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Abstract
β-amino acids are an important class of macromolecules. They play role in life for survival. β-amino acids gained 

significant interest due to their interesting pharmaceutical uses as hypoglycemic, antiketogenic characteristics, sterile 
and antifungal activities, anthelminthic as well as potent insecticidal characteristics. These are vital building blocks for 
the preparation of pharmaceutical and agrochemical target molecules. These are utilized in development of drugs, 
bimolecular structure and molecular recognition. They are also important in treatment of different diseases which are 
viral to human health. They play important role in regulation of nutritional metabolism and immunity. It has also led 
to their wider adoption as intermediates in new drugs and has been a focus of considerable attention in medicinal 
chemistry. β-amino acids have found extensive applications as components of biologically active peptides and small 
molecule pharmaceuticals. Synthetic derivatives of biologically relevant peptides incorporating β-amino acids often 
display interesting pharmacological activity, with increased potency and enzymatic stability. β-peptides participate in 
arrangement of incredible stable auxiliary structures. This review summarizes recent developments about the different 
roles of β-amino acids in human biology and some implications in medicinal chemistry.
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Introduction
β-amino acids gained significant interest due to their remarkable 

pharmaceutical uses as hypoglycemic, antiketogenic characteristics, 
sterile and antifungal activities, anthelminthic as well as potent 
insecticidal characteristics [1-3]. These are vital building blocks for the 
preparation of pharmaceutical and agrochemical target molecules [4]. 
These are utilized in development of drugs, bimolecular structure and 
molecular recognition [5].

β-amino acids have found extensive applications as components 
of biologically active peptides and small molecule pharmaceuticals. 
Synthetic derivatives of biologically relevant peptides incorporating 
β-amino acids often display interesting pharmacological activity, with 
increased potency and enzymatic stability. β-peptides participate in 
arrangement of incredible stable auxiliary structures [6]. β-peptides are 
extremely steady biomolecules against in vitro and in vivo proteolytic 
degradation. They were utilized to prepare antibiotics such as 
magainins that was exceptionally strong but it was not easy to utilize 
it as simple drugs due to degradation by proteolytic enzymes in bodies 
[7,8]. Most of amino acids and derivatives of beta family of amino acids 
are discussed in this review.

Taurine

An amino acid that is totally different from other famous families 
of amino acids is Taurine (Figure 1) that has sulphonic group instead 
of carboxylic group. Human liver cells synthesize the Taurine from 
cysteine and methionine. It is a polyvalent β-amino acid. It also has most 
significant activities. It is also called as Anti-oxidant and membrane 
stabilizer. Taurine has numerous therapeutic applications in curing 
of AIDS, growth, diabetes, congestive heart failure, athletic wounds, 
interstitial cystitis, wretchedness, fibromyalgia and joint pain. Taurine 
is likewise critical in reestablishing the kidney lessened gluthathione 
(GSH) material and GSH peroxidase activities and furthermore to 
diminish the platinum gathering and MDA creation in kidney. Taurine 
additionally opposes against cisplatin-induced histopathalogical shifts 
inside kidneys [9-11].

Transforming growth factor

Transforming growth factor beta (TGF-β) (Figure 2) has several 
profibrogenic, anti- immunosuppressive and inflammatory effects. 
The stability of these activities is required for maintaining tissue 
homeostasis. Both, (TGF-β) excess and deficiency are causal for the 
development of fibrotic and autoimmune liver diseases respectively 
which can be inhibited by anti-(TGF-β) treatments like neutralizing 
antibodies. In the liver, (TGF-β) is a very potent profibrogenic mediator 
of cellular responses leading to tissue repair, ECM production, growth 
regulation, and apoptosis [12].

Amyloid-β peptide

Amyloid-β peptide (Aβ) interrelates with vasculature to sway Aβ 
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Figure 1: Taurine.
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stages in cerebral blood flow and brain, and provides a way of increasing 
the Aβ-induced cellular stress underlying neuronal dysfunction and 
dementia (Figure 3). Deposition of Amyloid-β peptide (Aβ) in the 
central nervous system (CNS) is enhanced in Alzheimer disease. Aβ 
is neurotoxic and brings oxidant stress in the endothelial cells [13]. 
Alzheimer’s disease (AD) is characterized by synaptic and axonal 
deterioration along with the neurofibrillary tangles and β-amyloid 
supplies entitled senile plaques. The β-amyloid peptides (Aβ(1–40), Aβ(1–

42)) of 40-42 amino acid lengths are the chief components of the amyloid 
deposits [14].

β-defensins

Antimicrobial peptides are relatively small molecules, less than 100 
amino acids, which have a broad spectrum of antimicrobial activity. 
They serve as an ancient defense mechanism against pathogenic 
microorganisms that can easily come interact with the host through 
the environment. These molecules are considered as part of the innate 
immune system of all species. Avian antimicrobial peptides are one 
of them. They are also known as β-defensins. Defensins-cysteine-rich 
antimicrobial peptides are with a triple-stranded β-sheet structure. 
Most defensins have showed antimicrobial activity (Figure 4) against a 
wide range of pathogens including bacteria and fungi [15].

β-Amino amides

A novel arrangement of β-amino amides consolidating melded 
heterocycles, i.e., triazolopiperazines, were orchestrated and assessed 
as inhibitors of dipeptidyl peptidase IV (DPP-IV) for the treatment of 
diabetes type 2. Recently, the incretin hormone Glucagon like Peptide-1 
(GLP-1) (Figure 5) has been utilized to cure the type 2 diabetes. This 
peptide hormone is released from the gut in response to food intake. 
GLP-1 has a clearly well-known part in glucose homeostasis through 
stimulus of insulin biosynthesis and excretion, and embarrassment 
of glucagon release. Prominently, GLP-1 normalizes the insulin in a 
rigorously glucose-dependent manner. Thus, GLP-1 therapy can pose 
either little risk or no risk of hypoglycemia. Other known impact of 
GLP-1 therapy comprises the decelerating gastric discharging and 
reduction of appetite. Active GLP-1 (GLP-1[7-36] amide) is quickly 
ruined in vivo through the action of dipeptidyl peptidase IV (DPP-
IV), a serine protease which splits a dipeptide from the N-terminus 
to give the inactive GLP-1[9-36] amide. Therefore, a small-molecule 
inhibitor of (DPP-IV) would rise the half-life of active GLP-1 and 
extend the beneficial effects of this incretin hormone. (2R)-4-Oxo-4-
[3-(trifluoromethyl)-5,6-dihydro[1,2,4] triazolo[4,3-a]pyrazin-7(8H)-
yl]-1-(2,4,5-trifluorophenyl)butan-2-amine is a powerful, vocally active 
(DPP-IV) inhibitor with excellent selectivity above the other proline-
selective peptidases [16].

Fascins
Fascins are evolutionarily conserved actin-binding proteins that 

are existing in both invertebrate and vertebrate animals. Fascins are 
C.493 amino acid polypeptides that are distinctive in sequence from 
all other actin-bundling proteins. Sequence pattern analysis and a 
crystal structure of fascin-1 exposed that fascins are members of the 
beta-trefoil fold family of proteins and fascins contain four beta- trefoil 
domains of amino acids. Recent data from several laboratories have 
indicated that fascin is up-regulated in several human carcinomas 
(Figure 6) and in individual tissues, correlates with the clinical violence 
of tumors and poor patient survival. The identification of biomarkers 
to offer more effective initial diagnosis of potentially violent tumors, 
or identify tumors liable to targeted therapies, is an important aim in 
clinical research [17].

Estrogen

Estrogen and its receptor (ER) play important roles in the genesis 
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Figure 2: TGF-β.

 
Figure 3: Amyloid-β peptide (Aβ) interactions.

 

Figure 4: Roles of β-defensins.
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and malignant progression of breast cancer. Modulation of the ER 
function might be a promising tool with which to control breast cancer. 
In fact, anti-estrogens are widely used for its therapy. The expression 
of ERα is closely associated with breast cancer biology, especially the 
development of tumors; for example, breast carcinomas which lack ERα 
expression often reveal more aggressive phenotypes. On the other hand, 
another ER, ERβ, was recently identified. Subsequently, numerous 
studies have reported on the expression of ERβ in various cancers, 
including our observations in breast, lung, and stomach. Immuno-
histo-chemical studies suggest that ERβ tends to be expressed in ERα 
positive breast cancers (Figure 7), and that there are ERα and ERβ co-
expressing cells in human breast cancer. Furthermore, the existence of 
various variant forms of ERβ has been reported in breast cancer cells 
[18].

Beta-1-Adrenergic Receptor (βl-AR) blockers

Beta-1-adrenergic receptor (βl-AR) blockers not only reduce the 
incidence of sudden death but also reduce the ventricular volume 
in heart failure. In vitro, the Gly389 variant of β1-AR mediates less 
adenylyl cyclase activities than the Arg389 variant (Figure 8), so 
Arg389Gly polymorphism was investigated with regard to the genesis, 
progression, or arrhythmogenesis of dilated cardiomyopathy (DCM). 
In conclusion, this is the first study to demonstrate that the Gly389 
allele of the β1-AR gene suppressed the occurrence of VT in patients 
with DCM, suggesting the possibility that it deliberates a decreased risk 
of sudden death [19]. Similarly, the beta-2 adrenergic receptor (β2-AR) 

has involved in the pathogenesis of hypertension, both on the basis of 
studies suggesting altered β2 mediated vasodilatation and on the basis 
of molecular genetics association. Recently, a relationship between 
the Arg160Gly polymorphism in the β2AR gene and hypertension 
in an African-Caribbean population was observed. It was found that 
the Gly16 allele was more common in hypertensive subjects than in 
normotensive African-Caribbean controls. Because the Gly16 allele 
directs an increased propensity for depressed regulation of the receptor, 
there is a possibility that an impaired vasodilatation in peripheral 
arteries in response to β2AR agonists may play a role in the hypertension 
of individuals carrying the Gly16 allele [20].

β-thromboglobulins

One of the earliest events during host defense is the recruitment 
of neutrophil granulocytes to sites of tissue injury. Several chemotactic 
cytokines belonging to the CXC subfamily of chemokines are thought 
to be implicated in this kind of response. Especially those CXC 
chemokines that are stored in blood platelets and become immediately 
released upon activation are likely to dominate neutrophil-dependent 
host defense at the on-set of inflammation. The major platelet-derived 
CXC chemokines are the β-thromboglobulins (Figure 9) and platelet 
factor 4 (PF-4), which are both released into the blood at micro molar 
concentrations. The collective term “β-thromboglobulins’’ stands 

Figure 5: GLP-1 and diabetes.

 
Figure 6: Cellular pathways that regulate fascin-1transcript and protein.

 
Figure 7: Role of ER in breast cancer.

 
Figure 8: Beta adrenergic receptor kinase activation pathway.
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for a group of homologous and immunologically cross-reactive 
platelet a granule-derived protein, which only differ in the length 
of their amino-termini, Mainly two variants have been identified in 
human platelets [21].

β-alanine

β-alanine (a beta-amino corrosive) has gotten recent interest 
because of its potential impacts on muscle pH and exercise execution 
when stacked more than a few weeks. β-alanine (Figure 10) is the 
rate constraining component for carnosine production, a noteworthy 
H+ cushion found inside muscle fibers (pKa=6.83). Higher muscle-
carnosine fixation may likewise profit practice execution with its 
cell reinforcement properties [22] and by increasing the calcium 
affectability of muscle filaments and calcium discharge channels [23,24] 
and upgrading vessel vasodilatory impacts [25].

Carnosine

Carnosine (Figure 11) is a dipeptide along with a very high amount 
in mammalian skeletal muscle. It is manufactured by carnosine 
synthetase from the amino acids L-histidine and β-alanine, of which 
the second is the rate-limiting precursor, and despoiled by carnosinase. 
Recent researches have exposed that the chronic oral ingestion of 
β-alanine can significantly (up to 80%) raise the carnosine content of 
human skeletal muscle. Remarkably, muscle carnosine filling leads to 
enhanced performance in high-intensity workout in both untrained 
and trained individuals. Although carnosine is not involved in the 
classic ATP-generating metabolic pathways, this suggests an important 
role of the dipeptide in the homeostasis of contracting muscle cells, 
especially during high rates of anaerobic energy delivery. Carnosine 
can offset acidosis by acting as a pH buffer, but improved contractile 
performance may also be obtained by enhanced excitation-contraction 
coupling and defence against reactive oxygen species [26-31]. Beta-
alanine is rapidly rising as a popular ergogenic nutritional increment 
for athletes worldwide, and the currently accessible scientific prose 
proposes that its practice is evidence-based. However, many aspects 
of the increment, such as the potential side-effects and the mechanism 
of action, entail additional and thorough analysis by the sports science 
community [32-34].

β-glucans

β-Glucans are polysaccharides of D-glucose monomers linked 
through β-glycosidic bonds. As a variety of dietary fiber (DF), β-glucan 
can be established in a collection of common sources, for example; 
mushrooms, green growth, yeast, microscopic organisms, oat and 
grain [35]. Due to their interesting somatic and biological properties, 
β-Glucan displays a broad spectrum of biological actions including 
immune-modulating (Figure 12), anti-tumor, anti-inflammatory 
properties, and anti-aging [36].

β-Lactam

β-Lactam or azetidin-2-one is a significant structural motif of the 
penicillin, cephalosporin, carbapenem, and carbecephem types of 
antibiotics [37]. Naturally arising as well as artificial monobactams, 
such as nocardicins and tabtoxin, are also recognized for their exclusive 
antibacterial activities. Cispentacin exhibits a strong antifungal in 
vitro activity against various Candida strains, e.g., Candida albicans, 
Candida krusei and Candida utilis. It revealed its weakness in vitro 
activity against Trichophyton mentagrophytes, while not in vitro 
activity was observed against Cryptococcus and Aspergillus species 
[38-40]. Sitagliptin phosphate (JanuviaTM) was the first permitted drug 
to switch the blood glucose concentration [41]. Sitagliptin comprises 
an (R)-3-amino-4-(2,4,5-trifluorophenyl) butanoic acid subunit [42]. 
Many further derivatives of sitagliptin have been synthetized and tested 
as potential antidiuretic drugs (Figure 13) [43].

Vitronectin receptor

The integrin receptor αvβ3 “vitronectin receptor” (a hetrodimeric 
protein) is a fascinating therapeutic target in the treatment of 
osteoporosis, restenosis, cancer growth and metastasis. Derivatives of 
(R)-3amino-3-(3,5 dichlorophenyl) propanoic acid and (S)-3-amino-

 

Figure 9: Domain structure of β-thromboglobulins. NH2 OH
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Figure 11: Carnosine.

Figure 12: The effects of β-glucan on human immune.
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3-(3-pyridyl) propanoic acid have experienced as integrin receptor 
antagonists [44,45]. Elarofiban (RWJ-53308) is a fibrinogen receptor 
antagonist along with an antithrombotic effect [46]. It holds an (S)-
3-amino-3-(3-pyridyl) propanoic acid subunit. Derivatives of (R)-3-
amino-3-phenylpropanoic acid, (R)-3-amino-3-(3-pyridyl) propanoic 
acid and (R)-3-amino-5-phenylpentanoic acid have been tested as 
hepatitis C virus (HCV) NS5B polymerase inhibitors, a valid target for 
antiviral therapy against HCV [47,48]. (R)-3-amino-3-phenylpropanoic 
acid and (R)-3-amino-3-benzo (1,3) dioxol-5yl propanoic acid have 
introduced into anti-inflammatory bradykinin B1 receptor (protein 
coupled receptor) antagonists [49,50]. Another β-amino acid, (R)-3-
amino-3-(3-fluorophenyl) propanoic acid, has also been utilized in the 
production of antagonists of chemokine receptors, anti-inflammatory 
agents [51]. Furthermore, several β-aryl, β-heteroaryl and β-arylalkyl-
β-amino acid enantiomers have experienced as constituents of 
anticancer agents [52,53].

Conclusion
From this discussion it has been concluded that β-amino acids and 

derivatives have potential therapeutic values on account of bearing 
varieties of biological activities including antifungal, antitubercular, 
antibacterial and anticancer. They are also used in the treatment of many 
diseases and health issues. β-amino acids gained significant interest due 
to their interesting pharmaceutical uses as hypoglycemic, antiketogenic 
characteristics, sterile and antifungal activities, anthelminthic as well 
as potent insecticidal characteristics. These are vital building blocks for 
the preparation of pharmaceutical and agrochemical target molecules. 
These are utilized in development of drugs, bimolecular structure and 
molecular recognition. They are also important in treatment of different 
diseases which are viral to human health. They play important role in 
regulation of nutritional metabolism and immunity. It has also led to 
their wider adoption as intermediates in new drugs and has been a 
focus of considerable attention in medicinal chemistry. β-Amino acids 
have found extensive applications as components of biologically active 
peptides and small molecule pharmaceuticals. Synthetic derivatives of 
biologically relevant peptides incorporating β-amino acids often display 
interesting pharmacological activity, with increased potency and 
enzymatic stability. β-peptides participate in arrangement of incredible 
stable auxiliary structures. No doubt, the growing interest in β-amino 
acids will prove to be a great challenge and stimulate new and improved 
methods for the synthesis of their biological active derivatives in near 
future.
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