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Novel Lead Optimization Strategy Using Quantitative Structure-Activity Relationship
and Physiologically-Based Pharmacokinetics Modeling

Jin-Ju Byeon, Min-Ho Park, Seok-Ho Shin and Young Geun Shin®
College of Pharmacy, Chungnam National University, Daejeon 305-764, Korea

Abstract — The purpose of this study is to demonstrate how lead compounds are best optimized with the application of
in silico QSAR and PBPK modeling at the early drug discovery stage. Several predictive QSAR models such as IC;, potency
model, intrinsic clearance model and brain penetration model were built and applied to a set of virtually synthesized library
of the BACEL inhibitors. Selected candidate compounds were also applied to the PBPK modeling for comparison between
the predicted animal pharmacokinetic parameters and the observed ones i vivo. This novel lead optimization strategy using
QSAR and PBPK modelings could be helpful to expedite the drug discovery process.
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Fig. 1 -Development of a user-defined QSAR model for ICs,
prediction using StarDrop Auto-Modeller™. The best
predicted model was produced by the GPFixed algorithm.
(R?=0.85; validation set and test set).
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Fig. 2 —In silico generation of new library compounds using
StarDrop Nova™.
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composite scoring rule used for BACE-1 inhibitors.
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Table I - Predicted compound specific parameter for 3 candidate
compounds (14c, 60h, 60j)

Parameters l4c 60h 60j
MW 495.49 532.60 600.60
Lipophilicity (cLogP) 3.45 4.20 5.63
Solubility(mg/m/ @ pH 7.62) 001 45-10° 9.75-107
Permeability (P cm/s-10%)  0.69 2.68 3.56
Plasma unbound fraction (f,;,) 11% 17% 18%
Chiood/Cptasma 1atio 0.76 0.71 0.69
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Table II - PBPK modeling result for 3 candidate compounds (14c, 60h, 60j)

Result l4c 60h 60j

Observed Simulated Observed Simulated Observed Simulated
AUC 0-t (ug-h/ml) 2.61 1.88 0.20 0.29 0.31 0.33
Vdss (L/kg) 1.60 2.76 7.20 6.40 16.30 9.52
Ty, (hr) 4.00 4.79 1.40 1.55 2.00 2.36

At Fig. 72 #HA5} s SaiA EEE 389 e 14c,
60h, 60;°] PK 23] & dvg dFsw-ARE J8rE
Bl Ao 77 AAYR BHsII

Table T 3} 14c, 60h, 60jl thall ¥ze PK wiehu]E]
9} A5)Q] PKulvElE ) wslo] Yehhgic) 315HE 14c2)

3% 2% AUC 0-t(ug - b/ml)7} 2.61, Vdss(L/kg)7} 1.60, Ty
(hr)7]- 40001232 5% AUC O-t(ug- h/ml)7} 1.88, Vdss(L/
kg7l 2.76, Tp(hr)7k 4.79% ¥+2% PK situlg g, 5 A5
A& 71%22 AUC 57} 2 @xpa9] dlel A1, 315
£ 60he] -9 2 AUC 0-t(pg - ym)7} 0.20, Vdss(L/kg)
7} 7.20, TUZ(hr)7]- 14001031 o]=¥ AUC 0-t(ug - h/ml)7}
0.29, Vdss(L/kg)”} 6.40, T ,(hr)7F 1.55% ©] 3l3He 4] 45
g V)FoR &ﬂéﬂﬂ 28] xS el AT}, wiARte =
3}HE 60j2] ¢ BEE AUC 0-t(ug - h/ml)7}F 0.31, Vdss(@L/
kg)7} 16.30, Ty,(hr)7} 2.0001913L < 5% AUC 0-t(ug - h/ml)
7} 0.33, Vdss(L/kg)’t 9.52, Typhr)} 23690 o] 94| 25|

£ 7jEoR AZA7L 2 LAPHS) ell Tk 919 2 A

e

animal sacrifice and high
labor intensity

Manyl weeks

StarDrop

ADMET Predictor*
GastroPlus™

In silico & Simple In vitro

P rameter estim
ile repeatand repeat

= A3 in silico 2 in vitro dataE EUIE 753 QSAR
=l 1} PBPK 22129] in vivo preclinical PKE &]85+= @

oA H3) )5 TPseheh 28 wolF, olele
g e Be we) Al7lo] Wed FRB AN A 2
A 5 5 gdrhe 22 AR

2k
)
4o
N

4 e

2 9= QSAR FE 3y} PBPK 2ol gk nkdel 4
7N} o5 Sl AleF el st A= 3§
SIStk T2 Al HE ofde} 53] HtollE vl
EMA, €& MHLWelA Alek 521 #pgollA PBPK 2= 4
A1 AiE oFs AE A oSl &8skal QlaL, -
2252 HE package insertol = 23+ H= 519 oJokE 915
7 Gl E B A4S 7HaL Stk 2 =telAl= Fig. 8
off AXE nie}l o] FAlA AeEd 435 Akl QSAR/
PBPK in silico R@¥o] 4ok 7t 7] WAl $FREAS

1-2 days

Predicted human PK profile

10000

1000 b
--p0

plasma concentration
s
H

&
d Many

months i0

.6
time

repeat calingdo human
§ 10%
£ Many days
3 2107 o
H B AL
{21, £l T
__________ 3 ‘f-/lwc« N
102 oA
\ a1 |
107 10° 10

.........

Fig. 8 — Proposed novel strategy of drug discovery.

.....

J. Pharm. Soc. Korea



A T2

2V 4 Bollsh et I SREEEE AR AR AR HAsh e 157

Aol WA dgshs dl 2 s B Zlow
12 ol M i silico RS 0] 83t Alek 7
oA QA AW A3t virtual library 39
QSARE %3+ ADME AAnd -3, okg o= wd -3
PBPK RE9s T3 2RI in vivo PK oI5 5-& T34
S A AIRE Spell v Alopake) BAE ok she =

.
o of
1

o
&u
1m — _|>J

N W

EI il

U Alebse] Bt 810 ThsAo] it Aloks sleis
o 27 TFo] & Fo|t.,
References

1) Wenlock, M. C., Austin, R. P, Barton, P, Davis, A. M. and
Leeson, P D. : A comparison of physiochemical property
profiles of development and marketed oral drugs. J. Med.
Chem. 46, 1250 (2003).

2) Gleeson, M. P, Hersey, A., Montanari, D. and Overington, J. :
Probing the links between in vitro potency, ADMET and
physicochemical parameters. Nat. Rev. Drug Discov. 10, 197
(2011).

3) Kenny, J. R. : Predictive DMPK: in silico ADME predictions in
drug discovery. Mol. Pharm. 10, 1151 (2013).

4) US. Food and drug administration, http:/www.fda.gov/
downloads/drugs/guidancecomplianceregulatoryinformation/
guidances/ucm292923.pdf.

5) Jones, H. and Rowland-Yeo, K. : Basic concepts in physiologically
based pharmacokinetic modeling in drug discovery and
development. CPT Pharmacometrics Syst. Pharmacol. 2, €63
(2013).

6) Grime, K. H., Barton, P. and McGinnity, D. E : Application of
in silico, in vitro and preclinical pharmacokinetic data for the
effective and efficient prediction of human pharmacokinetics.
Mol. Pharm. 10, 1191 (2013).

7) Ortwine, D. E and Aliagas, 1. : Physicochemical and DMPK in
silico models: facilitating their use by medicinal chemists. Mol.

Vol. 59, No. 4, 2015

Pharm. 10, 1153 (2013).

8) Hosea, N. A. and Jones, H. M. : Predicting pharmacokinetic
profiles using in silico derived parameters. Mol. Pharm. 10,
1207 (2013).

9) Rueeger, H., Lueoend, R., Rogel, O. Rondeau, J. M,
Mobitz, H., Machauer, R., Jacobson, L., Staufenbiel, M.,
Desrayaud, S. and Neumann, U. : Discovery of cyclic sulfone
hydroxyethylamines as potent and selective beta-site APP-
cleaving enzyme 1 (BACE1) inhibitors : structure-based

design and in vivo reduction of amyloid beta-peptides. J. Med.
Chem. 55, 3364 (2012).

10) CJekstst AN ; Jersiet, A1
(2011).

11) Wager, T. T,, Hou, X., Verhoest, P R. and Villalobos, A. :
Moving beyond rules: the development of a central nervous
system multiparameter optimization (CNS MPO) approach to
enable alignment of druglike properties. ACS Chem. Neurosci.
1, 435 (2010).

12) Rowland, M., Peck, C. and Tucker, G. : Physiologically-based
pharmacokinetics in drug development and regulatory science.
Annu. Rev. Pharmacol. Toxicol. 51, 45 (2011).

13) Khalil, E and Lier, S. : Physiologically based pharmacokinetic

I AT, M p. 47

models in the prediction of oral drug exposure over the entire
pediatric age range— sotalol as a model drug. AAPS J. 16, 226
(2014).

14) Maharaj, A., Barrett, J. and Edginton, A. : A workflow example
of PBPK modeling to support pediatric research and
development : case study with lorazepam. AAPS J. 15, 455
(2013).

15) Yusof, I., Shah, E, Hashimoto, T,, Segall, M. D. and Greene, N. :
Finding the rules for successful drug optimisation. Drug
Discov. Today 19, 680 (2014).

16) U.S. Food and drug administration, http:/www.accessdata.fda.gov/
drugsatfda_docs/label/2015/205552s0021bl.pdf.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


