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ABSTRACT

The effect of common organic solvents on the activities of various human cytochrome P450s has
been reported. However, very little is known about their influence on CYP2B6 and CYP2C8
enzymes. The purpose of this study was to investigate the effect of solvents on the kinetics of a
representative CY P2B6 (bupropion hydroxylase) and CY P2C8 (paclitaxel hydroxylase) reactions
in human liver microsomes. Methanol, ethanol, dimethyl sulfoxide (DMSO), and acetonitrile
were studied at increasing volumes (v/v). Acetonitrile, DMSO, and ethanol were shown to
increase the K, and decrease the intrinsic clearance (CLiy) of CYP2B6-mediated bupropion
hydroxylation in a concentration-dependent manner. These solvents did not noticeably alter the
Vmax @ concentrations of <1% (v/v). Unlike the other solvents studied, the effect of methanol
(£0.5%, v/v) on CY P2B6 kinetics was negligible. Both DM SO and ethanol increased the K, and
decreased the CL;, of CYP2C8-mediated paclitaxel hydroxylation in a concentrati on-dependent
manner. Acetonitrile had minimal influence on CYP2C8 enzyme kinetics at concentrations of
<1% (v/v). Methanol decreased the K., of paclitaxel at low concentrations followed by an
increase at concentrations of >2% (v/v). Thisdifferential influence on K, resulted in an increased
CLin at low concentrations followed by a decrease at high concentrations. The studied solvents
had minimal influence on Vs Of paclitaxel. Collectively, DM SO and ethanol were not suitable
for characterizing CYP2B6- and CYP2C8-mediated reactions, as they demonstrated
concentration-dependent inhibition. Methanol and acetonitrile at concentrations of <0.5% and
<1% (v/v), appeared to be suitable for the measurement of CYP2B6- and CY P2C8-mediated

activities, respectively.
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Cytochrome P450 (P450) enzymes are a major class of heme-containing proteins critical for the
metabolism of a large number of xenobiotics as well as endogenous compounds. Human liver
microsomes (HLMs) are routinely employed for identifying P450 enzymes responsible for
metabolism (reaction phenotyping) and/or for investigating the enzyme kinetics and inhibitory
effects of discovery and development compounds (Walsky and Obach, 2004; Obach et al., 2005).

The primary function of P450 enzymes is to convert lipophilic drug molecules into
hydrophilic forms that can be readily excreted from the body. Because in vitro metabolism
studies are typically conducted in physiological buffers, problems related to the solubilization of
substrates or inhibitors may occur. Organic solvents like methanol, ethanol, acetonitrile, and
DM SO are commonly employed to facilitate solubilization of highly lipophilic compounds of
interest. However, owing to their lipophilic nature, organic solvents may alter the activities of the
P450 enzymes directly by either modifying the native environment surrounding these enzymes or
by disrupting the integrity of the enzymes, leading to erroneous interpretation of data and

misleading conclusions regarding enzyme kinetics and inhibition.

CYP2C8 constitutes about 7% of the total microsomal P450 content in human liver
(Rendic and Di Carlo, 1997). Despite the high expression level, this polymorphic enzyme has
been arelatively less explored member of the P450 family and it is only recently that itsrolein
metabolism has been considered. Noteworthy drug-drug interactions involving inhibition of
CY P2C8 have done much to raise awareness of its importance (Backman et al., 2002; Niemi et
al., 2003). Likewise, CYP2B6 is polymorphic and large inter-individual differences in enzyme
expression have generated significant interest in substrates of CY P2B6 and their associated drug-
drug interactions (Faucette et al., 2000; Shimada et al., 1994). Fortunately, the availability of

selective probes in the recent times has enabled the in vitro assessment of CYP2B6 and 2C8
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inhibition and P450 reaction phenotyping (isozyme mapping) studies. However, with any in vitro
study one has to consider the effects of solvents that are used to solubilize substrates and
inhibitors. Towards this end, numerous efforts have been made to evaluate the impact of organic
solvents on recombinant P450s or P450 activities in HLMs (Busby et al., 1999; Chauret et al.,
1998; Hickman et al., 1998; Tang et al., 2000). Since the effects of organic solvents on CY P2B6-
and CY P2C8-mediated enzyme activities in human liver microsomes have not been thoroughly
assessed, we undertook the task of evaluating the effects of organic solvents on these relatively

less studied enzymes in the present report

In the current communication, an attempt was made to systematically examine the
influence of four commonly used organic solvents (methanol, ethanol, DM SO, and acetonitrile)
on the kinetics of a representative, but selective, CYP2B6 and CY P2C8 substrate in HLMs. The
intent was to identify suitable solvents that enable in vitro studies with minimal impact on
CYP2C8 and CY P2B6 enzymes.

Materialsand Methods
Chemicals, Supplies, and Enzyme sources. All solvents and chemicals were obtained from
commercial sources. Pooled HLMs (9 males and 17 females) were obtained from BD

Biosciences (Woburn, MA).

Assay Linearity. For the CYP2B6 and CY P2C8 assays (n = 3), the time linearity was evaluated
by incubating the reaction mixture (200 pL), containing bupropion (50 uM) or paclitaxel (20
uM), KH2PO, buffer, pH 7.4 (100 mM) containing EDTA (1 mM), microsomal protein (0.05
mg/mL), and NADPH (1 mM), for 5, 10, and 20 min. The protein linearity was evaluated by
incubating the above reaction mixture (200 uL) at HLM protein concentrations ranging from

0.025 to 0.2 mg/mL for 10 min (CYP2B6 assay) or at protein concentrations ranging from 0.025
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to 0.1 mg/mL for 5 min (CYP2C8 assay). The reactions of CYP2B6 and CY P2C8 assays were
terminated by adding acetonitrile (400 uL) containing trazodone (50 nM) (internal standard (1S))
or methanol (400 uL) containing 10-deacetyltaxol (1S) (100 nM), respectively. Incubation
mixtures were subsequently vortexed and centrifuged at 2000 g for 5 min and the supernatant
was monitored for hydroxybupropion or 6c-hydroxypaclitaxel by LC/MS/MS analysis. Both
reactions were linear with respect to time of incubation (up to 20 mins) and HLM protein

concentration (0.025 to 0.1 mg/mL).

Determination of Enzyme Kinetic Parameters. The incubation procedure used for these
studies was similar to the one described above. The substrate concentrations employed for the
determination of enzyme kinetics were 0.5, 1.56, 6.25, 12.5, 25, 37.5, and 50 uM (paclitaxel) and
10, 31.25, 125, 250, 500, 750, and 1000 uM (bupropion). Based on the results of protein and
time linearity studies, a protein concentration of 0.05 mg/mL and an incubation time of 5 min
was chosen for these studies. Whereas the stock solutions of bupropion were prepared in water,
those of paclitaxel were prepared in methanol. The final concentration of methanol in the

CYP2C8 incubation mixture was 0.025% (v/v).

Effect of Solvents on the Enzyme Kinetic Parameters of Paclitaxel (CYP2C8) and
Bupropion (CYP2B6). The microsomal incubations for evaluating the effects of organic
solvents (methanol, ethanol, DMSO, and acetonitrile) on the enzyme kinetic parameters of
paclitaxel and bupropion were conducted as above, except 10 uL of either 4%, 10%, 40%, or
100% organic solvent (v/v) in water were added to each incubation to yield final solvent
concentrations of 0.2%, 0.5%, 2%, or 5% (v/v) in the incubates, respectively. The effects of
methanol and acetonitrile on the enzyme kinetic parameters of bupropion and paclitaxel,

respectively, were also evaluated at 1% concentration (v/v) in an attempt to identify the threshold

20z ‘€z |udy UOSeUINOr 13dSY e BI0sfeuIno fipdsepuwip Woly papeojumod


http://dmd.aspetjournals.org/

DMD Fast Forward. Published on August 20, 2007 as DOI: 10.1124/dmd.107.016816
This article has not been copyedited and formatted. The final version may differ from this version.

DMD # 16816

concentrations of organic solvents that these enzymes could readily withstand without being
subjected to any alteration. In addition to the above solvent concentrations (since paclitaxel was
dissolved in methanol), all the CYP2C8 incubates consisted of an additional 0.025% of

methanol.

LC/MSMS Analysis. For quantification of metabolites (60-hydroxy paclitaxel and
hydroxybupropion), the LC-MS/MS system comprised a Sciex (Ontario, Canada) API 4000
tandem mass spectrometer equipped with an electronspray ionization source (operated in ESI
negative and positive modes for CYP2C8 and CY P2B6 assays, respectively), two LC-10ADvp
pumps with a SCL-10ADvp controller and DGU-14 solvent degasser (Shimadzu, Columbia,
MD), and a CTC PAL autosampler (Leap Technology, Zwingen, Switzerland) were used.
XBridge, 5 um, 50 x 2 mm (Waters Corp., Milford, MA) (CYP2B6) and Luna Phenyl-Hexyl, 5
uM, 150 x 2.0 mm (Phenomenex, Torrance, CA) (2C8) columns were used to achieve HPLC
separation. Gradient elution at a flow rate of 0.3 mL/min was acheived using the following
mobile phase: A = 95:5 0.1% formic acid/acetonitrile and B = 95:5 acetonitrile/0.1% formic acid.
Detection of each analyte was achieved through selected reaction monitoring ( 914.5 > 541.3 and

256.2 > 238.1 for 60-hydroxy paclitaxel and hydroxybupropion, respectively).

Data Analysis. Kinetic parameters were estimated based on |east-squares nonlinear regression
analysis using the WinNonlin program (Pharsight, Mountain View, CA). The appropriate model
was selected after visual inspection of the Eadie-Hofstee transformed plots (rate versus
rate/substrate concentration). Hydroxybupropion and 6o-hydroxypaclitaxel formations from
bupropion and paclitaxel, respectively, were best described by a simple Michadis-Menten

equation:

20z ‘€z |udy UOSeUINOr 13dSY e BI0sfeuIno fipdsepuwip Woly papeojumod


http://dmd.aspetjournals.org/

DMD Fast Forward. Published on August 20, 2007 as DOI: 10.1124/dmd.107.016816
This article has not been copyedited and formatted. The final version may differ from this version.

DMD # 16816
o VislS]
Ko +[S]

The intrinsic clearance (CLiy) values of bupropiom and paclitaxel, in the absence
(control) and presence of solvent, were calculated by dividing the corresponding Viex (maximum
velocity) by their respective K, (apparent affinity constant). The linearity of metabolite
formation with respect to the incubation time and protein concentration was evaluated by linear
regression analysis using Microsoft Excel (Microsoft, Redmond, WA). Significant differences (P
< 0.05) between control and solvent treated groups were established using Student’s t-test.  All
of the data are reported as mean £ SD (n = 3 determinations). The data in the tables were

expressed as percentage of the control.
Resultsand Discussion

CYP2B6-Dependent Hydroxylation of Bupropion. Metabolism of bupropion to
hydroxybupropion, catalyzed primarily by the CYP2B6 in HLMs, was best described by simple
hyperbolic MichaelisMenten kinetics in the absence and presence of solvent (Fig. 1). The
kinetic parameters (expressed as percentage of control) derived by nonlinear regression analysis
are presented in Table 1. The Ky, and Vimax Of bupropion obtained by fitting the kinetic data from
control liver microsomes (no solvent) were 101.4 + 4.2 uM and 842.4 + 4.7 pmol/min/mg
protein, respectively. These values are similar to literature estimates of K, (81 to 130 uM) and
Vmax (82 to 7675 pmol/min/mg protein) (Faucette et al., 2000; Walsky and Obach, 2004).
Although the K, values reported by different laboratories were quite consistent, significant
variability was observed in the Viux for bupropion hydroxylation. This variability was mainly
attributed to differential expression of CYP2B6 in various HLM preparations (Faucette et al.,

2004).
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Methanol did not significantly (P > 0.05) alter any of the enzyme kinetic parameters (K,
Vimax, @d CLin) when incubated at concentrations of < 0.5% (v/v). However, increasesin the Kp,
(2.1-, 1.7-, and 3.4-fold) and decreases in Cli; (49%, 53%, and 80%) were observed when
methanol was added at concentrations of 1%, 2%, and 5% (v/v), respectively (P < 0.05). Ethanal,
acetonitrile, and DMSO demonstrated concentration-dependent effects on K, and CLjy of
bupropion hydroxylation; an increase in the concentration of ethanol, acetonitrile, and DM SO
from 0.2% to 5% (v/v) resulted in 1.2- to 13.3-fold, 1.1- to 9.0-fold, and 1.1- to 7.6-fold
increases in Ky, and 19% to 96%, 14% to 93%, and 19% to 90% decreases in the CL;,; values,
respectively (Table 1). At the lowest concentration of ethanol, acetonitrile, and DM SO (0.2%,
v/v), the effects on Ky, and CL;; were not statistically significant (P > 0.05). Despite these
concentration-dependent effects on K, and CL, ethanol, acetonitrile, and DMSO did not
significantly ater the Vmax values at concentrations of < 0.5%, < 2%, and < 2% (V/v),

respectively (P > 0.05).

The effects of organic solvents on the kinetic parameters of CYP2B6 enzyme using
HLMs were generally similar to the effects reported previously using human recombinant
CYP2B6 enzyme (Busby et al., 1999). The previous study employed 7-ethoxy-4-trifluoromethyl
coumarin as a probe substrate for assessing the activity of CYP2B6 enzyme. Similar to the
results described herein, methanol was found to be least inhibitory at concentrations of <1%
(v/v), whereas acetonitrile, DM SO, and ethanol exhibited concentration dependent effects on

CYP2B6 activity.

CYP2C8-Dependent Hydroxylation of Paclitaxel. The formation of 6c-hydroxypaclitaxel
from paclitaxel, in the presence of HLMs, conformed to simple Michaelis-Menten kinetics (Fig.

2) and the kinetic parameters are presented in Table 2. The Ky, and Viax were 8.9 £ 0.1 uM and
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404.2 + 12.9 pmol/min/mg protein, respectively, and were consistent with the values reported in

the literature (Rahman et al., 1994; Vaclavikovaet al., 2004).

As opposed to the effects on the CY P2B6 enzyme, methanol demonstrated mixed effects
on the kinetic parameters of paclitaxel (Table 2). At low concentrations (0.2% and 0.5%, v/v),
methanol decreased the Ky, (32% and 35%) whereas at high concentrations (2% and 5%, v/v) it
increased the K, by 1.3- and 1.7-fold (P < 0.05). This differential influence on Ky, resulted in an
increase in CLin (1.4- and 1.5-fold) at low concentrations (0.2% and 0.5%, v/v) followed by a
decrease (13% and 25%) at high concentrations (2% and 5%, v/v) (P < 0.05). Ethanol had the
most deleterious effect of all solvents on CY P2C8-mediated paclitaxel hydroxylation. Relative to
ethanol, the effects of DM SO were minor. In general, both ethanol and DM SO demonstrated a
concentration-dependent increase of K, and a corresponding decrease in the CL;; of paclitaxe:
increase in the concentration of ethanol and DM SO from 0.2% to 5% (v/v) resulted in 1.6- to
8.9-fold and 1.2- to 2.0-fold increases in K, and 36% to 89% and 17% to 52% decreases in the
CLine values, respectively. Acetonitrile did not significantly alter any of the enzyme kinetic
parameters when incubated at concentrations of < 1% (v/v) (P >0.05). However, 1.3- and 1.8-
fold increases in the K, and 33% and 58% decreases in CLi,; were observed when acetonitrile
was incubated at concentrations of 2% and 5% (v/v), respectively (P < 0.05). In contrast to the
effects on K, and CL;.;, hone of the solvents investigated had a mgjor influence on the Vi of

paclitaxel at concentrations of < 2% (v/v) (P >0.05).

The results of the current study using HLMs were not in agreement with the results
published previously using recombinant CY P2C8 enzyme with paclitaxel as substrate (Busby et
a., 1999). In the earlier study, CYP2C8 was found to be resistant to the inhibitory effects of

methanol, ethanol, acetonitrile, and DM SO at concentrations of <3% (v/v) (Bushy et al., 1999).

10
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Although, ethanol, acetonitrile, and DM SO demonstrated minor inhibition (< 20%) of enzyme
activity at 3% (v/v), these inhibitory effects on CYP2C8 enzyme can be considered negligible
when compared to the inhibition on other P4A50 enzymes in their study (Busby et al., 1999).
These conflicting observations suggest that the same enzyme could potentially exhibit different
degrees of sensitivity to organic solvents depending upon the environment (HLM versus insect
cell membranes) in which the enzymes are expressed. Although speculative, the structural and
chemical differences between insect cell membranes and microsomal membranes may have

contributed to these differences.

The concentration-dependent effects of organic solvents (with the exception of the effect
of methanol on CYP2C8 enzyme) on K, of both the enzymes studied and the inhibitory effects
of organic solvents on the Vma (Observed only at high concentrations (>2%, v/v)) of these
enzymes can be explained by two different mechanisms of action. Whereas the concentration-
dependent effects on K, may be due to competitive interaction of the solvents with the
subdtrates, their effects on Ve Observed only at high concentrations may be due to disruption of
the integrity of the enzyme at high concentrations, leading to a decrease in the overall activity.
These competitive effects observed in the present study were not without any precedence.
Although present authors are not aware of any reports investigating these solvents as substrates
of CYP2C8 and CYP2B6 enzymes per se, DM SO has long been recognized as a substrate for
NADPH-dependent drug-metabolizing enzymes (Gerhards et al., 1965) and ethanol and
methanol have also been identified as substrates for alcohol-metabolizing enzymes (Teschke et
a., 1975). Our current results combined with the previous findings suggest that organic solvents

have a potential to behave as competitive inhibitors of P450s.

11
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In conclusion, results of the current evaluation suggest that methanol and acetonitrile, at
concentrations of <0.5% and <1% (v/v), are suitable solvents for the measurement of CYP2B6
and CYP2C8 activities in HLMs, respectively. DMSO and ethanol are not suitable for
characterizing CYP2B6- and 2C8-mediated reactions, as they demonstrated concentration-
dependent effects on enzyme kinetics. To avoid misinterpretation of the data, the effects of these
organic solvents should be considered prior to initiating in vitro P450 inhibition and reaction

phenotyping studies with new chemical entities.

12
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FIGURE LEGENDS

FIG. 1. Effects of methanol, ethanol, acetonitrile, and DMSO on the kinetics of

hydroxybupropion formation in the presence of human liver microsomes.

Michadlis-Menten (left panel) and Eadie-Hofstee (right panel) plots of hydroxybupropion
formation from bupropion. Effects of different incubation concentrations (0% (control), 0.2%,
0.5%, 2%, and 5%, v/v) of methanol, ethanol, acetonitrile, and DMSO on the rates of
hydroxybupropion formation were assessed using human liver microsomes (n = 3). The symbols

and solid lines represent the observed (mean + SD) and model-predicted values, respectively.

FIG. 2. Effects of methanol, ethanol, acetonitrile, and DMSO on the kinetics of 6o~

hydroxypaclitaxel formation in the presence of using human liver microsomes.

Michadlis-Menten (left panel) and Eadie-Hofstee (right panel) plots of 6o-hydroxypaclitaxel
formation from paclitaxel. Effects of different incubation concentrations (0% (control), 0.2%,
0.5%, 2%, and 5%, v/v) of methanol, ethanol, acetonitrile, and DM SO on the rates of 6o.-
hydroxypaclitaxel formation was assessed using human liver microsomes (n = 3). The symbols

and solid lines represent the observed (mean £ SD) and model- predicted values, respectively.
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Tablel

Effect of organic solvents on the kinetics of CYP2B6-mediated bupropion hydroxylation in the

presence of human liver microsomes

Kinetic parameters were expressed as % Control (mean = SD)

Solvent
(%, viv)
0 (Controal)
0.2
05

1
2
5

0 (Contral)
0.2
05

1
2
5

0 (Contral)
0.2
05
1
2
5

M ethanol
1000 + 42
1151 + 05
1109 + 20
2098 + 459
1741 + 30
3412 + 2257
1000 + 32
956 + 30
934 + 19
1050 + 56
824 + 097
690 + 04~
1000 + 46
829 + 30
842 + 32
505 + 84*
473 + 147
203 + 127

Km (% Control)

Ethanol Acetonitrile
1000 + 85 1000 + 39 1000
1181 + 11 1082 + 25 1147
1395 + 16 1254 + 12 1623
NE NE
4447 + 145 3110 + 67 3323
13278 + 2930 9014 + 184 7632
Vmax (% Control)
1000 + 20 1000 + 36 1000
%61 + 12 932 + 14 933
917 + 24 922 + 22 922
NE NE
733 + 15 81 + 07 939
541 + 91 652 + 197 723
CLint (% Control)
1000 + 65 1000 + 75 1000
811 + 02 80 <+ 33 814
655 + 09 734 + 11 568
NE NE
164 + 027 277 + 047 283
41 + 027 72 + 017 95

DM SO

Z
+ + m + I+ I+

+ + 1+

Z
m

+ +

Z
+ + m + + 1+

2.3
15

*kk

0.6

40.4**
126.6

3.4
3.0
1.0

8.1
7.8

5.7
3.6

*

0.8

*k

1.0
0.6

NE = Not evaluated
" Sgnificantly different from Control: P < 0.05, student’st test.

" Sgnificantly different from Control: P < 0.01, student’st test.
™" Ygnificantly different from Control: P < 0.001, student’st test.
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Table?2

Effect of organic solvents on the kinetics of CYP2C8-mediated paclitaxel hydroxylation in the
presence of human liver microsomes

Kinetic parameters were expressed as % Control (mean = SD)

Km (% Control)
Solvent

(%, ViIv) M ethanol Ethanol Acetonitrile DM SO

O(Control) 1000 + 14 1000 + 32 1000 * 22 1000 +
0.2 678 =+ 17 1653 + 1217 1019 + 05 1237 =+
05 651 + 247 3034 + 145 1015 + 01 1288 +
1 NE NE 929 + 165 NE
2 1320 + 76 5074 + 265 1323 + 227 1390 +
5 1666 =+ 64 8934 + 534 1838 + 120 2028 +

Vmax (% Control)

0(Control) 1000 + 32 1000 + 34 1000 * 21 1000 +
0.2 961 + 29 1050 + 54 1053 + 25 1024 +
05 974 + 26 1126 + 65 1092 + 22 1022 +
1 NE NE 966 + 65 NE
2 1146 + 63 1314 + 94 1019 + 27 1029 +
5 1245 + 38 969 + 08 763 + 33 982 +

CLint (% Control)

O(Control) 1000 + 46 1000 + 02 1000 * 43 1000 =
0.2 1417 =+ 77 635 + 147 1032 + 19 826 +
05 1498 + 95 371 + 047 1075 * 22 794 +
1 NE NE 1034 =+ 115 NE
2 868 + 02 259 + 057 770 + 33 740 +
5 747 + 05 109 + 06 415 + 09 484 +

49
24
8.0

1.6
7.2

2.0
3.3
12

3.1
3.3

6.0
1.0
5.8

31

* %

0.1

NE = Not evaluated

" Sgnificantly different from Control: P < 0.05, student’st test.

" Sgnificantly different from Control: P < 0.01, student’st test.
™" Sgnificantly different from Control: P < 0.001, student’s't test.
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Bupropion Hydroxylation (pmol/min/mg protein)
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Paclitaxel Hydroxylation (pmol/min/mg protein)
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