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When multiple substrates of CYP3A4/5 were assessed in pooled HLM and pooled S9 fraction [ | o - o )
I ntrOd UCt|On (as shown in Figure 2), all of them had maximal activity at 200 mM phosphate buffer Figure 3. Z:;i:;g:ecrsz;sﬁuorig:ﬁeig?ggfe?twmes with different cell culture media in
(137-272% activity of standard buffering conditions). In contrast to midazolam, the five other
CYP3A4/5 substrates (nifedipine, alfentanil, verapamil, testosterone and atorvastatin) were all CYP1A2 - Phenacetin CYP2B6 - Bupropion CYP2C8 - Amodiaquine
In our previous work, we reported that neither cofactor availability nor membrane permeability metabolized by HLM to a similar extent in all five media. 120 _ 300 . 128
accounted for the much slower in vitro clearance of midazolam in suspended cryopreserved 3 1001 E 250- 2 3501
human hepatocytes (CHH) compared with human liver microsomes (HLM)_ We posited the Figure 3 shows the effect of five different cell culture media on the time course of CYP activity % 801 g: 200 % ggg:
difference was possibly an effect of ionic strength (Kazmi et al., 2013a; Kazmi et al., 2013b). of pooled cryopreserved human hepatocytes (CHH). For CYP1A2, CYP2B6, CYP2C8 and fg jz :% 122 § 2001
In the present study we evaluated the effects of buffer ionic strength and various cell culture CYP2D6 there were modest differences in enzymatic activity between the five media. With 2 50 £ 5 § 100
media on the activity of CYP1A2, CYP2A6, CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP2D8, CYP2C9 and CYP2C19, the highest activity was supported by MCM+ medium; whereas for 0 0 = o —
CYP2E1 and CYP3A4/5 (with multiple substrates) in HLM and CHH. CYP activities were CYP3A4/5 the highest activity was supported by William’'s E medium. & ®@°§ & 0@% @szj; & @@0"@ S Q@;j;@ @:{9
measured at three ionic strength levels (5, 50 and 200 mM phosphate buffer) and/or in five When multiple substrates of CYP3A4/5 were assessed in pooled CHH (as shown in Figure 4) N S | S
commonly used cell culture media (KHB, MCM+, DMEM+HEPES, Waymouth’s and William’s nifedipine was metabolized to the greatest extent in William’s E and KHB media: alfentanil the CYP2C9 - Tolbutamide CYP2C19 - S-Mephenytoin CYP2D6 - Dextromethorphan
E+HEPES) in both HLM and CHH. greatest in Waymouth’s medium; verapamil the greatest in DMEM + HEPES medium; and - 38 %: i 128
atorvastatin and testosterone the greatest in MCM+ medium. E; gg g 4 %138
. E 3 =
. Materials & Methods : L P
Figure 1. The effect of ionic strength and cell culture media on CYP enzyme activity in human liver 5 207 £, & 40;
| microsomes. The activity in 50 mM phosphate buffer (standard conditions) was set to 100%. z 18: z =
chemicals and test System CYP1A2 - Phenacetin O-dealkylation CYP2A6 - Coumarin 7-hydroxylation ‘l‘%\@ *@0\\’%\ @0& @Q%Z? | @%Z; @\‘b @@o&‘ QC’@ O@“g‘z’% .\ﬁi:; \lg@’ §°§ @C’@x @Q%Z? ,ﬁi’;
William’s E medium and Waymouth’s medium were purchased from Sigma-Aldrich (St. Louis, 150 - 150 - N 0F ¢ N ¥ N N 0¥ ¢
MO); Dulbecco’s modified Eagle medium (DMEM) + HEPES was purchased from Gibco (Grand 100 | CYP3A4/5 - Midazolam
Island, NY); Krebs-Henseleit buffer (KHB) and modified Chee’s medium with supplementation 50 300,
(MCM+) were prepared in house at XenoTech, LLC (Lenexa, KS). Pooled human liver micro- 0. gzso B 10 min
somes (HLM, n = 200, mixed gender) and pooled cryopreserved human hepatocytes (CHH, § 200
n = 50, mixed gender) were prepared from non-transplantable livers and characterized at ° -‘2150 B 30min
XenoTech, LLC (Lenexa, KS) as described previously (Pearce et al., 1996; Parkinson et al., _ _ o _ g 122 ] 60min
2004).The sources of all other chemicals and reagents have been described previously 150 CYP2BE - Bupropion hydroxylation CYP2C8 - Amodiaquine N-dealkylation -
(Parkinson et al., 2011).
100 -
The effect of buffer ionic strength and cell culture 50 - . )
media on CYP activity in human liver microsomes 0- ) .
CYP1A2 (phenacetin O-dealkylation), CYP2A6 (coumarin 7-hydroxylation), CYP2B6 (bupropion ﬁ,§ Figure 4. The effect of cell culture media on the metgbolism of si_x CYP3A4/5 substrates in
hydroxylation), CYP2C8 (amodiaquine N-dealkylation), CYP2C9 (diclofenac 4'-hydroxylation), cryopreserved human hepatocytes. Rates in KHB medium were set to 100%.
CYP2C19 (S-mephenytoin 4'-hydroxylation), CYP2D6 (dextromethorphan O-demethylation), CYP2C9 - Diclofenac 4'-hydroxylation CYP2C19 - S-Mephenytoin 4'-hydroxylation B Midazolam 1'-hydroxylation [ Alfentanil N-dealkylation [ Atorvastatin ortho-hydroxylation
CYP2E1 (chlorzoxazone 6-hydroxylation) and CYP3A4/5 activity (midazolam 1'-hydroxylation, 150 - 200 - B Nifedipine oxidation B Verapamil N-dealkylation K Testosterone 6p-hydroxylation
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midazolam 4-hydroxylation, nifedipine oxidation, alfentanil N-dealkylation, verapamil N-dealkylation, % 100 1501 180 -
testosterone 6(3-hydroxylation, and atorvastatin ortho-hydroxylation) in human liver microsomes E 50 . 128: 160 -
was assessed in 5, 50 and 200 mM potassium phosphate buffer) as well as commonly used E‘ 0| 0- .E@ 140 4
cell culture media (KHB, MCM+, Waymouth, DMEM+HEPES and William’s E). Briefly, phen- ‘§ N gz 122 -
acetin (40 yM), coumarin (5 pM), bupropion (50 yM), amodiaquine (7 uM), diclofenac (6 pM), E ® ® g% 80 -
S-mephenytoin (40 uM), dextromethorphan (7.5 uM), chlorzoxazone (30 yM), midazolam (4 uM), g _ _ £8 g0 -
nifedipine (10 uM), alfentanil (40 uM), verapamil (9 uM), testosterone (70 uM) or atorvastatin o 1C;)PZDG - Dextromethorphan O-demethylation CYP2E1 - Chlorzoxazone 6-hydroxylation 40 -
(40 uM) was incubated at 37°C for 5 min with 0.1 mg/mL human liver microsomes (n = 200) _ 22 ]
[or 0.25 mg/mL human liver S9 fraction; n = 200] at three (5, 20 and 200 mM) of concentrations 1007 KHB Waymouth MCM+ DMEM + HEPES  Williams E + HEPES
of phosphate buffer (each containing 3 mM MgCl, and 1 mM EDTA at pH 7.4) or in different cell S0 > g

culture media. Reactions were initiated with an NADPH regenerating system (5 mM glucose 0
6-phosphate, 1U/mL glucose 6-phoshphate dehydrogenase, and 1 mM NADP) and stopped after
5 min with an equal volume of stop reagent (acetonitrile with internal standard). The samples

were processed and analyzed by LC/MS/MS as described previously (Parkinson et al., 2011). CYP3A4/5 - Midazolam 1'-hydroxylation , , . .
150 - * The results of this study suggest that the slower clearance of midazolam in CHH relative to

HLM is perhaps unique to midazolam because no such marked difference was observed
with five other CYP3A4/5 substrates.

Conclusions

The effect cell culture media on CYP activity in cryopreserved human hepatocytes

100 1
CYP1A2 (phenacetin O-dealkylation), CYP2B6 (bupropion hydroxylation), CYP2C8 50 -

(amodiaquine N-dealkylation), CYP2C9 (tolbutamide hydroxylation), CYP2C19 (S-mephenytoin
4'-hydroxylation), CYP2D6 (dextromethorphan O-demethylation), and CYP3A4/5 activity

 Whereas 50 mM phosphate buffer supported near maximal activity for most CYP enzymes
in HLM it did not support maximal activity of CYP3A4/5 or CYP2E1. CYP3A4/5 and CYP2E1

(midazolam 1'-hydroxylation, midazolam 4-hydroxylation, nifedipine oxidation, alfentanil oxidative ® PO = Phosphate activities were notably lower when HLM were incubated in cell culture medium compared
N-dealkylation, verapamil N-dealkylation, testosterone 63-hydroxylation and atorvastatin ortho- N J with 50 or 200 mM phosphate buffer. William’s E and KHB media supported the highest
hydroxylation) in cryopreserved human hepatocytes was assessed in commonly used cell p \ CYP3A4/5 activity in both HLM and CHH. These findings have implications for optimizing
culture media (KHB, MCM+, Waymouth, DMEM+HEPES and William’s E). Briefly, phenacetin Figure 2. The effect of ionic strength and cell culture media on the metabolism of six CYP3A4/5 in vitro conditions for measuring drug clearance and shed further light on the unusual,
(40 puM), bupropion (50 pM), amodiaquine (2 uM), tolbutamide (150 uM), S-mephenytoin substrates in human liver microsomes and S9 fraction. Rates of metabolism in 50 mM system-dependent clearance of midazolam. For the clearance of CYP3A4/5 substrates
(40 uM), dextromethorphan (7.5 pM), midazolam (4 uM), nifedipine (10 uM), alfentanil (40 pM), phosphate (standard conditions) was set to 100%. by CHH, William’s E medium and KHB offers advantages over the other media examined.
verapamil (9 uM), testosterone (70 uM) or atorvastatin (40 uM) was incubated at 37°C at 95% B Midazolam 1"-hydroxylation [ Nifedipine oxidation B Verapamil N-dealkylation [ Atorvastatin ortho-hydroxylation The results do not explain why midazolam clearance in HLM is so much greater than in CHH
relative humidity and 5% CO, for 10-60 min with 1 million cells/mL cryopreserved human hepato- M Midazolam 4-hydroxylation M Alfentanil N-dealkylation [ Testosterone 6-hydroxylation but they do suggest this characteristic is not shared by five other CYP3A4/5 substrates.
cytes (n = 50) in different cell culture media. Reactions were initiated in 48 well plates with the 300 ; Human liver microsomes
addition of hepatocytes (total incubation volume of 160 uL per well) and stopped with an equal Ig 050 |
volume of stop reagent (acetonitrile with internal standard). The samples were processed and jgl 200 Refe rences
analyzed by LC/MS/MS as described above. &
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£E 150 - 1 Kazmi F, Yerino P, and Parkinson A (2013a) Midazolam clearance in human hepatocytes is

g; 100 restricted compared with human liver microsomes but not by cell permeability or cofactor

Results 5 5. 1 1 1 availability. Drug Metab Rev 45(S1):162.
- 0. 2 Kazmi F, Yerino P, and Parkinson A (2013b) Test system-dependent clearance of CYP2D6 and
Figure 1 shows the effect of buffer ionic strength (at 5, 50 and 200 mM phosphate) and various Phosphate  Phosphate  Phosphate Waymoutn - MEMS MEPES | HEPES CYP3A4/5 substrates: A comparison of human liver microsomes and cryopreserved human
. . . . hepatocytes. Drug Metab Rev 45(S1):163.
commonly used cell culture media on the CYP activity of pooled human liver microsomes _300- Human liver S9 fraction
(HLM). Probe substrates for CYP1A2, CYP2A6, CYP2B6, CYP2C8, CYP2C9, CYP2C19 and E 250 - 3 Parkinson A, Kazmi F, Buckley DB, Yerino P, Paris BL, Holsapple J, Toren P, Otradovec SM,
CYP2D6 all had the highest activity at 50 mM phosphate (i.e., standard buffering conditions). 28 L, and Ogilvie BW (2011) An evaluation of the dilution method for identifying metabolism-
- g : Fa dependent inhibitors of cytochrome p450 enzymes. Drug Metab Dispos 39:1370-1387.
For CYP2E1 and CYP3A4/5, enzymatic activities were highest at 200 mM phosphate buffer S5 ...
(135% of standard buffering conditions). When incubations in HLM were conducted with various g; 100 4 Parkinson A, Mudra DR, Johnson C, Dwyer A, and Carroll KM (2004) The effects of gender,
media, MCM+ was found to support the highest activity of CYP1A2, CYP2A6, CYP2B6 o2 1 1 1 age, ethnicity, and liver cirrhosis on cytochrome P450 enzyme activity in human liver micro-
! ! ’ ’ % 50 . e .
illiam’ @ somes and inducibility in cultured human hepatocytes. Toxicol Appl Pharmacol 199:193-209.

CYP.2C8, CYP2C19 and CYP2D6.. For CYP2C9, QYPZIE.1 and CYP3A4/5, Wllllar.n.s E and KHB g
media were found to support the highest enzymatic activity levels, though the activity was 5 mM 50 mM 200 mM KHB Waymouth MCM+ DMEM+  Williams E + 5 Pearce RE, Rodrigues AD, Goldstein JA, and Parkinson A (1996) Identification of the human
approximately half the activity in 50 mM phosphate buffer. . Phosphate  Fhosphate  Phosphate HEPES HEPES ) P450 enzymes involved in lansoprazole metabolism. J Pharmacol Exp Ther 277:805-816.




