
Drug discovery by small molecules accelerated after the emergence of the Rule of 5, a 
guideline defined by factors governing drug-likeness, such as membrane permeability and metabolic stability. 
To expand the drug discovery field to tough targets such as intracellular protein-protein interactions, it is critical 
to utilize compounds of molecular weight larger than 500 g/mol. One possible approach is to utilize cyclic 
peptides. However, outside the scope of the Rule of 5, general guidelines akin to the Rule of 5 have not been 
elucidated. In this study, we identified several governing factors needed for cyclic peptides to acquire drug-
likeness—here defined as the compatibility of membrane permeability and metabolic stability—outside the 
scope of the Rule of 5.
To find a drug-likeness area and to determine the particular structural features that grant peptides drug-
likeness, we evaluated the membrane permeability and metabolic stability of more than 700 cyclic peptides. 
The results suggest that a drug-likeness area can be defined by cyclic peptides, having about 11 residues, 
more than half of N-alkyl amino acids, and calculated logP (ClogP) of 12.9 or more. It is noteworthy that 11-
residue peptides showed better possibility to be drug-like than peptides with fewer residues. This observation 
could be explained by the following hypothesis. Because 11-residue peptides like Cyclosporin A are structurally 
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more flexible, a more lipophilic conformation could be feasible in the lipophilic membrane, while oxidative metabolism could be suppressed by a more hydrophilic conformation in water. Furthermore, an effect caused by 
differences in N-alkyl patterns on membrane permeability could be recognizable. The effect can be due to the ease of taking the lipophilic structure in the membrane. Moreover, we confirmed that it is preferable not to contain 
ionic functional groups. The number and types of acceptable polar functional groups would be more restricted compared to those of small molecules. Finally, the oral absorption of our drug-like cyclic peptides was validated by 
pharmacokinetic studies in several animal species.
The proposed criteria for drug-like cyclic peptides could be utilized both to design libraries for obtaining drug-like hits against intracellular targets and to facilitate optimization of them to a clinical compound.

Proposed criteria for drug-like cyclic peptides

Peptide Design for Drug-likeness Study as 1st campaign

Cyclosporin A

53 incorporated amino acids

Part I. 11-residue peptides showed better possibility to be drug-like 
than peptides with fewer residues

8-residues 11-residues
hLM CLint,mic (+)
(µL/min/mg protein)
● ≤ 100
● > 100

Part II. Drug-likeness area can be defined by approximately 11-
residue cyclic peptides with higher N-alkylation, higher lipophilicity, 
and fewer polar functional groups

 Various types of
amino acids

hLM CLint,mic (+) = 72 µL/min/mg protein
Caco-2 Papp = 6.3 x 10-6 cm/s

 Parameters of Cyclosporin A were referred
 Positions of N-alkyls and an OH group were randomly arranged to give a variety

of structures

etc…

Permeable
Stable

Schematic representation of the conformational flexibility of 8- and 11-residue cyclic peptides

Our hypothesis to explain the observation

11-residue peptides from 1st, 2nd and 3rd campaign
with ClogP ≥ 12.9 and the number of N-alkyls  ≥ 6

Drug-like

11-residue peptides with 0~1 OH group from 1st and 2nd campaign

 There is a clear difference in permeability of each N-alkyl pattern
 Permeability difference was observed between similar sequences with only one part difference in

N-alkyl patterns
 hLM CLint,mic were acceptable for almost all N-alkyl patterns (data not shown)

11-residue peptides from 1st, 2nd and 3rd campaign
with 6 N-alkyls and 0~2 OH groups

ClogP
● < 11
● 11~12.9
● ≥ 12.9

C-term

N-term

Part III. Peptides satisfying our drug-like criteria showed 
acceptable oral bioavailability and in vivo exposure

Conclusion
By comprehensively investigating the individual membrane permeability or metabolic stability of more than 700 cyclic peptides, this study 
revealed several key tendencies and proposed criteria for drug-like cyclic peptides

 around 11-residues, the number of N-alkyls ≥ 6, ClogP ≥ 12.9, and restricted polar functional groups
 The effect on the permeability by specific differences in N-alkyl patterns

Pharmacokinetic parameters of these peptides  in micein vitro properties of drug-like 
11-residue peptides

 5/9 peptides showed F of ≥15%
Pharmacokinetic parameters of 131 in various species
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iv, intravenous administration; po, oral administration; CL, in vivo plasma clearance; Vss, volume of distribution at the steady state;  
AUCinf, area under the curve from the time of dosing to the last measurable concentration and extrapolated to infinity; F, bioavailability

• Data of CL, Vss, AUCinf, and F are expressed as the mean ± SD of three animals
• * indicates that the data are expressed as the mean of four animals

• hLM CLint,mic (+), human LM CLint,mic with NADPH

 131 showed F of around 20% or more regardless of animal species

● 1st campaign, undrug-like
● 1st campaign, drug-like
● 2nd campaign

• 2nd campaign: 60 peptides with 11-residues, N-alkyl ≥ 6, ClogP ≥ 12.9, and 0~1 OH group
• 3rd campaign: 106 peptides with 11-residues, N-alkyl ≥ 6, ClogP ≥ 12.9, 0~3 OH groups, and 0~1 ionic functional group
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