Acetominophen Cimetidine Cigarette smoke 
Aminopyrine Cipro floxacin PAHs 
Amitriptyline Clarithromycin Omeprazole 
Caffeine . Enoxacin Phenobarbital 
Clomipramine Erythromycin Phenytoin 
Clozapine Fluvoxamine Rifampin 
Cyclobenzaprine Isoniazid 
Desipramine Ketoconazo Ie 
Diazepam Paroxetine 
Estradiol Quinolone 
Erythromycin Grapefruit juice 
Fluvoxamine 
Haloperidol 
Imipramine 
Naproxen 
Phenacetin 
Ropivacine 
Tacrine 
Theophylline 
Warfarin 
Zileuton 
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Table 8 Drugs metabolized by CYP2 subfamily (Shannon and . Michael, 2005; 

Kashuba et al., 2006; Lynch and Prince, 2007) 

CYP Substrates Inhibitors Inducers 

2B6 Amfebutamone Tranylcypramine Phenobarbital 
Coumarins Thiotepa Rifampicin 
Cyclophosphamide Ticlopidine 
Mephenytoin 
Methadone 

2C9 Amitryptyline Isoniazid Rifampicin 
Dapsone Fluvastatin Secobarbitone 
Fluoxetine Fluvoxamine 
Phenytoin Lovastatin 
S-warfarin Sulphafenazole 

2Cl9 Barbiturates Tranylcypramine Carbamazepine 
Proton pump inhibitor e.g. Cimetidine Norethindrone 

omeprazole, phenytoin, Fluoxetine Prednisone 
warfarin Ketoconazole Rifampicin 

Ticlopidine 

2D6 Tricyclic antidepressant (TCAs) Amiodarone Currently unknown 
Antipsychotic e.g. haloperidol Cimetidine 
Anti-arrythmics e.g. timolol, S- Ranitidine 
metoprolol Chlorpheniramine 

St John's Wort 

2EI Benzene Acute ethanol- Chronic ethanol-
Chlorzoxazone ingestion ingestion 
Ethanol Disulfiram Isoniazid 
Acetaminophen Benzene 
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Table 9 Drugs metabolized by CYP3A subfamily (Shannon and Michael, 2005; 

Kashuba et al., 2006; Lynch and Prince, 2007) 

CYP Substrates Inhibitors Inducers 

3A4 Acetaminophen Amiodarone Carbamazepine 
Alfentanil Amprenavir Dexamthasone 
Alprazolam Cannabinoids Ethosuximide 
Amiodarone Cimetidine Glutethimide 
Aminopyrine Clarithromycin Nevirapine 
Amitriptyline Clotrimazole Phenobarbital 
Amlodipine Cyclosporine Phenytoin 
Amprenavir Delavirdine Primidone 
Antipyrine Diltiazem Rifabutin 
Astemizole Ethinylestradiol Rifampin 
Atorvastatin Erythromycin St John's Wort 
Benzphetamine Fluconazole Sulfadimidine 
Budesonide Fluoxetine Suifinpyrazone 
Busulfan Fluvoxamine Troglitazone 
Cannabinoids Indinavir Troleandomycin 
Carbamazepine Itraconazole 
Celecoxib Ketoconazole 
Cisapride Methronidazole 
Clarithromycin Grapefruit juice 
Clindamycin 
Clomipramine 
Clozapine 
Codeine 
Cortisol 
Cyclobenzaprine 
Cyclophosphamide 

3A5 Caffeine Troleandomycin Dexamethasone 
Diltiazem 



36 

2.3 Mechanism of CYP induction and inhibition 

2.3.1 Induction of CYPs 

CYP induction is defined as an Increase In amount and enzyme 

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

enzyme molecules as a result of an increase in transcription of its gene after 

stimulation by an appropriate chemical signal. Enzyme induction is dose-dependent, 

generally with a steep dose-response relation and no clear-cut threshold of no-effect 

(Coleman, 2005). A considerable diversity has been depicted in the mechanisms of 

regulation of CYP (Figure 6). 

Translation 

4 Fe 

Heme pool ( 

(ER) 

P450 gene 

1 

xenobiotic 

Figure 6 Steps in CYP gene expression 

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, 
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resulting in a decrease in the serum concentration of parent drug and possibly a loss 

of clinical efficacy. For prodrugs, compounds that require metabolic activation and 

whose effects are produced by the metabolites, enhanced pharmacodynamic effects 

may be expected. 

2.3.2 Inhibition of CVPs 

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 the pathway in the 

overall clearance of the affected drug. Inhibition of CYP enzymes is the most 

common cause of metabolism based drug-drug interactions. The inhibition of CYP 

enzymes is of clinical importance for both therapeutic and toxicological reasons. The 

mechanisms of CYP inhibition can be categorized into reversible inhibition, 

quasi-irreversible inhibition and mechanism-based inhibition (Coleman, 2005; 

Gibson and Skett, 1996). 

2.3.2.1 Reversible inhibition 

Reversible inhibition IS the most common type of enzyme 

inhibition. Reversible inhibition is transient and reversible and the nonnal functions 

of CYPs continue after the inhibitor has been eliminated from the body. Reversible 

inhibition can be further classified into competitive, uncompetitive, mixed-type and 

non-competitive inhibition. Competitive inhibition is when the binding of an inhibitor 

to an enzyme prevents a further binding of a substrate to the active sites of the 

enzyme. In uncompetitive inhibition, an inhibitor does not bind to the free enzyme 

but binds to a nonactive binding site of the enzyme and the binding has no effect on 

the binding of substrate but the enzyme-substrate-inhibitor complex is nonproductive. 

2.3.2.2 Quasi-irreversible inhibition via metabolic intermediate 

complexation 

Quasi-irreversible inhibition occurs when a reactive metabolite 

forms a stable complex with prosthetic heme of CYP. The stable complex is called 

metabolic intermediate (MI) complex. The MI complex can be reversed and the 
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catalytic activity of CYP can be restored by incubating in vitro with lipophilic 

compounds that can displace the inhibitor from the active site. However, synthesis of 

de novo enzyme is required to restore CYP activity in an in vivo. 

2.3.2.3 Mechanism-based inhibition 

Mechanism-based inhibition on CYP can be mediated by 

covalent modification of a pyrrole 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 metabolized by the 

enzyme. The inhibitory effect of mechanism-based inhibition is terminated by 

enzyme resynthesis rather than inhibitor washout. 

One mode of mechanism-based inhibition is the so-called 

enzyme inactivation (or suicide inhibition). Suicide inhibition results from covalent 

binding of reactive intennediates to the heme and/or protein ofCYP. 

The most important phenomena of mechanism-based inhibition 

are time, concentration and NADPH-dependent loss of the enzyme activity. In vivo, 

the inhibitory effect of a mechanistic inactivator is thought to be more prominent after 

repeated dosing and last longer than that of a reversible inhibitor. 



3.1 Materials 

CHAPTER III 

MATERIALS AND METHODS 

1. Plant materials 

The fiuit of A. marmelos Correa was collected from local agricultural group, 

Amphur Pagkway, Sukhothai Province, Thailand in September 2007. The fiuits were 

dried in 40°C oven and blended to moderately coarse powder. 

2. Chemicals 

2.1 Acetonitrile, anhydrous (ACN) (analytical grade) (C2H3N, MW = 41.05), 

was obtained from Lab-Scan Asia Co., Ud., Thailand. 

2.2 Dimethyl sulphoxide (DMSO) (analytical grade) (C2fL;OS, MW = 

78.13), was obtained from Lab-Scan Asia Co., Ltd, Thailand. 

2.3 Ethanol (analytical grade) (C2HsOH, MW = 46.07), was obtained from 

Liqour Distillery Organization, Bangkla, ChachoengSoa Province, Thailand. 

2.4 Hexane (analytical grade) (~H14' MW = 86.18), was obtained from 

Fisher Scientific Asia Co., Ud, Ireland. 

2.5 Methanol (HPLC grade) (CH30H, MW = 32.04), was obtained from 

Fisher Scientific Asia Co., Ud, Ireland. 

2.6 Standard chemicals 

2.6.1 Imperatorin (marmelosin; ammidin) (C16H1404, MW = 270.29) 

(98% purity), was obtained from Indofine Chemical Co., Ud., Hillsborough, NJ, 

USA. 

2.6.2 Ketoconazole (C26H2SChN404, MW = 531.43), was obtained 

from Siam Pharmaceutical, Co., Ud., Bangkok, Thailand. 

2.6.3 Miconazole (ClsH14C4N20, MW = 479.1) was obtained from 

the Government Pharmaceutical Organization, Bangkok, Thailand. 

2.6.4 a-Naphthoflavone (C19H120 2, MW = 272.3) was obtained 

from Sigma Chemical Co. Ltd, USA. 

2.6.5 Sulfaphenazole (ClsH14N402S, MW = 314.36) was obtained 

from Sigma Chemical Co. Ud, USA. 

2.6.6 Tris base (C4HllN03, MW = 121.14) was obtained from Sigma 

Chemical Co. Ltd., USA. 
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2.7 Enzymes screening kits 

Vivid® CYP450 screening kits were purchased from Invitrogen ™ 

(Carlsbad, California, USA). The components of each kit are shown in Table 10. 

Table 10 The components ofVivid® CYP450 screening kit. 

Components Composition Size 

CVPIA2 and 3A4: 50ml 

Reaction buffer 
Potassiwn phosphate buffer (200 mM, pH 8.0) 

CVP2C9 and 2C19: 

Potassiwnphosphate buffer (100 rnM, pH 8.0) 

CVP1A2: CVPIA2 and NADPH-P450 reductase 0.5 nmol 

(P450-specific content 0.9-1.1 j.lM) 

CVP3A4: CVP3A4 and NADPH-P450 reductase 

BACULOSOMES® (P450-specific content 0.9-1.1 j.lM) 

reagent CVP2C9: CVP2C9 and NADPH-P450 reductase 

(P450-specific content 0.9-1.1 j.lM) 

CVP2C19: CVP2C19 and NADPH-P450 reductase 

(P450-specific content 0.9-1.1 j.lM) 

Regeneration 
333 mM glucose-6-phosphate (G-6-P) and 30 U/ml 0.5 ml 

glucose-6-phosphate dehydrogenase (G-6-PD) in 100 
system 

mM potassium phosphate buffer (PH 8.0) 

CVPIA2 and 2C19: EOMCC (ethyloxymethyloxy-3- 0.1 mg 

cyanocoumarin) 
Substrate 

CVP3A4 and 2C9: BOMCC (7-benzyloxymethyloxy-3-

cyanocoumarin) 

NADP+ 
NADP+ solution (10 mM) in potassium phosphate 0.5 ml 

buffer (100 mM, pH 8.0) 
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3. Equipments 

3.1 Analytical balance (0.1 mg readability) (Sartorius Co., Ltd.) (Goettingen, 

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

USA) 

3.2 Blender (Retsch Miihle 5657 HAAN, Germany) 

3.3 De-ionized water (DI water) system (ELGAStat Option 3B) (ELGA Ltd., 

England) 

USA) 

3.4 Fluorescent Microplate Reader (Victor3
) (Perkin Elmer, USA) 

Light Source Tungsten-halogen lamp 

Detection unit 

Fluorometry 

Optical emission filter 

Photomultiplier tube 

Fluorescein 

450/10 nm 

Optical excitation filter 390/20 nm 

3.5 Freeze-dryer (Dura-Dry) (LyoLab wIPC, Lyophilization Systems Inc., 

3.6.High-Performance Liquid Chromatography (HPLC) (Shimadzu, 

Japan) 

Binary high pressure gradient pump 

Autosampler 

Column oven 

Solvent degasser 

Photo diode-array UV -vis detector 

System controller 

3.7 HPLC column compartment 

LC-20ADvp 

SIL-20Avp 

CTO-20Alite 

DGU-20A3 

SPD-M20Avp 

SCL-20Avp 

Analytical column Luna CI8(2), 5 ,"un, i.d. 4.6 mm x 150 mm, 

steel column (Phenomenex Inc., USA). 

Guard column Security Guard™, CI8 (ODS), 4.0 mrn. x 

3.0 mrn., i.d. guard column (Phenomenex 

Inc., USA). 

3.8 Injection vials and caps (Water Corp., Ireland) 

3.9 Micropipettes SL-20 (2-20 "I), SL-200 (20-200 "I) and SL-I000 (100-

1,000 "I) (Pipet lite™, ~ Inc., USA) 

3.10 Micropipette tips (Gibson, France) 

3.11 Multi-channel pipettes (20 and 100 "I) (~Instrument, USA) 
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3.12 Multi-channel tips RT-L250 (250 "I), TR-222-C (200 "I) (~ 

Instrument, USA) 

3.13 Nylon membrane ffiters (0.45 J.l.m, 47 mm, Sartorius®, Goettingen, 

Germany) 

3.14 pH ineter (Beckman Instruments, USA) 

3.15 Reagent reservoir (RV-050 model) (Oakland, CAl 

3.16 Rotary evaporator (Biichi Rotavapor, R-200) including heating bath 

(Biichi Heating bath, B-490) and vacuum pump (Biichi Vac, V -500) with condenser 

(Biichi, Switzerland) 

3.17 Sonicator (D-78224 model) (Elma®, Germany) 

3.18 Timer (QT-9017-A model) (Citizen®, Japan) 

3.19 Ultra-purifier water system for ASTM Type II water (Ultra-pure 

Water), 18.2 Mil or triple-distilled water or sterile water for injection (HPLC grade) 

(Maxima UF, ELG Ltd, England) 

3.20 Vortex mixer (G-560E model) (Scientific, Inc., Bohemia) 

3.21 5 ml-glass test tubes 

3.22 1.5 ml-safe lock micro test tubes (Eppendorf™, Germany) 

3.23 96-well black plates (Perkin Elmer, USA) 



43 

3.2 Methods 

3.2.1 Preparation of A. marmelos extracts 

A. marmelos fruit was purchased from Sukhothai Province, Thailand and 

was ground coarsely before extracted 

. Extract A (hexane extract) 

One kilogram of dried fruit of A. marmelos was refluxed with 2.5 liters of 

n-hexane at 70°C and 48 hours for three times (Figure 7). The extract was collected 

and concentrated to residue under reduced pressure in a vacuum rotary evaporator at 

the temperature lower than 60°C. The residue was stored at O°C and protected from 

light (Noysang et al., 1998) . 

Extract B (ethanolic extract) 

One kilogram of dried fruit of A. marmelos was extracted with 5 liters of 

ethanol at room temperature for three times (Figure 8). The extract was collected and 

concentrated to residue under reduced pressure in a vacuum rotary evaporator at the 

temperature lower than 60°C. The residue was stored at O°C and protected from light 

(Tokitomo et al., 1982). 

Extract C (water extract) 

One kilogram of dried fruit of A. marmelos was boiled with 1 liter of 

water on a hot plate for 1 hour for three times (Figure 9). The aqueous extracts was 

collected and concentrated under reduced pressure in a vacuum rotary evaporator at 

the temperature lower than 60°C. The concentrated residue was lyophilized, stored at 

O°C and protected from light (Prommetta et al., 2006). 

Calculation of total yield of A. marmelos extract 

The percentage of total yield (%w/w) of the extract was carried out according 

to the following equation: 

Total yield (%w/w) = WjinaJ X 100 
W;nitial 

(1) 
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where, 

ijfinal IS the total weight of solid residue (g), obtained after complete 

extraction. 

W;nitial is the total weight of ground A. manne/os (g), added in the initial 

extraction process. 



1 1,000 g of dried ground powder of A. marmelos fruits J 
Soxhlet extract with 2,500 ml 
hexane for 48 hours at 70°C 

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

Hexane extract I Residue I 

Hexane extract 

Evaporate 
; 

Extract A 

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

I Residue I 

Discard 

I Waste I 

Figure 7 Schematic diagram of A. marmelos hexane extraction 
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11,000 g of dried ground powder of A. marmelos fruits 1 
Macerate with ethanol at room 
temperature for 3 days and filtrate 

Ethanolic extract 1 Residue 1 

Ethanolic extract 

Macerate with ethanol at room 
temperature for 3 days and filtrate 

1 Residue 1 
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Macerate with ethanol at room 
temperature for 3 days and filtrate 

Ethanolic extract 

Evaporate 

Extract B 

1 Residue 1 

Discard 

I Waste I 

Figure 8 Schematic diagram of A. marmelos ethanolic extraction 



47 

1 100 g of dried ground powder of A. marmelos fruits I 

Extract with boiled water for 1 hour 

Aqueous extract I Residue I 
Extract with boiled water for 1 hour 

! 
Aqueous extract I Residue I 

Extract with boiled water for 1 hour 

Aqueous extract I Residue I 
Discard 

I Waste I 

Concentrate on water bath 
Evaporate 
Freez-dry 

Extract C 

Figure 9 Schematic diagram of A. marmelos aqueous extraction 
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3.2.2 High Performance Liquid Chromatography (HPLC) analysis 

of imperatorin in A. marmelos 

The major constituent m all extracts of A. manne/os fruits, mainly 

considered to be imperatorin, was analyzed. A principle of analytical procedure was 

based on reversed phase (RP)-HPLC analysis. Separation was binary gradient elution 

and detection was perfonned by using UV -vis detector. 

3.2.2.1 HPLC system 

RP-HPLC analysis was employed to develop the analytical method. 

All experiments were performed using a Shimadzu VP series liquid chromatograph 

(LC) equipped with a SCL-20A vp system controller. A liquid chromatograph system 

comprising a DGU-20A3 vacuum degasser, LC-20ADvp high pressure liquid 

chromatography binary pump combined with a FCV -20ALvp gradient mixer, a 

SIL-20Avp auto-sampler (20 III sampling loop), a thermostatted column compartment 

using CTO-20Alite air bath column oven and a SPD-M20Avp UV-vis photo diode 

array detector (photo-DAD) were used. 

The column used was a C18 RP-column, Phenomenex® with a guard 

column, SecurityGuard™, (Phenomenex®, USA). 

3.2.2.2 HPLC condition 

Chromatographic conditions of the analysis modified from Li (2006) 

were as follows : 

Column 

Column temperature 

Solvent elution 

Mobile phase 

Flow rate 

Injection volume 

Detection wavelength: 

Run time 

Luna CI8(2), 5 Ilm., i.d. 4.6 mm x 150 mm 

40°C 

Binary concentration gradient elution 

40: 60% (v/v) water: methanol 

1.0 mlImin 

10 III 

254nm 

15 min 

The reference standard of imperatorin used in this study was 98.0% 

(w/w) purity based on dried basis. 
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3.2.3 Validation of analytical method for quantitative determination of 

imperatorin in A. marmelos extracts 

The analytical method was validated to ensure the accuracy, precision, 

specificity, linearity and range, limit of determination and limit of quantitation of the 

method according to the criteria of compendial method validation. (USP 32 and NF 

29, 2004; ICH, 2006; Green, 1996). The criteria are summarized as shown in Table 

11. 

Table 11 Summarized criteria of analytical method validation 

Test Parameter Criteria 

Accuracy % Recovery 98-102% 

Precision %RSD Not more than 2% 

Linearity Intercept 2-3% of peak area at concentration of 100% 

R2 Not less than 0.9995 

Specificity Resolution Not less than 1. 5 

Asymmetry Not more than 1.5 

Peak are Not significantly difference (p<0.05) 

3.2.3.1. Preparation of standard, sample and synthetic mixture solutions 

for method validation 

A. Preparation of standard solutions 

The stock solution was prepared by accurately weighing 15.02 

mg of imperatorin to a 50-ml volumetric flask and adjusting to volume with methanol. 

The concentration of standard stock solution was 300.40 flglml. Then, the stock 

solution was pipetted 100, 200, 300, 400 and 500 fll, respectively, to a lO-ml 

volumetric flask and adjusted to volume with methanol. The theoretical 

concentrations of imperatorin were 3.04, 6.00, 9.00, 12.02 and 15.02 flglml. The 

actual concentraction (based on 98% purity) were then 2.98, 5.88, 8.82, 11.78 and 

14.72 flglml. 
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B. Preparation of sample solutions 

One hundred milligrams of extract A was accurately weighed 

into a 100-ml volumetric flask and adjusted to volume with methanol. The 

concentration of sample stock solution was 1,000 Ilg/ml. Then, one ml of sample 

stock solution of extract A was pipetted to a 10-ml volumetric flask and adjusted to 

volume with methanol. The concentration of sample solution was 100 Ilg/ml. 

C. Preparation of synthetic mixture solution 

Five hundred microliters of sample (extract A) stock solution 

(1,000 Ilg/ml) was well-mixed with 100, 200, 300, 400 and 500 III of standard stock 

solution (300.40 Ilg/ml) of imperatorin, to a 10-ml volumetric flask and adjusted to 

volume with methanol. Each final solution contained 50 Ilg/ml of sample. The 

solution was used for accuracy testing. 

One thousand microlitres of sample (extract A) stock 

solution was well-mixed with 100 III of standard stock solution of imperatorin to a 

10-ml volumetric flask and adjusted to volume with methanol. The final concentration 

contained 2.98 Ilg/ml of imperatorin and 100 Ilg/ml of sample. The solution was used 

for specificity testing. 

Accuracy 

Accuracy is the measurement of how close the experimental values to the true 

values. It is expressed as the percentage of analyte recovered from the matrix or from 

spiking samples in a blind study. The accuracy should be determined by a minimum 

of nine determinations for at least three concentrations in the range of test 

concentrations without a serial dilution. The mean values should be within 2% from 

the true value. 

In this study, the experiment was perfonned by analyzing a mixture 

containing sample solution of fruit extract spiked with known quantities of reference 

standard imperatorin solution. 

Procedure 

According to the developed method, three replications of standard imperatorin 

solution at concentrations of 2.98, 5.88, 8.82, 11.78 and 14.72 Ilg/ml were analyzed 

and carried out for a calibration curve (also called as system linearity curve) plotted 

between peak area and concentration of standard imperatorin. The equation of system 

linearity was shown below: 



where, 

Yl = 

Yl is peak area of standard imperatorin solution (mAD-s·l) 

al is slope of equation obtained from standard solution 

Xl is concentration of standard imperatorin solution (J.1g/ml) 

bl is y-intercept of equation obtained from standard solution 
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(2) 

Three replications of synthetic mixture (five concentrations of standard 

solutions: 2.98,5.88,8.82, 11.78 and 14.72 J.1g/ml; each solution contains 50 J.1g/ml of 

sample) were analyzed and carried out for a synthetic mixture curve (also called as 

method linearity curve) plotted between peak area of each synthetic mixture solution 

and concentration of standard imperatorin. The equation of method linearity was 

shown below: 

where, 

= 

Y2 is peak area of synthetic mixture solution (mAD-s·l) 

a2 is slope of equation obtained from synthetic mixture solution 

X2 is concentration of standard imperatorin solution (J.1g/ml) 

(3) 

~ is y-intercept of equation obtained from synthetic mixture solution 

Calculation 

The observed concentration of imperatorin found in the sample (J.1g/ml) was 

carried out according to the following equation: 

Observed conc. (J.1g/ml) = (4) 

The actual concentration of imperatorin (J.1g/ml) was carried out according to 

following equation: 



where, 

Actual conc. (Jlg/ml) = 
UxVxW 

100 

U is a weight of standard imperatorin (Jlg) 

V is purity content (%, w/w on dry basis) of imperatorin 

W is dilution factor 

Recovery (%, w/w) = (Observed cone.) x 100 

(Actual cone.) 
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(5) 

(6) 

The recovery (%) was obtained by dividing the mean of observed 

concentrations by the mean of actual concentrations and multiplying by 100. The 

recovery should be coverage in the range of 98-1 02% recovery. 

Precision 

Precision is the measurement of how close to each other of the data values for 

a number of measurements under the same analytical conditions. The precision of an 

analytical method is usually expessed as the relative standard deviation (RSD) or 

coefficient of variation (CV). Precision is further subdivided into repeatability and 

reproducibility. Reproducibility refers to the use of the analytical procedure in 

different laboratories. Repeatability refers as the use of the analytical procedure 

within a laboratory over a short period of time using the same analyst with the same 

equipment. For most purposes, repeatability is the criterion of concern in USP 

analytical procedures; although reproducibility between laboratories or intennediate 

precision may well be considered during the standardization of a procedure before it 

is submitted to the pharmacopeia. 

Repeatability was measured by the analysis through SIX determinations 

without a serial dilution at 100%, w/v of the test concentration. Precision should be 

lower than 2% of RSD value. In this study, the experiment was performed by intra

and inter-day repeatability. 

Procedure 

A concentration (8.82 Jlg/ml) of synthetic mixture in the calibration range was 

prepared and injected into the HPLC system The intra-day precision was perfonned 

by duplicated injection of six replicated synthetic mixture solution, and the %RSD of 
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peak area of imperatorin was determined. The inter-day precision was obtained by 

using six replicates analysed in one day over a period of three days under the same 

conditions. 

Calculation 

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

where, 

SD = ; =1 

N-l 

Xi is %recovery in each replicate 

x is an overall mean of %recovery of all replicates 

N is a number of replicates 

The %RSD was carried out according to the following equation: 

where, 

Specificity 

%RSD = S~ x 100 
x 

SD is a standard deviation of%recovery of all replicates 

x is an overall mean of%recovery of all replicates 

(7) 

(8) 

Specificity is the ability to ensure the identity of the analyte from the 

unexpected components such as impurity, degradation products and matrix 

components. Lack of specificity of an individual analytical procedure may cause 

incorrect quantitative and qualitative analysis. Specificity of the method should be 

evaluated by preparing blank samples with and without the addition of analytes and 

injecting them to test for interferences (ICH, 2006). 

The International Conference on Harmonisation (ICR) documents state that 

comparing chromatographic peak of analyte is useful to show the degree of 

selectivity. In this study, specificity was investigated by injecting the standard 
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solutions, synthetic mixture solutions and sample solutions. Then, peak purity test of 

each solution was compared. 

Procedure 

The specificity of the method was presented by the comparison of HPLC 

chromatograms of imperatorin solution concentratin of 2.98 ~g/ml, A. manne/os fruit 

extract solution (100 ~g/ml) and synthetic mixture (sample solution spiked with 

imperatorin). 

Linearity and range 

The linearity of an analytical procedure is its ability to obtain test results that 

are directly proportional to the concentration of analyte in the sample within a given 

range. Linearity is generally reported as the variance of slope of regression line 

calculated according to an established mathematical relationship from test results 

obtained by the analysis of samples with varying concentrations of analyte. 

The linear coefficient of determination (R2) was calculated by plotting the 

observed concentration against the actual concentration. The value of R2 should be 

greater than 0.9995 according to USP guidance. 

Procedure 

Five concentrations (2.98, 5.88, 8.82, 11.78 and 14.72 ~g/ml) of imperatorin 

standard solution were prepared by three replicates and injected into the HPLC 

system Peak area was plotted against its concentration to construct the calibration 

curve. The linearity was assessed by means of linear regression to obtain the R2 value. 

Limit of detection (LOD) and limit of quantitation (LOQ) 

The detection limit is a characteristic of limit test. It is the lowest amount of 

analyte in a sample that can be detected under the stated experimental conditions. The 

detection limit is generally determined by the analysis of samples with known 

concentrations of analyte and by establishing the minimum level at which the analyte 

can be reliably detected. Typically acceptable signal-to-noise ratios are 2 : 1 or 3 : 1. 

Other approaches depend on the determination of the slope of the calibration curve 

and the standard deviation of responses. 

Peaks are obscured when their peak height becomes very similar in magnitude 

to the noise of the detector system Detector noise is defined as any perturbation on 

the detector output that is not related to an eluting solute. The source of the noise can 

arise from the chromatographic system, the sensor or the associated electronics. Thus, 

the signal from the peak must be sufficiently greater than the noise to unambiguously 
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identify the peak. The ratio of the signal size to that of the noise is termed the signal

to-noise ratio. 

The quantitation limit is a characteristic of quantitative assays for low levels of 

compounds in sample matrices. It is the lowest amount of analyte in a sample that can 

be determined with acceptable precision and accuracy under the stated experimental 

conditions. The quantitation limit is generally determined by the analysis of samples 

with known concentrations of analyte and by establishing the minimum level at which 

the analyte can be determined with acceptable accuracy and precision. Typically 

acceptable signal-to-noise ratio is 10 : I. Other approaches depend on the 

determination of the slope of the calibration curve and the standard deviation of 

responses. 

In this study, the limit of detection (LOD) and limit of quantitation (LOQ) 

were determined, serial dilutions of imperatorin were prepared with methanol, and 

were then analyzed with HPLC method. LOD and LOQ were calculated from the 

results of analysis of sample solutions by plotting the curve between concentration 

against peak area. The equation for LOD and LOQ are 3.3(SD/S) and 10(SD/S), 

respectively, where, SD is the residual standard deviation of the regression line and S 

is the slope. 

3.2.4 Quantitative determination of A. marmelos extracts 

Quantification was carried out by comparing the peak area of 

imperatorin obtained from A. marmelos extract with standard curve plotted 

between peak areas and concentrations of standard imperatorin. 

To quantify imperatorin in each A. marmelos extracts using the HPLC 

condition, a concentration of extract solutions and five dilutions of standard solution 

were all injected in triplicate through the HPLC system 

Preparation of standard and sample solutions 

Stock standard solutions of imperatorin were prepared with 

methanol to obtain the calibration range of 2.96-10.89 J-lglml. A. marmelos fruit 

extracts were three time accurately weighting and prepared at approximately 

concentrations of 100 J-lglml (extract A), 3,800 J-lglml (extract B) and 20,000 J-lglml 

(extract C). The sample solutions were filtered through a 0.2 J-lm membrane filter 

before use. 
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A. Preparation of standard solutions 

The stock solution was prepared by accurately weighing 1. 01 

mg of imperatorin to a 10-ml volumetric flask and adjusting to volume with methanol. 

The concentration of standard stock solution was 101.00 J.1g/ml. Then, the stock 

solution was pipetted at 300, 500, 700, 900 and 1,100 J.11 respectively, to a 10-

ml volumetric flask and adjusted to volume with methanol. The concentrations 

of imperatorin standard used for calibration were 3.03, 5.05, 7.07, 9.09 and 11.11 

J.1g/ml (the actual concentrations were 2.96, 4.95, 6.93, 8.91 and 10.89 J.1g/ml). 

B. Preparation of the sample solutions 

Stock solution of sample 

Extract A 109.00 mg, 104.00 mg and 105.00 mg (n=3) were 

accurately weighed into a 100-ml volumetric flask and adjusted to volume with 

methanol. The concentrations of sample stock solution were 1,090 J.1g/ml, 1,040 

J.1g/ml and 1,050 J.1g/ml, respectively. 

Extract B 3,873.00 mg, 3,836.00 mg and 3,840.00 mg (n=3) were 

accurately weighed into a 100-ml volumetric flask and adjusted to volume with 

methanol. The concentrations of sample stock solution were 38,730 J.1g/ml, 38,360 

J.1g/ml and 38,400 J.1g/ml, respectively. 

Extract C 19,242.00 mg, 23,246.00 mg and 20,175.00 mg (n=3) 

were accurately weighed into a 100-ml volumetric flask and adjusted to volume with 

methanol. The concentration of sample stock solution were 192,420 J.1g/ml, 232,460 

J.1g/ml and 201,750 J.1g1ml, respectively. 

Sample solutions 

One ml of sample stock solution of extract A was pipetted to 

a 10-ml volumetric flask and adjusted to volume with methanol. The concentrations 

of sample solution were 109 J.1g1ml, 104 J.1g1ml and 105 J.1g1ml, respectively. 

One ml of sample stock solution of extract B was pipetted to 

a 10-ml volumetric flask and adjusted to volume with methanol. The concentrations 

of sample solution was 3,873 J.1g1ml, 3,836 J.1g1ml and 3,840 J.1g1ml, respectively. 

One ml of sample stock solution of extract C was pipetted to 

a 10-ml volumetric flask and adjusted to volume with methanol. The concentration of 

sample solution was 19,242 J.1g/ml, 23,246 J.1g1ml and 20,175 J.1g/ml, respectively. 

After prepared and diluted to the appropriate concentrations, the 

sample solutions were filtered through a 0.2-J.1m syringe filter prior to HPLC analysis. 
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3.2.5 In vitro assay of CYPs inhibition test 

A. marmelos extracts and imperatorin were prepared and screened 

for inhibitory effects on CYPs (CYPIA2, CYP3A4, CYP2C9 and CYP2CI9) using 

Vivid~ CYP450 screening kits (Invitrogen™, USA). 

The kit provides specific BACULOSOME CYP450 which are 

microsomes prepared from insect cells expressing a human P450 isozyme and rabbit 

NADPH-P450 reductase. BACULOSOME CYP450 cleavage at either of two 

potential cleavage sites of substrate which are blocked dyes. Fluorescent product 

obtained from the reaction is quantitatively determined. (Figure 10) 

Blocked dye, 
substrate 

CYP 

Fluorescent 
product 

Figure 10 Principle of fluorescent dye assay on CYP activity 

Vivid~ substrate are alkoxymethyl or benzyloxymethyl ethers of 

fluorescent dyes. In this study, fluorescent substrates for the CYP are ethoxycoumarin 

(EOMCC) (311M for CYPIA2 or 10 11M for CYP 2CI9) and 7-benzyloxymethyloxy-

3-cyanocoumarin (BOMCC) (10 nM for CYP2C9 or 5 nM for CYP3A4). The 

structures of substrate used in this study are indicated in Figure 11 . 



/O~0D:0-.,i 
R I / 
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CYP I-O'C(0-.,i 
I / 

~ , , 

Vivid~ substrate fluorescent product 

(EOMCC or BOMCC) 

~O~0Yy0yO 

~CN 
EOMCC 

( ethoxycoumarin) 

BOMCC 

(7 -benzyloxymethyloxy-3 -cyanocoumarin) 

Figure 11 Cleavage and structures of Vivid ill substrates 
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3.2.6 Verification of CVPs inhibition test 

The CYP screening tests were verified with the known specific 

inhibitors (a-naphthoflavone for CYPIA2, ketoconazole for CYP3A4, sulfaphenazole 

for CYP2C9 and miconazole for CYP2CI9) (Marques-Soares et al. 2003; Monostory 

et al. 2004). Results of verification test were in agreement with the reported CYP 

interaction of these drugs. 

3.2.6.1 Preparation of inhibitor solutions 

A. Preparation of a-naphthoflavone solutions 

a-Naphthoflavone stock solution (10,000 JlM in 100% 

DMSO) was prepared by accurately weighing 2.72 mg of a-naphthoflavone to a 1.5-

ml eppendorfthen mixing well with 1,000 JlI ofDMSO until it became clear solution. 

Then, the 25 JlI of stock solution was pipetted to 1.5-ml eppendorf and mixed well 

with 975 JlI of water to obtain the final concentration of 250 JlM in 2.5% DMSO. 

Several concentrations of a-naphthoflavone was prepared by serially diluted with 

2.5% DMSO for use in enzyme assay (Table 12). 

a-Naphthoflavone concentration of 250 JlM in 2.5% 

DMSO was prepared by serially diluted with 2.5% DMSO. Several concentrations of 

a-naphthoflavone solutions were freshly prepared 

B. Preparation of ketoconazole solutions 

Ketoconazole stock solution (4,585 JlM, 100% ACN 

was prepared by accurately weighing 2.44 mg of ketoconazole to a 1.5-ml eppendorf 

then mixing well with 1,000 JlI of ACN until it became clear solution. Then, the 25 JlI 

of stock solution was pipetted to 1.5-ml eppendorf and mixed well with 975 JlI of 

water to obtain the final concentration of 114.63 JlM in 2.5% ACN. Then, the drug 

solution was serially diluted with 2.5% ACN for enzyme assay (Table 12). 

C. Preparation of sulfaphenazole solutions 

Sulfaphenazole stock solution (3,000 JlM 100% of 

DMSO) was prepared by accurately weighing 9.43 mg of sulfaphenazole to a 10-ml 

volumetric flask then mixing and adjusting well with DMSO until it became clear 

solution. Then, the 25 JlI of stock solution was pipetted to 1.5-ml eppendorf and 

mixed well with 975 JlI of water to obtain the final concentration 0 f 75 JlM in 2.5% 

DMSO. The serial concentration of sulfaphenazole was prepared by diluted with 2.5% 

DMSO (Table 12). 
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D. Preparation of rniconazole solutions 

Miconazole stock solution (100 ~M, 100% DMSO) was 

prepared by accurately weighing 0.48 mg of miconazole to a 10-ml volumetric flask 

then mixing and adjusting well with DMSO until it became clear solution. Then, the 

25 ~l of stock solution was pipetted to 1.5-ml eppendorf and mixed well with 975 ~l 

of water to obtain the final concentration of 2.5 ~M in 2.5% DMSO which was 

serially diluted with 2.5% DMSO to obtain the test concentrations of miconazole 

solutions (Table 12). 

Table 12 Concentration ofCYP inhibitors per reaction volume (100 ~l) 

Concentration of CYP inhibitors· (~M) 

CYPIA2 CYP3A4 CYP2C9 CYP2CI9 

a-Naphthoflavone Ketoconazole Sulfaphenazole Miconazole 

0.005 0.11 0.001 0.01 

0.01 0.275 0.01 0.025 

0.025 0.55 0.05 0.05 

0.05 2.2 0.25 0.1 

0.1 11 2 0.25 

0.25 55 10 0.5 

0.5 30 1 

1 

The solvents for CYPIA2, 2C9, 2C19 was l%DMSO and for CYP3A4 was 1% ACN, mreaction 

volume. 

3.2.6.2 Stop solution preparation 

The 0.5 M Tris base (pH 10.5) solution was prepared by 

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

adjusting to volume with water. Thereafter, the stop solution was adjusted to pH 10.5 

with NaOH and HCI by using pH meter and was kept at 4°C. 
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3.2.6.3 Procedure of CYP inhibitory assay 

The reactions were perfonned in black, flat-bottomed, 96-

well plates with a total reaction volume of 100 J.1l1well. The plates were incubated at 

room temperature and fluorescence values were measured on a Wallac 1420 

fluorescence plate reader using excitation wavelength at 409 and emission 

wavelengeth at 460 nm. Cytochrome P450 assay was divided in two stages: 

preparation stage and assay stage. 

A. Preparation stage 

The preparation stage of the assay was started with 

thawing all the frozen kit components and keeping them on ice until ready to use. 

The reaction buffer and water were kept at room temperature. The next step was 

reconstitution of the fluorescent substrate with an addition of designated volume of 

acetonitrile to each vial containing 0.1 mg of substrate, as shown in Table 13. The 

mixture was mixed by vortex. Since the reconstituted substrate was used immediately, 

it was kept at room temperature; otherwise, it should be kept at -20°C. 

Table 13 Reconstitution of the Vivid® CYP450 substrate 

Isozyme type VividfIY CYP450 substrate, Reconstitution with 

mg per container anhydrous acetonitrile, J.11 

lA2 EOMCC, 0.1 205 

3A4 BOMCC, 0.1 160 

2C9 BOMCC, 0.1 160 

2C19 EOMCC, 0.1 205 

The reconstituted substrate was then premixed with 

NADP+ by adding reaction buffer with substrate and NADP+. The amount of those 

reagents are shown in Table 14. Compounds were mixed together by vortex. The 

resulting solution was stable at room temperature for several hours. 
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Table 14 Pre-mixing Vivid® CYP450 substrate and NADP+ 

Isozyme type VividlBl reaction buffer, ~l Reconstituted substrate, ~l NADP+, ~l 

lA2 885 (Buffer I) 

3A4 850 (Buffer I) 

2C9 850 (Buffer II) 

2C19 850 (Buffer II) 

ReactIon buffer I was 200 roM potasslUm phosphate buffer 

Reaction buffer II was 100 mM potassium phosphate buffer 

15 100 

50 100 

50 100 

50 100 

The next step was to preprare the master-premix solution by 

mlxmg BACULOSOMES® reagent (CYP and NADPH-reductase), regeneration 

system (333 mM glucose-6-phosphate and 30 U/ml glucose-6-phosphate 

dehydrogenase in 100 mM potassium phosphate buffer (pH 8.0» and reaction buffer. 

The amount of those reagents are shown in Table 15. The master pre-mix solution 

was mixed by inversion and was stored on ice before use. 

Table 15 Master pre-mix (pre-mix of CYP450 BACULOSOMES® reagents and 

regeneration system) 

Isozyme VividlBl reaction Regeneration 

type buffer , ~l system, ~l 

lA2 4850 (Buffer I) 100 

3A4 4850 (Buffer I) 100 

2C9 4800 (Buffer II) 100 

2C19 4850 (Buffer II) 100 

Reaction buffer I was 200 roM potasslUm phosphate buffer 

Reaction buffer II was 100 mM potassium phosphate buffer 

CYP450 BACULOSOMESQ!I 

reagent, ~l 

50 

50 

100 

50 
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B. Assay stage 

Briefly, the different concentrations of drug solution (n=2) 

were dispensed duplicately into 96-well black plates. Then, the different 

concentrations of drug solutions were dispensed 40 III per well. The control wells 

were dispensed with solvents of each test compound with the same amount. To 

prevent fluorescent errors in the system, The test-background wells were applied for 

each concentration. Then, 50 III of the master pre-mix was dispensed into the tested 

well and 50 III of the reaction buffer for test-background wells. The plate then was 

preincubated for 20 minutes at room temperature. The reaction was initiated with the 

addition of the combined NADP+ and either the substrate solution to all wells. The 

plate was protected from light and incubated at room temperature for proper reaction 

time (approximately 30 minutes for CYPIA2, 2C19, 3A4 and 40 minutes for 

CYP2C9). The reactions were stopped with 10 III of 0.5 M Tris base (pH 10.5) to all 

wells. Lastly, the plate was measured the fluorescence to acquire'the results for 

analysis. 

3.2.7 In vitro assay of inhibitory effects of A. mannelos fruit extract and 

imperatorin on CVPs 

3.2.7.1 Preparation of sample solutions 

A. Stock solution and working solution of extract A 

The sample stock solution of extract A was prepared by 

accurately weighing 174.22 mg of extract A to a 10-ml volumetric flask and adjusting 

to volume with dimethyl sulfoxide (DMSO). The final stock concentration of 17,422 

Ilg/ml was obtained. 

Then, the stock solution was pipetted 25 III to 1.5-ml 

eppendorf and added with 975 III of water to obtain the sample solution at 

concentration of 435.50 Ilg/ml of 0.25% DMSO. The sample stock solution was 

serially diluted with 0.25% DMSO before use in enzyme assay (Table 16). 

B. Stock solution and working solution of extract B 

The sample stock solution of extract B was prepared by 

accurately weighing 50.00 mg of extract B to a 10-ml volumetric flask and adjusting 

to volume with water, The fmal stock concentration of 5,000 Ilg/ml was obtained. The 

sample stock solution was serially diluted with water prior to use in the assay (Table 

16). 
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c. Stock solution and working solution of extract C 

The sample stock solution of extract C was prepared by 

accurately weighing 125.00 mg of extract C to a lO-rnl volumetric flask and adjusting 

to volume with water. The final stock concentration was 12,500 Jlg/rnl, which was 

serially diluted with water before use (Table 16). 

D. Stock solution and working solution of imperatorin 

Imperatorin stock solution (20 rnM, 100% of acetronitrile, 

ACN) was prepared by accurately weighing 5.41 mg of imperatorin to a 1.5-rnl 

eppendorf then mixing well with 1 rnl of ACN until it became a clear solution. Then, 

the 25 JlI of stock solution was pipetted to 1.5-rnl eppendorf and mixed well with 975 

JlI of water to obtain the final concentration of 500 JlM in 2.5% of ACN. 

Imperatorin concentration of 500 JlM in 2.5% of ACN 

was serially diluted with 2.5% of ACN. Several concentrations of imperatorin 

solutions were freshly prepared before use in enzyme assay (Table 16). 



Table 16 Concentration oftest sample solutions in reaction volume (100 Ill) for CYP assay 

Concentration of test sample for CYP assay 

ilmperatorin,IlM 2Extract A, Ilglml 

1A2 3A4 2C9 2C19 1A2 3A4 2C9 2C19 

0.06 0.11 0.11 0.06 0.1 0.04 0.1 0.5 

0.11 0.55 1.1 0.11 0.5 0.99 1 1 

0.55 1.1 5.5 1.1 1 1.98 2 2 

1.1 2.2 11 2.5 2 3.96 5 5 

2.2 5.5 55 5.5 5 7.92 10 10 

5.5 22 110 11 10 12 15 

22 55 19.16 

110 

165 

220 
-- --

I = solvent was 2.5o/oACN; fmal solvent concentration was I % in reaction volwne (100 ~I). 

2 = solvent was 0.25%DMSO; final solvent concentration was 0.1 % in reaction volume (1 00 ~I) . 

3 = solvent was water 

3Extract B, Ilg/ml 

1A2 3A4 2C9 

10 0.4 10 

20 4 100 

50 40 250 

100 100 750 

250 200 1,000 

500 400 

800 

2C19 1A2 

10 50 

50 100 

100 250 

250 500 

500 750 

750 1,000 

1,000 1,500 

3Extract C, Ilglml 

3A4 2C9 

50 50 

250 100 

500 250 

750 500 

1,500 750 

1,600 1,000 

2,000 1,500 

3,200 3,000 

2C19 

10 

50 

100 

250 

500 

750 

1,000 

1,500 

2,000 

! 

0'1 
VI 
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3.2.7.2 Inhibition test of A. marmelos and imperatorin on CYPs 

Briefly, assay stage was composed of 4 steps. Firstly, in order 

to achieve results for ICso determination of A. marmelos extracts and imperatorin, 96-

well plate was measured for fluorescence intensity before use for background 

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

background solution and control background solution (40 IlVwell) were duplicately 

dispensed into two 96-well plates at various times (n=4 for each concentration) 

(Figure 12). Background fluorescence was determined to prevent fluorescent errors in 

the system. 

A 

B 

C 

D 

E 

F 

G 

H 

11 12 

Figure 12 The overview of test solution in 96-well plate 

Secondly, the 50 III of the master pre-mix was dispensed into the 

tested well and controlled well. While, 50 III of the reaction buffer was dispensed for 

test-background well. The plate then was preincubated for 20 minutes at room 

temperature. In third step, the reaction was initiated with the addition of the 

combined NADP+ and the substrate solution to all wells. The plate was protected 

from light and incubated at room temperature for the proper reaction time (30 minutes 

for CYP1A2, 2C19, 3A4 and 40 minutes for CYP2C9). The last step was to stop the 

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

plate was measured the fluorescence to acquire the results for analysis. 



Step 1 
Test compound , 

Step 2 
CYP BACULOSOME Step 3 
Regeneration system Substrate , , 
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Step 4 
Stop solution , 
r ....... 
r--.. ./ 

v ....... Inhibition r-.... ./ 

No fluorescence 

...... ~ 

r- ...... 
r-.... ./ 

r--.. ./ No inhibition 
High fluorescence 

'- ./ 

Figure 13 Four steps of enzyme inhibition assay 

3.2.8 Data analysis 

Inhibitory effects of A. marmelos fruit extract and imperatorin were 

estimated from the fluorescence of metabolites at the time point. Fluorescence data 

were exported and analyzed for percentage of inhibition using a Microsoft Excel 

spreadsheet. 

Calculation of percentage of inhibition 

% inhibition 

where, 

[
1 - (RFUtest compound - RFU backgrOlmd of test compOlmd ) 1 X 100 

(RFU solvent - RFU background of solvent control) 

RFU is relative fluorescent unit or fluorescent intensity 

(9) 

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

each test compound concentration to generate a inhibitory curve. Nonlinear 

regression was performed with GraphPad Prism software (San Diago, CA) using an 

equation for sigmoidal dose-response (variable Hill slope) to determine the IC50 

value. 
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3.2.9 Statistical analysis 

All numeric data were presented as mean ( X) ± standard deviation 

(SD). Mean differences between A. manne/os and imperatorin groups were compared 

using one-way analysis of variance (ANOV A) and Least-Significant Different post 

hoc (LSD post hoc), and p<O.05 was considered to be significant (tintJl ·nUyrlUf\!Yl. 

2548). 



CHAPTER IV 

RESULTS AND DISCUSSION 

4.1 Extraction of A. marmelos fruit 

A. mannelos is one of the most important medicinal plants used in the indigenous 

system of medicine. Its fruit has been traditionally used as antidiarrhoea and 

antidysentery. A. mannelos pulp can be edible freshly or used to make marmalade, 

candied fruit, cake or cream while the water extract of dried fruit is used to make tea 

and popular refreshing drink. Since the active ingredients in the fruit are various in 

biological and physical properties, different solvents are used for extraction of the 

compounds from fruit. The solvents that are used for the extraction include 

hydrophobic solvents such as acetone, hexane and pentane and hydrophilic solvent 

such as water, ethanol and methanol (Sharma and Sharma, 1981; Ratan et aI., 1981; 

Tokitomo et aI., 1982; l;i,.n nll'HrI lin:: ~lJn"H(u ~nfJlljQn, 2529; Banerji et aI., 1988; 

Noysang, 1998; Rahman et al., 2004). 

The fruit of A. manne/os was reported to be the source of imperatorin which 

is the bioactive substance. Imperatorin indicated several pharmacological activities 

such as antibacterial, anticoagulant, antiplatelet aggregation. It also showed the effect 

on drug metabolism by being cytochrome P450 inhibitor (Cai et al., 1993; Chen et al. 

1996; Kleiner et a/., 2002). According to the fact that imperatorin is insoluble in cold 

water, sparingly soluble in boiling water but soluble in organic solvent (Budavari et 

aI., 1996). The solvents such as acetone, n-pentane, hexane and methanol have been 

used for extraction (Sharma, B. R. and Sharma, P., 1981; Noysang, 1998; Rahman et 

al.,2004). 

In this study, the solvents with different polarity, ethanol, hexane and water, 

were used (Tokitomo et al., 1982; Noysang, 1998; Prommetta et al., 2006). 

The hexane extract (extract A) of A. mannelos appeared brown solid matter while the 

ethanolic extract (extract B) was the red-brown solid matter. The lyophilized powder 

of water extract (extract C) appeared yellow. All of the fruit extracts were kept at O°C 

for further analysis. 
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4.1.1 Determination of total yield of A. marmelos extracts 

Total yields of the extracts (extracts A, B and C) were quantified In 

percentage weight obtained per dried A. manne/os ground fruit. Total yields of 

extracts A, B and C were 0.56%, 7.69% and 21.54%, respectively. (Table 17). 

Table 17 The extracts of A. manne/os fruit 

Solvent extraction Initial Extractive Extractive % Total yield, 

weight (g) weight (g) color w/w 

Hexane (extract A) 1000 5.5524 Brown 0.56 

Ethanol (extract B) 1000 76.9282 Red brown 7.69 

Water (extract C) 100 21.5368 Yellow 21 .54 

Noysang (1998) found that the yield contents of hexane and methanolic 

extracts of A. manne/os were 0.6 % and 20.4%, respectively. The similar trend was 

found in the present study in that the less polar solvent gave the less amount of 

extract. 

4.2. Quantitative determination of imperatorin in A. marmelos extracts 

4.2.1. Suitability of HPLC analysis of imperatorin 

HPLC condition in this study was modified from method of Li (2006) 

in which 40 : 60%, v/v water : methanol was used instead of 30 : 70%, v/v 

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

of 1 Jlg/ml of imperatorin and mobile phase were 5.87 and 1.63 minutes, 

respectively. Upon adjusting the gradient elution of mobile phase to 40 : 60%, v/v 

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

minutes was obtained. 

In this study, the system suitability was tested to ensure that the validity 

of the analytical parameters, retention time, resolution, tailing factor and peak area. 

Imperatorin standard solution at the concentration of 9 Jlg/ml was injected for six 
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replicates into the HPLC column. ICH (2006) recommends that the relative standard 

deviation (%RSD) of all parameters should be lower than 2 %. From the results, 

%RSD of retention time, peak. area and tailing factor are 0.406, 0.088 and 0.246, 

respectively (Table 18), which were suitable for quantitative analysis. 

Table 18 Retention time, peak. area and tailing factor from modified chromatographic 

condition of the HPLC analysis of imperatorin 

Injection number Retention time (minute) Peak. area (mAU·SOI) Tailing factor 

A 11.324 337074 1.141 

B 11.360 337238 1.143 

C 11.388 337175 1.145 

D 11.392 337479 1.143 

E 11.410 337667 1.146 

F 11 .289 336828 1.149 

SD 0.046 297 0.003 

mean 11.361 337243 1.145 

%RSD 0.406 0.088 0.246 

4.2.2 Validation ofHPLC analysis of imp era tor in 

A method for an assay of imperatorin in A. manne/os extracts was 

validated according to USP32 NF27 guidance. 

Accuracy 

Accuracy of the method was studied at five different concentrations of 

synthetic mixture solutions (n=3). From the results summarized in Table 19, it 

showed that %recovery of imperatorin at five concentrations ranged between 97.69 

and 100.29 and the relative standard deviation (%RSD) ranged from 0.12 to 1.27. 

ICH (2006) recommends that the mean recovery of test compound should be 

coverage in the range of 98-102% and %RSD of all samples should be lower than 

2 %. Therefore, the accuracy of the proposed method was within the acceptable 

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

Samples Actual Observed Recovery Average of RSD 

conc.{f,1g1ml) conc. (f,1g1ml) (%) %recovery (%) 

(range) 

IA 2.9439 2.9491 100.17 100.10 0.20 

IB 2.9439 2.9399 99.86 (99.86-100.25) 

IC 2.9439 2.9512 100.25 

2A 5.8878 5.7874 98.29 98.86 1.10 

2B 5.8878 5.8945 100.11 {98. 18-100. I I) 

2C 5.8878 5.7807 98.18 

3A 8.8318 8.7960 99.60 98.43 1.04 

3B 8.8318 8.6276 97.69 (97.69-99.60) 

3C 8.8318 8.6563 I 98.01 

4A 11.7757 11 .8098 100.29 98.87 1.27 

4B 11.7757 11.5899 98.42 (97.90-100.29) 

4C 11.7757 11 .5289 97.90 

5A 14.7196 14.7330 100.09 99.98 0.12 

5B 14.7196 14.7183 99.99 (99.85-100.09) 

5C 14.7196 14.6973 99.85 

Precision 

The determination of precision of the analytical method for the assay of 

imperatorin was performed at with six replicated sample solution which imperatorin 

concentration of8.8318 f,1g1ml was spiked to the samples. 

The intra-day precision 

The measured concentrations, %recovery and %RSD obtained from HPLC 

analysis are all shown in Tables 20-22. Precision should be lower than 2% of RSD 

value and the recovery should be coverage in the range of98-102% {lCH, 2006). 

The %recovery in day I (97.69 to 100.76), day 2 (97.82 to 100.58) and day 3 

(98 .60 to 100.72) were in agreement with the guideline. All of the %RSD, 1.31, 1.07 

and 0.72 in day 1, 2 and 3, respectively, were lower than 2. 
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Table 20 Precision test of imperatorin assayed by the HPLC method (day 1) 

Samples Actual Observed Recovery Average of RSD 

conc. (J.1g1ml) conc. (J.1g1ml) (%) %recovery (%) 

(range) 

A 8.8318 8.7960 99.5954 99.45 1.31 

B 8.8318 8.6276 97.6883 (97.69-100.76) 

C 8.8318 8.6563 98.0128 

D 8.8318 8.8498 100.2044 

E 8.8318 8.8987 100.7586 

F 8.8318 8.8695 100.4268 

Table 21 Precision test of imperatorin assayed by the HPLC method (day 2) 

Samples Actual Observed Recovery Average of RSD 

conc. (J.1g1ml) conc.(J.1g1ml) (%) %recovery (%) 

(range) 

A 8.8318 8.8298 99.98 99.43 1.07 

B 8.8318 8.6943 98.44 (97.82-100.58) 

C 8.8318 8.8037 99.68 

D 8.8318 8.8826 100.58 

E 8.8318 8.8371 100.06 

F 8.8318 8.6393 97.82 

Table 22 Precision test ofimperatorin assayed by the HPLC method (day 3) 

Samples Actual Observed Recovery Average of RSD 

conc. (J.1g1ml) conc. (J.1g1ml) (%) %recovery (%) 

(range) 

A 8.8318 8.7824 99.44 99.79 0.72 

B 8.8318 8.8956 100.72 (98.60-100.72) 

C 8.8318 8.8233 99.90 

D 8.8318 8.8314 100.00 

E 8.8318 8.8383 100.07 

F 8.8318 8.7079 98.60 
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The inter-day precision 

Data of %recovery of imperatorin obtained from 3 days of analysis are 

tabulated in Table 23. The percentage of RSD at three days of spiked imperatorin in 

sample solution were 0.17. Precision of inter-day was within the limit range (98-102% 
-

recovery and RSD±2%). Therefore, this analytical method revealed acceptable 

precISion. 

Table 23 Inter-day precision (%RSD) of assay for quantification of imperatorin 

%Recovery 
Samples 

Day 1 Day 2 Day 3 

A 99.5954 99.98 99.44 

B 97.6883 98.44 100.72 

C 98.0128 99.68 99.90 

D 100.2044 100.58 100.00 

E 100.7586 100.06 100.07 

F 100.4268 97.82 98.60 

mean 99.45 99.43 99.79 

%RSD 0.17 

Specificity 

Specificity of the HPLC analysis was investigated by determining the 

retention time, resolution and asymmetry of imperatorin chromatogram. Resolution 

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

peaks of interest is checked visually or calculated by equation below: 

where, 

Rs = 
2(t l - t2 ) 

(WI + w2 ) 

tl is retention time of imperatorin peak 

t2 is retention time of impurity peak which is next to imperatorin peak 

WI is the peak width measured at baseline of imperatorin peak 

(10) 

W2 is the peak width measured at baseline of impurity peak which is next to 

imperatorin peak 
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While, tailing factor (Tf) is a measurement of peak symmetry calculating from 

peak width at 5% of peak height. Tf = 1.0 indicates a perfectly symmetrical, Tf > 2 

indicates as a tailing peak that is typically not acceptable due to difficultly in 

integrating the peak area precisely. 

where, 

Tf = 
A+B 

2A 

A is peak front half-width measured at 5% of peak height 

B is peak back half-width measured at 5% of peak height 

(11) 

Chromatogram of imperatorin standard at approximately 3 flglml, 

chromatogram of A. manne/os extract sample (concentration of 100 flglml) spiked 

with the same amount of imperatorin standard and chromatogram of A. manne/os 

sample (unknown sample or blank sample) were analyzed and compared for 

confounding impurity overlap in peak of imperatorin. Amount of imperatorin spiked 

in the sample should not be significantly different (p±O.05) from amount of standard 

imperatorin. 

Using the integrated program, resolution and asymmetry were calculated. 

From the results, retention time of chromatogram of imperatorin was 11.19 min. 

There was no peak of impurity around peak of imperatorin in extract sample. Hence, 

the resolution (Rs) of different peaks (peaks of sample and impurity) could not be 

calculated. Asymmetry values as referred to the tailing factor of peak of extract 

sample were found to be 1.145 and 1.241 which were less than 1.5 (Figure 14); hence, 

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

statistically significant difference between peak areas (p=0.278) or concentrations 

(p=0.261) of standard imperatorin and spiked imperatorin (Table 24) . 
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Figure 14 Representative chromatograms of A. marmelos fruit sample solution, (A) 

extract A (1 05 ~g/ml) ; (B) extract B (3,840 ~g/ml) and (C) extract C (20, 175 ~g/ml), 

and of (D) imperatorin standard solution (2. 98 ~g/ml) 
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Table 24 Comparison of peak area and concentration between standard imperatorin 

and spiked imperatorin 

Standard imperatorin Spiked imperatorin 

Average peak Actual concentration Average peak Observed 

area 
(/lg/ml) area concentration 

(mAU-s· l
) (mAU-s· l

) (/lg/ml) 

113,745 2.9439 113,663 2.9406 

113,572 2.9439 111,815 2.8920 

113,765 2.9439 113,413 2.9340 

Linearity and range 

The linearity of the method was studied at five concentrations of standard 

solutions (2.94, 5.89, 8.83, 11.78 and 14.72 /lg/ml) . The selected concentrations 

covered the range of each analyte in all test samples (2.94-14.72 /lglml) . The linear 

regression line for the response (peak area) versus concentration plot is shown in 

Figure 15 . The linearity equation was listed below: 

----. 600000 "7 
<n 

~ 
500000 <: e 

'-" 
cU 400000 
(1) 

~ 
~ 300000 
cU 
(1) 

0.. 200000 c..... 
0 
c:: 

100000 cU 
(1) 

::E 
0 

0 

y = 

5 

38,080x + 1,685.8 

y = 38,080x+ 1,685.8 
R2 = 0.9997 

10 15 20 

Concentration of imperatorin solution, /lg/ml 

(12) 

Figure 15 The linear regression line plotted between concentration of standard 

imperatorin solution and mean of peak area (mAU-s· l
) 
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Acceptability of linearity data is often judged by examining the coefficient of 

detennination (R2) and y-intercept of the linear regression line for the peak area 

versus concentrations plot. A coefficient of detennination of greater than 0.999 is 

generally considered as evidence of acceptable fit of the data to the regression line. 

The y-intercept should be less than a few per cent of the response obtained for the 

analyte at target level (Green, 1996). The y-intercept of the linear regression line 

(equation 12) was 1,685.8, which was less than 2% of peak area at target level (mean 

of peak area at the target level (8.83 ~glml) was 336,419 mAU·s· I
). Hence, the 

linearity method was validated. 

From the result, data of observed and actual concentrations are shown in Table 

25, while the linearity curve plotted between actual (x) and observed (y) was shown in 

Figure 16. A plot between the observed and actual concentrations was linear with 

coefficient of detennination (R2) of irnperatorin of 0.9998. The linearity equation for 

the actual versus observed concentrations plot was listed in equation 13. 

y = 0.9973x - 0.0443 (13) 
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Table 25 Linearity test of imperatorin assayed by HPLC method 

Samples Actual Average Observed Average 

concentration actual concentration observed 

(~glml) concentration (~glml) concentration 

lA 2.9439 

IB 2.9439 

lC 2.9439 

2A 5.8878 

2B 5.8878 

2C 5.8878 

3A 8.8318 

3B 8.8318 

3C 8.8318 

4A 11.7757 

4B 11.7757 

4C 11. 7757 

5A 14.7196 

5B 14.7196 

5C 14.7196 

0 16 E 
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'-" 12 c:: 
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c:: 
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(~glml) 

2.9439 2.9491 

2.9399 

2.9512 

5.8878 5.7874 

5.8945 

5.7807 

8.8318 8.7960 

8.6276 

8.6563 

11.7757 11.8098 

11.5899 

11.5289 

14.7196 14.7330 

14.7183 

14.6973 

y = 0.9973x - 0.0443 
R2 = 0.9998 

10 15 

Actual concentration (~glml) 

(~glml) 

2.9467 

5.8209 

8.6933 

11.6429 

14.7162 

20 

Figure 16 The representative linearity curve plotted between actual and observed 

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

The LOD and LOQ of the method were studied at five theoretical 

concentrations of imperatorin standard solutions (0.06, 0.13, 0.25, 0.50 and 1.00 

~glml). Slope of the calibration curve of imperatorin standard solutions and the 

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

The equation for LOD is 3.3(SD/S) and LOQ is 10(SD/S); where, SD is the residual 

standard deviation of the regression line and S is the slope. The LOD and LOQ of 

imperatorin were 0.035 and 0.106 ~glml, respectively (Table 26). 

Table 26 LOD and LOQ data of imperatorin assayed by the HPLC method 

Sample Theoretical Peak Regression LOD LOQ 

conc. Area parameters (~glml) (~glml) 

(~glml) (mAV·s· l
) 

Imperatorin 0.06 2,454 Slope = 42,318.1 0.035 0.106 

0.13 5,379 Intercept = 127.75 

0.25 10,723 R2 = 0.9997 

0.50 21,928 SD = 448.81 

1.00 42,146 

From the overall results, it can be seen that qualitative and quantitavite 

determination of imperatorin in A. manne/os extracts using HPLC analysis were 

validated and passed the criteria according to VSP32 NF29 guidance as summarized 

in Table 27. The validated HPLC method was further used for determination of 

imperatorin in A. manne/os extracts (extracts A, B and C). 



Table 27 Summarized results of analytical method validation for an assay of imperatorin 

Test Parameter Criteria Result Conclusion 

Accuracy %Recovery 98-102% 98.43% to 100.10% Passed 

Intra-day precision %RSD Not more than 2% 0.72% to 1.31% Passed 

Inter-day precision %RSD Not more than 2% 0.17% Passed 

Linearity and range y-intercept 2-3% of peak area at concentration of 100% 1,685.8 Passed 

R2 Not less than 0.9995 0.9998 Passed 

Specificity Resolution Not less than 1.5 NO Passed 

Asymmetry Not more than 1.5 1.143-1.241 Passed 

Peak area Not significantly difference (p<0.05) p=0.278 Passed 

ND = could not deternune 

00 -
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4.2.3 Determination of imperatorin in A. marmelos extracts 

The composition of imperatorin from A. manne/os fruit was detennined 

by RP-HPLC. Detennination of imperatorin in hexane, ethanolic and aqueous extracts 

were performed by using the validated HPLC condition as described above. 

Quantification was carried out from integrated peak areas of the sample and the 

standard curve of imperatorin (Figure 17). Percentages of impertorin in the extracts 

were calculated by comparing peak area of the samples with those of the standard 

imperatorin. Extract solution was prepared and injected in duplicate into the HPLC, 

then peak area response was obtained. 

Standard curve of imperatorin 

Reference standard solutions were injected in triplicate into the HPLC, and 

peak area responses were obtained. The concentrations of standard imperatorin 

solutions were prepared at various concentrations (2.96, 4.95, 6.93, 8.91 and 10.89 

Ilg/rnl). Standard curve of imperatorin is shown in Figure 17 and average peak area of 

impertorin is shown in Table 28. The slope and intercept of the calibration curve were 

calculated using least square linear regression. The regression equation of standard 

curves was: 

y = 38,497x - 2889.3 (l4) 

where, 

y is the peak area (mAU·s· l
) 

x is concentration of standard imperatorin (Ilg/rnl) 

The calibration curve was linear over the concentration range with R2 of 

0.9998 
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Figure 17 Standard curve of imperatorin 

Table 28 Average peak area of imperatorin reference standard at five different 

concentrations (standard curve). 

Concentration (flg/ml) Average peak area (mAU·s· l
) 

2.96 112,159 

4.95 184,505 

6.93 255,230 

8.91 339,314 

10.89 412,898 

The contents of imperatorin in A. marmelos are presented in Table 29. 

The contents of imperatorin in hexane and ethanolic extracts were 5.7802 ± 0.1373% 

and 0.1179 ± 9.1000e-s%, respectively, based on weight of dried extract. While, the 

contents of imperatorin based on weight of dried A. marmelos fiuit were between 

0.0321 ± 0.0008% and 0.0091 ± 6.9000e-6% obtained from hexane and ethanolic 

extracts, respectively. However, imperatorin could not be detected in aqueous 

extract of A. marmelos. 

From the result, it was shown that hexane extract considerably contained the 

highest amount of imperatorin. Therefore, it could be concluded that hexane could be 

an effective solvent to extract imperatorin from A. marmelos fiuit. 



Table 29 Contents of imperatorin in A. marmelos fruit. 

Solvent extraction Concentrations of 
extract (~g/ml) 

Hexane (Extract A) 109 

104 

105 

Ethanol (Extract B) 3,873 

3,836 

3,840 

Water (Extract C) 19,242 

23,246 

20,175 

ND=could not detenmne 

Peak area 

(mAU-sO I
) 

233,178 

232,865 

232,621 

171,217 

171 ,429 

171,417 

ND 

ND 

ND 

content of imperatorin (%w/w), (mean ± SD), (n=3) 

in dried fruit in dried extract 

0.0321 ± 0.0008 5.7802 ± 0.1373 

0.0091 ± 6.9000e-6 0.1179 ± 9.1000eos 

ND ND 

- - --
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There is no report for determination of imperatorin by using HPLC analysis. 

Noysang (1998) investigated the content of imperatorin in A. manne/os fruit using 

gas chromatography and mass spectrometry (GC-MS). The content of imperatorin in 

A. manne/os fruit was 0.055% when using hexane extraction and 0.04 to 0.2 % (w/w) 

when using n-pentane extraction. From the result in this study, mean of percentage of 

irnperatorin was determined by HPLC method, appeared to be 0.0321 and 0.0091 

(w/w) in hexane and ethanolic extracts, respectively. It could be suggested that 

content of imperatorin is related to many factors such as the stage of growth, source of 

plant, shape or size of fruit, environmental effect, type of solvent extraction and 

analytical technique. 

4.3 In vitro assay of inhibitory effect of A. marmelos extracts and imperatorin 

on cytochrome P450 

The basic reaction catalyzed by CYP is a mono oxygenase reaction. Product 

obtained from enzyme-substrate reaction appears to be alcohol. In this study, Vivid® 

substrate are two different blocked dyes, ethoxycoumarin (EOMCC) and 

7 -benzyloxymethyloxy-3-cyanocoumarin (BO MCC) . While, specific 

BACULOSOME CYP450 reagent, IS microsome prepared from insect cells 

expressing a human P450 isozyme mixed with rabbit NADPH-P450 reductase. 

Cleavage of BACULOSOME CYP450 and Vivid® substrate yields blue fluorescent 

product (7-hydroxy-3-cyanocoumarin). Fruit extracts and imperatorin were tested for 

inhibitory effect by a decease in fluorescent products. 

4.3.1 Verification ofCVP inhibition assay 

Percent inhibition of positive inhibitors for each CYP (positive inhibitors 

for CYPIA2, CYP3A4, CYP2C9 and CYP2C19 were a-naphthoflavone, 

ketoconazole, sulfaphenazole and miconazole, respectively) was studied so as to 

verify the procedure for CYP inhibition (Table 30) . The %inhibition of each inhibitor 

are shown in Appendix B. 

Each positive inhibitor solution was prepared in different concentrations. 

Then, the positive inhibitor solution was dispensed in 96-well black plate. Test 

solutions were mixed with BACULOSOME CYP450 and incubated for the proper 

time. The reaction was initiated by adding Vivid® substrate (BOMCC for CYP3A4 
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and CYP2C9, EOMCC for CYP1A2 and CYP2C19) into a mixture. Inhibitory effects 

of positive inhibitor were determined from the fluorescent production of metabolites 

after adding stop solution (0.5 M, pH 10.5 ofTris base). Fluorescence data at the time 

point were exported and analyzed for %inhibition by comparing with control 

containing blank solvent, BACULOSOME CYP450 and Vivid® substrate. By using 

GraphPad Prism software, ICso values were determined. 

From the results as shown in Table 30, mean ICso values of CYP3A4, 

CYP2C9 and CYP2C19 were 0.47, 0.11 and 0.25 J.1M, respectively, which related to 

the values of previous studies. While, ICso value of CYP1A2 was 0.13 J.1M appeared 

to be a little higher than those obtained from previous reports. 

The different ICso value obtained from various groups may be due to some 

factors i.e. type of probe substrate, metabolite detector, and source of enzyme etc .. 

In this study, type of enzyme was obtained from supplier (Invitrogen TM) while other 

studies using human CYP from Gentest (Kleiner et a/., 2003), human liver tissue 

(Monostory et a/., 2004), human CYP expressed in yeast microsome (Marques-Soares 

et ai., 2003) and human CYP expressed in insect cell (Marks and Larson, 2002). 

While probe substrates were varied among studies such as (S)-mephenytoin 4'

hydroxycoumarin for CYP2C19 and nifedipine for CYP3A4 (Monostory et a/., 2004), 

EROD for CYP1A2 (Kleiner et a/., 2003) and progesterone for CYP 2C9 (Marques

Soares et a/., 2003) . 

Table 30 ICso values for positive inhibitors on CYPs (meanSD, 95% CI) 

Enzyme Drugs ICso, J.1M from ICso, J.1M from this study 

other studies (95% CI) 

CYP1A2 a-Naphthoflavone 0.03(1) 0.13 

0.04±0.02(3) (0.12 to 0.14) 

CYP3A4 Ketoconazole 0.13(1) 0.47 

0.40±0.16(2) (0.40 to 0.56) 

CYP2C9 Sulfaphenazole 0.31 (1) 0.11 

0.6(4) (0.04 to 0.28) 

CYP2C19 Miconazole 0.07(1) 0.25 

1.78±0.84(2) (0.20 to 0.32) 

(l)=Marks and Larson, 2002; (2)=Monostory, et al., 2004; (3)=IGemer, et al., 2003; (4)=Marques-Soares, et aI., 

2003 
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After verification of CYPs testing, A. marmelos and imperatorin were 

prepared and screened for inhibitory effect on CYPs (CYPIA2, CYP3A4, CYP2C9 

and CYP2CI9) using Vivid® CYP450 screening kits (Invitrogen™, USA). Briefly, 

each test solutions were prepared at different concentrations. Then, the test solutions 

were dispensed in 96-well black plate. Test solutions were mixed with 

BACULOSOME CYP450 and incubated for proper time. The reaction was initiated 

by adding Vivid® substrate into a mixture. Inhibitory effects of test compound were 

determined from the fluorescent production of metabolites after adding the stop 

solution (0.5 M, pH 10.5 of Tris base). Fluorescent data at the time point were 

exported and analyzed for %inhibition by comparing with solvent control containing 

blank solvent, BACULOSOME CYP450 and Vivid® substrate. By using GrapbPad 

Prism software, ICso values were determined. 

In the assay, test samples with ICso values ~ 1 0 ~M are considered to be 

"potent" inhibitors; whereas, test samples with ICso values of I 0-50 ~M are 

considered to be "moderate" inhibitors (Zou, et al., 2002) . 

In this study, dose-response curves of A. marmelos extracts and imperatorin 

for each CYP are shown in Figures 18-33 ICso values of A. marmelos extracts and 

imperatorin on CYPIA2, CYP3A4, CYP2C9 and CYP2C19 are shown in Table 31. 

Details or %inhibition on various CYPs of the test samples are shown in Appendix A. 
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4.3.2 In vitro inhibitory effects of A. marmelos hexane extract (extract A) 

on human CYPs 

Figures 18-21 display the curve of %inhibition of CYP activity versus 

logarithmic concentrations of A. marmelos extract (extract A). Extract A inhibited 

CYP lA2 and 3A4 activity for 96% and 95% of the control at the concentrations of 10 

Ilg/ml and 19.16 Ilg/ml, respectively. The ICso values of extract A on CYPIA2 

activity was 0.73±0.03 Ilg/ml and on CYP3A4 was 1.65±O.05 Ilg/ml. For CYP2C9 

and 2C19, extract A inhibited 99% and 89% of the control at the concentrations of 10 

Ilg/ml and 15 Ilg/ml, respectively. The ICso values of extract A on CYP2C9 activity 

was 3.24±0.03 Ilg/ml and on CYP2C19 was4.04±0.02 Ilg/ml. 
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Figure 18 Inhibitory effect of hexane extract of A. marmelos fruit (extract A) on 

CYPIA2 
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4.3.3 In vitro inhibitory effects of A. marmelos ethanolic extract (extract B) 

on human CYPs 

Figures 22-25 display the curve of %inhibition of CYP activity versus 

logarithmic concentrations of A. marmelos extract (extract B). Extract B inhibited 

CYPIA2 and 3A4 activities for 100% and 95% of the control at the concentrations of 

500 flg/ml and 800 flg/ml, respectively. The ICso values of extract B on CYP 1 A2 and 

3A4 activity were 39.40±0.02 flg/ml and 86.59±0.05 flg/m1, respectively. Extract B 

inhibited CYP2C9 and 2C 19 for 77% and 91 % of the control at the concentrations of 

1,000 flg/ml and 1,000 flg/m~ respectively. The ICso of extract B on CYP2C9 was 

197.60±0.04 flg/ml and on CYP2C19 was 107.90±0.02 flg/ml. 
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Figure 22 Inhibitory effect of ethanolic extract of A. marmelos fruit (extract B) on 

CYPIA2 
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CYP2C9 
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4.3.4 In vitro inhibitory effects of A. marmelos aqueous extract (extract C) 

on human CYPs 

Figures 26-29 display the curve of %inhibition of CYP activity versus 

logarithmic concentrations of A. marmelos extract (extract C). Extract C inhibited 

CYPIA2 and 3A4 activities for 82% and 93% of the control at the concentrations of 

1,500 Ilg/ml and 3,200 Ilg/ml, respectively. The ICso values of extract C on CYPIA2 

activity was 352.30±0.04 Ilg/ml and on CYP3A4 was 842.40±0.04 Ilg/ml. 

For CYP2C9 and 2C19, extract C could inhibit 88% and 93% of the control at the 

concentrations of 3,000 Ilg/ml and 2,000 Ilg/ml, respectively. While the ICso values 

on CYP2C9 and 2C19 were 965.00±0.021lg/ml and 414.00±0.20 Ilg/ml, respectively. 
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Figure 26 Inhibitory effect of aqueous extract of A. marmelos fruit (extract C) on 

CYPIA2 
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4.3.5 In vitro inhibitory effects of imperatorin on human CYPs 

Figures 30-33 display the curve of %inhibition of CYP activity versus 

logarithmic concentrations of imperatorin. Imperatorin inhibited CYPIA2 and 3A4 

activity for 88% and 97% of the control at the concentrations of 22 ~M. The IC50 

values for imperatorin inhibition of CYPIA2 and 3A4 activities were 0.42±O.02 ~M 

(0.II±O.02 ~g/ml) and 1.63±0.02 ~M (0.44±0.02 ~g/ml), respectively. The IC50 of 

imperatorin on CYP2C9 and 2C19 activities were 3.59±0.02 ~M (0.97±O.02 ~g/ml) 

and 2. 15±0.02 ~M (0.58±0.02 ~g/ml) while the concentration of 110 ~M and 220 ~M 

could inhibit the CYP activities to 81% for CYP2C9 and 100% for CYP2C19 
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Figure 30 Inhibitory effect ofimperatorin on CYPIA2 



c:: o .--:.E 
~ -~ 

125 

100 ._-----------------------------------------------

75 

50 

25 

• 

ICso = 1.63±O.02 J.1M 
95% CI = 1.45 to 1.81 J.1M 
R2=O.9907 

O+---~--~--~--r_------~--~~ 

-2 -1 o 1 2 

Log concentration, J.1M 

Figure 31 Inhibitory effect ofimperatorin on CYP3A4 

125 

100 -------------------------------------------------

c:: o 
.~ 75 
:.E 
:..E 
.5 50 
~ 

25 

ICso = 3.59±O.02 J.1M 
95% CI = 3.25 to 3.97 J.1M 
R2=O.9983 

O+-----~--~------~----~-------2 -1 o 1 2 3 

Log concentration, J.1M 

Figure 32 Inhibitory effect of imperatorin on CYP2C9 

98 



125 

1 00 ----------------------------------~ ......... ~.~ 

c:: o 
',p 75 
:.E 

~ 50 
'$. 

25 

ICso = 2. 15±O.02 ~M 
95% CI =1.95 to 2.37 ~M 
R2=O.9926 

o+-----~~--~----~~~~-----
-2 -1 o 1 2 3 

Log concentration, JlM 

Figure 33 Inhibitory effect of imperatorin on CYP2C 19 

99 



Table 31 ICso values on CYP inhibition of A. marmelos extracts and imperatorin 

Chemicals ICso±SD 

CYPIA2 CYP3A4 

A. marmelos 

Hexane extract, Ilg/ml 0.73±0.03 1.65±0.05 

Ethanolic extract, Ilg/ml 39.40±0.02 • 86.59±0.05· 

Aqueous extract, Ilg/ml 352.30±0.04· 842.40±0.04· 

Imperatorin, Ilg/ml 0.11±0.02 0.44±0.02 

(11M) (0.42±0.02) (1.63±0.02) 

• Significantly different from ICso of imperatorin (J.lg/mI) on the individual CYP, p<O,05 
ND=could not detennine 

CYP2C9 

3.24±0.03 

197.60±0.04· 

965 .00±0.02· 

0.97±0.13 

(3,59±0.02) 

Content of imperatorin in dried 

extract (%w/w) 

CYP2C19 
(mean±SD, n=3) 

4.04±0.02 5.7802 ± 0.1373 

107.90±0.02· 0.1179 ± 0.000091 

414.00±0.20· ND 

0.58±0.03 ., 
~ 

(2. 15±0.02) 
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CVPs are the principal enzymes for the oxidative metabolism of drugs and 

other xenobiotics. Among the xenobiotic-metabolizing CVPs, CVPIA2, CYP2C9, 

CVP2C19 and CVP3A4, appear to be most commonly responsible for the metabolism 

of drugs. Inhibition of CVPs-mediated metabolism is often the mechanism for 

drug-drug interactions. This study is the first report for inhibitory effect of 

A. manne/os extracts on those CVPs. The overall ICso±SD (n=4) of A. manne/os 

extracts are summarized in Table 31 . For statistical analysis, one-way analysis of 

variance (ANDV A) was carried out. 

Effect of imperatorin on CVPs 

From the result, imperatorin showed the potent inhibitory effect on human 

CYPs at concentrations of less than 10 IlM. ICso of imperatorin for CVPIA2 was 

0.42±O.02 IlM (0.II±O.02 Ilg/ml), CVP2C9 was 3.59±0.02 IlM (0.97±0.13 Ilg/ml), 

CYP2C19 was 2.15±0.02 IlM (0.58±0.03 Ilg/ml) and CVP3A4 was 1.63±0.02 IlM 

(0.44±0.02 Ilg/ml) (Table 31). The highest inhibitory effect of imperatorin was found 

for CYPIA2 followed by CVP3A4, CVP2C19 and CVP2C9. Imperatorin had been 

reported for inhibitory effect on many CVPs such as CVPIAl, lA2, IBl, 2A6, 2Bl, 

2B6, 2C9 and 3A4 (Cai et a/., 1993; Kleiner et a/., 2003). ICso values of imperatorin 

in this study were compared with pervious study (Table 32). 

Table 32 ICso values of imperatorin on CVPs (mean±SD; 95%CI) 

Enzyme ICso, IlM from other studies 

CYPIAI 2.764±0.64(l) 

2.32(2) 

CVPIA2 0.38±0.12(l) 

CVPIBI 0.71±0.17(1) 

CYP2A6 11.7 (1O, 13.3)(1) 

CYP2Bl 5.44(2) 

CVP2B6 0.32 (0.25, 0.4) (I) 

CVP2C9 111 (89.1, 133) (I) 

CYP3A4 0.53 (0.45, 0.62) (I ) 

CYP2C19 ND 

(1)- Klemer et al., 2003; (2)= Cai et al., 1993 

ND= not determined 

ICso, IlM from this study 

ND 

0.42±0.02 (0.37, 0.47) 

ND 

ND 

ND 

ND 

3.59±0.02 (3.25, 3.97) 

1.63±O.02 (1.45, 1.81) 

2. 15±0.02 (1.95, 2.37) 
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From Table 32, ICso of imperatorin for CYPIA2 and CYP3A4 were in 

agreement with values reported by Kleiner and coworkers (2003), but ICso of 

CYP2C9 was 30-fold lower than that reported. It was noted that this study and 

previous study used the same sources of enzyme which are microsomes prepared from 

insect cells infected with recombinant baculovirus containing a cDNA inserted for 

human CYP isoforms. The differences in ICso value of CYP2C9 appeared in this 

study may be the different selective substrates for CYP2C9 which were 

7-benzyloxymethyloxy-3-cyanocoumarin in this study and diclofenac in the previous 

study. 

In this study, the inhibition was reported as ICso values, imperatorin showed 

the potent inhibitory effects at all CYPs. The in vitro assay could not state that 

inhibitory mechanism of imperatorin is reversible or irreversible. In general, inhibitors 

may be classified as either reversible or irreversible inhibitors. A previous report 

showed that imperatorin had an inhibitory effect on CYPs and for mechanism-based 

inhibition. The mechanism-based inhibition is the category of irreversible inhibition 

that requires metabolic activation by CYP to form reactive intermediates leading to 

formation of covalent adducts. Mechanism-based inactivators of CYP appear to work 

by one of three potential mechanisms: (i) alkylation of the CYP-prosthetic heme 

group; (ii) degradation of the prosthetic heme group and (iii) covalent binding to the 

apoprotein. Imperatorin showed inactivation either CYP 1 AI-mediated 

ethoxyresorufin O-dealkylase (EROD) activity in hepatic microsomes In 

3-methylcholanthrene pretreated mice or CYP2B I-mediated pentoxyresorufin 0-

dealkylase (PROD) activity in mice treated with phenobarbital (Cai et a/., 1993). 

Effect of imperatorin was compared with phenylhydrazine (positive control which 

forms alkylation with heme group (Jonen et al., 1982» . Imperatorin showed no 

significantly affected to heme content in the microsomal preparation, while 

phenylhydrazine formed an adduct with heme and showed significantly lower CYP 

content by 80% and heme content by 36%. Imperatorin was reported to be 

bioactivated by CYPs to reactive intermediate that subsequently form covalent 

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

From the results, ICso of A. marmelos hexane extract (extract A) for CYPIA2 

was 0.73±0.03 ~g/ml, CYP2C9 was 3.24±0.03 ~g/ml, CYP2C19 was 4.04±O.02 

~g/ml and CYP3A4 was 1.65±O.05 ~g/ml (Table 31). 

Comparison among extracts, inhibitory effect of extract A showed the highest 

inhibitory effect on CYPs followed by extract B and extract C (Table 31). This trend 

of inhibition of the extract followed the content of imperatorin in the extracts. 

Moreover inhibitory effect of extract A was not significantly different from that of 

imperatorin in all of those CYPs. This may suggest that the active compounds which 

cause inhibition belonged to nonpolar solvent extract and the inhibitory effect of 

A. marmelos hexane extract may be partly due to imperatorin. 

However inhibitory effect of extract A was the highest for CYPIA2 followed 

by CYP3A4, CYP2C9 and CYP2CI9, respectively. This trend of inhibition of 

A. marmelos hexane extract was different from imperatorin (extract A inhibited 

CYP2C9 more than CYP2CI9). And the content of imperatorin in A. marmelos 

hexane extract at ICso values for those CYPs were lower than imperatorin. This may 

suggest that the active compounds which have inhibitory effects on those CYPs in 

A. marmelos hexane extract were not from imperatorin alone. Since there were reports 

that xanthotoxin, a furanocoumarin found in A. marmelos fruit, was an irreversible 

inhibitor ofCYP both in vitro and in vivo (Feuer and Kellen, 1974; Fouin-Fortunet et 

ai, 1986; Letteron et al., 1986; Cai et al., 1993). Therefore, the need of further study 

for finding other active compounds in A. marmelos hexane extract should be 

determined. Also, the mechanism of inhibitory effect and effect on enzymes in phase 

II metabolism of A. marmelos are recommended to be studied. 

Effect of A. marmelos ethanolic extract (extract B) on CYPs 

From the results, ICso of A. marmelos ethanolic extract (extract B) for 

CYPIA2 was 39.40±0.02 ~g/ml, CYP2C9 was 197.60±0.04 ~g/ml, CYP2C19 was 

107.90±0.02 ~g/ml and CYP3A4 was 86.59±O.05 ~g/ml (Table 31). 

Inhibitory effect of A. marmelos extract B was highest for CYPIA2 followed 

by CYP3A4, CYP2C19 and CYP2C9, respectively, which were the same trend with 

imperatorin. Comparison among extracts, inhibitory effect of extract B showed lower 

and higher inhibitory effect on CYPs when compared with extract A and extract C, 
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respectively. The content of imperatorin in extract B was lower than extract A for 50-

fold. The inhibitory effect of extract B was significantly different from that of 

imperatorin in all those CYPs. This may suggest that A. mannelos ethanolic extract 

was not a potent inhibitor. The content of imperatorin in A. mannelos ethanolic 

extract at ICso values for those CYPs were lower than imperatorin. This may suggest 

that the active compounds which cause inhibition of extract B may not be due to 

imperatorin alone. 

Effect of A. mannelos aqueous extract (extract C) on CYPs 

From the results, ICso of A. mannelos aqueous extract (extract C) for CYPIA2 

was 352.30±0.04 jlglml, CYP2C9 was 965.00±O.02 jlglml, CYP2C19 was 

414.00±0.20 jlglml and CYP3A4 was 842.40±0.04 jlglml (Table 31). Extract C 

showed the least inhibitory effect when compared with extract A and extract B and 

the ICso values were significantly different from those of imperatorin. Imperatorin 

content in extract C was lower than the limit of detection determined from HPLC 

method, hence, extract C could not be determined. This may suggest that the active 

compounds which cause inhibition belonged to nonpolar solvent extract and edible of 

fruit juice of A. manne/os can be considered as safe with low incidence of food-drug 

interaction. 

Inhibitory effects of A. mannelos extracts on CYP isoforms 

CYPIA2 is important for the bioactivation of procarcinogens. It expresses in 

extrahepatic tissues such as lung. This enzyme metabolizes procarcinogen such as 

polycyclic aromatic hydrocarbon (PARs), heterocyclic amines, aromatic amines, 

nitropolycyclic hydrocarbons (found in cigarette smoke and pollutant), and dietary 

promutagens (including nitrosamines and aflatoxins) to be carcinogen. Increased 

levels of this enzyme are also associated with breast cancer (Hong et al., 2004) colon 

cancer (Saeoo et a/., 2008) and lung cancer (Seow et al., 2001). From the result, 

A. manne/os hexane and ethanolic extracts showed the inhibitory effect on CYPIA2. 

This result may suggest that A. mannelos extracts may be beneficial for decreasing 
. . 

carcInogenesls. 

Moreover, CYPIA2 is responsible for biotransformation of many drugs such 

as antidepressant drugs (amitryptyline, fluvoxamine and imipramine), antipsychotic 
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drugs (clozapine and haloperidol), antiarrhythmic drug (mexiletine), antiemetic drug 

(ondansetron), antihypertensive drugs (propanolol and verapamil), drug for treatment 

of Alzheimer' disease (tracrine), drug treatment for asthma (theophylline), 

anticoagulant (warfarin), drug for treatment of migraine (zolmitriptan), caffeine, etc. 

(Gibson and Skett, 1996; Coleman, 2005). Inhibition of CYPIA2 may suggest that 

A. marme/os may decrease biotransformation of those drugs and may cause drug 

toxicity. 

CYP2C9 is the principal CYP2C enzyme in human liver. It metabolizes 

endogenous compounds such as arachidonic acid as well as many clinically important 

drugs including phenytoin, warfarin, losartan, tolbutamide, plipizide and non steroidal 

anti-inflammatory drugs such as ibuprofen and diclofenac (Shannon and Michael, 

2005). Diclofenac and tolbutamide are popular CYP2C9 probe substrates for in vitro 

testing. While sulfaphenazole is commonly known as inhibitor for CYP2C9. 

Whereas rifampicin and phenobarbital are commonly known as inducer for CYP2C9 

(Brandon et a/., 2003). Warfarin and phenytoin are drugs with low therapeutic 

margin. Whereas, CYP2C19 metabolizes structurally diverse therapeutic agents, some 

substrates are converted to pharmacologically active metabolites by this enzyme. 

Inhibition of both of CYP2C9 and CYP2C 19 may cause drug interaction. 

From the result, A. manne/os hexane and ethanolic extracts showed the inhibitory 

effect on both CYPs. This may suggest that A. marme/os fruit may interact with drugs 

which are primarily biotransformed by these enzymes and may cause drug toxicity. 

CYP3A4 represents 30% of the total hepatic P450 content and 70% of 

intestinal P450 content. CYP3A4 is responsible for the metabolism of 60% of all the 

drugs on the market including 38 different medication classes. For example, CYP3A4 

metabolizes members of the psychotropics, antiarrhythmics, calcium antagonists, 

opioid analgesics, antihistamines, benzodiazepines, antimicrobial agents, 

antiretroviral agents, immunosuppressants, antiulcer agents, and anticonvulsants 

(Gibson and Skett, 1996; Coleman, 2005). Human liver has a greater amount of 

CYP3A4 when compared with the amount in intestine. Xenobiotics which inhibit 

CYP3A4 at intestine may cause the lower drug's frrst-pass metabolism while 

xenobiotics which inhibit CYP3A4 at liver may cause the higher of its bioavailability 

(Parkinson and Ogilvie, 2008). From the result, A. marme/os extracts showed 

inhibitory effect on CYP3A4. This may suggest that A. marme/os fruit could interact 
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with drugs which are primarily biotransfonned by this enzyme and may cause drug 

toxicity. 

On the other hand, inhibition of CVP 3A4 may reduce efficacy for pro-drugs 

requiring conversion to active metabolites (e.g. cyclophosphamide, irinotecan) 

(Shannon and Michael, 2005; Sai et al., 2008) or may decrease risk of conversion of 

pro carcinogen to carcinogen (e.g. aflatoxin B 1, aflatoxin G 1, sterigmatocystin, 

senecio nine) (Parkinson and Ogilvie, 2008). Inhibition of A. mannelos extract on 

CVP3A4 may cause drug failure or may increase risk of some protoxicants~ 

A previous report has been done on A. mannelos leaf extract which could 

bifunctionally induce both phase-I and phase-II enzymes. Mice were treated with 

A. mannelos ethanolic leaf extract at doses of 50 mglkg and 100 mglkg orally for 14 

days. In phase-I enzymes, by using microsomal fraction of mouse liver, CVPs and 

NADPH-cytochrome P450 (NADPH-CVP) reductase were determined by carbon 

monoxide different spectra test and the contents of both CVP enzymes from 

microsomal suspension were estimated by the method of Omura and Sato (1964). 

The A. mannelos treated groups at doses of 50 and 100 mglkg presented significant 

elevation in the specific activities of CVPs at 0.90 and 1.15 folds, NADPH-CVP 

reductase at 1.23 and 1.32 folds and NADH-cytochrome b5 reductase at 0.93 and 1.12 

folds when compared with the control group. In phase-II enzymes, glutathione S

transferase was assayed in the cytosol of liver. The A. mannelos treated groups 

presented a significant dose-dependent increase in both enzyme activities at doses of 

50 and 100 mglml by 1.44 and 1.66 folds of glutathione-S-transferase when compared 

with the control group. (Singh et al., 2000) . 

The difference in results of this study from the previous study may be due to 

the different parts of A. mannelos tested (fruit in this study and leaf in the other 

study). A. mannelos leaf contains similar compounds with its fruit such as alkaloid 

(cinnamide, aegeline, skimmianine, haplopine) (Manandhar et al., 1978; 

Govindachari and Premila, 1983; Banetji et al., 1988; Riyanto et al., 2003) and 

steroid (stigmasterol and p-sitosterol) (Shanna and Shanna, 1979; Riyanto et al., 

2003). However, A. mannelos leafwas reported to have different compounds from its 

fruit which contains alkaloid (o-methyl halfordinol, aegelenine), flavonoid glycoside 

(rutin) and coumarin (marmesinin). The data may suggest that the effect of 

A. mannelos leaf on CVP may be related to the effect of those compounds. Moreover, 
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there are some limitations of in vitro studies, for example, the use of high 

concentration of the component which does not account for poor bioavailability of the 

active component and for binding of active component to plasma proteins in vivo. 

In vitro studies are valuable for evaluating multiple products or components, provide 

mechanistic information about any potential interaction and are simple to conduct. 

While in vivo studies are valuable follow-up studies to in vitro observations and are 

the only ones that are most definitive and clinical importance of food-drug interaction 

(Venkataramanan et a/., 2006) . 

Another plant which has been reported that it had food-drug interaction was 

Angelica dahurica (Bai zhi). Its has been used as analgesic, antibacterial, carminative 

and diuretic (Ban et at , 2003; Chen et at, 2006). It showed in vitro inhibitory effect 

on CVP3A4 (ICso = 34 Jlg/ml) (Guo et a/., 2001) . The root extract could inhibit 

CVP2C, CVP3A and CVP2D in vitro (Ishihara et a/., 2000). The metabolism of 

tolbutamide, nifedipine and bufuralol were inhibited after intravenously administered 

the extract at a dose of 1 glkg to rats. Other vegetables which contain imperatorin are 

parsnip (Ceska et aI. , 1987), lemon and lime oils (Stanley and Jurd, 1971) and parsley 

(0.7-5.9 Jlg/g in fruit) (Ceska et a/., 1987). 

In summary, this study provide information about ICso of imperatorin and 

hexane, ethanolic and aqueous extracts of A. manne/os. The active compounds which 

cause inhibition belonged to nonpolar solvent extract. Moreover imperatorin and 

A. manne/os fruit extracted with hexane potentially inhibit the metabolism of 

co-administered medication whose primary route of elimination is via those CVPs, 

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

However the inhibitory effect of A. manne/os extracts was not due to imperatorin 

alone. Therefore, the need of further study for finding the active compound in 

A. manne/os hexane extract should be determined. It would be beneficial for further 

study of the most active compound of A. manne/os hexane extract which affects CVP 

activity. It is also interesting to study about the mechanism-based inhibitory effect and 

the in vivo study. 



CHAPTER V 

CONCLUSION 

Aeg/e marme/os Correa is one of the most important medicinal 

plants in family Rutaceae. All parts of A. manne/os were used in the indigenous 

medicine. Its fruit is made to the popular refreshing drink and had been traditionally 

used as an antidiarrhoea and antidysentery. Since, A. manne/os is widely used in 

Thailand, repeated exposure of this fruit may affect biotransformation enzymes. In 

this study, A. marme/os fruit was extracted and investigated for inhibitory effect on 

cytochrome P450 (CYP), the oxidative metabolizing enzyme in phase I metabolism. 

Therefore, the amount of imperatorin in the fruit extract was determined by 

RP-HPLC analysis and its effects on those CYPs were investigated so as to find out 

whether the A. marme/os fruit could have any inhibitory effect on CYP activities. 

The results from this study would be a beneficial information to indicate the 

possibility of interaction between A. marme/os fruit and some therapeutic drugs 

when taken concomitantly. 

A. marme/os fruit contained 0.56% of n-hexane extract, 7.69% of ethanolic 

extract and 21.54% of aqueous extract in gram dried weight. A total yields (%) of 

imperatorin in hexane and ethanolic extracts were 5.7802%, w/w and 0.1179%, 

w/w, respectively, based on weight of dried extract. No imperatorin could be 

detected in aqueous extract of A. marme/os. Imperatorin showed the potent 

inhibitory effect on CYPIA2, CYP2C9, CYP2C19 and CYP3A4 at concentrations 

of less than 10 J,lM. While A. manne/os extracts showed the same trend of CYP 

inhibition with the imperatorin content in that the hexane extract which contained 

the highest amount of imperatorin showed the highest inhibitory effects on CYPs. 

Whereas ethanolic extract contained less amount of imperatorin showed the 

inhibitory effects lower than hexane extract. The water extract of A. marme/os fruit 

contained no detectable amount of imperatorin and had very high in ICso values 

(lCso > 300). This may suggest that the active compounds which cause inhibition 

belonged to nonpolar solvent. However the inhibitory effect of A. marme/os extracts 

was not due to imperatorin alone. 
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Hexane extract of A. manne/os fruit showed no significantly different when 

compared with imperatorin. While both ethanolic and aqueous extracts had 

significantly higher ICso values than imperatorin. The results of this investigation 

suggested that the whole A. manne/os fruit could promote food-drug interaction by 

CYP inhibition. However, the edible of fruit juice of A. manne/os can be considered 

as safe with low incidence of food-drug interaction. It would be of great benefits to 

further studies on in vivo. Also, the mechanism-based inhibitory effect and effect of 

A. manne/os extracts on enzymes in phase II metabolism should be studied. 
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APPENDIX A 

PERCENTAGE OF INHffiITION ON VARIOUS CYP OF A. MARMELOS 

AND IMPERATORIN 

Table 33 Percentage of inhibition ofimperatorin on CYPIA2 (n=4) 

Concentration of %inhibition 

imperatorin, J.lM nl n2 n3 n4 

0.055 0 0 0 0 

0.11 0 2 0 1 

0.55 53 53 53 54 

1.1 69 68 68 68 

2.2 83 81 81 ND 

5.5 ND 85 84 86 

22 89 86 89 88 

ND = not deterrruned 

Table 34 Percentage of inhibition of imperatorin on CYP3A4 (n=4) 

Concentration of % inhibition 

imperatorin, J.lM nl n2 n3 n4 

0.11 0 0 0 0 

0.55 0 5 6 6 

1.1 34 35 29 31 

2.2 60 62 59 57 

5.5 83 81 81 80 

22 97 97 96 96 
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Table 35 Percentage of inhibition of imperatorin on CYP2C9 (n=4) 

Concentration of 
.. %inhibition 

imperatorin, IlM n1 n2 n3 n4 

0.11 . 4 5 3 4 

1.1 23 23 22 23 

5.5 51 50 51 50 

11 61 60 59 61 

55 76 78 78 75 

110 78 83 81 82 

Table 36 Percentage of inhibition ofirnperatorin on CYP2C19 (n=4) 

Concentration of %inhibition 

imperatorin, IlM n1 n2 n3 n4 

0.055 0 0 0 0 

0.11 3 3 4 3 

1.1 25 24 25 27 

2.5 60 64 64 62 

5.5 73 72 73 74 

11 91 90 91 90 

55 101 102 99 98 

110 103 101 101 100 

165 103 104 98 101 

220 102 102 100 99 
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Table 37 Percentage of inhibition of hexane extract of A. manne/os fruit (extract A) 

on CYPIA2 (n=4) 

Concentration of % inhibition 

extract A, ~glml nl n2 n3 n4 

0.1 0 3 6 0 

0.5 33 34 35 32 

1 61 58 60 56 

2 73 72 73 71 

5 93 93 90 88 

10 96 95 100 92 

Table 38 Percentage of inhibition of hexane extract of A. manne/os fruit (extract A) 

on CYP3A4 (n=4) 

Concentration of % inhibition 

extract A, ~glml nl n2 n3 n4 

0.0396 3 0 0 0 

0.396 ND 27 23 20 

0.99 31 33 32 35 

1.98 60 54 56 58 

3.96 72 72 75 74 

7.92 80 83 80 80 

12 89 89 ND ND 

19.16 94 95 ND ND 

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

on CYP2C9 (n=4) 

Concentration of %inhibition 

extract A, J.lg/ml nl n2 n3 n4 

0.1 14 12 14 14 

1 27 26 27 27 

2 44 42 43 40 

5 83 81 82 77 

10 102 101 97 95 

Table 40 Percentage of inhibition of hexane extract of A. marmelos fruit (extract A) 

on CYP2C19 (n=4) 

Concentration of %inhibition 

extract A, J.lg/ml n1 n2 n3 n4 

0.5 9 9 9 7 

1 13 19 19 13 

2 30 26 25 27 

5 61 61 62 59 

10 80 83 79 79 

15 88 89 89 89 
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Table 41 Percentage of inhibition of ethanolic extract of A. mannelos fruit (extract B) 

on CYPIA2 (n=4) 

Concentration of %inhibition 

extract B, Jlglml nl n2 n3 n4 

10 1 0 0 0 

20 6 2 3 6 

50 65 65 70 68 

100 81 84 84 88 

250 96 94 96 95 

500 99 99 106 107 

Table 42 Percentage of inhibition of ethanolic extract of A. mannelos fruit (extract B) 

on CYP3A4 (n=4) 

Concentration of %inhibition 

extract B, Jlglml nl n2 n3 n4 

0.4 0 0 0 0 

4 14 10 5 9 

40 31 27 34 20 

200 79 79 74 76 

400 83 84 89 84 

800 95 95 95 95 
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Table 43 Percentage of inhibition of ethanolic extract of A. marme/os fruit (extract B) 

on CYP2C9 (n=4) 

Concentration of %inhibition 

extract B, ~g/m1 n1 n2 n3 n4 

10 2 0 8 13 

100 27 28 27 25 

250 51 53 52 52 

500 ND ND 63 64 

750 77 77 77 75 

1,000 75 79 77 74 

ND = not determined 

Table 44 Percentage of inhibition of ethanolic extract of A. marme/os fruit (extract B) 

on CYP2C19 (n=4) 

Concentration of %inhibition 

extract B, ~g/m1 n1 n2 n3 n4 

10 17 15 15 13 

50 33 32 38 32 

100 53 52 54 50 

250 73 71 74 71 

500 83 81 82 82 

750 87 86 89 88 

1,000 92 90 91 91 
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Table 45 Percentage of inhibition of aqueous extract of A. manne/os fruit (extract C) 

on CYP1A2 (n=4) 

Concentration of %inhibition 

extract C, ~g/ml n1 n2 n3 n4 

50 6 7 1 6 

100 15 14 14 13 

250 37 38 36 39 

500 56 56 56 54 .-
750 66 66 68 65 

1,000 70 71 71 70 

1,500 81 81 82 ND 

ND = not detennined 

Table 46 Percentage of inhibition of aqueous extract of A. manne/os fruit (extract C) 

on CYP3A4 (n=4) 

Concentration of %inhibition 

extract C, ~g/ml n1 n2 n3 n4 

50 0 0 0 0 

250 7 7 4 11 

500 30 29 33 31 

750 44 41 42 49 

1,500 66 67 68 69 

1,600 90 88 ND ND 

2,000 94 94 ND ND 

3,200 98 97 82 89 

ND = not determmed 
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Table 47 Percentage of inhibition of aqueous extract of A. manne/os fruit (extract C) 

on CYP2C9 (n=4) 

Concentration of % inhibition 

extract C, ~glm1 nl n2 n3 n4 

50 15 0 7 15 

100 9 10 11 9 

250 17 10 12 17 

500 27 26 27 25 

750 36 31 38 ND 

1,000 47 ND 47 50 

1,500 88 88 89 87 

3,000 88 86 89 ND 

ND = not detemuned 

Table 48 Percentage of inhibition of aqueous extract of A. manne/os fruit (extract C) 

on CYP2C19 (n=4) 

Concentration of %inhibition 

extract C, ~glm1 nl n2 n3 n4 

10 0 0 0 0 

50 28 24 26 25 

100 35 32 29 33 

250 41 45 43 38 

500 61 55 58 61 

750 88 89 89 83 

1,000 98 97 93 92 

1,500 93 94 93 94 

2,000 92 91 90 97 
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VERIFICATION OF THE VIVID® CYP450 SCREENING KITS 

Table 49 Percentage of inhibition ofa-naphthoflavone on CYPIA2 (n=2) 

Concentration of %inhibition 

a-naphthoflavone, ~M nl 

0.005 ND 

0.01 ND 

0.025 9 

0.05 14 

0.1 32 

0.25 82 

0.5 90 

1 90 

ND = not determmed 

125 

100 - •••••••••••••••••••••••••••••••••••••••••••••••• 

c:: o . .;: 75 
15 
:.2 
.5 50 
'$. 

25 

ICso = 0.13 ~M 
95% CI = 0.12 to 0.14 ~M 
R2=O.9965 

oL---~~~~=-~-------
·3 ·2 ·1 o 

Log concentration, ~M 

Figure 34 Inhibition curve ofa·naphthoflavone on CYPIA2 
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Table 50 Percentage of inhibition ofketoconazole on CYP3A4 (n=2) 

c o .-... 
:.0 
:.2 c ..-
'ef( 

Concentration of %inhibition 

ketoconazole, J.lM nl 

0.11 0 

0.275 13 

0.55 44 

2.2 79 

11 84 

55 81 

125 

100 -------------------------------------------------

75 

50 

25 

ICso = 0.47 J.lM 
95% CI = 0.40 to 0.56 J.lM 
R2=0.9885 

O+---~--~~----~--~~------~ 
-2 -1 o 1 2 

Log concentration, J.1M 

Figure 35 Inhibition curve ofketoconazole on CYP3A4 
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Table 51 Percentage of inhibition of sulfaphenazole on CYP2C9 (n=2) 

Concentration of %inhibition 

sulfaphenazole, J-lM n1 

0.001 0 

0.01 25 

0.05 40 

0.25 79 

2 82 
. " 

10 102 

30 104 

125 

100 •••••••••••••••••••••••••••••••••••••••• 

c: o . .;:: 75 
:.0 
~ _ 50 ICso = 0.11 J-lM 
';f. 

25 

95% CI = 0.04 to 0.28 J-lM 
R2=O.9784 

o+-~~--~~--~----~~~--~~ 
·4 ·3 ·2 ·1 o 1 2 

Log concentration, ~M 

Figure 36 Inhibition curve of sulfaphenazole on CYP2C9 
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Table 52 Percentage of inhibition ofmiconazole on CYP2C19 (n=2) 

Concentration of %inhibition 

miconazole, JlM n1 

0.01 2 

0.025 2 

0.05 11 

0.1 22 

0.25 50 

0.5 96 

1 103 

ND = not determined 

125 

100 --------------------------------------------:- -

c: o .';:: 75 
:E 
:.a 
.5 50 
~ 

25 

ICso = 0.25 flM 
95% CI = 0.20 to 0.32 flM 
R2=O.9925 

O+-------~==~~_T------~ 
-3 -2 -1 o 

Log concentration, JlM 

Figure 37 Inhibition curve ofmiconazole on CYP2CI9 

n2 

0 

2 

II 

ND 

ND 

92 

104 

136 



APPENDIXC 

VIVID® CYP450 SCREENING KITS PROTOCOL 
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1.0 INTRODUCTION 

Vivid" CYP450 Scraoning Kits l'IUIble rapid rnea!>UJ'I.'I1leI'It <If in~ractions betwt'f!f\ drug candidate; al\d cytoc-h""fI<.> P450 
enzyme; using a simple ~cUx·and-~ad· fiUOfesa.'l,t assay that is dClligncd for high-thmughput OCfeening in multiwell plate;. 
n~ kits wiU aUow investigatonl to rclpic.1Jy identify cwnpoW\d-CYP450 interaction.~, eliminating unsuitable ('()mpound.~ 
early in the drug disctl\'ery process. Vivid- CYI'450 Scra-ning Kits can also bt> used to generate predictive structure-activity 
rel"tillrulltip models to guide mookinaJ chemists in their des1cn 01 col\1p<'unds. 

Test compounds are an.,}yzed by their capacity h. inhibit the productiol\ of a fluorescent signal in f .. ~ct¥.l\S using recombi"""t 
CYP4-'iO iso~ and specifIC VIVid' CYl'450 Substrates. The availability of more than one struc:turaUy wvelattd tluon.genic 
VMd· CYP450 Substrate for CYP3A4, CYP3A5, CYP2C9. CYP2B6 MId CYP2D6 rt.'<luccs the 1'01,,"1111 for fahe neg~tjvcs (and 
fa(,;e ~itivl'!') that coukt result from substrare-dependent interactions. 
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Inv.trogen· V.v.d' CYP450 Screening K.t Protocol· O·13873-rl us 0405 ~ 

2.0 MATERIALS SUPPUED 

········· ···t~~~~~····· ····· ·· ·· ....... ~ ....... ·~~~······t ·~.-~:==~· · · 
V,vMr 81 ... PIuo-.-a SowwIord PW6 0-11"'\<'1 : ·Z!Y1.~ .... -h. -..-...1 

.. ··· .. ······~~l~~~~~~············ ·· ....... ~~ ....... ··~~:~···· .. Hk···· .. ··············· 
V;-H OC:>lo4J1 S--... 1'2lWi8 0.1 "'" : .2\'-(" H.hI ......... 1e4 

V",d CYl'~ ~ Iullftll 1'2'113 Su ml : k1" 

f---t~{-'~~~~~-.---. -'~r- ~';':C~--'H~~iiiiU';;~(::C 
VMJ 81~ Flu",...,.", 5<:>ndord I '28i6 0.1 "",.. : ·2i1'C, hdl' 'ruW<toNl 
\ ",vi.! C\"~ ~ ... '" Bull ... ) P2l!8I!'O .,1 ; liT 

Yi\1.rCYI'2116 81 ... Wl'l'TlJ 

Vi'-,j C:YN"iO ltL",tjn" nullo, m PNQ 50 .11 : RT 

Vh-.d·('''\'I'2F.I 81 ... (P.lIl2I) 
··············L-'\;;i·F.i·8XL"'Uij"liQMfS~imt····· · ········ ...•.... Pi1i48._ .••. ·"i.O"MKi······,·:jk;.:c·········_·········· 

","i. IiOMCCS._.. P302f 0.1 m. : ·2cr-c,liltht Oral«.od 

VlvKl' CYN$II-.ioll 8ullOf 1 P2tVII 511,nl : RT 
C:YP3AtlJ.~<':UUI50Mr:s R"",..", Pl"l77 OSnmol: ~ 

Vh-.d eYN'" Ito .. :."", ~u/r ... J 1'28111 50 IlIJ : itT 
r:YP)"'5I1ACUlt~ RNJtt'!\' P2!'12 05 nnlt\l : -$(J''C 

VMd 81 ... FI ......... nI 5<oVtd.ud 1'2876 0.1 ...,... : ·2(1'(; Ii"'" Drutf<tO<I 
Yh"i.! CYNSO iIoftctic>n SuIfff P2l!81 5<11111 : liT 

Tht\'h ...... CYr ... '(I.Q:tionDuIlm.ftlf))m .. f{I.Mcti.Jo......,..,.IJ.lOOlaM:tl.M."tiouNtt«ft).tW«'O ..... I(~~JlI)~~·rH • . D. 
CYN50&.>.a1UlSOWI'!"a..".. .. , ....... o>l .... ____ C! ... _MOIIp!IoI'-'rMt .. NADrH .... <oa.w._ 
'Ow Vh .. td"'SwbMrM8 .... !ot.-nd.wJ.1frf~ a ~ drWd IUm.. R..'mIfitituUon .~. bdon ww. 



Invitrogen' VIvid' CYP450 Screening Kit Protocol' 0 ·13873-11 US 0405 ~ 

2.1 Materlal$ Required but not Supplied 

MultiweJl black plates suitable for fluorescence measurements (Nore: blad·walled, clear bottom plates are needed 
for bottom·rt':td fluocl!SCCI'\t microplare readers). hwitrogcn nxomlN!tlds using Costar 113915 non-treated plate 

F1uoct'SCence plate reader vdth filters as d~bed in Table 6 

Pipeting d(.'Viccs 

Reagent resec..-oic(s) 

Ac ... tonitrile, "nhydrous 

OMSO, reagt'nt grade 

OeioniZl'<i wat.:r 

Stop Re.~g.,nt (CYP450 isozyme specific inhibitor) if performing an endpoint BSS"yor in kinetic mode lor rile positive 
c.'niTo) of inhibition. rw ",.ore in!ormnti.m on inhibitors. see Section 7.1l. 

3.0 STORAGE AND STABILITY 

Vivid' CYI"5(1 Substr"~ md fluorescent StAnd.vd. are .tAb'" leo: "t least tiix """,ths when stco:cd dC1<icrated oUld pr<'t«W«l from 
Ught at -2O"C. For .hort-I"",, $tora!;e, acetonitril .... or DMSO-bII~ IItoclc ""lutioN should be stored in a desiccator at ('C. l.oog-t...-m 
stor:lt:e r"'lui,..,. th;ol org:lnic: .... lutiUN be kt'pl d ... iccated at -2()4C OMSO aolutioni "'" hygroscopic. and cold \'iala .hould be 
,,'MrI\f!d to otmbWnt "'mpernlure bet.,. .. opening. AfWr opening. th .. y .hould be CAPpt'd promptly 10 a,"Did "'''8''nt diluti<>n by 
abourbed moi.tu ..... The CYP-I,SIl BACl1LOSOMF.S" RGogcnt iOOuld be Ito,red .1 -$()OC. No significant d~ in activity (_ enc"-d 
C..rnfkat .. vi Analysis) .... .tS ob ... cwd 11ft<'< 5 fl\'eZe/thAw cyclelo acepl fuc CYP2D6 which sh" .... ed a 5% dect\'_. n.. ~"M1'ati'lI\ 
System should be stoted OIl -sere. l:~'On fir.1 thaw, aliquot into Iring! .. """ ,~.\S .... the _genl .hould not be oubjectcd tv additional 
fret'z .. /thaw cycles. ~ NAOP' shculd be .tored al -IlO"C and is stable f." at 1_110 freeze/tIw,,· cydes. Store protocted from light. 
Th" Vivid· CYP4SQ R""ction Dull4/! (LX) con be .tured at 4'C or room len'j><'tAtur ... 
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Invitrogen' VIVId' CYP450 Screenmg Kit Protocol' 0 ·13873-(1 US 0405 IICmEII 

4.0 ASSAY THEORY 

VMd· CYP450 Scret>ning Kits are w,agned h. __ ~abolism and inhibition of till! predc.lIOinant human P4.;o Wo7.}'lN'S 

invoM:d in hepatic drug metabolism: C'VP1A2, CYP2B6, CYP2C9, CYP2C19, CYr2D6, C\T2E1, CYP3A4 and CYI'3A5. The 
kits employ VIvid" CYP450 SubRratl'S and CYP.aSO BACUl.QSOMES" Reagents. The CYP .... ;o BACUlD5OMES" Reaboenls are 
mirn>soml'S prepan.od from ins«t ceJIs expressing a human P450 isozymt' and rabbit NADPH-P450 reducU8e (CYP2El Iisl. 
conwns hlllThln cytochrome bJ. CYP450 BACULOSOMES" Reag\'1\lll offer 1 distinct advantage over human liver micl'OS<'Iml'S 
in that only one CYP4.;o l'flZYI1\e is expfl'S8ed. thereby preventing metabolism by other CYP450s. The Vivid· Substrate& are 
metabolized by a ~-pecific CYP450 enzyme into products that are highly Ouorescent in lIque0\J5 8Olutions. Figure 1 
sdll<lJlaticaJIy depicts the metabolilim of a Vivid· CYP450 Substrate into a fiu(lrt'5Cmt metabolite. Note that the VI,1<f 
Substrate:; have tw" potential sites iUf: metabolism (indicared by arnlWS in Figur ... 1) and that oxidation lit either sit ... reJeaSl'S 
the highly lluol't'SCent metabolite. 

~R1-.fR2 ~ O+Rf+Rt 

Blocked Dye 
( non-fluorescent) 

Free Dye 
(highly fluorescent) 

Figun 1. SdlL'IIIiltiC uf the metabolism of the "blod<cd- dye 5ubstrate into a Iluorcsct.'I\l metabolite 

The flUOfl!5Cent met.lbolires are excted in the "isible light spectrum.. which mWnllzcs interfl'rencc caused by the background 
lluorescl.'llC\' of UV .... xtitable compounds and NADPH. The e><cellent redCtion kinetic:! aud optJcal propertiel of the VlvKr 
Substrates allow their ~ at concentrations at or below their I<,. \-a1ue in a reaction with P4.."iO isl.lzymes. IIssuring dliection oi 
l'yen weak CYP450 inhibitors .md providing the convenience of room tempetlltw'C or 37"C incubati0n5. The Vivid· C'VP~ 
Al;.""Y may be I'W\ in a kinetic.' or endpoint mode (which jg illustrated in Figure 2). 

200Master P,..,.1x 

CYP450. AHIIda .. , 
i·Test Rejlenerallon 4-HADP+, S-8top 

Compound Spllem Su!»t,... R.agent 

• • • ~ 

: ~. {t:J ~h~~~::;'nc:ent) 
Inhibition 
(no fluor •• cence) 

t 
~,....ad 

(optional) 

FiSUR 2. A schematic representation of lin endpoint Vivid" CYN50 Assay 

In end point (Section 5.1.9.2) mode, tlw test o.lmpound$ (SIq> 1) are lintl combined v.ith tlw Master Pre-mil< (Step 2), ('.(~isting 
ot CVP~ BACULOSOMES" Reagents and the Regeneration System (con.o;isting of glucose-6-phl.lsphate and gluc0se-6-
phosphate dehydrogen.-). The JWge\1l'tat¥.1Il System Cllllvertl; NAPE" into NAPPH, which is MIuired h. ¥tart the CVP4S0 
relICtion. After a brief pre-incubation. the background flullresct'JlCe of the tl'St compound and Master Pre-mix is measured 
(Step 3, pre-read). The enzymatic reaction is initiated by the addition of a mix of NAPP' and the IIpproprlate Vivid" Substrdlt' 
(Step 4) and plate is incubated {Of: the desil'l'd reaction time. Alter the addition c.lf a SlOp Reagent (Step 5), the Ouorescence is 
measun.'<i in Step b. 

In Idnetic mode (Section 5.1.9.1), the fluorescence is measured continuously starting after Step 4 (and eliminating Step5 5 and 
b). Standard curves, constructN trom the supplied Fluorescel\t Standard, can be used to calcuJ.1tC reaction rates from the 
observed f1uotesct'nce intensitie5 in both assay Ionnats. AS6IIY parameters for isozymes CVPIA2, CYI>!U6, CYP2C9. CYI>!C19, 
CYP2D6. CYP2El, CVPJA4 and CYP3A5 are listed in Tables 4 lind 5. 
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Inv,trogon' v,v,r1' CYP450 ScrconJn9 Krt Protocol· 0·13873 ... 1 US 0405 ~ 

5.0 VIVID- CYP450 HIGH-THROUGHPUT SCREENING ASSAY PROTOCOL 

Each complete reaction must contllin evr4S0 BACULOSOMES'" Reagl""t, Vivid" CYr4S0 Subl.1ratto, NAOP' and Regeneration 
Sysh'nl, all in the appropriate Vivid' CVP450 Reaction Buifer (¥uppliA!d with riICh kit as /I 2X 8OIution). TIlefe are two possible 
mudes for this assay: kinetic and l!ndpoint. The method you cIlooee will depend on your analytical .-cis and the toquipment 
available. 1ne kinl!tic mode is useful for analysis of one multiweJJ plate at II time and does l\Ot require the IIddition of the ~top 
reagenL In mdpoint mode, alter an appropriate incubation time, the: reKtion is 5t,)ppcd by the addition of the CYF450 
i~fic inhibitor. Running in endpoint mode aDm-os the reaction to be performed in 5eVt'ral multiwell plat~ 
siDlult.lnrously. 

Note: The foDowing protocol is configured for use with one %-weD plate and 100 pI reaction. ... HoweveI, the pnltocol can 
be modifu.'<i to acrommodatr. several difft'rmt pJat .. fonnan: by IIdjusting thto c.llculations for the number of wl'lls 
(and volume per well) in your experimenL Set'Trubet!;oy dill. (2005) (see Section 9-0 for a complete list of references) 
for UIIC of Vivid' kits in 15..16-weU plate fonn.lts. E.lch leit supplies enough reagents for at least 300 x 100 III reaction.~. 

5.1 Assay Procedure 

5.1.1 Th~w Rugents 
1. lhaw the NSO BACULOSOMES'", Rt'!;eneration System. and NADP" on ice until ready to USl'. Do not vortex 

P!50 BACULOSOMt:S' or RegenerMion SYl>tem. 

2. Sugg",,"tl'<i assay conditions for screening with Vivid'· kill' are described in Table I. 

Table 1_ Assay Conditions 

Condition Purpose DIspensing 

5cToen for inhibition b)' 
.u pI 2.5X ""'l ,-ompound 

Tool Compound sr. ).II Mo.ter Pre-Mix 
rompuund oi in~t Ie iii Vi<i<! Subo1ral .. and NADP' 

P"';ti~ Inhibition lnhibitlhe It'oc1ion with a mo..n ~ ).II 2.5X positive inhil>itjon rontro\ <see S<ction 7.0) 

u.ntroJ r4SO inh.ibiltl. 50 ).II Ma."'r Pre·Mix 
10 pi Vlv;d Sut-.trA'" And NADP' 

Acrounl. for p<'OSlbl. sulv"", 
4'; ).II 2.SX ..,Iv""t oonll.-oI S<>i.-enl Control iMibition caWiOd I>y introduction .>f 
50 pi ~u.te. Pre·Mix (No inhibitor) I •• , compounds <'1ii;inaIIy dl<l(>lved 
lr-)II Vivid Sub.trate And NADf" 

in An organic ,;oI,· ... t such as DMSO 

Enoblos .ubtr_on <of hAc:Icj;rolmd ~ pl2.5X ""I"onl control 
Ila.:kground St' pi Vivid- C.-vr4SO R""ctjnn Bufte. 

f1uort'SCl'llC1: durin& ru.ta anal)'sis i G pi \l,-id Substrate and NADP' 
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5.1.2 R.constlrutlon of Vlv~ Sub$lTIIte end FluorNcent Stenderd 

1. Reconstitute the Vh<id" Standard using anhydrous I\()l'tonitrlle and Auoro;cent Stand~rd using OMSO (sec 
Tableti 2 ftnd 3). 

2. ICtoep these IiOlution.~ at It>om t41mperatull' lor immt'diate lR, (If IOtore at -2O"C. 

1Al 

286 

:!I.:V 

!EI 

3A.< 

3i17 _, 

Vn'id"1I0MCC .107.1 

Vj\' jd' (IOt.tR' 

v"id'F.OI.tll.· 

"iviol' FOMCC 

2(5.2 

.... i_I _1- i-I-
0.1 032 

0.\ 0.211 

0.1 0_'2 

0.1 0.22 

0.1 0.41 

0.1 

0.1 o.n 

/11- jlstocl< -1oftJ i t--1nG conc_iorll 
-_- ...... , : 11M' 

lO!' i 1 

160 

1., I 2 

10 

110 2 

2 

1U 

1411 

10 

";"iol' 8OMCX: . ~_l 0.\ \'.12 160 i 2 i 10 

';'~:;;;·iOMfC····-·-· ~·····ii03·· · · ·····O:i··-···f···028·· - ·· ·- · ··i-40·· · -··-·.-t·.~···i-·-.·.·_=r.~~·~~~~·.·.·~~.'~~'~~'~~~.'.'.'~ 
\ 'Nt<!' OBOMF . 572.6 0.1: 0.17 85 i 2 : 2 .. ......................................................... + .................................... + ..•......... .•....... ; ... .... .. .....•.................... 
";"iol' WMR : ).\13 0.\ i Q~ \';(1 i 2 : 1 

0.1 0.32 1{,() I~ 

0.1 0.211 ! 2 

0.1 0.17 2 

Hut 0' 71TC foT loS minut..< and ,",,"ex to temcutitu~. 

Table 3. Ree_lltut1on of the FIu __ SlAncia,d. Use the bl«1k cells In the table 1« your C4IIc:ulAlion •. The VIIlue IXI I. 
the amoulll of Assay SlAndn listed on the tube label. 

AHoy __ 

...-ePW-txl Reconatltutlon Sotwm 
i ",_ .. tllullon __ 

(fIUorOKent su-.u] i ___ tXxl_1 
alto, lIoconotllutioft. 11M 

f ... ,I. 0.11 DMSQ 11001'1 100 

k.IS4.l1w1A,d ~fSO/WAt~t U:lJ 100 

(;,.." SIo>nJ.ud OMSO 100 

B:,. Sbnd."d OMSO , 100 - -_._--------- - -_._-_. __ . .-t-----.- ---- . .. -._--_._------_._--
t·y.., St.>n.1.rd OMSO 100 

5.1.3 p,.pa,. Standant Cutve (Optional) 

l. With room tel\lpt'rature walt'!, dilutt' enough Rea<1jon Bofw (2X) tn prep .Ire enough IX Rt'o\C.i.iol\ Bufit'r for 
)'OUr standard runlt'. In .I ~welJ plate. one standard auve rnn be JUn in 8 wells w;ing 1 ml of Ruction 
Buffer. We recommend that at least six points (in addition to the blank) be used for the standard CUIW and 
that it be perfunned in duplical:t'. 

2. To the firl't well of the column add 1'15 ~ 1X ~i\Ction Buffer. 

3. Arid 100)11 of IX Reaction Buffer tn each of the rt'1Jlaining l\'eIIs in the column. 

~. Add 5 ~ of Fluorescent Standard (Table 3) to the first well containing 195 pi of buffer to achit','e ~ starting 
co~ntratil.ll\ of 2.5 ~IM . Mix well. 

5. Tcan~fer 100 ~ fmlll this well into the next well c,'ntaining 100 )11 IX Reaction Buffer and mix by pipelting. 
This is a two-fold dilution. 

b. Rept'al this dilution st"?, w3ving the last well as an a&say blank contlining IX RtaCtion Buffer only <II\d fl<' 

standard. The resulting Auorescent Standard conemtrations are: 2.5 I'M. 1.25 pM. 625 nM. 3125 Mi. 
156.25 nM, 78.125 nM, 39.063 nM and 0 nM. 

N",.: 11,,.... an< "'8S"".d initial """"""tratUu {or th. oIiond.u-d c ... ~. M<IN '" ~ ... INY t... app">pri..", d~ 
en you "'J'.nment~I..-d •. 

Note: Th~ _y can t... ~ oimply 1ISing au""' ... ......" nh"", inSlt:ad of ('olwetling to «lI\Cmtralion 01 prodlKt 
formed. 
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5.1.4 Prep.,. Test Compounds, Positive Inhibition Control, .nd Solvent Control 

1. Prepan.- 2.5X Test Compounds by dilution into deionized water. (For Ie. determination, a serial dilution of 
thf' test cumpound is required.) 

2. f'repare /I 2_'iX solution of /I known p~ hlhibitor in deionized water for positive control of inhibititm 
(option.-tl). 

Not~: WI! recommend US<.' of the inlubitot'S listed in Section 7.0. 

3. Prepare II solution of tl~ solvmt u!lt'd to dissolve the test compounds lUld known 1'451l inhibitor at 2.5)( final 
conccntratitm. 

Not~: ~ Section 8.0 for infonnation about particWar sol\'eOts and toleranCe!>. 

5.1.5 Dispense Test Compounds, Positive Inhibition Control, .00 Solvent Control 

I. A,fd 40 III of the 25X St,lutiolls prepared in s..:n.,n S.l,4 to desired. wells of the plare. 

2. We r«ommend atlellst thr..., replicate; {or the l'ositive Inhibitilm Control ,,,,.1 Solvent Contn,1. 

5.1.4 Prep"'" .nd Dispense MlISter Pre-Mix 
1. Pn.'Pare till! Master Pre·Mix by diluting P450 BACULOSOMES' Re.~gent and Regeneration ~'ysIl.'Ill in Vivid" 

CYP450 Reacti,'n Buffer (2X) on ice (St"<: Table 01). Mix by inven;ion. 

2. Dispen.-.e 50 III of Ma.-ter 1>re·Mix In each well. Mix. 

Not~: To ",'count for bllCJcgrOlmd fluorescence in the 1Ibsenc:t- of CYI'451l IICtivity. dispense 50 III of Vivid" 
CYP450 Reaction Buffer without P450 BACULOSOM~" to de!>ired wells of the plate. 

Table 4. Mut ... Pre-mlx (pre-mlx of CVP4SO BACULOSOMES· Reagents "nd Regeneration System). Koep on Ice unUl 
,.adyto use 

\'ivid"'BC*"fCC 4HOO 18utf..-1) 100 lOll 

100 20 

Vi\<iJ"BOMCC ..... ~~.~~~~.~~_ ... L. ....... ~ ......... .......... ~~ .. _ .... . 
Vivid"DOMF ~(Bulf<fUI ! 100 100 

Vi\id"OOMR ~1~uu.rU) tOO 100 

~;o 'Bulio, U) 100 50 

''-''' Id' EOMCt: 
206 

41100 ,&uil..-I) 100 100 

4700 (Bulf<' I) tru 200 

COM'-"'" III CYP'UO : 
.. _r_lUl ...... ! 

10 

20 

to 

10 --_ ....... _ .. _-_ ....... 0.-____ -...... _-----_ .. _--_ .... ___________ _ 
to 

20 IU 

10 

20 10 

40 20 

lfl \'\Yid"F.ClMCC >I!i5Il(nuff.,.m) 100 50 10 

V;,-i<\' BOMCC 4850.' (Buliu Ii 100 50 10 

Vh1d'" UOMfC ~"'(B"If<,11 lilt) 50 lU 

4II5O \lIuli .. l/ 100 SO 10 

V;,-id' BCltoIR ~;o(BuU .. li 100 50 10 

JA) 1~~~'~7:-'" ·····:·:·ti:·~······ I .. ········;:········· .......... : ......... · ····· · · · · ·· · ·i~·· ·· · ········· · ······················· .......... . 
.--- .. -- -+------r---.. -.--+--.----.... ..;.-.-....... - - --.. . 
VMd'D80MF tII50 (1Iu1f<, I)! tOO 50 10! 5 

For your Ii ... t ~\I. w •• uggeot u,.,.., roncr.ntt.ti""" of ltv: L'YN!;() mzymc. Ba...d on )'Our ..... u1t •• you ""'y find !nOn' 

~c )~ ~nw 4,.<; neceis.Ary. 
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5.1.7 Pre-incuNte 
(ocubate the plate fOl20 minutes at mom lempt'r .. ture to allow the compounds to Interact with the CYP450 
in tlw ~ of enzyme tumO\·er. 

2. Outing this pre-incubation. prepare the pre-mixture of Vivid' Substrate and NAOP' (see Table .~). 

3. You may aJso wish to include II pre-read at this point to determine if your compoW1ds ~rc fluorescent. 

:.::==:: "' ..... -.............. - ''''_5.1.11 
IA2 Vk .... ·EOt.\CC I r.t;.«n..w ... l} I~ 

f(J;'(IIuW ... I} 2.' 

9f.o(e .. fkrl) 10 
2B6 

Vk'ld'IIl)Jo.K'C I 
VMd'80MK I 
Vivid' 80MCC ! 8,.J (1IWftrJl) 50 

2<:" Vlvid"1I0MF 1rJ<1(BWf .. n} 10 

\ ·i.;.r QOt.tR I l>'iO(euWcru) 10 

2U9 Vkid' ~lJM(,(' lI.<;Oceufkr II! 511 

ft50(llvfl ... I} 50 Vi\'ld" f.t)t.1C<"" 
11)6 I 

Vivid' MOI\I'C ~",(8uf:t.r" 2.' 

lEI Vivid' fOMCC 8"0 CSuH.r111J 50 

VM.I'8OMCC 11.'-1 (Butl_") SO 

\'j,·"!'1IOMFC ! .4, (Bul"") 2S 

\'i''i~ PlJ(lMf : ~ .... (lIufl<r I) 10 

~:;\::ii~;MR·········· .. t······Ms;i;.:;;ii····· .. ............. ;;; ........... . 

5.1.B St.rt Ruction 

..... !IAM·II .. K/_ 

JOO 

100 

XI 

100 

100 

100 

JOO 

JOO 

:<C 

100 

100 

.10 

100 

100 

XI 

100 

, .... %AaI 
fr ........... 

O.l~ 

O~, 

0.10 

OSO 

1110 

CIO 

0.50 

0.50 

0.2.' 

O.SO 

flSO 

r. 2, 

C.)O 

C.I ; 

O.5cl 
.----

(·.25 

0.10 

1. Sldrt the reaction by lidding 10 III per well of the Vivid· Substrate and NADP' mixture prepared in Step 5.1.7 
an,lmix. 

5.1.9 "" .. sure Fluorescence 

1. Kin~ti( Assay Mod~ (n<ommended): Immcdjatcly Ot.'S:I than 2 aUnutes) tran.~fer the plate into the 
/luon$Ctmt plate re.ader and monitor t1U(l~ over time at ~xcitation lind emission wa\'ele.l\j)ths Ii$ted in 
Tablet>. 

2. Endpoint Asuy Mode: lncuba ... the plait: for tht' d~ired amount of time, then add 10 )Il of ~"Ommended 
stop reagent (see Secti('ll 7,0) to ~<h well to quench the reaction. MeasW'l' fluorescl'l\ce in the fluorescent 
plate n".ader at excit.ltion and "",ission wavek'ftgthl< listt~ in Table 6. 

Note: Appropriatl' l't'actiCln times will vary by kit and experimental ronditions. We recommend that you 
dt'terminL' the line,Ir activity range for the aSSllY UGlier the conditions you wish to Ul'ot'. Typi.·ally, 
such reactk", times will fall within 5 to 60 minutes. 

J . Pmce..od to Section 6.0 fllr data analysis. 

I""~ C«poratlo .. - 1_ , ....... , a" ....... c..t ....... CA nooa - _ .. 710 _03 12M - fAX: 710 102 _ - www..ln",,",-_ 
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Table I. Rec:ommencIed excltMlon Md.mlsalon _veIengths .rid Illter Mb 

~~ I 
~i~~bNr--------+------~------~-----i------~------+------i------~------; 

5.10 ! 
""~~~.". , . ,,,~,,, , ),,.,,,,~.,, .... L .. ~,,,, ~;; i 20 405 40 

"···Sii·····j···,,·25······ ·····~;.a···· ··l· ·· · · ·:jO"···· 
........ '" 60S i 55 ; 460 

.wei",,,, 530 : 25 ; 405 20 4s; j 20 4£15 ; 40 
•• . .•.• .. .•.... .•..... . •... _ . .. . . .. ~ ........ ..... .. . 1 .••. ... ..... ....•...... . .••.. ....••• •. . ...... t ••• •.. •.. ••• .•. •••••••••••• •.. + ........ ....... . 
_"' /,()$ i X' i -160 .jO ~311! 2S 4c,o i 40 _ .................................. " ..............•............................ ···············1······_······· ......•........................ 
dichroic SSS i j 42S 5IlS ! "",~ i 

Rt'd Standard hi fOOdium salt of l't'Sorufin. Blue Standard is Xya ........ 7-hydroxycoumarin- Cyan Standard is 7-hydl'(lxy
Hrifluoroll\ethylcm.mnarin. We recommend exciting this dye off-peak at 400 om (its excitation maximwn is 385 1\11\) 

III minimi~.t' backgnlUI\d from NADPH f1uon:.;cence. Green Standard is IhJOre;cein, . 

f'Of optimal slgnal t<l nll;..;e. fLltt'tS must be bl<ldced to 00 01 ti outside their transpaCt'1lC)' mngt' (UV and wet 
blockage) and be free of pinhole!', FiltetS may be purchased from: 

Chnlma Technology C(lrp. 
72 Cotton Mill HilL Unit A-9 
Bfdttlebonl, VT 0530 I 
Phone: (800) 824·7662 or (1102) 257-1800 
Pax: (802) 2S7-9400. 
www.chroma.com 

6.0 SUGGESTED PROTOCOL FOR THE ANALYSIS OF RESULTS 

6.1 Kinetic Assay Mode 

1. Obtain relICtion fdtes by calculating the dlJmge in f1~ per unit time. 

2. Calrulate tIlE' petCffit inhibition due to pres<mCt' of test compound or poo;itivl' inhibition c(llltml using the l'<lllation: 

"t. Inhibition . ( 1-

6.2 Endpoint Assay Mode 

rate in plftence of te.I compound or p""itive inhibition control 

rote in ~blellc. of test compound or po.ltive inhibition control 

i. Subtract background .t1uorescm~. 

) Xl00% 

2. Calculate percent inhibition due to presence of telit cou,pound or posith'e inlubition using the {olknving toqu.,tion: 

% Inhibition - ( 1-
RFU in pnoence of test compound or positive inhibition control 

RFU in ab.ence of test compound or positive inhibition control 
) X1OO% 

Optiu"/d: Both tyJ't'" oi data analysis above Ciln he perflmned llliing a standard CUIVt' as dt'SCribt'd in Section 5.1.3 in orMr til 
calculate reaction rates as nmol product formed per unit time. 
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7 0 SUGGESTED CYP450 INHIBITORS (STOP REAGENT) 

T.aM 7. SUe,,"," CYP4S0 inhibitors 

Enzyme inhibitor (Stop Re-aent) SlgmIJ.Aldrtch c.t. no. Suggested AMI C~retlon .. 

CYPIA2 ".....,htholW .. """ Nm7 ~I-IM 

1."YI'2BO miroNzoIo Mb'2 30,," 
CYI'2C'1 ... 1"""",,1AZ01o 5(m;8 1O,," 
CYP2C1~ ~ .. M35J2 30 !dof 
CYPlDb qWnioliIw Q362.~ 1 ... \1 
eYPlEI diolhvI.Jithioa .. "" ...... 218680 100p\l 

CYP3Af k&""""",_ KIOO~ 10,," 

<"'YI'3A!' bt"""""'-Olo Kl0U3 30 pM 

•• To SK'P the reaction, the suggested final inhibitor concentration in the "'_y to produre inhibition oi 90~. or bett .... is 
indicated in the above ~Ie. For 111\ endpoint assay the volume of the lidded Stop Reagent should not exceed 10% of the final 
~actioo v.,lullW [r.g., 10 ,II will t... addt-d per 100 III TNtt\ .. n volume. 'This 10'l(. increa5t' in th~ yulurot' of lin endpoint 
reaction d,>es not have a significant effect on the reaction (or the calculations) J. 

8.0 SOLVENT TOLERANCES 

r'50 an;'·j".- <"" boo inhibll..! by .... wn .. CODUnCll\ly u....:! 10 dlssolvo "'"' con'f'OWld •. While We aI",&) .. r...:ommmd including. HOI"ml 
\·.,,,1<01 in yuur .upuim<n .... 1 dtiip\. tbe following oamplo! data l. jll~ ••• guick for the &d«tion a1\d .... 01 "Cf:""jc .. Iwn ... Tab'" 
v;iliw.s "'" »"J"<W\I in/Ubition at tho! indic.oted .o!l'mt ~tratiOl\. Valua prf'lCtlded by A· .. • indic.>l • .m incrOOL"" in acthity. OilSh..! lin .. 
in.Jiasw inhibiti.., .. nol detectt-d. Nok thaI t.>w .... '''''lOOI\tratiom al\' Uslod Cur 2£1 utue; tIu.. Uoo<)'IN' i. poorticut.uly ..... ,.;Ih·~ to the ~ 0{ 
organic sol\"m.tA. 

T .... 8. Solvent Toleranc .. 

VlVkfKIt 

lA1Blu. 

2&6 Blue 

186C)'Ul 

lC9BIIH 

2C. Crftl\ 

10 !led 

lC19 Blue 

206 Blue 

206Cy.., 

2E1 BI". 

3A'BI~ 

lA.Cyuo 

lA'Croen 

lA' !led 

SASBI ... 

lASCy.n 

lA5GrftD 

i Solvent DMSO 
i co~ntntlon (%) (% inhibition) 

Acetonitrile 
(% Inhibition) 

Methanol 
(% InhlbltJon) 

Ethanol 
(Of. Inhlbitlon) 

L::::::::::::A::::::::::::: :::::::::::::::~::::::::::::::: : : :::::::::::::~::::::: : ::::: :± ::::::::::::::~::::::::::: :::t::::::::::::::;.::: :::::: ::::: 
: ,WI :. 

-+.-- l! --r-' -L- . .J! +- n 
JI1 

.1 
001 

~::::::::::.::,£J.."'''''':= ,:::::::::::::.~:::::::::::::: .=::::::::::::~:.::::=::;:::::::::::::!:::::::::::::::i::::::::::::::~:::::::::::::: 
I 

JlI 

~. 1 
o I 

< . 
r··············ol( ............... . ............. ~ ............. . ···· ········· ··::·· · · ··-······~·f ········· · ·· ··~~··· ········· · ···~··· ····· ···- ·~1~ ·· ··· ···· ····· :··············o'Oi············· .............. :: ............... ···············.:·················r··············:····· ........ -.~ .............. :: .............. . 

0.1 ,. 
,.III • .• 
• .1 
.ot 

1·············u~r············ ............... ~ ............................. ¥ .............. ~ ................ ~ ............... + .............. H. .•..•........... 

.. 
!- ~~~1 -1-
!··· .. ··· .. ···· ~i ........ ·· .... · .. ···· .. ··· .. ·f .. ··· .... ····· 
:··············ooi············· ............... :: ........... .. . 

ot 

1 
,'.oS 

i ........ ··· .. ·~r·· .... ·· .. ··· 
01 

'" :>4 

• · .... · .. · .. · .. Tl .......... · .. · 

1 , 
:::::::::::::::~:::: : :::: :: ::::~ ::: ::::::::::::~ :::::: ::::::::t::::::: : ::::::~:: :::::: ::::: :· 

+--
............. -! ............... j .............. ~J .............. + .............. ~ ............. . 
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10.0 PURCHASER NOTIFICATION 

Limited Use Label L1cen.e No. 162: Cytochrome P450 enzymes, allays and substrates 

Thi,; product is the subject ,'f 0"'" or marl' of US P~tent 5,891.696. 6.143.492, and 6,420.130. TN. purchaSt' of this product 
oonveys to the buyer the non-transferrable right to use the purchased ammU\t 0 the product and coIDpOI\l'I\ts of the product in 
r~ conductl'd by the buyer (whether the buyer is an academic or for-prollt mtity). The buyer mnnot 5f'.ll or othetwise 
transfer (a) lhill product (b) Its components or (c) IMterials made U!ling thls product or its components to a third patty III 
otherwise usc this product or il!; components or materials made using the product or its components for Commercial 
Purposes. The buyer may trNlSfer information or mareriaw JlU\dto through Ulie of thi.~ product to a ~ientific collaborator, 
pnwided that such transfer is not for any Comtrll!rdal Purp"se, and that sUC'h rollabor .. tor agr<'l'S in writing (1\) to o<,t tmnsfl'S" 
su.:h materials to any third party, and (b) to use such transferred materials and/or information solely for rese.lrch and not for 
Commt'l'riaJ Purposes. COlJ\Dlercial Purp<l6eS means any activity t>y II party for consideration and may includ ... but is not 
limited 10: (1) U5e of the product or its components in manufacturing; (2) use uf the product or its components to provide a 
sen'ice, information. or data; (3) WiI! (If the pmouct or its components for therapt'utlc, diagmlStic or prophylactic purposes; or 
(4) rt'foaIe of the product or its components. whether or not such pmduct or its components are resold for USt' u\ r~lrch. 
Im-itn>gen Corporation will not assert a claim against the buyer 0; infringement of the above patent claiming this product 
based upon the manufacture, usc or SoU" of .l therapeutic, clinical diagnostic, vaccine! or prophyl.lCtic product dL'Velopcd in 
reseIIn'h by the buyer in which this product or its cumponents wa~ employed. pmvide..t that neither this product nor any of its 
components was USl.od in the manufacture of such' prtlduct. U th .. pUlCNscr is not willing to accept the limilations of this 
limite..t \l.~ statement. Invitrogen ill willing to accept return of the product with a full refu\\d. For i\\formation nn purchasing a 
license to dtis product for ~ lltlw.>r than research. C<.ll\tact Ucfn'>ing INpilrtment. Invitrog,"n Corporation. 1600 Faraday 
Av""u .... Carlsbad. California, 9200II. Te~ (760) 603-7200. Fax: (760) 602-6500. 

BACU.0S0MES· " ~ "'P-'I<"re<i tr..d<lNlrk of Invitr"l)"" Corpor~tion. 

Vhid' .... ftgist<'rod trademark ollnvi""Sen Corporati .... 

C; :!OO5lnviln>gftl Corror.IlOll. All rights ft~",od . R""roducti ... lorbiddftl wilhuut p.,rmlnion. 

1 __ C:ooponotloft • 1_ , ..... .,. Av ....... _ ...... c:A HOO •• -.. TIO 103 1200 • ,AX: TIO 102 MOO • www ...... "'--_ 
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The EJghllrf'jRC:T4SPS JtlJitlSe",iIfQr: .'.. ... ,. 

Jllfl01,<uiVi! Rc!s~iJrch I"Ntl(tltoll'rodUcl.\· 
.fbI' SlLffall1oltltl' D"''l·C'/~pmelfl · 

AEGLE MARMELOSCORREA. FlttnT EXTRACT INHIBITS 
HUMAN CYTOClutOME P4S0 

1)PJ,J1oaiai eaoyaPojsak, 2lNuaosri Niwattisaiwong, ''somsong Lawanpruert. and '>Warangkana 
Warisooieharoen 

PP86 

I) Dep."Mntf 0/ F~d C/:itM(SUY; FoCIIltyo! P/uinucMJall StI .. ~. Ord4lolllMnf UII'"",II)'. '6I1rMk., T1J4UtWi 
1) Dep4"Ift~1t1 0/ Plin""'/lcwt(ttirCltttiilstry. FII(1dty 0/ PIII"'"i1~'co/ $da.w . CltIlIIlIOlllbmt Uttlwnlty. Bn,!,kDl. Tltll(/nnti 
J) ~""'ntt 01 Phnrm.llcolotY. Fila-II)' 01 Plttl/'1fflluutlCilI Sdiltcu. CItIIllllo",*om U"(""'(o'. 'tI",kDk, Tltllilllllll 

KEYWORDS: A~gl~ mal'melosCorrea.; Cytochrome P450; Food-drug interaction 

INTRODUCTION 
A~g/~ manne/os Correa. is a plant in Ru~ family nativcly grown In tropical areas such as 

India, Burma and Thailand (so-caUed matuum). ,..11 parts of A. mannelos are valued in Ayurvedic 
medic:ine. Its fruit is edible and widely used for nlVQre<! products such as tea, mannalade, refreshing 
drink. candied th.til, cake and cream. The main. chemiCal constituents in A. manne/os fruit include 
coumarins and terpenoids (IJ. Other componenU ir:calJcajoi<4 steroids, oleoresin, sugar and vitAmin C. 
Thai traditional medicine is claitiud A. mannelos frUhforits astringency, digestive aid. gastric stimulant, 
antidiarrhea and antidysentery. Recently, there were some reportS on pharmacological effects of A. 
mann~/o.r fruit as antihyperglycemic effect by inducing. alu~se transporter Glut-4 and glucose uptakc 
[2]. The cthanolic &uit extract o( A. mannelos showed antiproliIerative activity against SKBR3 human 
breast adenocarcinoma cell line with the 50% inhibitol)' con"ntration (l4o) of 144 .OO±I .21 l1i1m I [3]. 

Sin" A. manne/os is widely used as beverage and (ood in Thailand, repeated exposure of this 
fruit may affect the enzymatic biotrans(onnation. Cytoclvome P4S0 (CVPs or CYP P4S0) ItC phase I 
drug-metabolizing enzymes which playa dominat fc;le in food-drug intcraction. Many Cye isoforms can 
be induced or inhibited by food. Previous report .snowed the effect of leaf extract of A. manne/os as a 
bifunetionallnducer~~J~oth phase I enzymes; CYPsan<f:NADPH·CYP reducwe, and phase-U enzymes; 
glutathione S-trans(erase and DT-diaphorase [4]. ,{riaddition, imperatorin as one of the constituents in 
Rutaceae was reported to inhibit vltious CYPs. Sirictthere were no any infonnation of A. mal'melos fruit 
on CYP activity, the current study was designed 1o<detennine the in vitro effect of A. manne/os fruit 
extract on CYP activities. Moreover, the content orimperatorin as the active constituent in the fruit 
extract was determined by the high performance IiqlJid chromatography (HPLC) method. 

MATERIALS AND METHODS 
Preparation of A. "'llrm~/os frull extract: 

Dried fruit of A. mann~/os was refluxed with· n·hcune for three times and the extract was 
concentrated to residue under reduced prcssure in , vacuum rotary evaporator at the temperature lower 
thin 60·C. The residue was stored and protected from light at O·C. 
Analysis of lmper'tonD in A. mllrme/~" utract: . 

Reversed-phase HPLC method was usedfor·detennination of imperatorin. Standard solutions of 
imperalorin were preplted with methanol and theealibl'ation c:oneentn.tion .range was in between 3 .• 0-11.0 
I'alm!. A. ma";"~/os &uit extract waspreparecl in·methallOl at 100 I'ilml. The samplesolutioDS Wcre 
filtered through .. 0.2-IJm membrane filter before ~ The analysis was earried out on .a HPLC system 
(Shimuu. Japan) equipp~ with a LC~20AD pump; SU.-20A autosamplu;CT0-20A column oven and 
SPD-M20A UVdeteclor.The analytewas detennined·.troom temperaturcon an analytical column Luna 
CIS (ISO mm x 4.6 mm, Ld., 5 I'm). The mobile phUe c:onsistcd of. mixture of methanol.and water 
(60 :40, v/v). The mobile phase wasnltered undef ~aeUum through .0.45 11m membrane filter, and 
deglSsed before. use. The analysis wu curied ouot a flow rate of 1.0 mVmln and injection volume of 10 
Ill, with the UV detection wavelength set It 254 nm. 
Inhibitory effect .of A. mtlt:melos extract on C¥P:P4S0: 

A series of concentration of A. manneioi extrac:t in 0.1 % dimethylsulfoxide (DMSO) was 
dispensed into 96-well Mack plate (40,,1 per well). The control wells were dispensed with 0.1 %.OMSO. 
To prevent error in fluorescent signal. the test.baek.g~und wells were applied for each con~enltation. The 
SO \-II of the ". mixture (C:()ataihin$cDNA-elCpressedhur.nan CVP P450 Baculosomc:·,glu¢9se-6-
phosphate dehydrogerwe;· glu~se-6-phOsphltcarid NAJ)PH reductase) wi:s dispensed into the test wells 
and 50 111 of the reaction buffer for test·backgroiu1d wells. The plate was then pre-incubated {or 20 ·. 
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minutes at room l~mpeta~re; ;Thcr~ae;tip;!' ; wl$ :iiti~~~edwith the. adelition of the. 10 JlI of combined 
NADp· and subStfatcsoMion. : Fhio.~nubiti'ales, forthe . CYPi.reethoxy~ounnarin (3 ~M for 
CYPIA2 or .10 .at,«(or :C.YP :lC19) :~'<f7;~~1~~loxy~3-ey.anoCounnario (10 oM forCYP2C9 
or S nM for CYPjA4); trhepl.ie w"-:Prole.ete(:i ;~iJi,t~t &nd incubatec:l:.ttoom temperatUre for proper 
reaction time (apptOxiin.tc]Y; ;Oto40mlA~t¢S)~ :The~Ctlonw&S stopped by adding 10 Illaro.s MTris 
base (pH lO.S) to .• Ii W~il$~ F:ih.tlYi th.~.plit~:waJm.W~th~f1uOt~ce ·onhe products. The relative 
fluorescc"nCe unit·{RFU):w&S.Tc.d 'on 'a::plat( ",d~ '(J~efkinElmer) uSing,tho ·f1uoresc;ent excitation and 
emission filters at390ilm and ' 4S0 'Nn~ ' mj)eetN4ily~ The level of inhibition . was then calcutaledby 
tamp.rison of RFU to those wells as ineqUltiorf (l). Petcents of inhibition of sample were ploned versus 
the log value of the sample concentradon.s to . generate a dose-resporue curve. Nonlinear regression was 
performed with OraphPad Prism- Softwareusirtg an equation for sigmoidal dose-response (variable Hill 
slope) to determine the ICso values. 

(I) 

RESULTS 
The percent yields oris-hexane extrtct·ofA,,·marmelos fruit were 0.55% w/w. From the HPLC 

analysis, amount of imperatorin in the e~ci was found to be S.84% w/w. The fruit extract showed the 
ability to inhibit the phase I drug-metabolizing enzymes investigated. The values of ICso of extract and 
standard imperatorin on CYP IA2, 2C9, 2Cl9 ar.d 3A4 are shown in Table 1. 

Table 1 ICso values of A. marme/o.druit cxtlld and imperato"n (mean ± S.D; n-4) 

SamplelCa < .. simi or \lM) 
C¥P IA2C¥P2C9 CVP2Cl9 

Extract, J.lglml 0.69 ± O.OS l.17·:!: 0.22 4.0S ± 0.20 
Imperatorin. ~M 0.39 ± 0.01 S.21 ±O.76 1.98 ± 0.09 

DISCUSSION AND CONCLUSION '. . 

CYP3A4 
1.71 :!: 0.09 
1.49 ± 0.09 

• The A. ma;""elol fruit extractshowedlrlhibitoryeffcct on phase I drug-metabolizing enzymes, 
CYP IAl, 2C9, 2CI9 and 3A4. The IC1O ·vahies.orimperatorin for all CYP forms were less than 10 v.M 
indicating a potent enzyme inhibitor [5). 1'he ifthibltionOfthe fruit extract on CYP was considered to be 
due to the some constituents found in the fruit especially imperalorin. 

In conclusion, the fruit of Aegle manne/os Correa. caused inhibitory effect on human CYP tA2. 
2C9, 2CI9 and 3A4 In vitro. The study s4gg~ed the. possibility offood-drug interaction and risks of 
chemical-induced toxicity, mutagenicity ' indlot .carcinogenicity from the compounds metabolized or 
bioactivated by the CYP isofonns when given concomitantly with the A. marmelos. 
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