bases

| —— —
‘ - I.l

Intermediate —{Weak hases_ ‘

rophobic Characters of the Drug

Hydrophilic/Hyd

. As a rule of thumb, orally absorbed drugs tend to obey what is known as
¢ five was derived from an analysis of

Lipinski’s rule of five. The rule or Ti
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

five: i - -
o laclesyf (B3] e os” &
e 51 (5742 9517542 schaf %]
- a molecular weight@)_than 500;

{no'more than 5 hydrogen bond|donor|(HBD) groups;
* fio)more than (10hydrogen bond lacceptogroups;
. a calculated log P value less than +5 (log P is a measure of a drugs

hydrophobicity). Opl- /
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S Rod predicts that a drug may have poor solubility and

permeability (marked as an “Alert’) if the compound exceeds two or more
of the four limits.

* However, it is neither quantitative nor reliable. For example, orally active

drugs, such as atorvastatin, rosuvastatin. ciclosporin, and vinorelbine,
do not obey the Ro5.

* It has also been demonstrated that a high molecular weight does not in
itself cause poor oral bioavailability (larger molecules invariably have too

many functional groups capable of forming hydrogen bonds. Another

source of debate concerns the calculation of the number of hydrogen bond
acceptors (HBAs)).
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LR Phiticihy) 4
. incregsrg in log P increases binding to targets such as receplors and

AT 8 A

tency & enzymes
witVQca)rger mc?lyecules the potency grow.
- Reasons: lipophilicity enhances a drug’'s binding. as a nonspecific driving

force for the partition of the drug into the binding site by raising its free

energy in water.
- Howeyer, larger molecules (high log p) are associated with lower
(Sa\wb\\x ISP PoPhilic, Lo @) bioavailability.
As the log P value increases, the aqueous solubility decreases, although
absorption through the membrane increases.




Log P = log([Co}/[Cw]) 1:Octanc

Only adeguate in quantifying a drug’s

Iipophilicitz for neutral molecules.

. [unionized
(Not) suitable for ionizable acids or bases o _
because their concentrations in octanol S J — ——insign
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Distributlon Coefficient (D)

* used to predict the behaviour of a compound at all pH values, as long as we know P.

. Fora mmzal,

HA = H', + A",

D= [HA]D/{[HA] +[A"K-’ PG A.)
of acd

* For a base:
BH*,= B, +H",,

D= [B@{[ BH*'@-% M
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 Und 507 ionized) (
o ervery b.as.Ic conditions, pH 9.5 for example, merely 0.001% of ey

"Ug remains un-ionized since essentially @ll drug molecules are

@@nd its log D is —0.75. LC’jD = “f} QE e lﬁj (1_‘_ 10‘796—-—‘4,9 indormethacin (Indocin, 1)
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In order for a drug to pass through cell membranes, a dichotomy is at play. On one hand, the drug
should be slightly hydrophilic so that it can dissolve in water. On the other hand, it should be
somewhat lipophilic so that it may cross the cell membranes. Amines fit the bill well. Amines’ pKa
values are in the range of 6 to 8, thus they are partially ionized at blood pH 7.45. They can easily
equilibrate between their ionized and nonionized forms with a good balance of the dual
requirements of water and fat solubility. They can cross cell membrane in the nonionized form,
while the ionized form gives good water solubility and permits good binding interactions with its
target’s binding sites. Striking a balance of lipophilicity is one of the drug design challenges.
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(free amine)
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* In hydrogen bonds ngen and_pitrogen

acceptors, while the
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e £ - | j rties. For
B + hydrogen bonding in a drug contributes significantly to its physicochemical prope e
65'141:‘31} a drug dissolved in water, intermolecular hydrogen bonds with each other are virtually

;.[4] ' non-existent between drug molecules themselves, which are surrounded Dby watetr
é jt_)fl molecules. To form a hydrogen bond between a donor and an acceptor, both must firs

their
Ul CSlP) break

- - hydrogen bonds with surrounding water molecules.

e U’ Because most oral drugs are absorbed by transcellular absorption (penneation),.neutral
. U Lpu 9 molecules are favoured over solvated molecules. However, desolvation and formation of a
lﬁno_} —~ ~ bare molecule is not favoured thermodynamically if the compound forms many hydrogen

= and/or ionic bonds with water. As a consequence, drugs with too many hydrogen bond
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tramolecular H-bonding and permeation

| =y, @MJ@ Selabilibg 1 1,2
?cr‘ S Intramolecular hzdroge_,rl;_b_q_n_d.s)on drugs are more readily formed in water since

they are much more favourable entropically. Intramolecular hydrogen bonding
Lé{u ﬁ_g,ﬁ)q;g frequently boosts cell membrane penetration.

v gzo* It is hypothesized that formation of Gﬂramoleculaﬂ hydrogen bonds in drug
A1 e ¥ rnolegules shields polarity, thus offering improved membrane permeability and
(uJ < =7 intestinal absorption. Statistically, the chance that intramolecular hydrogen

bonding improves hinlnniral activities is 50%
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active dru Of polar atoms usually oxygen and nitrogen atoms).
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(nonﬁ!tgble bond is defined as any single pc d@not in rﬁ‘@ bound to a nonterminal heavy
thus v TOger]) atom. Amide C-N bonds are*rotatable because of their high barrier to rotation,

POSsessing a partial double bond character.

: lhe NUmber of rotatable bonds influences both bioavailability and binding potency. Generally =54
Peaking, when all is equal or similar for two drugs, the one with fewer rotatable bonds has mﬁc.__

higher bs io = ane Lo -
(Wl{é Qe&ﬂﬁw’r_gf“ ek MLE) gf’”t“)ﬂ L Pat(_S c::aC e 1 (%o Bm:la 5[,
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» In general, two criteria for drugs to be orally bioavailable , either:

- a polar surface area <140 A an@otatable bonds or
*(<12(HBDs and acceptors in total an@rotatable bonds

| Bonds o

f(§omegre5earchers set the limit of rotatable bonds to <7 as analysis shows

a marked improvement in oral bioavailability for such molecules.
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