
Hydrophilic/Hydrophobic Characters of the Drug
• As a rule of thumb, orally absorbed drugs tend to obey what is known as Lipinski’s 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 five:

• a molecular weight less than 500;
• no more than 5 hydrogen bond donor (HBD) groups;
• no more than 10 hydrogen bond acceptor groups;
• a calculated log P value less than +5 (log P is a measure of a drug’s hydrophobicity). 



Examples:



Gentamicin phenytoin



• Lipinski’s Ro5 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)). 



• Lipophilicity is a measure of how greasy a molecule 
is. It has a profound impact on a drug’s ADME 
because it is closely associated with drug’s solubility, 
plasma protein binding (PPB), metabolic clearance, 
volume of distribution, enzyme/receptor binding.

• A quantitative measure of a molecule’s lipophilicity 
is its partition coefficient, P, which is the ratio of the 
equilibrium concentrations of a dissolved solute in a 
two phase system containing two largely immiscible 
solvents. 

P = Po/w = [Co]/[Cw]
 

Log P = log([Co]/[Cw])
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 hydrophobic عالآخر ولا hydrophilic هاد كان توضيح ليه لازم الدواء يكون نص نص لا 
عالآخر



Effect of Log P
• increase in log P increases binding to targets such as receptors and enzymes 

with larger molecules 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.
• However, larger molecules (high log p) are associated with lower bioavailability. 

As the log P value increases, the aqueous solubility decreases, although absorption 
through the membrane increases.
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Log P = log([Co]/[Cw])

Only adequate in quantifying a drug’s 
lipophilicity for neutral molecules.

 
Not suitable for ionizable acids or bases 
because their concentrations in octanol and 
water vary depending upon the degree of 
ionization.

For acids and bases, distribution coefficient D 
is a more appropriate measurement of 
lipophilicity at a given pH. It is a function of 
both lipophilicity of the un-ionized compound 
and degree of ionization.



Distribution Coefficient (D)• used to predict the behaviour of a compound at all pH values, as long as we know 
P.  

• For an acid:
HA aq ⇌ H+

w + A–
w 

D = [HA]o/{[HA]w + [A–]w} 

log D = log P - log [1 + 10 (pH – pKa)] 
• For a base:

BH+
w ⇌ Bw + H+

w 
D = [B]o/{[ BH+]w + [B]w} 

log D = log P - log [1 + 10 (pKa – pH)] 

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



Example
indomethacin has a pKa value of 4.5:

- In a very acidic environment, pH 2.0 for instance, the log D is the 
same as log P: 4.25 since 100% of the molecules are unionized. 

- At pH 4.5, 50% of the drug remains unionized and its log D is 3.95.
 
- Under very basic conditions, pH 9.5 for example, merely 0.001% 
of the drug remains un-ionized since essentially all drug molecules 
are ionized and its log D is –0.75.
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Intramolecular H-bonding and 
permeation

• Intramolecular hydrogen bonds on drugs are more readily formed in water since they are 
much more favourable entropically. Intramolecular hydrogen bonding frequently boosts 
cell membrane penetration.

• It is hypothesized that formation of intramolecular hydrogen bonds in drug molecules 
shields polarity, thus offering improved membrane permeability and intestinal absorption. 
Statistically, the chance that intramolecular hydrogen bonding improves biological 
activities is 50%.

 

four-times more cell-permeable
by virtue of the intramolecular 

hydrogen bond.



Polar Surface Area 
• Polar surfacer area (PSA) is a simple measure of total hydrogen bonding capacity. It is defined as a sum 

of surface of polar atoms (usually oxygen and nitrogen atoms).
• Orally active drugs transported passively by the transcellular route should not exceed a PSA of 120 Å. 

For CNS drugs, their PSA values should not exceed 70 Å. 

Rotatable Bonds 

• A rotatable bond is defined as any single bond, not in a ring, bound to a nonterminal heavy 
(nonhydrogen) atom. Amide C-N bonds are not rotatable because of their high barrier to rotation, thus 
possessing a partial double bond character.

• The number of rotatable bonds influences both bioavailability and binding potency. Generally speaking, 
when all is equal or similar for two drugs, the one with fewer rotatable bonds has higher absorption.

• Example 

 

The rotatable bond count for propranolol
is 6 and that of atenolol is 8 since the C-N bond does 
not count as one. The absorption for propranolol is 
90% and that of atenolol is 50%.

Lipinski’s rule of five طريقه اخرى غير



• In general, two criteria for drugs to be orally bioavailable , either:

• a polar surface area ≤140 Å and ≤10 rotatable bonds or
• ≤12 HBDs and acceptors in total and ≤10 rotatable bonds 

• Some researchers set the limit of rotatable bonds to ≤7 as analysis shows a 
marked improvement in oral bioavailability for such molecules.



Improvement of solubility: medicinal 
point of view

• For a drug to be absorbed, it has to be dissolved first. Not surprisingly, aqueous 
solubility is a key factor to influence a drug’s bioavailability. A superb review by 
Walker on improving solubility via structural modification was published in 2015.

•  Tactics to improve a compound’s solubility include:
1- Attaching a basic side-chain
2- Disruption of aromaticity
3- Disrupting hydrogen bonding
4- Certain subtle changes. Class I

High solubility
High permeability

Class II
Low solubility

High permeability
Class III

High solubility
Low permeability

Class IV
Low solubility

Low permeability
FDA’s Biopharmaceutical Classification System (BCS) 




