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Introduction

> Ph,s?c.ochem?caL properkies= blopharmacCeukical Prdpa‘l:7cs

* The importance of physicochemical properties of the drug and

the relationship of such properties to the pharmacological
responses.

* Because these properties play an important role in

»* determining biological action of pharmaceuticals, it is
appropriate to refer to these properties as biopharmaceutical
properties of drug substances.

* Examples of such properties include solubility, partition
coefficients, degree of ionization, and polymorphism, which in
turn are *determined by the chemical structure and
stereochemistry of drug substances.

Introduction

* Drug molecules must cross various biological membranes and
interact with intercellular and intracellular fluids before
reaching the elusive region termed the “site of action.”

* Under these conditions, the biopharmaceutical properties of

the drug must contribute favor:ibly to facilitate absorption and
distribution processes to augment the drug concentration at

various active sites (Pharmacokinetics)



Introduction

« Pharmmacokinetics may be simply defined as what the body
does to the drug

* Pharmacokinetics is divided into several areas including the

extent and rate of absorption, distribution, metabolism and
excretion. This is commonly referred to as the ADME.
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> Many drugs are either weak acids ar
wea( bases fn the Léuael/ Aqueous
enviranmenk OF Lhe boa’r , medhin +hat

Ehey efkther donake or accepk Pml?.‘?ns
depemch’nj on the pH--

AE_neutral pH, weaK acid tends ko
donate or lose a probon ko become

negatrvely ToniZed or charged, while
a weak base tends ko qocepk or galn
aprokan to become posttively charged

This Chalac can tnfluence a drug’s
absarpkim , 1ks distrtbukfon bebween
compartments ,and tks elfmtakfon
fram Ehe body
since amolecule which s charged
whether PoSﬂ:Tvel,v ar he aL‘f'Vcly wrll
have @ reduced abfirty to cross
bfological membranes by passive
diHasion.

The Pro,oari:u’m of d that ?s

tonfled in a given compartment will

depend on the pH of the compartment
relattve ko the o[ruﬂs FKa

Many comparkments have different
H:

.El'he stamach is acrdre.

. The small inteskine can be weaKly
basiC.

. The blood has a pH of about )

. The pH of urine in the Kfdney bubules
£ bladder can vary from actdc ko

basfc.

AL the Low Pl-l or Lhe 6l:amach ,
an_acidic drug wrll be un chaged
8 may therefore’be offfclently

absarbed fram Lhis Compartment:-

on the other hand , abasic drug
will_accept a probm to became
pos ﬂ:?vel/ Cﬁaraed th the stomach
& will therefare be poorly absarbed.

conversely , ak the high eH of +he
small inkestme , an dcrdic dryg

will be neqaktvely Charged
poorly absarbed , whereas” a basfc
drug whll be uncharyed & bherefore
efiﬁjcfenl:l,v absarbed.

The Low of mass acttan Covers the
avaflable d Ehat can Lleave
dCamparbment -As the unchalae.ol perkim
of the druﬂ Leaves the OmlParl:mcnl:/

Lhe number of charged molecules wrll
decrease ko mainkdin the balance of
chaged & uncharged molecules at
Ehe J?Ven PH°

clinteally we can alter the pH of
comparbment o change the drugs
dearee of imication n arder ko
inFluenCe 3ES abfol:/ Lo Leave Ehat
cornPaH:mcnl:---

for example, In Some nskances

of drugq overdose ,we €an increase
Ehe pH™of the fluid being frlbered

by Ehe k?dne,)f b n'v:'nj a solutiom
a+[ sodivm Lactaél:jo sequester ar
krdp am acidic drug 1n the urine,
because {kE will be readrly £¢ltered
by the Kidney glamerulus. Buk tn
accrmParl:men with a hfgh pH,such
as the bubule fluid of Krdney, 1k wii
be moare chal@w(, and bherfare
reabsarpkion wrll be reduced from the
renal Eubule back into bod/ Ik S
therefave mare efficlently Cleared from
the body by excretlon fn the urne
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For aspirin and furosemide acid with pKa values of 3.5 and 3.9, the answer is that
99.99% of a given dose of drug will be ionised at the pH of blood or intracellular fluid.

*For methotrexate, the answer will be slightly less, but still greater than 99%

LIPINSKI’'S RULES ¢ <! j“y

* molecular weight (g/mol) < [
* num. of H-bond acceptors < 10
* num. of H-bond donors < 5

5

IA

* log P (lipophilicity)

Qexce fban 6' 6 —SBless | —

= 22 rule violations = high risk of low
solubility & membrane permeability
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— LfpinsKi's rules donik male amolecuk @Another Tdea for permeabrliky ts siZe.
more potent or have greater efficacy Big molecules are Slower ko diFfuse

or Lower Loxfctly. across @ membrane , 50 the molecular
LipinsKi’s rules are just abouk weighk 7S Capped ak 500
absarpkion -
© fﬁ amolecule underqoes extensfve

— Barrfers to absovptfon: Firsk- pass metabolism ,fE will have

1. s::lubf'lﬂ:r aqueous poor lp?oavaﬂ.abﬂ?bg Shaw Low

2. permeabrh"l:r absarptton Inby the central compartment.

3 feesk- pass effect. Lu'P?n.skn','s ruleS clo nothtng to PreVenl:

the frsk-pass effect or hepabre
@ The molecule musSt dissolve at Least | clearance -

ablk in either gastrfc fluid or if_anykhing . Keeping amolecule
tnkeskthal fLlutd smaller maKes Ehe molecule
Log p addresses Eh's Tdea somewhst 4 better posstble £k into Ehe
tf amolecule has koo high of active sfke of Ehe metabolic
aL-'Pophﬂfcﬂ:r tt wont be water enymes.
soluble
Therefore, LipinsKi's rules focus
@ Druwgs must cross membranes only om improvt Solubiitty &
& membranes kent ko be crossed membrane permeab?lity in order
passively by orugs-- ko maxtmize the aral abserptim

They dfffuse across Ehe membran.. of amolecule.
membrans are ngn-polar ,50 oral drugs
need ko nok Pnkerack boo Strmgly with
waber ..

¢f Lhe wmolecule binds waéter Loo
Eightly , the moalecule wrll not enter
the nen-polar membrane, which s
alesgnecl ko blocK Lhe movementk of
waker.

H-bmd donars & H-bond accepbors
*nkerack w’Eh water

These are tnkermole cular forces
bebween Lthe drug g water ...

50, LipInsKis rules Ltmft the
number of H-bmd dmorsg
H-bmd dcCepkors M khe pok enkfal
alru.\j



Physiochemical Factors Affecting Drt
Absorption Lipinskis rule of

* Lipinskis rule of five

* As a rule of thumb, orally absorbed drugs tend to obey
what is known as Lipinskis rule of five. The rule of five was
derived from an analysis of compounds from the World
Drugs Index database, aimed at identifying features that
were important in making a drug orally active. It was
found that the factors concerned involved numbers that
are multiples of 5:

1) a molecular weight less than 500

2) no more than 5 hydrogen bond donor groups

3) no more than 10 hydrogen bond acceptor groups
4) a calculated log P value less than +5

Absqr\?hm N Lc:g P parkrttontng Coeffpctent.

. . —>Log P
5 gl 5
* Log p<o5 SrH)'alrophrh’c (90od Bolubflfky .. poor Absarplian) -
i LoJ p>5 & h@hl/ H)'drophobfc(poor 'Solubmzy... Low Absorplfon).
§0' tf Leq p less than 0-5 o mave +hans = bad for abssrplrom.
T rpkfo 2
* In (General:
sqWio Jiain s Lo oL, BBB yup) g 2=Llogp b
20=0% loLls /tﬁp 09 Ustru Lizsot the olas ¢ Stde effect oz
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* Lipinskis rule of five

* The rule of five has been an extremely useful rule of thumb
for many years, but it is neither quantitative nor foolproof. For
example, orally active drugs such as atorvastatin, rosuvastatin,
cyclosporin and vinorelbine do not obey the rule of five.

Vinorelbine

- @ 65 Gl =
e The compouds that fall outside of LipPnsKs rules :

— 500 Ssluw T 51 505 Y-

* MW -559 g/mol

OH OH O .
<D ] 7 N/\/,\)\/U\OH HBA — 6
e + HBD-4 _
5 Soluw,T Y1030 1% -
O O * logP-6.36
F ¢ F-14%

safe e EY.
e fective. Bz
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huges
MW - 868 g/mol

HBA -9
HBD -3
clog P-6.12
F-5.4%

MW - 586 g/mol
HBA -4

HBD — 2

clog P—-7.20
F-68%




Par me,l:er

i Physiochemical Factors
~_Affecting Drug Absorption
* Work carried out bv in 2002, demonstrated the rather

surprising finding that molecular flexibility (as measured by the
number of freely rotatable bonds present in the structure) plays an
important role in oral bioavailability.

* The more flexible the molecule, the less likely it is to be orally
active. Less surprisingly, the analysis showed that the polar surface
area of the molecule could be used as a factor instead of the
number of hydrogen bonding groups.

* These findings led to the following parameters for acceptable oral
activity. Either:

* apolar surface area < 140 A°and < 10 rotatable bonds, or

* < 12 hydrogen bond donors and acceptors in total and < 10
rotatable bonds.

. The more flexible Ehe molecule, the Less Likely
iEis ko be ovally active -

The veber rules:

— polar surface grea < 140 A°

&
rotabable bonds <0

R

_, HBD+HBA <i2

f;,,abab/e bonds <10



« Doxorubicin has very Low oral bLwavaflabritky .

O+HBA OHHBD OHBA

OCHsO/34 OH OHBA

HBA HBD
A L
HBA ,HBD
# — oW HBD,HBA
Jpinski Rules Veber Rules (,R.L>IOL
* H-bond donors= 7 HBD>5¢! « Rotatable bonds = 11
*« MW=543 Mw)500] . ’.’Q”éri“rf;&fa pSA> 140]
* ClogP=~1.7 o oKay « Total H-bonds = 19
+ H-bond acceptors =12 HBA> 10! Total >12
: Qommsod | _yuolxd 1% Grmaad) kel e
Rotatable bmds< 10
I‘\-‘AB\Bf ga "o' :/ pelar surfac= areag i¢0
log pS 5 HBD+HRALIZ
HBAK IO~
Doxorubfcin
g J
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o)
A\ (o) 0
Tl L
Cl Cl
Potency = 1 nM
Potency = 2uM Poor oral absorption
HBD =0 HBD = 1
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Structural modification for the compound on the left were made to enhance activity,

however, the new compound has better potency but poor bioavailability, a pitfall
that could be avoided if lipinski and veber rules were predicted prior to synthesis.
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