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Abstract

We report the use of cryoprssved hurnan nepaocyls to

Introduction

Hepatocytes are considered to be the method of choice for
to their broad spectrum of enzyme

predict hepatic in vivo clear:
|(antipyrine, bosentan, mibefradil, mldazolan, naloxone and
loxazepam). i in
100% serum and in serum-free medium. Monte Carlo
simulations were performed to incorporate the variability
and uncertainty in the measured parameters to the prediction
lof hepatic clearance.

The intrinsic clearance (CL ) and the associated variability
of the six compounds decreased in presence of serum and the
ivlues were more reproducible between donors. The
precicted CLy, i yiyo Obtained with hepatocytes incubated in
iserum was more accurate than that obtained in the absence of
serum. For example, the CLy, i, o Of mibefradil in donor
IGNG was 4.27ml/min/kg in’ the presence of serum and
0.46ml/min/kg in the absence of serum (4.88ml/minkg
lobserved in vivo). Using the results obtained in this study
together with an extended data set (26 compounds), the
clearance of 89% of the compounds was predicted within 2-
fold error in the absence of serum. In the presence of serum,
jall compounds were successfully predicted within a 2-fold
error.

in conclusion, cryopreserved human hepatocyte suspensions

drug clearance.

For each compound, the CL, varied between the donors, but

activities, pWﬂulogwd cofactor-enzyme levels, active gene
expression and cellular integrity (Li et al. 1999). Although
successful predictions of in vivo clearance based on in vitro

Materialsand Methods

Incubation with compounds

Pl from In Vitro Inc. (Baltimore, MD, USA) were thawed in William's E medium
(50 Ul/ml), insulin (1.2 x 10°6M), glutamine (400 x 106M)) with 10% FCS, according to the up-dated protocol described by In Vitro Technologies (www.invitrotech.com).
Thawed hepatocytes were incubated in either 0% serum (William's E medium) or 100% human serum. Hepatocyte suspensions were aliquoted into 24-well plates and pre-
incubated in a thermomixer at 37°C, 300rpm for 30min before the adcition of cumpuunds The final cell density was 1.5 x 106 cells/ml for al test compounds. Stock solutions of

05%

data have been reported, Il need to

to further improve prediction accuracy. A “novel” in vitro
method of hepatocytes incubated in serum has been
developed for predicting in vivo hepatic metabolic clearance
in rat and man (Shibata et al., 2000, Blanchard et al., 2005).

The aim of the present study was to: (1) determine the
impact of serum in the in vitro incubation medium on
clearance prediction; (2) determine if clearance could be
attributed to the enzyme characteristics of the donors;
(3)estimate the variability in predicted clearance and the
related confidence interval by considering the variability
associated with the in vitro parameters; and (4) extend the
compound data set for which serum or serum-free media
were tested with human hepatocyte suspensions. For this
purpose, a series of 6 compounds, antipyrine, oxazepam,
bosentan,  mibefradil, midazolan and  naloxone,
encompassing a 50-fold range of clearance, a range of
protein binding from 1% to 100% and metabolized by a
variety of phase | and phase |1 enzymes, were investigated
with three different donors of cryopreserved human
hepatocytes in the absence and presence of serum. Bosentan
is an in-house F. Hoffmann - La Roche AG compound and
the other five are well known reference compounds.

y ibeted! in serum (Figure 1). The effect of incub

prepared in DM SO. Final IM; bosentan and midazolam = 5M; mibefradil, naloxone and oxazepam = 1uM. Samples were
taken up to 300min, The amount of each Unchanged parent compound remaini ng was determined by LC-MSMS.

Protein binding
The free fraction in serum and the non-specific binding to the 24-well i ined by
in 0% or 100% serum (both without cells).

Data analysis

The intrinsic clearance CL;,, was estimated using the parent compound depletion profile as the ratio of the initial amount of compound in the incubation medium and the
corresponding area under the concentration time curve, AUC(g ). Physiologically-based direct scaling was used to extrapolate the in vitro clearance CL to the hepatic blood
clearance CLy in vivo using the well-stirred model (equation 1):

LBF x (fu/fu’) X CLix, invitro X SFair RLW
LBF + [ (f/fu') X CLin, invitro X SFair RLW]

CLy, invivo =

Relative liver weight (RLW) = 25.71g/kg body weight, liver blood flow (LBF) = 20 mi/mirkg. SFy, - direct scaling factor = 1.2 x 108 cells/g liver. “fu" = the free fraction
measured in 100% serum (fu, to reflect the binding of the compound in the blood) or non-specific binding to plastic (fu', in the absence of serum). When incubations were
performed in serum it was assumed that fu = fu'.

Monte Carlo out to into thein vitro in vivo scaling of clearance. A log-normal statistical distribution was assigned to al parameters

involved in the scaling of clearance (see equation 1). Information on the variability of these parameters was obtained from published data on in vitro Clyy, plasma fu;

ha]aoodlulal(y (Wilson et al., 2009) and physiological parameters (Price et al., 2003). Each of these disiributions was randomly sampled and hepatic clearance was calculated.
of predicted he 1 T performed in Microsoft Excel.

Results

i serum was ot donor-specific or compound-specific. T Line Were ot refaed to the extent of protein binding (shown in Teble 2).

The Gl a1 Ly ffour ofthe i campourcs et scrum coul et theeraymechectrsios o theconors (Tl 1), For exampl, Ly o O, 0 ckzolm s diecly ettt the CY POAA sty ofthe s (ot erone G-y aaivty). Both g and L of

linked to the donors.

mibefradil, RO-X and oxazepam

of the 26

activities of

The CLy of

Py

Figure 3 shows the correlation of the predicted CLy; determined from cryopreserved human hepatocytes and observed in vivo clearance, combined with data taken from the literature (Shibeta et al., 2002, Bachmann et al., 2003). The predicted CLy; i, o Obtained with hepatocytes from donors incubeted in serum were
‘superior to the prediction obtained in absence of serum. The two exceptions to this were antipyrine and naloxone, two compounds with low plasma binding, whose CLy i yivo Were predicted by incubations in both serum-free media and 100% serum. The prediction of CLy i yiyo for bosentan, mibefradil and midazolam
obtained in serum-free media were all approximately 10-fold lower than the observed CLy, iy vo: BY incubating hepatocytes in 100% serum, the CL, predictions were much improved, whereby values were increased from 2- to 18-fold, making them closer to the observed CLyy, nyyo- I absence of serum, only three
with amore than 2-fold factor. However, in presence of serum, all 26 compounds were within the 2-fold error margin.

Figure 3 shows the distribution curves of the predicted CLy, in the presence and absence of serum for the six compounds and compares lhen with the distribution curves of the CL observed in vivo. The ova'lap between i invivo and in vmo distributions of CLy was greas for antipyrine, Oxazepam, bosentan and
mibefradil. The distribution of CL, of mldazdam and naloxone: were unde'pred\ cted by both serum and £ vitro
of Cly i

in narrower ranges of CL, than of the range to the left

(reflecting a2- to 4-fold
distributions of CLy; (Figure 4).

totheright

In the case of antipyrine, this resulted in an overprediction (of about 2-fold) of the CL, Thein vivo distrbution of naloxone CL, e hugher than either serum and serum-free
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