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Man sousces of drug leads ;-

< 1970'sand 1980.

L

Around 1970 targe empincally based SCIEERINg programs
From then on knowledge base grew for rational drug design.

Most leads had already beenrin a range of plysical properiics previously known to be
consistent with oral activity.

% 1989 and on

™

One further aspects is that “drug-likeness” profile of oral drui £% 15 far beyond these simple *

High through screening of hundreds of thousands of campounds across in vitro assay.
Soon after combination chemistry.

Rapid progress in molecular genetics expression of receplors,

Drugs were dissolved in PMSO.(dimethyl suifoxide)

The recent trend in medical chemistry leads lowards Jarger molecule and increased
Lipophilicity.

Thecandidate with the right balance of activity and availability is more desirable,

riles and includes properties such as dissolntion, sbsorption, metab ohism, clearance and

protein binding. A good drug candidaie’ needs (o have favorable above mentioned propertics

1o easure good pharmacokinetic (PK) outcome.
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ADME and PK properties

action, although in
practice
concentrations in
systemic circulation
are usually measurcd

.

2 - Property Describes 7 Comment Models
Passive Abilitly to cross a Usuzlty the major 1AM, PAMPA
transmembrane membrane bilayer in | component of cell :
diffsion a concentration permeability and drug

o gradient-driven absorption

S fashion

2 Cell permeability - | Abilityto traverse For compounds stable to | Caco-2, MDCK,

an first pass effect and with | etc

e Intact cel) no solubility and

monolayer dissolution, imitations,
unchanged in an in often corrclates with
vilro system oral bioavaiiability
Not as the same as the
Abtlity to pass the ability to reach portal
Absorption frrst biological blood by this delinition | ROF,
barrier to entry into COMPUTATIONA
the bady L MODELS
Inchudes absorption and
BIOAVAILABIL | Fraction of first pass effect
Ty | administraled drug In vivg PK studies,
ihat uftimate]y computational
reaches the site of models

{
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- Importantly, two different kinds of “solublhty” encountered in drag dlscﬁve:l:.r need to be

distinguished.

Thennodynzmic or equilibrium solubility is the true amount of compound that will go
ino insulin from the solid phase givea an infinite amount of time. This is approximated
by shaking it in a flash with the solvent for 24-72hr, filtering or centrifuging and then
quantitating the amount dissolved by using HPLC standards. Obwviously this 15 not a high-
through put method. . .

Kinelic solubility is typically obscrved when a stock solution of a compound dissolved in
DMSO is dituted into water or aqueows buiTer, as is done in preparing HTS samples.
Although precipitation might not be observed immediately. It often happens a few hours
or days later. Here a supersaturated sofution is formed upon dilution, which eventually
reaches equilibrum but takes some time to do so.

In contrast to equilibriuwm solubility, though, kinetit solubshty is easy 10 measure quickly,
making it more sujtable for high-through put determmation using a method like
nephelometry or turbidimetry.

Problems resulting from poor solubility

*  Gouwd solubility is imporiant for oral bioavailability.
*  Poor solubility and differences between kinetic solubilities and equilibrium

-

solubilities can cause problem 2t many points in the drug discovery process.

*  Poor solubility introduces uncertainty into the concentration of compounds m the

wells of HTS plates.

*  Different sohubilitics of different solid forms can make compounds bard 1o wst and

results hard o compare

Key points about solubility

Kinetic-solubility is easy to measuere in high — throughgut
Thermodynamic solubility is harder to measure but altimately more relavent

Solubility for a given compound depends on its crystaiiine or mnurphous form
Insdequate solubibity can

# Make for poor absorpiion
# Lead to erroneous SAR & poor compound prioritization

.

# Mask other problems
The minimum solubility a drug will need depends on its potency & permeability

Poorselubility can be dmproved by-

# Rechicing hydrophobicity
» Adding polarity :
Disrupting crystal packing interactions
7 Making appropriate salts
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» Using a prodrug approach
Sohubility leads

* In DMSO, even very insoluble drugs could be tested.
. ® As aresult—n vitro activity could be dotected in compounds with VEry poor
thermodynamic solubility Properties. g '
* The physico-chemical profile of leads docs not depend on compound solubility.

Target dataset with good absorption properties

* Compounds that entered clinical phase 2 stage. ;

* Poorly scluble compounds or compounds with Poorer physical and chemical properies,
as well as insoluble and non-permeable cormpounds would have been filtered oul at
earlier stages. _

* Data taken from world drug index{WDI) - a compuienzed database of about 50000 drugs.
* USAN - vnited nation adapted name

INN — inteinational ROR-Propriclary ame.

® These names are applied upon eniry o phase 2
¢ Database size- about 2500 compounds.

]

Selected parameters for testing:

* Molecular weight - known relationship butween poor permeability & high molecular
weighi.

¢ Lipophilicity ( ratio of octanol solubility to water solubifity — measured through LogP.

* Number of hydrogen bond donors and acceptors — high pumbers may impair penncability
across membrane bilayer.

LIPINSKI'S the rule of five
Poor absorption or permeation are more likely when:

* There are more thap {5) H-bond donors.
J *  The molecular waight 1s over (300)
*  The LogP is over(s).
* There are more than (10} H-bond accepiors.

# Lipophf!icit; '
i Lipophilicity describes the }ikaiihoo:; of a molecular 10 participate into a lipid phase with respect
to a hydrophilic phase, and 1o penetraie the lipid bilayer 10 reach the therapeutic target site,

39




‘Therefore, Lipophilicity has a wide impact on the aral sbsorption, distribution within the body,
as well as metabolism and elimination (ADME) of drug candidates.

The terms are commonly wtilized to describe Lipophilicity: LogP and LogD, referring to the
Togarithms of partition coefficient and distribution coefficient of new chemical entities (NCEs) in
a lipophulic phase (e.g. I-octanol) and an aqueous phase, respectively.

Specifically; the-former represents the partition of nentra] species only, where as LogD reflects
partitions of both neutral and jonized species at a particular pH and there by pH dependent.

Charged or ionized species are less favorable for partitioning into the lipophilic phase.
FPartition ceeflicient (PC):
i b o Y e T ]

The ratro of the equilibriom concentrations of a dissolved substance ina in a two-phase system
containing two largely immiscible solvents( water & n-octanol

conc. of drug in oil phase

Partiton coeflicient =
rtition coefli conc of drug in waler phase

The higher the PC, the better is its lipid solubility.

Exception to the yule of five:
Compound classes that are subsirates for biological transporters:

s Antibiclics.
» Fungicides — protozoacides -- untiscptics.
s Viamins,

* Cardinc glycosides.
#F bsonization .
PP

Most drug candidates contain at least one ionizable group and therefore can be ionized within the
physiclogical pH range.

Interestingly. 90% of NCEs are ionized 1o variadle extent at different pH. Jeaving only 10% of
them non-inonizable within pH 2-12.

A1pH 7.4 at which most drugs are absorbed through gastro-intestinanes, 36% NCEs are more
than 50% ionized.

r

_lonization is closely related to solubility and membrane permeability, thus the oral absorption of
" the drug, .

The charge ol 2 drug also affects the binding at 1he active site, thereby mfluencing not only CYP
or hERG activity bun also therapeutic efficiency.
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Most- freaqu enily used techniques to improve efficiency or aciivity is to mtmduoc ionizable
« proups to the lead or modifying the ionization of the lead.

Potentiometric titration is considered as the measurement of choice for pKa determination.
Poor solubilily can be impaired by:

¢ Reducing hydrophobicity

+ Adding polarity 2

» Disrupting crystal packing interactins
* Making appropriate salts

Using a prodrug approach.

Chemica) & plasma stability

* Like imsolubility, compound instability can make assay resulis false & potentally
nmsleading.

* Drugs need 1o be stable at every stage of discovery & development. Besides confounding
carly biechemical assay values, Instability will alfect everythin g there aficr including
cellular values, invivo results, a compound’s abilily to survive the pH range im the G2
tract, & cven shelfliie,

i L ?"-'J,J Usy
Three kinds ol nstability often encountered are:

= _Oxidntive instability;-

Organic chemists are quite aware of the tendency of ether & THF o0 form hydro
peroxides & of thiols 10 form disulfides given a little bit of air & a loi of time. These
types of reactions usually occur in solutions by free radical mechanisims & can be
catalyzed by various metat ion are light.

-+ _Chiral instability:-

Chiral purity is important since drugs are increasingly being introduced as single
stereoisomers. For drugs that are racemic 1o begin with the equilibration of each epimer
amounts to stability. -~

- '}lvdrcﬁ}rhc ingtability:- | :
This can be a probiem for certain functional g groups like eslers, ainides, carbomates,
sulphanamides, lactones & lactams. Hydrolytic instability for such compounds spans the




- range of simple, pH dependent, non-enzymatic hydrolysis o hydrolytic cleavage of
peptides by specific peptidases.

Key points about chemical & plasma stability

¢ Chemical & plasma stability screening can help to
> Idenify problem compounds early
» Select compounds for invive studies
> Study prodrugs & antidrugs
* Stability m plasma, serum, or blood is species dependent ;
* Stability can be enhanced by isosteric replacement or through wide variety of
modifications

o

Metabolic stability

Metabolically unstable compounnds wiil tend 10 have poor PK properties like bicavailabitity
& in vivo half life due to rapid degradation. Metabolic insta bility can also make for other
problems [ike toxicity or drug -drug interactions caused by mctabolites.

Common metabolic transtormations

Xenobiotics are transformed & cleared from the body threugh a highly evolved system that
efliciently prevents the accumulation of lipophilic & petentially 1oxic substances. The process
involves ofien 2 siagcan the first, phasel metabotism, drug’s polarity is sli ghtly increased
though what's usnatly a1 oxidative or hydrolytic process like hydrox ylation or ester hydrolysis.
This can be followed Ey phase 2 metabolism, where the polarity is further inereased throu gh an

Zyme-catalyzed conjugation of the resulting compound with ghicuronic acid. sulphate, clc-)

Assessing Metabolic Stability

1} Recombinant Drug Metabolizing Enzyvmes
Individual drug merabolizing enzymes ¢ DMEs) like CVPs FMOs, £UGTs are now
rovtinely expressed, usvally in insect cells using a baculo vVirus. T
The stability of a given compound could be assayed against o full colection of these

individual DMEs or a cocktail there of as a primary screen for stability to Phase)
metabolism.

2} Liver Microsomes r
Screening for metabolic stgbility using Microsomes is the most popular way of fooking
at a compound’s stability to most, but not all rmperlant metabolic transformations.
Microsomes from many different species (mouse, rat, monkey, etc) inchwling man are
commercially available & are stable for months when kept a1 80° C although their
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- activities drop off at room temperature afler an hour or two making them less useful for
long time-course experiments. . :

3) Liver Cytosol & S9 Sub cellular Fractions
Hepatic Cytosol contains three important soluble DMEs that aren’t found in
Microsomes, N-acety] transferase (NAC). Silfotransferase (SULT sometimes
abbreviated ST) & ghitathione S-transferase (GST). ‘When the appropriate co-factors like
: Acety] CoA for NAC are added stability to these three conjugating enzymes can be
studhed.
4) Hepatocytes
Fresh primary human Hepatocytes are the gold standard for metabolism research.
Advances in cryopreservation techniques have recently made it possible to store frozen
buman Hepatocytes for up to a year, then ont & usesthem with only a slight loss of
amivity{ 45 a result, human Hepatocytes stability screening has become widespread in
drug discovery rec n:nil)) _ -

Improving Metabolic Stability

1) Metabolic Identification
Knowing what the compound’s metabolic hotspots are, structural modifications to
prevent thesc reactions can be carried ont if the aim is to prolong in vivo exposre to the
parent compound, which is normally the case except for prodrugs & ante drugs.

2) Structural Modificalions to Improve Metaholic Stability
Site-directed methods
* Replace atoms (i.e.. with 2 bioisostere) at the site of metabolism
. *  Aller electronic or steric effects to disfavor metabolism

Lipophilicily- directed methoxl

*  Reduce Log P {or Log D) by adding in polarity

“If you can’t beat’em....... " method
* Pre-form o sizbie active mieiaboliie,

Key points about metabolic stability
Meiabolic stability is nomnally essential for good PK properitics.
Commonly observed metgﬁo]ic reactions incjude the following:

*  Hydrolysis of esters a:id_ amides{phasel)
* Hydroxylalion of arenes and alkanes(phase])
* Epoxidation of alkenes and alkynes(phase1)



* oxidations at hﬂtamaiom's(ﬁhasel )
*  0O-N-or S-=GLUCURONIDATION (phase2)

Metabolic stability is typically assessed by incubation with liver Microsomes or Hepatocytes.

Fixing a metzbolic stability problem mighit:

Cause new instability somewhere else on the molecle.
Decrease cell stability and absomtion,

LEAD to faster excretion.

Tum the compound into CYP nhibitor.

Not improve stability in a different species.

Ways 10 increase metabﬂlic'stabili!y include the followinﬁ?

Bioisosteric replacement ai the metabolic site altering clectronics, sterics or conformation to

disfavor metabolism. Reducing Log P by adding in polar groups pre-forming an active active
metabolite.

Plasma protem Binding -

Plasma protein binding reduces the amount of free drug available to the target

+ [t con also however, increase a compound®s in vive half life
* Many marketed drugs display high plasina proiein binding.
* Many acidic compounds bind ta albumin many basic oncs 1o AAG,
* Species differences in plasma protein.binding are cominon,

Measuring plasmma protein binding:

1) Equihibrium dialysis is considered the “gold standard”™ method. A sample of the compousd in
plasma at "H7.4 and at 37_C is dialyzed through a membrane with a 10kDa et off into buffer
for some hours. After standard sample preparation, detection and quantitation of both solutions

- are done by LC/MS.

2) Ulvra Blration - centrifugal force is applicd for a few minutes to a sample of the compound in

a plasma , pushing the usbound Iraction through & permecability selective membrane, LC/MS
analysis of the ultralilterate and retenate is then done.

3) Computational methods - for predicting plasma protein binding have appcared m recent years,

:and such software i3 now commercially available.
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Plasma protemn Binding can be minimized by:-

®  Removing or reducing acudity.

*  Adding in amines,

*  Lowering Lipophilicity.

*  Given enough information, usmg SBDD to. disfavor binding.




