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Enzymes to Promote Understanding of
Drug Toxicity and Pharmacokinectis
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Contribution of Enzymes to Drug Metabolism

1.1% Cerny, Drug Metab Dispos 44:
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Unknown Non-CYP Enzymes

@ Many drugs containing ester or amide bonds are hydrolyzed by
CES. However, some drugs were likely to be hydrolyzed by
enzyme(s) other than CES in human liver.
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@® Acyl-glucuronides possess ester bond. Because acyl-glucuronides
are suggested to cause several toxicities, the enzyme(s) catalyzing
their hydrolysis may attenuate their toxicities.
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@ Some drugs containing nitro groups are metabolized to amino
metabolites, but the responsible enzyme(s) had been unclear.

o ?



Hydrolase Activities of Various Drugs
by Purified CES1 and CES2
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Irinotecan

Sub CES1 CES2
ubstrates — ——
Km Vmax Vmax/Km Km Vmax Vmax/Km
Ester-type drugs
Camostat mesilate 0.707 0.958 1.356 2.700 0.090 0.015
Dilazep 0.154 0.122 0.727 0.089 0.119 1.326
Irinotecan 1.453 0.082 0.056 0.241 0.074 0.307
ONO-5046 1.060 0.132 0.125 2.080 0.476 0.229
Banazepril 0.734 0.886 1.207 0.785 0.330 0.420
Cilazapril 1.295 2.168 1.674 1.349 0.667 0.494
Quinapril 0.134 0.184 1.373 0.122 0.034 0.279
Temocapril 0.786 4,762 6.059 0.325 0.402 1.237
Delapril 1.502 1.569 1.045 -
Imidapril 0.287 0.195 1.679
Alacepril - -
Aspirin 2.270 0.244 0.107
Procaine 3.330 0.029 0.009
Oxybutinin 1.124 0.358 0.319
Diltiazem -
Flavoxate
Propiverine

HO CyHg

Biol Pharm Bull, 20: 869-873, 1997.



Hydrolase Activities of Various Drugs
by Purified CES1 and CES2

CES1 CES2

Substrates
Km

Vmax Vmax/Km Km Vmax Vmax/ﬁn

Amide-type drugs

Aniracetam 0.085
to anisic acid 0.095
to anisamidobutyric acid

0.009 0.106 0.301 0.020 0.066
0.007 0.074 0.412 0.349 0.847

Capsaicin
Captopril
Flutamide
Fominoben
Indomethacin
Lisinopril
Nefiracetam

c Egenacefln l
enobarbital

Pranlukast

Prazosin

Procainamide
Sultopride

Tiaramide

Endogenous substance
Acetyl coenzyme A
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Takai et al., Biol Pharm Bull, 20: 869-873, 1997.



Serine Hydrolases Expressed in Human Liver Microsomes
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21: 187-196, 2007.
AADAC = Arylacetamide deacetylase
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Metabolic Pathways of Phenacetin
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Phenacetin hydrolase activity

(nmol/min/mg protein)

Phenacetin Hydrolase Activities

by Recombinant AADAC, CES], and CES2
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Metabolic Pathways of Phenacetin
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Metabolism of Phenacetin by AADAC and CYP
Triggers Methemoglobinemia

10% Red blood cells °
100 mM Kpi (pH 7.4) NH, NHOH
5mM Ph_enacetm AADAC? CYP?
Recombinant esterases
Recombinant P450s »
NADPH-generating system
1 OC,H5 OC,H; OC,H;
Incubate at 37° C for 60 min Phenacetin p-Phenetidine N-Hydroxyphenetidine
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CYP - - - - 142 142 1A2 41A2 2E1 2E1 2E1 2E1
Esterase - AADAC CES1 CES2 - AADAC CES1 CES2 - AADAC CES1 CES2

Data are mean = SD (n = 3).
***P < (0.001 compared with CYP (-) and esterase (-).
TP < 0.05 and TP < 0.001 compared with CYP (+) and esterase (-).



AADAC and CYPs are Involved In
Methemoglobinemia Caused by Phenacetin
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Kobayashi et al., Biochem. Pharmacol., 84: 1196-1206, 2012.



Substrate specificity of CES1, CES2, and AADAC
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Oseltamivir Temocapril Mycophenolate mofetil



Metabolic Pathway of KC
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0
Ry = |/\N)J\ > Ry{—N N—H
/

N \ "”\) N-Deacetylketoconazole
e,

Hydroxylation l FMO

0o

Rq—N N— OH
cl cl

N-Hydroxy DAK

?

Ketoconazole (KC)

FMO, Flavin-containing monooxygenase

Whitehouse et al., J Pharm Biomed Anal, 8: 603-606, 1990.
Rodriguez and Miranda, Drug Metab Dispos 28: 1083-1086, 2000.
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Cytotoxicity Induced by KC or DAK
In HepaRG Cells
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Hart et al., Drug Metab Dispos,
38:988-994, 2010.
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Fukami et al., Biochem Pharmacol , 116: 153-161, 2016.



Cytotoxicity Induced by KC or DAK
In HepaRG Cells
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Fukami et al., Biochem Pharmacol , 116: 153-161, 2016.



Acyl Glucuronide Formed from Drugs
Containing A Carboxylic Acid Moiety

R-COOH UGT R-COO-Glu
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Drug 2> Acyl glucuronide

Toxicity of Drugs Containing A Carboxylic Acid Moiety

Drug Toxicity
Diclofenac Anaphylaxis, liver injury, SJS
Furosemide Neutropenia, Thrombocytopenia
Ibuprofen Anaphylaxis, SJS
Mefenamic acid Anaphylaxis, SJS
Naproxen Anaphylaxis, SJS
Probenecid Anaphylaxis

Tolmetin Anaphylaxis, liver injury, SJ3S




MPA-AG Formation and Hydrolysis In
Human Liver Homogenates

Km (uM) Vmax (nmol/min/mg) CL (ul/min/mq)
173.7
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Yooy Acyl glucuronide
acid (MPA) CEAAG

Km (UM) Vmax (nmol/min/mg) CL (ul/min/mg)

623.0 0.4 0.6



MPA-AG Hydrolysis in Human Liver Preparations

0.4 SL: Saccharic acid 1,4-lactone
AG: 50 uM

B Control | ( g-Glucuronidase
O SL /1 inhibitor

>c B PMSF
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£ 0o eneral serine esterases
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HLM HLC HLH

HLM: Human liver microsomes
HLC: Human liver cytosol

Data are the mean £ SD (n = 3). HLH: Human liver homogenates

***p < 0.001.



Purification of Enzyme(s) Responsible for MPA-AG
Hydrolysis from Human Liver Cytosol

(kDa)
75—
ABHD10: { /®Hydrolase
domain containing 10
MW HLC 1 2 4
MW: Molecular weight standard 1. Ammonium sulfate (50 - 70%)
HLC: Human liver cytosol (10 pg) precipitation fraction (10 ug)

2: CM Sepharose fraction (5.0 ug)
3: Mono P fraction (2.0 ug)
4: Superdex 200 fraction (1.0 pg)



MPA-AG Hydrolase Activity by Recombinant ABHD10
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Data are the mean = SD (n = 3).



MPA-AG formation from MPA

(nmol/min/mg protein)

MPA Acyl Glucuronidation in Human Liver
Homogenates is Affected by Inhibitor of ABHD10
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MPA
- —&— Control

Km Vmax CLint
(uM) (nmol/min/mg)  (uL/min/mg)

Control 693 +19 0.39 = 0.01 0.57 £ 0.02

05 1.0 15 20 P <0.01 and ***P < 0.001.
MPA (mM)



ABHD10 Catalyzes Hydrolysis of Acyl Glucuronides
INn Human Liver
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Mycophenolic
acid (MPA)

lwamura et al., J Biol Chem, 287: 9240-9, 2012.
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Ito et al., Drug Metab Dispos, 42: 2109-16, 2014.



Reduction of Nitroaromatic Drugs
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Nitrazepam

® ... is widely used as a hypnotic agent.
® ... rarely causes liver injury and teratogenicity.

Nitrazepam Amino NZP Acetylamino NZP
(NZP) O

NO2 i NH2 Acetylation
eauction
SUSREE ISP N
N N NH

—
NH NH V

Li\{g’@'jury? Teratogenicity?

Takeno et al., Toxicol Appl Phalmacol, 1993.
Andrade et al., Curr Drug Metab, 2009.
Mizuno et al., Drug Metab Dispos, 2009.



NZP Reductase Activity iIn Human Liver
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Aldo-keto reductase
Carbonyl reductase
NADPH-quinone oxidoreductase 0 -

NADPH + + -

Cytosol Microsomes
Each column represents the mean * SD

of triplicate determinations. ™P < 0.001. Human liver



Protein Purification for NZP Reductase

NO, NH, @ Structure of AOX1
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NZP NZP
Silver Staining Garattini and Terao, Expert Opin Drug Metab

Toxicol, 8: 487-503, 2012.

2 3 4
= 2130 (P8 &) SDS-PAGE

’ Aldehyde oxidase 1 (AOX1)
Is cut in SDS-PAGE.

Lane 1, HLC

Lane 2, 40-60% Ammonium sulfate precipitated fraction
Lane 3, CM Sepharose fraction

Lane 4, DEAE Sephacel fraction



Western Blotting for AOX1
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Lane 1, HLC

Lane 2, 40-60% Ammonium sulfate precipitated fraction
Lane 3, CM Sepharose fraction

Lane 4, DEAE Sephacel fraction



Kinetic Analyses of NZP Reduction by HLC
In Presence of MNA
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+ SD of triplicate determinations.
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CLint: 2.17 = 0.09 pL/min/mg protein

MNA (-)

Km: 25.1 = 0.952 uM
Vmax: 1.33 %+ 0.04 pmol/min/mg protein
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Nitro Reduction via Hydroxylamine
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Metabolic Pathway of Nitrazepam in Human

Hydroxylamino Amino Acetylamino
NZP NZP NZP

NHOH |

Teratogenicity?

Konishi et al., Biochem Pharmacol , 140: 150-160, 2017.

The balance of metabolism would affect the sensitivity of
the toxicities.




Reduction of Nitroaromatic Drugs
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The reduction of nitroaromatic drugs by AOX1 would
be of toxicological significance.




Unknown Non-CYP Enzymes

Many drug containing ester or amide bonds are hydrolyzed by CES.
However, some drugs were likely to be hydrolyzed by enzyme(s)
other than CES in human liver.
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Acyl-glucuronides possess ester bond. Because acyl-glucuronides
are suggested to cause several toxicities, the enzyme(s) catalyzing
their hydrolysis may attenuate their toxicities.
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Some drugs containing nitro groups are metabolized to amino
metabolites, but the responsible enzyme(s) had been unclear.
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