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1

1.1  Introduction

The growing importance of peptide drugs within the pharmacopoeia has become 
evident over the past several decades. Among the factors that have contributed 
to this trend is the recognition that peptide ligands regulate a multitude of physi-
ological pathways and are often suitable for therapeutic applications, in either 
their native or modified form. In addition, certain attributes that are unique to 
peptides, such as their high selectivity, potency, and lack of toxicity, have ulti-
mately become appreciated. The alternative means of drugging peptide recep-
tors through target‐directed screening or rational design of orally available small 
molecules have, with few exceptions, proved unproductive. Mimicking the activ-
ity of a peptide agonist is highly challenging, particularly in the case of Class II 
G‐protein‐coupled receptor (GPCR) targets. Successful examples have typically 
involved receptor antagonists such as neurokinin, angiotensin, endothelin, and 
orexin. These lessons have increasingly led drug discovery scientists to consider 
peptides as legitimate drug candidates, rather than leads or proof‐of‐concept 
models for small‐molecule programs. Peptide medicinal chemists have also had 
to confront and overcome shortcomings such as rapid metabolism, clearance, 
production costs, and limited alternative delivery options. In the present 
chapter, we highlight the role of peptides in therapeutic areas such as metabolic 
disease, where peptides have been well established, as well as in areas where their 
impact has been minor, but now rapidly expanding. We also emphasize examples 
where time‐extension strategies and alternative delivery routes have helped 
establish and strengthen the position of peptide drugs in competitive markets. 
Finally, we explore two novel trends in peptide drug discovery, macrocyclic and 
cell‐penetrating peptides, both of which may expand future opportunities for 
peptide therapeutics.

Trends in Peptide Therapeutics
Florence M. Brunel1, Fa Liu2, and John P. Mayer3

1 Novo‐Nordisk Research Center, 5225 Exploration Dr., Indianapolis, IN, 46241, USA
2 Novo‐Nordisk Research Center, 530 Fairview Avenue North, Seattle, WA, 98109, USA
3 University of Colorado, MCD Biology, 1945 Colorado Avenue, Boulder, CO, 80309, USA



1 Trends in Peptide Therapeutics4

1.2  Peptides in Metabolic Diseases

The global epidemic of type 2 diabetes and obesity continues unabated, impact-
ing quality of life, life expectancy, and economic well‐being. Health‐care organi-
zations have devoted enormous resources toward the treatment of metabolic 
diseases, often dramatically improving patient outcomes [1]. Perhaps more than 
in any other therapeutic area, peptides have had a unique and indispensable role 
in treating type 1 diabetes mellitus (T1DM) and type 2 diabetes mellitus (T2DM) 
as well as obesity. This section will provide an overview of approved insulin, 
GLP‐1 (glucagon‐like peptide‐1), and glucagon peptide drugs as well as those in 
late‐stage clinical development.

1.2.1 Insulins

Insulin, which was discovered by Banting and Best in 1921, became commer-
cially available only one year after its discovery (Figure 1.1) [2]. In spite of its 
miraculous potential, the short duration of action of early insulin preparations 
(four to six hours) required multiple daily injections and prompted the search for 
longer acting formulations. The first of these, insulin neutral protamine 
Hagedorn (NPH), developed in the 1940s, consisted of an insulin suspension 
complexed with protamine, a cationic protein isolated from fish sperm. The slow 
disassociation of the NPH complex delayed absorption from the injection site, 
prolonging insulin action to a range of 12 to 18 hours [3]. Insulin Lente, intro-
duced in the 1950s, involved a neutral pH suspension of insulin formulated with 
excess zinc, which extended the duration of action to 24 hours and beyond [3]. 
Between the 1920s and the early 1980s, commercial insulin production relied on 
extraction of pancreatic glands from cows and pigs. The advent of biotechnology 
enabled the production of rDNA‐derived human insulin in the early 1980s in 
sufficient quantity to satisfy the needs of the diabetic population, gradually 

Figure 1.1 Sequences of human, porcine, bovine, and the commercially key insulin analogs.


