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Abstract 
Epigenetic therapeutics are the new generation of chemotherapeutics for treatment of cancer, and histone deacetylase inhibitors 

have been actively discovered in this category They target the biological processes including the cell cycle, apoptosis, DNA 

repair, cell cycle control, autophagy, metabolism, senescence and chaperone function. Several families of histone deacetylase 

(HDAC) inhibitors have been synthesized and evaluated. Their positive effects on the cell cycle have been demonstrated in 

biological models and in clinical trials. Recently Food and Drug Administration has approved Vorinostat, Romidepsin and 

Belinostat for oncologic indications of refractory cutaneous and peripheral T cell Lymphoma. These advances have provided the 

motivation to develop more potent and selective inhibitors and target other pathologic conditions with these drugs. Major 

ongoing efforts are to develop inhibition as monotherapy, rational combination with chemotherapy and other targeted drugs. 

Some progress is made into developing isoform specific drugs. In this perspective, the biological functions and potential 

substrates of histone deacetylase enzymes are reviewed and the characteristics of this inhibitors are discussed in respect with 

anticancer activity and further therapeutic interest. 
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Introduction 
Epigenetic changes are sometimes cause of cancer 

because they cause the silencing of certain genes, while 

permitting transcriptional changes to other genes. It 

result in differences from the parent cell line, damage of 

cell regulation and cell immobilization.1-7 The study in 

phenotype without the corresponding change in 

genotype is thus termed as Epigenetics. It comprises 

modifications in heritability of phenotype from a 

particular cell to an entity. A group of key players in 

transcriptional regulation are two group of enzymes that 

are histone acetyl transferases (HATs) and histone 

decetylases (HDACs) that regulates the N-Ɛ-lysine 

acetylation and deacetylation of histone.1,2 Histone 

deacetylase inhibitors may activate or inactivate or 

modulate the activities of biological cell cycle.3,4 

Therefore histone deacetylase inhibitors are the main 

targets for treating human disorders such as cancer, 

parasitic and inflammatory diseases. In this review, 

inhibitors primarily acting on cancerous cell are 

described along with drugs in clinical use as well as 

those molecules which are under development. 
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Fig. 1: The balance of histone acetylation and deaceylation 

 

The level of histone tail acetylation which 

determines the chromatin state is the result of the 

completing actions of histone acetylase and histone 

deacetylase enzymes. Histone deacetylase inhibitors 

change this balance by inhibiting that enzyme, thereby 

resulting in increased in histone acetylation. Histone 

acetylase and histone deacetylase two classes of 

enzyme work in opposing direction either by the 

transfer of acetyl group from acetyl Co A with the help 

of histone acetylase (HATs) or removing acetyl group 

with histone deacetylase (HDACs) from lysine residue 

of histone tails.5,6 Disturbance of Histone acetylase 

transferase (HAT) and Histone deacetylase (HDACs) 

activities has been connected with the increase of a 

varied range of human cancers. Histone deacetylase 

(HDACs) inhibitors cause o increase of the acetylated 

level of histones, which in turn stimulate the re-

expression of silenced controlling genes in cancer cells 

and inverse the malignant phenotype. Outstanding to 

this influence, Histone deacetylase (HDACs) inhibitors 

have recently emerged as potential cancer therapeutic 

agents. 

 

Proteic Characteristics and Classification of HDAC 

Inhibitors: The basic unit of chromatin is the 

nucleosome, which comprises of 147 base pairs of 

DNA super helix wrapped around the histone core 

consisting of two copies each of core histones. Histones 

are the primary protein components of chromatin of 

five classes (H1, H2A, H2B, H3 and H4). H1 is a linker 

histone and the remaining are core histones. The core 

plays an important role in establishing interactions 

between the nucleosomes and within the nucleosome 

particle itself. The N terminals of core histones are 

flexible and unstructured, but the rest are predominantly 

globular and well structured. Chromatin adopt diverse 

conformational changes which subject on epigenetic 

alterations in DNA and in histone tails that device 

initiation or suppression of gene transcription. There is 

existent of eight distinct histone post transcriptional 

modifications which are acetylation, methylation, 

phosphorylation, ubiquitylation, sumoylation, AD 

Pribosylation, deamination and proline isomerization.  

In eukaryotic cells, DNA wraps around histone 

proteins, creating complexes called nucleosomes that 

are packed inside the nucleus. How tightly the 

negatively charged DNA is wrapped around histones 

depends on acetylation state on histone lysine residue, 

particularly on histone H3 and H4.7,8 

HATs add an acetyl group from acetyl co A to the 

lysine amino group which reduces the positive charge 

on the histones. When histone are acetylated, the DNA 

is more loosely wrapped leading to gene activation. 

HDACs on the other hand cause deacetylation, resulting 



Bhavini K Gharia et al. Current perspective of histone deacetylase inhibitors: A review 

International Journal of Pharmaceutical Chemistry and Analysis, July-September, 2018;5(3):108-122 110 

in positively charged histones that are more tightly 

wrapped by DNA. Histone deacetylation is correlated 

with gene repression. The mechanism of action of 

HDAC inhibitors seems to be multifaceted. HDACs 

inhibitors are thought to reduce the deacetylation levels 

of histone proteins that are over expressed in cancerous 

cells. HAT/HDAC enzymes are capable of regulating 

both histone and non-histone proteins. Therefore they 

are able to exert their therapeutic activity through both 

histone and non-histone pathways.9,10 

Inhibitors of HDACs enzymes are known to induce 

cell cycle arrest, p53 independent induction of cyclin 

dependent kinase inhibitor p21, tumour selective 

apoptosis and differentiation of normal and malignant 

cells. So, this direct and indirect effect of HDAC 

enzyme on tumour cells and metastasis make histone 

deacetylase inhibitors (HDACi) as potential class of 

anticancer agents.11,12 There are two major pathways of 

apoptosis, first “extrinsic pathway” or death receptor 

pathway and second is “intrinsic pathway” or 

mitochondrial pathway. All HDAC inhibitors have been 

reported to follow either one or both of these cell death 

pathways in many cancer models. The proposed 

mechanisms of cancer cell death resulting from HDAC 

inhibitor treatment are as following: 

1. Death receptor (Extrinsic) pathway of apoptosis 

2. Mitochondrial (Intrinsic) pathway of apoptosis 

3. Inhibition of angiogenesis 

4. Generation of reactive oxygen species 

5. Autophagy, etc. 

Intrinsic pathways are triggered by disruption of 

mitochondrial membranes in cellular stresses such as 

chemotherapy, ionizing radiation and withdrawal of 

growth factors and Extrinsic pathway is originated by 

binding of ligands, such as Fas ligand (Fas L), tumor 

necrosis factor (TNF) and TNF – related apoptosis 

inducing ligand (TRAIL) to their respective cell surface 

death receptors (DR). 

 Histone deacetylase inhibitor can also block tumor 

angiogenesis by reserving of hypoxia inducible factors 

(HIF) mechanism. Hypoxia controls gene expression of 

Vascular Endothelial Growth Factor (VEGF) by 

alleviating the transcription factor HIF 1α where as 

tumor suppressor gene Von Hippel Lindua (VHL) 

damages HIF1α. They disrupt heat shock protein 90 

(Hsp90) mediated chaperone function and expose HIF 

1α to proteosomal degradation which contribute to the 

anti-angiogenic pathway. HDAC inhibitors indirectly 

damage DNA by encouraging changes in chromatin 

conformation upon histone acetylation. It might expose 

the DNA to UV rays, ionizing radiation, reactive 

oxygen species and chemotherapeutic genotoxic 

chemicals.13-15 

Generation of reactive oxygen species (ROS) is 

another key event in this inhibitor to induced cell death, 

causing DNA damage. Free radical scavengers like N-

acetyl cysteine reduce generation of reactive oxygen 

species which leads to cell death.16,17 

 

 

Fig. 2: Mechanism of histone deacetylase enzyme 

 

Initial Development of HDAC in Clinical use of 

Cancer: There are four classes of HDAC on their 

sequence homology to saccharomyces cerevisiae 

HDACs.18,19 Eighteen distinct human HDACs are 

grouped in this four main category. The HDAC family 

is divided into Zn dependent (Class I and Class II) and 

NAD –Dependent (Class III) enzymes. The Zn-

dependent enzymes have been the focus of intense 

research, while the Sir 2 family recently implicated in 

acetylation and regulation of key cell cycle proteins 

such as p53. Till date, eleven HDAC family members 

in classes I and II are characterized .i.e. HDACs 1,2,3,8 

are class 1 and HDACs 4-7,9,10 are class II, a grouping 

based on the sequence similarity. The most recent 

identified member of HDAC family is HDAC 11 

comprising in Class IV. 
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Table 1: Classification of histone deacetylase enzyme 

Zn dependant HDAC NAD-dependant HDAC  

Inhibited by Trichostatin A(TSA) Inhibited by nicotinamide  

Class I Class II Class III 

HDAC 1 HDAC 4-7 SIRT 1-7 

HDAC 2 HDAC 9  

HDAC 3 HDAC 10  

HDAC 8   

HDAC 11   

 

Class I family are homologous to yeast RPD-3 

(reduced potassium dependency-3). They share a 

compact structure. They are predominantly nuclear 

proteins and ubiquitously expressed in most tissues and 

cell lines. Class II are homologous to yeast HDA-1-

protien (Histone deacetylase-1). It can be subdivided 

into two subclasses. Class IIa (HDAC 4,5,7,9) have one 

catalytic domain and long amino terminal adapter 

domain. Class II b (HDAC 6, HDAC 10) have two 

catalytic domain. Class II family HDACs are mainly 

confined in the cytoplasm, however depending upon the 

phosphorylation status they are split between the 

cytoplasm and nucleus. Class III inhibitors are also 

known as sirtuins as they comprise of seven members 

and they share sequence homology with yeast silent 

information regulator-2 (Sir-2) protein. They do not  

 

 

contain zinc and their activity require nicotinamide 

adenine dinucleotide (NAD+). Sirtuins (SIRTs) are 

found in three important cellular compartments: 

nucleus, cytoplasm and mitochondrion. 

Phylogenetically SIRTs are distributed into four classes 

(SIRT 1, SIRT 2 and SIRT 3 belong to class 1, SIRT4 

to class-II, SIRT 5 to Class III, and SIRT6 and SIRT7 

to class IV.) HDAC 11 has conserved residues in its 

catalytic center that are shared by both class I and Class 

II deacetylase and placed in Class IV.20,21 

 This review provide broad information on 

Structure activity relationship (SAR) development of 

this inhibitors and their modelling and binding mode of 

inhibitors are studies. The model propose that cap, zinc 

binding site and saturated or unsaturated linker that are 

essential pharmacophoric feature in the core scaffold. 

 

 
Binding inhibition of class ii inhibitor of histone deacetylase inhibitor 

 

 
Binding inhibition of class iii inhibitor of histone deacetylase inhibitor 

Fig. 3: Amino Acids involved in the binding of inhibitors 
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Fig. 4: Systematic representation of amino acid interaction in the pockets 

 

As shown in the Fig. 4, there are different binding 

regions that are represented by S1 and S2 pockets. As 

shown in the figure, S1 pocket contains amino acid 

such as Phe152, Phe 208, Tyr 306 which represents the 

hydrophobic site. The S2 pocket is involved in bridge 

formation with the interactions with the cationic group 

and in the main binding site involving the residue Asp 

178 and Asp267. Because of the large diversity of the 

chemical structures that able to inhibit HDAC, each 

inhibitor will display a slightly or largely different 

mode of binding than this inhibitor, involving other 

amino acids. 

 

Basic Structure of Zinc Binding HDAC Inhibitors 

Most of zinc-dependent HDAC inhibitors have 

common pharmacophore consisting of three distinct 

features which are as follows. 

1. Cap group or surface recognition unit, usually a 

hydrophobic and aromatic group, which interacts 

with the rim of the binding pocket.  

2. Zinc binding domain (ZBD) such as hydroxamic 

acid, carboxylic acid or benzamide groups, which 

coordinates to the active site of Zn+2 ion.  

3. A saturated or unsaturated linker domain with the 

linear or cyclic structure, that connects the cap 

group to the ZBD.22  

 

Crystallographic analyses of HDAC in complex 

with hydroxamate compounds have revealed that the 

capping group is solvent exposed and interacts with the 

amino acid near the entrance of the active site, whereas 

the metal binding moiety resides in the interior of the 

protein and forms complexes with the metal ion. The 

linker serves to position the capping group and the  

 

metal binding domain appropriately for providing high 

affinity interactions with the proteins.23 

It shows the pharmacophoric summary and 

structure of a few selected HDAC inhibitors. The cap 

group, linker and the zinc binding domain (ZBD) are 

indicated by coloured purple, yellow and brown 

respectively. 
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Fig. 5: Pharmacophore of vorinostat (FDA approved 

drug) 

 

The selectivity and potency in these various 

inhibitors depend on variations in any or all three 

domains. Binding modes of these inhibitors have been 

proposed, (Fig. 6) containing different groups such as: 

organic hydroxamic acids analogues, short chain fatty 

acids analogues, benzamides analogues, cyclic 

tetrapeptides analogues and sulphonamide anilides 

analogues. The extensive study of structure activity 

relationship of this inhibitors can be summarized as 

below.  

The zinc binding domain acts as metal binding 

moiety for the attachment of various substituents. It 

contains various functional groups such as hydroxamic 

acids, benzamides, thiols, ketones or epoxides. 

Modifications of the linker group with different chain 

length can be done including aliphatic (in vorinostat 

drug), aromatic substitution (Belinostat drug) or cyclic 

substitutions (in Depsipeptide drug). 
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The cap region contains aromatic groups such as 

benzene, pyridine and several fused bicyclic 

heterocycles. Comparing the inhibitory activity (IC50 

value) of different inhibitors containing different 

functional moiety it was found that hydroxamate having 

IC50 value of 110-370 nM was changed to 52nM in 

depsipeptide, 2µM in case of entinostat drug containing 

Benzamide functional group and 50 µM in case of 

valporic acid having carboxylic group. Hence, it was 

observed that hydroxamic acid have more potent 

activity compared to other functional groups such as 

benzamide and carboxylic acid groups attached to the 

main analogue. 

 

 
 

 
Fig. 6: Binding mode of different scaffold based analogues in histone deacetylase inhibitor enzyme 

 

Hydroxamic acid group are the first classes of 

histone deacetylase inhibitors. The first biological 

confirmation of HDAC as a therapeutic target was 

provided by its X ray crystallography. The results then 

permitted for the synthesis of new hydroxamic 

analogues with optimized properties by several 

academic and industrial groups. Considering the 

selectivity of HDAC inhibitors, heterocyclic ring were 

designed in the metal binding site. Later on, several 

other analogues such as depsipeptide, benzamide and 

fatty acid chain were synthesized. Depsipeptide is a 

molecule that has both peptide and ester linkage in the  

 

same amino acid attached with small molecule or a 

chain. The ester moiety is generally accomplished with 

synthetic alteration, making depsipeptide easy to 

prepare for proteolytic enzymes. Similarly benzamide 

moiety with amino and hydroxyl group shown good 

inhibitory activity on the enzyme. Studies revealed that 

anilide moiety was found to have slow effect on the 

enzyme.32 Recently short chain fatty acid also shown 

inhibitory effect on histone deacetylase enzyme. 
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Table 2: List of clinically approved inhibitors 

Name IUPAC 

Name 

Code Name Trade 

Name 

Chemical 

Structure 

Ref Company/ 

Approval 

Vorinostat 

 

(1) 

N-Hydroxy- 

N′-phenyloctane 

diamide 

suberanilohydroxamic 

acid 

Zolinza 
H
N

O

N
H

OH

O

 

27 Merck 

(2006) 

USA 

Depsipeptide 

 

(2) 

1S,4S,7Z,10S,16E,2

1R)-7-ethylidene-

4,21-diisopropyl-2-

oxa- 

12,13-dithia-5,8,20, 

23tetrazabicyclo 

[8.7.6]tricos-16 

-ene-3,6,9,19,22-

pentone 

Romidepsin Istodax 

H3C N
H

ONH

NH

O

O

O
O

CH3

O

H3CS

S

CH3

 

28-29 Gloucester 

Pharmaceuticals 

(2009) 

USA 

Belinostat 

 

(3) 

(2E)-N-Hydroxy-3 

-[3-

(phenylsulfamoyl) 

phenyl] 

prop-2-enamide 

PXD 101 Beleoda

q 

S
N
H

N
H

OH

O
O

O

 

30-38 Spectrum 

Pharmaceuticals 

Inc. 

(2014) 

USA 

Panobinostat 

 

(4) 

2E)-N-hydroxy-3- 

[4-({[2-(2-methyl- 

1H-indol-3-

yl)ethyl]amino} 

methyl)phenyl]acryl 

amide 

LBH -589 Farydak 
H
N N

H

OH

O

HN
CH3

 

39 Novartis 

(2015) 

USA 

 

 

Compound 1 is the first inhibitor used in the 

treatment of Cutaneous T Cell Lymphoma (CTCL) and 

sanctioned by Food and drug administration (FDA). 

After these clinical trials, numerous clinical trials for 

these inhibitors have been accompanied, resulting in the 

approval and marketing of compound 2 and compound 

3 inhibitors  

The biological characteristics of this inhibitors 

differ. Compound 1 is used in phase I and phase II 

clinical trials for haematological malignancies and solid 

tumors27.Maximum tolerated dose is 400 mg once daily 

or 200 mg twice daily. Compound 2 is bicyclic peptide 

isolated from chromobacterium violaceum and 

demonstrated potent in vitro cytotoxic activity against 

human tumor cell lines and in vivo efficacy against 

human tumor xenograft. It is a unique HDAC inhibitor 

prodrug. Dose 17.8 mg/m2/day is recommended.28 In 

the search for the biologically stable HDAC inhibitors 

containing benzamide functional group compound 3 

was developed. It was investigated in many cell lines 

which include hepatocellular carcinoma, human cancer, 

chronic lymphocyctic leukemia, prostate cancer, 

bladder cancer and ovarian cancer cells in.31-37 

Maximum tolerated dose(MTD) is 1000mg/m2 /day. 

Compound 4 is a novel hydroxamate analogue. It 

demonstrated acetylation of histone H3 and H4 by  

 

 

increasing P21 levels, disrupting chaperone function of 

hsp90, induce cell cycle G1 phase accumulation and 

apoptosis of K562 cells and acute leukemia MV4-11  

cells.38 The anti tumor effect of this drug was 

demonstrated in multiple myeloma, NSCLC as well as 

castrate –resistant prostate cancer cell lines. Phase I 

clinical study with oral compound 4 alone or in 

combination with docetaxel is also completed. It is 

being tested against Hodgkin’s lymphoma and 

cutaneous T-cell lymphoma as well as other types of 

cancer. They can block androgen receptor-mediated 

transcriptional activation of many genes and thus may 

result in possible benefit in treating Castration –

resistant prostate cancer.39 

 

More Recent HDAC Inhibitors under Development: 

The clinical success of the FDA approved drugs 

following the initial approval of Vorinostat has also 

stimulated the field to develop and evaluate additional 

HDAC inhibitors in order to obtain the drugs with 

improved properties. Several excellent recent reviews 

have been published covering the development of 

potential new therapeutic HDAC inhibitors. Several 

new molecules have reached different phases of clinical 

trials (Table 3) or are in preclinical evaluation. 
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Table 3: List of inhibitors in ongoing clinical studies 

Name Code Structure Developer Clinical 

Phase 

IC50 

Value 

 Entinostat 

(5) 

MS-275, 

SNDX275 

 H
N

NH2

O

N
H

O

N

O

 

Syndax 

Pharmaceuticals 

II 0.51 

µM 

Abexinostat 

(6) 

PCI-24781 

O O

O

H
N

OH

N

O

 

Pharmacyclins II 7nM 

Givinostat 

(7) 

ITF2357 

O

H
N

OH

O

O
N

HN

 

Investigational 

Orphan status 

(2015 

II 7.5nM 

Mocetinostat 

 

(8) 

MGCD-0103 

N

N

N

N
H H

N

NH2

O
 

Mirati 

Therapeutics Inc 

 

II 0.15 

µM 

Valporic acid 

 

(9) 

Depakene 

OH

O

 

Abbott 

Laboratories 

II 5.5nM 

Pracinostat 

 

(10) 

SB939 

N

N

CH3

N

CH3
CH3

O

N
H

HO

 

MEI Pharma Inc II 40nM 

Resminostat 

 

(11) 

4SC 201 

S
N

OO

O

N

CH3

H3C

N
H

HO

 

4SC AG II 42.5 

nM 

(12) CUDC-101 

HN

N

N

O

OO

H2N
HO

 

Curis,Inc II 4.4 

nM 

(13) KD 5170 F
H
N

F

CH3

C

O
(CH2)6

H
N OH

 

IN preclinical trials 0.054 

µM 
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Compound 5 is synthetic benzamide derivative that 

inhibits HDACi and used to treat patient with leukemia, 

lymphoma or solid tumors in phase I, II clinical trails.40 

Maximum Tolerated Dose is 10mg/m2/day. Pre-clinical 

studies suggested that combining inhibitors of DNA 

methyltransferase (DMT), 5-azacitidine (ADA), with 

inhibitor of HDAC, SNDX-275, synergistically induced 

re-expression of epigenetically –silenced tumor 

suppressor genes and had antitumour effect. Clinical 

study revealed that it is safe and well tolerated in 

patients with advanced non small cell lung carcinoma. 

Maximum tolerated dose is 10mg/m2.Dose limiting 

toxicity were gastrointestinal side effects and fatigue. 

Clinical studies have examined the activity of entinostat 

in cancer cells, which include renal cell cancer, colon 

cancer and metastatic melanoma, non-small cell lung 

cancer, breast cancer and lymphoblastic leukemia,. This 

class I selective HDAC inhibitor is well accepted either 

as a single agent or in combination with other drugs. 

Compound 6 is formerly CRA 024781. It is phenyl 

hydroxamic acid which is evaluated alone or with 

ionizing radiation and other DNA-damaging agents in 

pre-clinical studies. It act by preventing DNA repair 

resulted in synergistic effect on apoptosis when 

combined with other agents.41-43 Phase I clinical trials in 

refractory advanced solid tumor patients revealed that it 

was well accepted in following iv or oral route. And it 

is not dose-related. Mean oral bioavailability was 

observed to be 0.28%. Tubulin and histone acetylation 

were recognized in peripheral blood mononuclear cells 

(PBMCs).  

Compound 7 is synthesized inhibitor containing a 

hydroxamic acid linked to aromatic ring. Studies are 

going on in Phase II clinical study. Many reports have 

shown that it has inhibitory activity in production of pro 

inflammatory cytokines, as well as cytotoxic activity 

both in-vitro on several human tumour cell lines and in-

vivo in patients with hematologic malingnancies.44-48 

Compound 8 is novel isotype selective inhibitor of 

human HDACi with potential to regulate aberrant gene 

expression. Phase I/II study with MGCD-0103 alone or 

combination with genecitabine were done in patients 

with solid tumors recently. Phase I of clinical trial was 

studied in refractory solid tumors. Phase II study was 

done with advanced or metastatic pancreatic cancer. 

Maximum Tolerated Dose is recommended 90mg, and 

is ongoing in patients with pancreatic cancer.50 

Compound 9 is currently used for the treatment of 

breast cancer, thyroid, lung, ovarian, bladder, head and 

neck, pancreatic, brain and leukemia cancers. In phase I 

study, a sequence specific combination of valproic acid 

and epirubicin in solid tumor malignancies was done. A 

phase II study of hydralazine and valproic acid in 

treating patients with advanced solid tumors revealed 

clinical benefit. Valporic acid shows the good oral 

bioavailability. 50mg/kg daily dose of valproic acid is 

given.51-53 

Compound 10 is in phase II study and tolerated in 

patients with intermediate or high risk myelofibrosis 

(MF). This compound is another hydroxamate based 

inhibitor. This compound was shown to have clinical 

benefit and modest activity in patients with MF.54 

Compound 11 is evaluated in a pharmacokinetics 

and pharmacodynamics phase I study in patients with 

the advanced solid tumors, yielding a suggested phase 

II dose of 600 mg/day. Low micro molar concentartions 

of resminostat lead to cell growth and strongly induced 

apoptosis in multiple myeloma (MM) cell lines. 

Synergistic efforts was observed with melphalan, 

bortezomib and S-2209. 

Compound 12 has shown that simultaneous 

inhibition of HDAC and receptor tyrosine kinases 

(epidermal growth factor receptor-EGFR-and human 

epidermal growth factor receptor-2-HER2) in cancer 

cells, displayed antiproliferative and proapoptotic 

activities in vitro as well as in drug –resistant in vivo 

tumor models. This synergistic inhibition was also 

tested in patients with advanced solid tumor using this 

compound, and the drug was found to induce histone 

H3 acetylation in some of the patients. This study 

recommended a dose of 275 mg/m2
55 

Compound 13 is a mercaptoketone based class I 

and II HDAC inhibitor having thioester prodrug 

demonstrated with broad spectrum cytotoxicity against 

a range of human tumor-derived cell lines. In the 

proposed mechanism of action, the thioester prodrug 

undergoes hydrolysis to generate mercaptoketone that 

coordinates Zn+2 in a bidentate or monodentate fashion 

in the active site of HDACs.56 

Histone deacetylase inhibitors are the chemical 

compounds that inhibit histone deacetylase. A drug is 

classified into many categories depending on its 

chemical nature and function. Hence, various different 

category of histone deacetylase inhibitors are made. 

 

Chemical Structure Classification 

Most of the available inhibitors possess a three part 

structure consisting of a zinc binding group that inserts 

in the active site, linker and a moiety that interact with 

residues near the entrance to the active site. The 

classical inhibitors acts entirely on class I and Class II 

inhibitors by binding to the zinc containing catalytic 

domain of HDACs. A larger number of natural and 

synthetic compounds function as inhibitors. Several 

classes of inhibitors have been identified, including (a) 

organic hydroxamic acids (b) short chain fatty acids (c) 

benzamides (d) cyclic tetrapeptides (e) sulphonamide 

anilides. 

 

Different Classes of HDAC Inhibitors 

Hydroxamic Acid Derivatives: Hydroxamic acid 

based derivatives vorinostat is well tolerated in patients 

with Cutaneous T Cell Lymphoma, and observed 

promising anti-cancer activities in different types of 

cancer, such a diffuse large B-cell lymphoma, 
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Hodgkin’s lymphoma and other haematological and 

solid tumors. Given the diverse anticancer activity, 

much efforts has been made to explore hydroxamic acid 

derivatives such as entinostat, belinostat, givinostat, 

practinostat and others as potential treatment for 

various cancer cells.57 

Cyclic Peptides: Romidepsin is bicyclic peptide 

isolated from chromobacterium violaceum and 

demonstrated potent in vitro cytotoxic activity against 

human tumor cell lines and in vivo efficacy against 

human tumor xenograft. Natural cyclopeptide 

FR235222 isolated from the fermentation broth of 

Acremonium sp. Caused accumulation of acetylated 

histone H4, inhibition of human leukemia cell (U937) 

proliferation, and cell cycle arrest in the GI phase via 

p21. Other antural cyclopeptides to act as HDAC 

inhibitors are chlamydocin from Diheterospora 

chlamydosporia, apicidin from Fusarium sp. and the 

microbial metabolite trapoxin.58  

Benzamide Derivatives: Benzamide containing HDAC 

inhibitors are another class of compounds that exhibited 

both in vitro and in vivo anticancer activities. Among 

them Mocetinostat, Entinostat, Givinostat and 

Mocetinostat are examples of benzamide derivatives 

that had been taken into clinical trials.59 

Short Chain Fatty Acids: These compounds represent 

another class of HDAC inhibitor with simple structures 

that showed clinical potential in various studies. 

Valporic acid and phenyl butyrate are two well 

characterized compounds that belong to this class of 

compounds. They both display inhibition for class I and 

Class IIa inhibitors. It was proved that hydroxamic acid 

based HDAC inhibitors are found to be more potent in 

inhibiting the activity than this drugs.60 

Miscellaneous 

Epoxide based Histone Deacetylase Inhibitors: 

Epoxides are another known group of inhibitors of zinc 

dependent HDAC enzymes. Epoxide bearing natural 

compounds such as trapoxins and depudecin are 

reported to form covalent bonds with HDACs. The 

HDAC activity of these compounds occur at micro 

molar to nano molar concentrations. Depudecin is a 

microbial metabolite containing two epoxide groups, 

whereas trapoxin has only one epoxide group.61 

Thioester based Histone Deacetylase Inhibitor: 

Thioesters are used as prodrug strategies. Largazole is a 

depsipeptide with the thioester moiety purified from 

marine cyanobacteria called cyanobacterium symploea 

sp and it is a class I selective HDAC inhibitor. 

Largazole upon protein assigned hydrolysis liberates 

the bioactive largazole thiol. Disulfide prodrug strategy 

to modulate largazole based compounds resulted in 

enzymatic activities comparable to the natural product 

largazole. 

Electrophilic Ketone based Histone Deacetylase 

Inhibitor: Trifluoromethyl ketones are known to be 

readily hydrated and have been reported as potent 

inhibitors of aspartyl, cysteine and serine proteases, as 

well as zinc dependent enzymes. Trifluoromethyl 

ketones attached to aromatic amides showed micro 

molar inhibitory activities as HDAC inhibitors in breast 

and fibro sarcoma cell lines. Similarly cyclic tetra 

peptides containing trifluoromethyl and 

pentafluoromethyl ketones as zinc binding functional 

groups were also found to be potent HDAC inhibitors 

with promising anticancer activities.62 

 

 

Table 4: It shows various structures of HDAC inhibitors along with its detailed chemical classification 

Class Compound Chemical structure 

Hydroxamatic acid 

derivatives 

TSA(Trichostatin) 
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OH
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O
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OH

O

 
 CBHA 

(15) 
 

 

 

O

N
H

HO N
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OH

OH

O

 



Bhavini K Gharia et al. Current perspective of histone deacetylase inhibitors: A review 

International Journal of Pharmaceutical Chemistry and Analysis, July-September, 2018;5(3):108-122 118 

 PDX-101(Belinostat) 

(3) 

S
N
H

N
H

OH

O
O

O

 
 LBH-589(Panobinostat) 

(4) H
N N

H

OH

O

HN
CH3  

 ITF-2357(Givinostat) 

(7) 
O

H
N

OH

O
O

N
HN

 
Cyclic peptide 

 

Depsipeptide(Romidepsin) 

(2) 
H3C N

H
ONH

NH

O

O

O
O

CH3

O

H3CS

S

CH3

 
 Apicidin 

(17) 

N
NH

O

H
N

N

N
H

O

H3C

O

CH3

CH3

OCH3

 
 Trapoxins 

(18) 

N
H

N

HN
O

HN

O

O
O

O

O

 
 Chlamydocin 

(19) N

HN

O

H3C
H3C
O

NH
O

O
NH

O

O

 
Short chain fatty 
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 AN-9 

(23) 
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O O
CH3

CH3
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Benzamides Entinostat( MS-275) 
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N-2-aminophenyl-3-[4-(4-
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Miscellaneous 

1.Epoxide based 

HDACi  

Depudecin 
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(28) 

S

N
S

HN

H
N

S

O
O

O
O

O

N
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HDACi 

trifluoromethyl ketones 

(29) H
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Conclusion 
Epigenetic agents in combination regimens for 

cancer therapy are been actively studied. Histone 

deacetylase inhibitors are emerged as recent study of 

anticancer agents. They are found to interact with both 

the histone and non histone proteins. The development 

of histone deacetylase inhibitors as anti tumor drugs  

 

open a new window in cancer therapeutics. Keeping 

vorinostat as the basic pharmacophore a variety of 

analogues are prepared having improved therapeutic 

effect and minimal adverse effects. The impact of 

specific substituents of the different scaffolds on the 

inhibitory activity, selectivity, and side effects were 

also analysed. The clinical studies have shown that 
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these therapeutic agents cause no or little damage to 

normal cells and do not show any major side effects. 

More efforts have been made to enhance the efficacy of 

HDACIs in combinational cancer treatment approaches 

 

Abbreviations 

HDACi-Histone deacetylase inhibitor, HAT –

histone acetyl transferase, FDA-food and drug 

administration, MTD-maximum tolerated dose. ZBD-

Zinc binding domain, Ac-acetyl group, ROS-reactive 

oxygen species, VHL- Von Hippel Lindua, CTCL-

Cutaneous T cell Lymphoma, DMT-DNA methyl 

transferases, HIF-Hypoxia inducible factor, VEGF-

Vascular endothelial growth factor, Hsp 90- Heat shock 

protein 90,TSA-Trichostatin A,CDK-cyclin dependent 

kinase factor. 
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