Predizioni del metabolismo /»
silicoe in vitro. Uno studio
pilota

In silico and in vitro metabolism prediction. A pilot study.
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How to study drugs metabolism?

»Human studies

= Animal studies
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H v an
"Experit..c tations”

 Ethical Problems

* Difficulties autorisation from ethical
committee

* Difficulties in enrolling volunteers and
clinical studies set-up

» Safety

* Designer drugs, without authorisation to
commerce, without previous clinical studies
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Animal Experimentation

* Animal house
 Autorisation ethical committee

* Metabolism may be different from human

pu
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THE CHIMERIC MOUSE

Mouse “humanized” with human hepatic

fissue

* Transplant primary hepatocytes to mice
with immunodeficiency (urokinase plasminogen

activator-severe combined immunodeficiency)

— ~ 90% human hepatocytes
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Metabolism tudies on anabolic

steroids
=i ...and on NPSs

Steroid metabolism in chimeric mice with humanized liver. Lootens et al. Drug Test Anal., 2009,
11-12,531-537.

The uPA(/)-SCID Mouse with Humanized Liver as a Model forin Vivo Metabolism of
. Lootens et al., Drug Metab. Disposit., 2009, 37(12), 2367-2374.
uPA+/+-SCID Mouse with Humanized Liver as a Model for In Vivo Metabolism of Exogenous
Steroids: as a Case Study. Lootens et al., Clin. Chem., 2009, 55(10), 1783-
9 . . = . = -
I ¥ivo and in vitro metabolism of the synthetic cannabinoid

Detection and Characterization of a New Metabolite of . Pozo et
al. Drag/etzb. Do B9ttt ak;2Rdpid Commun. Mass

Detection and structural investigation of metabolites of in human urine by liquid
Spesiemuy A0ik3 1&7s,s§elJo'5m2r et al., Steroids, 2009, 74, 837-852.
In vitro and in vivo metabolism of . De Brabanter et

al., Forensic toxicol, 2013, DOI1 10.1007/s11419-013-0179-4
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liiﬂ! In Vitro Experiments

In vitro ='within the glass'

Cellular Fractions

e Human Inherent limitations
tissues/cells/organelles — Very different conditions than
obtained by in a whole organism
ultracentrifugation = May give misleading results

which do not correspond to

* Commercially available, the situation in a living
inexpensive, easy organism

* From pooled donors (mean of
genetic polymorphisms )

Toxicological Determination and In Vitro Metabolism of the Designer Drug MPDV
by GC/MS and LC/QTOF. S. Strano-Rossi, et al. Rapid Comm. Mass Spec., 2010; 24:

2706-2714.



cDNA-Expressed Enzymes

Protein expressed in host cell

Bacteria, yeast, mammal, baculovirus

Harvest and isolate protein and use for
metabolism studies

Pros Cons
Commercially available One enzyme at a time
High-throughput, fast As far from physiological conditions as
you can get

One enzyme at a time
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http://upload.wikimedia.org/wikipedia/commons/6/66/CYP3A4_PDB1W0E.png

Liver Slices

 Utilize slice of animal organ cut very thin on
microtome

Pros Cons

* Contains full * Difficult to obtain
complement of

metabolizing enzymes,
substrates, and » Difficult to cultivate and

care for
* Most closely resembles

1n vivo situation
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is a computational procedure that predicts.
metabolic transformations related to cytochrome-

mediated reactions in phase I metabolism. '/
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The software attributes the more probable sites of metabolism
(SoM), depending on the molecular structure (on the reactivity
of its sites), on its possible interaction with the enzyme (on its
steric hindrance), and predicts main metabolites that can
therefore be formed in various tissues (liver, skin, brain, lungs).

MetaSite: Understanding Metabolism in Human Cytochromes from the Perspective of the Chemist


http://dx.doi.org/10.1021/jm050529c
http://dx.doi.org/10.1021/jm050529c
http://dx.doi.org/10.1021/jm050529c
http://dx.doi.org/10.1021/jm050529c
http://dx.doi.org/10.1021/jm050529c

Combination /n vitro /in silico studies

is a new approach for the automatic
identification of metabolites from LC-HRMS data,
The program is able to assign chemical structures
to each automatically detected chromatographic
peak based on the exact MS and MS/MS
fragmentation pattern of the substrates and
metabolites. It reduces manual analysis from
several hours to only a few minutes per compound.
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Pilot

JWH-015

JWH-307




AIMS

v" evaluate the in silico metabolism prediction by comparing the
MetaSite data with experimental findings, in order to apply
the in silico approach to predict the main JWHs metabolites,

also in absence of experimental data

v" investigate the metabolic pathway of four synthetic

cannabinoids in vitro

v’ ...to set-up LC-MS/MS methods for the screening of new JWHs

metabolites in biological samples



Experimental study

LC-HRMS (QTOF

In vitro metabolism stud

« Ratliver slices » UHPLC: Agilent 1290
* 5 mg/ml of JWHs Infinity _
* Incubation for 4 hours ] HRM_S'_A_gﬂe_nt o QT_OF
: : e Acquisition in full scan in
 Homogenation of tissue autoMS/MS mode, no
and medium fragmentation and at CE of
* Proteins precipitation 20,30 and 40 V of a

preferred list of metabolites
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Data revision: MassMetaSite

Identification
of the
accurate MH*
of postulated
metabolites

Attribution of
metabolites

...and manual revision by the operator
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More probable sites of metabolism: JWH 01

Metabolites ranking
JAH 05 mol - LIVER

wwwwwwwwwwwwwwwww
mmmmmmmmmmmmmmmmm

Metabaolite 91 Metabolite 92 Metabolite 57 Metabolite 77



JWHO15 main metabolites

- @)
+ FBF Spectrum (6.627-6.721 min) 4h-015-F.d Subtract
286.1233 OH ® O A

(MeH)+

127.0540
>

[ i > 155.0486

+ESI Product lon (6.609, 6.615, 6.621, 6.636 ... min, 9 Scans) Frag=90.0V (286.1233[z=11->**) 4h-015-F.d AvaCE
x103 |Cpd 8: JWHO015 +16: + FBF Spectrum (6.494-6.523 min) 4h-015-F.d Subtract

127.0540
344.1641
155.0486 i (MgH)+

n,

155.0497
77.0385 99.7230  117.0665 147.0807

Cpd 8: JWHO15 +16: +ESI Product lon (6.506, 6.511, 6.517, 6.534 ... min, 6 Scans) Frag=90.0V (344.1641[z=1] -> *{) 4h-0}é-F d AvgCE
.

155.0494
216.10254 |

127.0537

216.1016

302.1467
281.1225 343.2650
.

67.0543 890582 181.0848 255.1027




LC-MS/MS.: ionic
chromatogram of main
metabolites JWHO15

JWH 015 N desalchil: +ESI MRM Frag=100.0V CID@40.0 (286.0 -> 158.0) 015 fettine 4h b .d

JWH015 N-desalkyl

JWH015-OH

JWH015-OH
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More probable sites of metabolism:

predicted

Metabalite 23 Metabolite 21 Metabolite 24 Metabolite 10



JWHO098 main metabolites
detected

Cpd 3: JWH-98 -14: + FBF Spectrum (7.240-7.350 min) 4h-098-F.d Subtract 143.0499

372.1963
(M*“H)+

Cpd 1: JWH-98 -70: + FBF Spectrum (6.716-6.745 min) 4h-098-F.d Subtract

316./1344
(MH)+

Cpd 5: JWH-98 +14: + FBF Spectrum (7.003-7.160 min) 4h-098-F.d Subtract
400.1907

185.0603 / AN (M)
. |

Cpd 9: JWH-98 +16: + FBF Spectrum (6.962-7.061 min) 4h-098-F.d Subtract

402.2063
(M-#4)+

Cpd 8: JWH-98 +16: + FBF Spectrum (7.160-7.311 min) 4h-098-F.d Subtract

201.0552 402.2071

(M#AH)+

Cpd 8: JWH-98 +16: +ESI Product lon (7.222, 7.228, 7.233, 7.251 ... min, 6 Scans) Frag=00.0V (402.207 Tlz<1]>%) 4h-086F d AvaCE
201.0549 :

158.0609 &

57.0704
228.1390

89.0597 185.0588 228.1388 402.2075

121.0654 158.0611 *
271.1519

71.0859 329.1360 361.3005




LC-MS/MS.: ionic
chromatogram of main
metabolites ITWH 098

JWH 098 OH: +ESI MRM Frag=100.0V CID@40.0 (402.0 -> 228.0) 098 fettine 4h b.d

JWH098-O demethyl

JWHO098- N desalkyl

JWH098- CO
JWH098-0O demethyl, -OH JWH098-0H alkylimidazole /

A A
A A K

JWH098-OH Naphtyl
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More probable sites of metabolism: JWH 251

MWetabolites
JWH 251.mol - LIVER
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IWetabolite ID

Metabalite 45 Metabolite 30 Metabalite 37 Metabalite 50



JWH 251 main metabolites

[ ] [ ]
Cpd 17: JWH251 +16: + FBF Spectrum (6.607-6.732 min) 4h-251-F.d Subtract

336.1963
(MH)+

Cpd 11: JWH251 +14: + FBF Spectrum (6.806-6.920 min) 4h-251-F.d Subtract / \

334.1808
105.0704 (MAH)+

10 3 |Cpd 13: JWH251 +30: + FBF Spectrum (6.497-6.634 min) 4h-251-F.d Subtract
114 3504770
N (M4H)+
0.9 ’
0.8 N
0.7+ Cpd 16: JWH251 +16: + FBF Spectrum (7.002-7.164 min) 4h-251-F.d Subtract

061 336.1961
051 . ///\ (MT)+
0.4

0.3

Cpd 6: JWH251 -70: + FBF Spectrum (6.471-6.578 min) 4h-251-F.d Subtract

250.1225
(MAH)+

Cpd 16: JWH

10953

N - 7
Cpd 6: JWH251 -70: +ESI Product lon (6.508, 6.514, 6.520, 6.537 ... min, 6 Scans) Frag=90.0V (250,1¢25[z=1] -> **) 4h-251-F.d AvgCE
144.0451 o

144.0449 *

105.0701

214.1232'

116.0495

91.0546
166.1163 1509874 205.0994 232.1398 2502231




LC-MS/MS: ionic
chromatogram of main
metabolites JWH 251

JWH 251 carbossi: +ESI MRM Frag=100.0V CID@20.0 (350.0 -> 304.0) 251 fettine 4h.d

JWH-251-CO
JWH-251-OH

JWH251-N-desalkyl JWH251-COOH

JWH-251-OH

/\
— C\l L
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More probable sites of metabolism:

predicted

Metabolite 71 Metabolite 70 Metabolite 60 Metabalite 64




1 1
Cpd 12: JWH 307.cdx +16: + FBF Spectrum (6.898-7.048 min) 4h-307-F.d Subtract
402.1876

(MH)+
155.0497 127.0548 T
4 N\

Cpd 3: JWH 307.cdx +14: + FBF Spectrum (7.098-7.319 min) 4h-307-F.d Subtract
155.0497

127.0548 4004711

//4 / ///\ (M+H)+

x10 3 |Cpd 2: JWH 307.cdx -2: + FBF Spectrum (7.674-7.795 min) 4h-307-F.d Subtract
1.14 384.1765
14 (MAH)+
0.9+
0.8
0.7+

0.6 ///\

0.5+
Cpd 10: JWH 307.cdx +32: + FBF Spectrum (6.502-6.611 min) 4h-307-F.d Subtract
=~

. 418.1817
Cpd 3: JWH;&(Z . pri

0.1+

127.0548

¥ 155.0497

57.0701
Cpd 10: JWH 307.cdx +32: +ESI Product lon (6.513, 6.519, 6.524, 6.571 ... min, 6 Scans . . ->**) 4h-307-F.d AvgCE

L 155.0499

127.0542

67.0529 95.0827 171.0437 229.0510 279.2277 343.1445 377.2264 418.2912
>




LC-MS/MS: ionic
chromatogram of main
metabolites JWH 307

A5
X
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Routine method development:
MRM LC-MS/MS

= UHPLC: Agilent 1290 Inﬁnié/ |
!
|

= Agilent 6460 triple quadrupole
mass spectrometer

= Column: superficially porous C18

= A: 5 mM ammonium formiate + 0.05 |
% formic acid B:
methanol/acetonitrile 1:1 + 0.1% of
formic acid

= gradient from 50% B to 100% B
within 98 min.

= MRM: transitions and CE chosen

according to the best conditions in
Q-TOF
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CONCLUSIONS

v Identification of main metabolites of JWHO015, JWH098, JWH251, JWH307 by

QTOF-HRMS

v" The main metabolites predicted by MetaSite software were confirmed in the
majority of cases by the studies performed in vitro on rat liver slices . The first

ranked was always the main metabolite found

v Starting point for setting up analytical methods, based on metabolism and

typical fragments prediction, also in absence of analytical standards

Strano-Rossi et al. Metabolism of JWH-015, JWH-098, JWH-251, and JWH-307 in silico and in vitro: a pilot study for the detection of unknown
synthetic cannabinoids metabolites. Anal.Bioanal.Chem.,2014, DOI 10.1007 /s00216-014-7793-9
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