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SUMMARY 

7-Ethoxycoumarin (7-EC) and 7-hydroxycoumarin (7-HC) were 
chosen as model compounds to study hepatic and extra-hepatic 
metabolism in rat tissue subcellular (microsomal and S9) fractions and 
to scale the observed in vitro clearance to in vivo plasma clearance. 
7-EC and 7-HC showed significant metabolic degradation in liver 
subcellular fractions as compared to subcellular fractions obtained 
from intestine, kidney, lung and brain. The total in vitro metabolic 
clearance for 7-EC and 7-HC was determined by adding the individual 
in vitro organ clearance values obtained in hepatic and extra-hepatic 
microsomes or S9 fractions. The predicted in vivo clearance for 7-HC 
was 63.6 and 81.6 ml/min/kg by in vitro scaling from microsomes and 
S9 fractions, respectively. For 7-EC, the values were 78.5 and 76.8 
m!/min/kg, respectively. The predicted clearance was found to be 
reasonably accurate with slight over- and underprediction. Interest-
ingly, the relative contribution of hepatic and extra-hepatic metabo-

* Author for correspondence: 
Dr. Anagha Damre 
Drug Metabolism and Pharmacokinetics 
Piramal Life Sciences Limited 
Goregaon (E) 
Mumbai-400 063, India 
e-mail: anagha.damre@piramal.com 

©Freund Publishing House Ltd., 2008 329 

Authenticated | xajibim@mail.ru
Download Date | 6/16/12 12:09 AM



Vol. 23, No. 3-4, 2008 In Vitro Evaluation of Hepatic and 
Extra-Hepatic Metabolism of Coumarins 

lism to the total clearance of 7-EC and 7-HC was remarkably high, 
ranging from 62-77% and 22-38%, respectively, of the total metabolic 
clearance. It is concluded that the model of multi-organ subcellular 
fractions is a useful in vitro tool for the prediction of in vivo metabolic 
clearance, as it can provide information about the relative contribution 
of extra-hepatic and hepatic metabolism to total metabolic clearance. 
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INTRODUCTION 

Although the liver plays a major role in xenobiotic metabolism, 
drug-metabolizing enzymes are also present in other organs. Thus, 
other organs, such as lungs, kidneys, intestine and brain, can contri-
bute significantly to biotransformation of compounds in the body and 
can play a role in total metabolic body clearance, and should be 
considered in any discussion of drug disposition. 

Biotransformation of compounds can be broadly divided into Phase 
I reactions (oxidation, reduction and hydrolysis) and Phase II reactions 
(conjugation with glucuronic acid, sulfate, acetate and amino acids) 
that metabolize compounds into more polar and readily excretable 
metabolites / l / . In general, these xenobiotic metabolic reactions are 
regarded as detoxification mechanisms. However, depending on the 
properties of the compound, bioactivation is also possible, resulting in 
toxic products. Organ toxicity can, among other factors, be caused by 
organ-specific metabolism. Cytochrome P450 (CYP) enzymes in 
extra-hepatic tissues often play a dominant role in target tissue 
metabolic activation of xenobiotics. 

In recent years, several in vitro systems have been proposed to 
predict in vivo clearance of drugs. Among the most popular and 
widely used systems are subcellular fractions, especially microsomes, 
as they retain the activity of key enzymes involved in drug metabolism 
that reside in the smooth endoplasmic reticulum, such as CYP, flavin 
monooxygenases and glucuronosyl transferases 121, and also because 
of their predictive utility and ease-of-use. S9 fractions contain both 
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Phase I and II drug metabolizing enzymes and, therefore, give com-
plete metabolic information of a compound. Tissue slices have the 
advantage of maintaining a natural interplay between co-factors, 
transporters and metabolizing enzymes, along with cell-to-cell 
contacts and intact microarchitecture. However, potential drawbacks 
also exist, including poor penetration of high turnover drugs into the 
inner cell layers of slices /3/. Similarly, hepatocytes are widely used in 
in vitro turnover or intrinsic clearance assays; they contain enzymes 
and co-factors in normal physiological concentrations with the main-
tenance of cellular integrity /4/. However, they suffer the major 
drawback of rapid loss of enzyme activity and their cryopreservation 
process is a challenge 121. 

In the present study, the drug depletion approach was used to 
determine metabolic clearance of two commonly used model com-
pounds, 7-ethoxycoumarin (7-EC) and 7-hydroxycoumarin (7-HC). 
7-EC is a commonly used probe substrate for CYP1A1, CYP1A2, 
CYP2E1, CYP2A6 and CYP2B6 activity in vitro 151, and it has been 
recommended as a marker of metabolic competence for a number of in 
vitro systems, including microsomes 161, isolated hepatocytes 111, 
precision-cut liver slices /8/, and various heterologous expression 
systems 191. Its initial popularity was based on the fluorescent 
properties of its metabolite 7-hydroxycoumarin (7-HC), formed by an 
O-deethylation reaction, which allowed the development of a simple, 
sensitive, and accurate assay procedure /10/. This reaction is catalyzed 
by a variety of members of the CYP superfamily of enzymes present 
in both human /9/ and rat / l l / liver. 7-HC formed from 7-EC 
undergoes Phase II metabolism to predominantly glucuronide and 
sulfate metabolites (Fig. 1), as well as other reported metabolites, such 
as 6,7-dihydroxycoumarin /12/. Subcellular fractions supplemented 
with co-factors can form all these metabolites and therefore can 
be used to study drug metabolism and intrinsic clearance of 7-EC and 
7-HC. 

Although the clearance of 7-EC has been well characterized in 
several in vitro systems /13-17/, no investigations have been under-
taken to study its clearance in extra-hepatic subcellular fractions. 
Moreover, it is unclear how important the O-deethylation pathway is 
in the overall metabolic fate of this substrate. Recent studies with rat 
liver slices indicated that there are a number of other primary 
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metabolites of 7-EC /18/. Similarly, the kinetics of 7-HC has not been 
studied in extra-hepatic subcellular fractions. 

Thus, the objectives of the present study were twofold. The first 
aim was to assess the metabolic stability of 7-EC and 7-HC in hepatic 
and extra-hepatic subcellular fractions obtained from rats. The second 
aim was to determine the in vitro hepatic and extra-hepatic clearance 
of 7-EC and 7-HC in subcellular fractions and assess the utility of 
these in vitro systems for prediction of their in vivo clearance in rats. 

MATERIALS AND METHODS 

Materials 

Urethane, 7-ethoxycoumarin (7-EC) and 7-hydroxycoumarin (7-
HC), ß-NADPH (nicotinamide adenine dinucleotide phosphate, redu-
ced tetrasodium salt), UDPGA (uridine 5'-diphosphoglucuronic acid, 
triammonium salt), PAPS (adenosine 3'-phosphate 5'-phosphosulfate, 
tetralithium salt tetrahydrate), Trizma base, EDTA (ethylene diamine 
tetraacetic acid), glycerol, sodium dithionite, Triton X-100, bovine 
serum albumin and Bradford reagent were obtained from Sigma-
Aldrich (Missouri, USA). All other chemicals were of analytical grade 
and purchased from commercial suppliers. 

Animals 

Male Wistar rats (250-300 g) bred in-house at Piramal Life 
Sciences Limited (PLSL), Goregaon, Mumbai, India, were maintained 
in a temperature- and humidity-controlled room with a 12-h light/dark 
cycle with free access to standard diet and water. All animals used in 
this study were mature and healthy and were not subjected to any form 
of treatment/medication. Guidelines of the Committee for the Purpose 
of Control and Supervision of Experiments on Animals (CPCSEA), 
Government of India, were followed and the in-house animal ethics 
committee approved all experimental procedures. 

Preparation of microsomal and S9 fractions 

Rats were anaesthetized with intra-peritoneal injection of urethane 
(1.5 g/kg) and then killed by cervical dislocation. Liver, kidney, 
intestine, lung and brain tissues were isolated immediately and washed 
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in chilled isotonic saline to remove excess blood. The adherent 
connective tissue and fat were removed. Additionally, the intestinal 
lumen was flushed with isotonic saline to remove partially digested 
food residues. The tissues were chopped into small pieces and were 
homogenized with four times their weight in 1.15% potassium 
chloride with 0.05 Μ potassium phosphate buffer, pH 7.4, in a tissue 
homogenizer equipped with a pre-chilled Teflon pestle. The homo-
genates were centrifuged at 10,000 g for 20 min at 4°C in a 
refrigerated centrifuge (Sigma 3K30, USA) and the resultant super-
natants were separated as S9 fractions. The S9 fractions obtained from 
each tissue were further subjected to ultracentrifugation (Beckman 
Coulter, Optima L90K, Class S, UK) at 100,000 g for 1 hour at 4°C 
and the microsomal pellets and cytosolic fractions were separated. 
Microsomal pellets obtained from each tissue were resuspended by 
homogenization in 100 raM Tris-hydrogen chloride containing 20% 
glycerol and 10 mM EDTA buffer, pH 7.4 (volume [ml] as weight [g] 
of each organ). The homogenates, isolated S9 fractions and micro-
somes from each tissue were aliquoted in microcentrifuge tubes and 
stored at -70°C till further use. 

The prepared homogenates, microsomes and S9 fractions were 
characterized by determining the CYP content using differential 
spectrophotometric assay as described by Omura and Sato with some 
modification /19/ and protein content according to Bradford /20/ using 
a protein assay kit (Bio-Rad Laboratories, Richmond, CA, USA) with 
bovine serum albumin as the standard. 

Microsomal and S9 fraction incubations 

The microsomal and S9 incubations for 7-EC and 7-HC were 
adapted from reported procedures /21,22/. Briefly, reactions were 
carried out in a final incubation volume of 1,500 μΐ. Required 
quantities of liver microsomes and liver S9 fractions were added to 
sodium phosphate buffer, pH 7.4, on ice, to obtain a final CYP content 
of 0.5 nmol/ml and a protein concentration of 2 mg/ml. For all other 
tissues, volumes equivalent to subcellular fractions of liver were used 
for the incubations. 7-EC or 7-HC was added to obtain a final concen-
tration of 50 μΜ. For S9 fractions, UDPGA (final concentration, 1.9 
mg/ml) and PAPS (final concentration, 1 mg/ml) were added to the 
reaction mixture. Reactions were initiated by the addition of β-
NADPH (final concentration, 10 mM). Immediately after addition of 
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NADPH, aliquots (100 μΐ) were withdrawn for 0 min time. The tubes 
were then transferred to an incubator shaker adjusted at 37°C and 100 
rpm (MaxQMini, Fischer Scientific) for 4 h. Aliquots (100 μΐ) were 
withdrawn at 10, 20, 30, 40, 60, 120, 140, 160, 180, and 240 min from 
each incubation vial. The aliquots were immediately precipitated with 
100 μΐ of acetonitrile:methanol (1:1 v/v) solution, vortexed for 2 min 
and centrifuged at 10,000 rpm (Biofuge, Heraeus) at 4°C for 5 min. 
The supernatants thus obtained were subjected to HPLC analysis. 

HPLC analysis 

HPLC analysis was carried out with minor modifications of the 
method reported previously /23/. Analysis of 7-EC was performed 
with Thermo Finnigan Surveyor HPLC equipped with a photodiode 
array (PDA) detector and ChromQuest 4.1 Software. 7-HC was 
analyzed using Waters Alliance Separation Module 2695 equipped 
with a PDA detector and Empower Professional software. Analysis 
was done on a Thermo Hypersil BDS Qg column (250 χ 4.6 mm, 5 μ) 
maintained at 25°C. The mobile phase composition was acetonitrile 
(A) and 0.01 Μ ammonium acetate containing 0.5% triethylamine, pH 
adjusted to 2.5 with orthophosphoric acid (B), with a gradient flow 
program (time/%A/%B) of 0/0/100, 10/60/40, 18/60/40, 18.01/0/100 
and 20/0/100 at a flow rate of 1 ml/min. 7-EC and 7-HC were detected 
at a wavelength of 320 nm. 

Calculation of clearance 

The percentage of parent compound remaining at each time point 
was calculated using Eq. 1: 

% Parent compound remaining 
= (Peak area at t min / Peak area at 0 min) χ 100 (1) 

where peak area at 0 min = concentration of analyte in incubation 
mixture at 0 minute; peak area at t min = concentration of analyte in 
incubation mixture at time t minutes. 

The slope (k) was calculated from the equation of the graph, 
y = kx + c, obtained by plotting the natural logarithm of the percentage 
of parent compound remaining against time (min) curve. 

Intrinsic clearance (CLmt), which is defined as clearance without 
physiological limitation by blood flow or plasma protein binding, was 
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determined according to the substrate depletion method with modi-
fications as previously described 124,25/, using Eq. 2: 

k χ incubation volume (μΐ) 
CLjnt (μΐ/min/mg) = (2) 

Amount of microsomal protein (mg) 

The CLmt obtained was further scaled up to obtain the whole organ 
intrinsic clearance ( C L j n t , o r g ) by multiplying with a scaling factor as 
described by Trudea-Lame et al. with some modification 1261 as 
shown in Eq. 3. The scaling factor was calculated by determining the 
protein content of hepatic and extra-hepatic tissue homogenates as 
mg/g of organ weight. 

C L i n t , 0 r g (μΐ/min/kg) 
= CLjnt x (g liver wt per kg body wt) χ scaling factor (3) 

To calculate the metabolic organ clearance (CLorg) from CLmt,org, 
the organ blood flow and the unbound fraction of the compound in 
plasma in vivo (fu) were considered according to Eq. 4, which is based 
on the venous equilibration model /3/. The blood flow rates (Q) were 
obtained from data in the literature /27,28/ as shown in Table 1, and 
the fu values for 7-EC and 7-HC used were 0.22 and 0.10, obtained 
from the literature /29,30/. 

Q X fi! X C L j n t orp 
CLorg (ml/min/kg) = ; (4) 

Q + ( l u X C L j n t j o r g ) 

In addition, the total CLorg was calculated by adding the individual 
organ clearances obtained from respective incubations, as shown in 
Eq. 5: 

Total CLorg (ml/min/kg) 
— C L | j v e r CLjntest ine CLkjdneys C L | u n g s + CLbra in ( 5 ) 

RESULTS 

Incubation of 7-EC and 7-HC in rat microsomes and S9 fractions 
resulted in their significant degradation with time, as shown in Figures 
2 and 3. The degradation of both compounds was more pronounced in 
liver subcellular fractions than extra-hepatic subcellular fractions, 
illustrating that the liver is the major organ for their metabolism. In 
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—θ— Liver microsomes —o- Intestine microsomes 
—H— Kidney microsomes —•— Lung microsomes 
—A— Brain microsomes 

—Θ— Liver S9 fractions -D— Intestine S9 fractions 
- K - Kidney S9 fractions — L u n g S9 fractions 
—A— Brain S9 fractions 

Fig. 2: Metabol ic stability of 7-ethoxycoumarin (7-EC) in rat hepatic and 
extra-hepatic microsomes (A) and S9 fractions (B). 7 -EC at a concen-
tration of 50 μΜ was incubated in duplicate with rat hepatic and extra-
hepatic (intestine, kidneys, lungs and brain) tissue microsomes and S9 
fractions for 4 h, which resulted in significant degradation of substrate with 
time. Samples were aliquoted at 0, 10, 20, 30, 40, 60, 120, 140, 160, 180 
and 240 min and analyzed by HPLC to calculate the percentage of 7-EC 
remaining at each time point with respect to 0 min. 
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0 50 100 150 200 250 
Incubation time (min) 

—θ— Liver microsomes * Intestine microsomes 
—X— Kidney microsomes —•— Lung microsomes 
-A— Brain microsomes 

0 50 100 150 2 0 0 250 
Incubation time (min) 

—θ— Liver S9 fractions —·— Intestine S9 fractions 
—X— Kidney S9 fractions —•— Lung S9 fractions 
- A - Brain S9 fractions 

Fig. 3 : Metabolic stability of 7 -hydroxycoumarin ( 7 - H C ) in rat hepatic and 
extra-hepatic microsomes (A) and S 9 fractions (B) . 7 -HC at a concen-
tration o f 50 μΜ was incubated in duplicate with rat hepatic and extra-
hepatic (intestine, kidneys, lungs and brain) tissue microsomes and S 9 
fractions for 4 h, which resulted in significant degradation o f substrate with 
time. Samples were aliquoted at 0, 10, 20 , 30 , 40 , 60 , 120, 140, 160, 180 
and 2 4 0 min and analyzed by HPLC to calculate the percentage o f 7 -HC 
remaining at each time point with respect to 0 min. 
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addition, analysis of the metabolites formed revealed a greater number 
of metabolites in liver subcellular fractions compared to extra-hepatic 
subcellular fractions, which correlates with degradation studies. 
Review of the HPLC chromatograms revealed that 7-EC was meta-
bolized into two polar metabolites, Ml (retention time [RT] 10.32 
min) and M2 (RT 9.47 min) in rat liver microsomes (Fig. 4). 
Similarly, in the rat liver S9 fraction, 7-EC was metabolized into three 
polar metabolites, Ml (RT 11.24 min), M2 (RT 10.20 min) and M3 
(RT 8.97 min). The metabolite formed in all incubation mixtures (RT 
10.20-10.32 min) overlapped with the standard 7-HC peak, thereby 
indicating 7-HC as one of the predominant Phase I metabolites of 
7-EC (Fig. 4). 

7-HC was metabolized into three polar metabolites, Ml (RT 7.82 
min), M2 (RT 8.20 min) and M3 (RT 8.46 min), and two polar 
metabolites, Ml (RT 6.96 min) and M2 (RT 7.92 min), in rat liver 
microsomes and liver S9 fractions, respectively (Fig. 5). 

The calculated individual organ and total clearance of 7-EC and 
7-HC in microsomes and S9 fractions is shown in Tables 2 and 3, and 
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Fig. 4: Representative H P L C chromatogram showing metabolites of 7-
ethoxycoumarin (7-EC) formed in rat liver microsomes overlayed 
with 7-hydroxycoumarin (7-HC) standard. The figure shows formation 
of two polar metabolites, M l (retention time [RT] 10.32 min) and M2 (RT 
9.47 min) from 7-EC incubation in rat liver microsomes. Overlaying of 7-
HC standard indicates 7-HC as one of the predominant metabolite of 7-EC. 
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Fig. 5: Representative HPLC chromatogram showing metabolites of 7-
hydroxycoumarin (7-HC) formed in rat liver microsomes (A) and S9 
fractions (B). The figure shows the formation of three polar metabolites. 
Ml (retention time [RT] 7.82 min), M2 (RT 8.20 min) and M3 (RT 8.46 
min) and two polar metabolites, M l (RT 6.96 min) and M2 (RT 7.92 min) 
from 7-HC incubation in rat liver microsomes and S9 fractions. 
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Total organ clearance of 7-ethoxycoumarin (7-EC) (A) and 7-
hydroxycoumarin (7-HC) (B) obtained by scaling of in vitro intrinsic 
clearance in rat hepatic and extra-hepatic microsomes and S9 
fractions. Bars showing the mean organ clearance values obtained for 7-
EC and 7-HC from incubation studies carried out in duplicate. In vitro 
intrinsic clearance of 7-EC and 7-HC obtained in hepatic and extra-hepatic 
microsomes and S9 fractions was scaled to organ clearance by using 
scaling factors and the venous equilibrium model. The total organ clear-
ance (CLorg) was determined by adding the individual organ clearance 
values. The in vivo plasma clearance of 7-EC and 7-HC following 
intravenous administration in rats was obtained from the literature /28,29/. 
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TABLE 4 

Comparison of scaled clearance of 7-ethoxycoumarin (7-EC) and 
7-hydroxycoumarin (7-HC) to in vivo plasma clearance 

Compound Subcellular 
fraction 

In vitro total CL 
(ml/min/kg) 

In vivo plasma CL* 
(ml/min/kg) 

7-EC Microsomes 78.5 40 

S9 fractions 76.8 

7-HC Microsomes 63.6 97.4 

S9 fractions 81.6 

Total in vitro clearance was obtained by adding individual organ clearance values. 
* In vivo plasma clearance values were obtained from the literature /28,29/. 

Figure 6. 7-EC showed a total organ clearance of 78.5 and 76.8 
ml/min/kg, and 7-HC showed 63.6 and 81.6 ml/min/kg, by in vitro 
scaling using microsomes and S9 fractions, respectively. Comparison 
of the in vitro total clearance obtained for 7-EC and 7-HC with the 
corresponding in vivo data reported in the literature indicated a slight 
overprediction for 7-EC and underprediction for 7-HC, as shown in 
Table 4. 

DISCUSSION 

In the present study, the drug depletion approach was used to 
determine the metabolic clearance of two model compounds, 7-EC 
and 7-HC. These compounds were selected on the basis of their 
unbound fractions and clearance values in the rat, aiming at a broad 
range of binding, metabolism and clearance values. Metabolism of 
xenobiotics is often seen as an exclusive function of the liver, but 
more recent findings support the notion that the lungs, kidneys and 
intestine provide a considerable contribution β / . Therefore, it is 
important to incorporate not only liver, but also intestine, kidneys, 
lungs, etc., to predict the overall metabolic clearance. Several in vitro 
models are used to study the metabolism of xenobiotics in hepatic and 
extra-hepatic organs, each model having its own distinct advantages 
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and disadvantages. Ideally an in vitro model should be simple, 
applicable in a similar way for each organ, and should also include all 
metabolic pathways that are defined in vivo. 

In the present investigation, we used the microsomal and S9 
fraction depletion approach, which represents one of the simplest and 
widely used tools to predict in vivo clearance, taking into account that 
in vivo clearance is limited by blood flow and the binding of the 
substrate to plasma proteins. 

Previous studies have reported the investigation of clearance of 
7-EC and 7-HC in extra-hepatic tissues using precision-cut slices 131. 
In the present study, the hepatic and extra-hepatic clearance of 7-EC 
and 7-HC was evaluated using subcellular fractions of each tissue. It is 
known that 7-EC is metabolized to 7-HC by O-deethylation, which is 
catalyzed by CYP1A2 and CYP2E1 enzymes in human liver /31/. 
Similarly, in rats, CYP2A1 and CYP2A2 are responsible for 7-
hydroxylation of 7-EC /32/. The 7-HC formed undergoes Phase II 
metabolism to form 7-HC-glucuronide and 7-HC-sulfate as the predo-
minant metabolites, along with other previously reported metabolites 
1331. Recent work by Ball et al. with rat liver slices /18/ indicated that 
there are several metabolites of 7-EC in addition to 7-HC. Indeed, 
Jung et al. 1331 identified 3-hydroxy-7-ethoxycoumarin as a primary 
metabolite of 7-EC in vitro, and previous work with coumarin in rats 
showed this closely related chemical to be hydroxylated in several 
positions, but primarily at position 3 of the lactone ring 1341. There-
fore, there are several other metabolites likely to be quantitatively of 
equal, or more, importance, compared with 7-HC. Thus, UDPGA and 
PAPS in addition to NADPH were used as co-factors in S9 fraction 
incubations of 7-EC and 7-HC, since glucuronide and sulfate are 
predominant metabolites of both drugs in the body along with other 
reported Phase I metabolites /12,18/. 

It was found that the formation rates of 7-HC and other metabolites 
were greater in hepatic than extra-hepatic microsomes and S9 
fractions, which correlates with drug degradation data. The in vitro 
total clearance values obtained for 7-EC were 78.5 and 76.8 ml/min/ 
kg by in vitro scaling from microsomes and S9 fractions, respectively. 
Similarly, for 7-HC, the values were 63.6 and 81.6 ml/min/kg, respec-
tively. For 7-EC, similar in vitro clearance values were observed in 
both microsomes and S9 fractions, which could be due to Phase I 
metabolism being the primary pathway of metabolism of 7-EC. 

346 

Authenticated | xajibim@mail.ru
Download Date | 6/16/12 12:09 AM



D. Behera et al. Drug Metabolism and Drug Interactions 

However, for 7-HC, S9 fractions showed higher in vitro clearance 
values than microsomes, as it undergoes both Phase I and Phase II 
metabolism. Therefore, S9 fractions gave a better prediction of in vivo 
clearance. 

Previous studies in rat hepatic and extra-hepatic organ tissue slices 
ßl have reported the in vitro total clearance for 7-HC and 7-EC as 75 
and 47 ml/min/kg, respectively, values which are slightly lower and 
slightly higher than the reported rat in vivo plasma clearance values of 
97.4 and 40 ml/min/kg, respectively /29,30/. Correlation of our data 
with these reported values showed similar results; we observed over-
prediction and underprediction of in vivo clearance for 7-EC and 7-HC 
in both microsomal and S9 fractions. Overprediction may result if 
enterohepatic circulation occurs in vivo. Similarly, underprediction 
may result if excretion of unchanged drug is a major clearance route in 
the body. Additional work is required to clarify the cause of these 
over- and underpredictions. However, the observed clearance was 
within a 0.5-2 fold range of the in vivo values for both 7-EC and 7-
HC. 

In conclusion, the present study demonstrates the value of an in 
vitro drug depletion assay using S9 and microsomal fractions f rom 
hepatic and extra-hepatic tissues for the prediction of in vivo clear-
ance. This approach has an obvious advantage when the metabolic fate 
of the drug under investigation is not known. It also gives important 
information about the contribution of the various organs towards 
metabolic clearance. Most importantly, this technique can be applied 
to human tissues, allowing prediction of metabolic clearance in man in 
an early phase of drug development. 
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