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INTRODUCTION 

Drug design is the key process in discovery of advanced 

medicines by applying the knowledge and understanding 

of drug-receptor binding. Traditional drug-design 

concept apply the notion of „single-target, single-drug, 

single-disease‟ in which designed molecules are 

modulated to bind with a single protein. Single protein 

target, leave out the complications of the cell and makes 

the validation drug targets uncertain.
[1]

 So, concurrent 

assessment of two or multiple targets is unavoidable to 

target complex diseases like cancer. Novel approaches 

were employed to design duel receptor targetting 

molecules that bind with prespecified targets offer 

greater therapeutic benefits through intervention with 

multiple pathways and possible synergistic action. 

Moreover, targeting multi receptors can let down the 

possibility for developing drug resistance. The receptor 

choosing approch is often based on the clinical data, 

phenotypic screening of drug combinations, or in-silico 

approaches. 

 

Histone deacetylases (HDACs), are class of “epigenetic 

enzymes” that have protein substrates that control the 

gene expression, proliferation and viability of cells. 

HDACs split acetyl groups, from N-Acetyl lysine, it act  

by removing acetyl groups from histones and other 

protein regulatory factors, with functional consequences 

on chromatin remodeling and gene expression profile.
[2] 

HDAC inhibition causes the accumulation of acetylated 

forms of these proteins, altering their function. HDAC in 

association with other targets significantly helped in 

targeting various diseases. The promising therapeutic 

benefits associated with HDACs highlight the 

importance of identifying dual inhibitors of these 

enzymes. HDAC inhibitors are being explored for 

treating various diseases especially cancers, viral 

infections, inflammation, neurodegenerative diseases, 

and metabolic disorders.
[3]

 

 

This review emphasizes on the current studies of small 

molecule inhibitors, which are potent duel inhibitors, 

which simultaneously inhibit the functions of HDACs 

and other specific targets for various cell lines. 

 

HDAC/TOPOISOMERASE (Topo) duel inhibitor. 

Pyrazolo quinazolines were designed and synthesised as 

duel inhibitors of topoisomerase I and HDAC1, 

synthesised compounds contributed to cellular oxidative 

stress and promoted apoptosis via a mitochondria-

independent pathway and were non-DNA intercalator, 

having anticancer effect.
[4]

 Similarly, 16 new N-(2-

aminophenyl) benzamide acridine analogues were 

synthesized as duel Topo I and isoform-selective HDAC 

multifunctional inhibitors as anticancer agents. 

Compounds contain a benzamide pharmacophore (ZBG) 

which promote inhibition of class I HDAC.
[5]
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ABSTRACT 

Histone deacetylases (HDACs) are studied as prime targets for a broad radius of neoplasm and other diseases, they 

are associated with the initiation, expansion and viability of tumor cells. However, the built-in diverseness and 

numerous genetic deformity of various diseases question the clinical utilization of these single target focussed 

drugs. To control the problems associated with single target perspective, a way out approach is to target HDACs 

and other relevant targets of the disease at the same time like Topoisomerase, Cyclin-dependent kinase, Heat shock 

protein, Janus kinase, VEGF, CYP51, EGFR, LSD1, BRD4, etc. with a single drug attracted a great deal of 

attention of in drug discovery and development process. New molecules were synthesized which incorporate the 

binding characteristics of both the targets. This review highlights the recent discovery and development of small 

molecules synthesized as dual inhibitors against HDACs and other related protein targets for the disease. 

Considerable studies were undertaken to discover molecule having duel HDAC inhibitory potential and thereby, 

various drugs have emerged from this attempt. 
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dual-acting multivalent hybrid molecule containing a 

camptothecin-psammaplin A scaffold showed a broad 

spectrum of antiproliferative activity, with IC50 values 

in the nanomolar range being synthesized. 

Camptothecins are clinically validated topoisomerase I 

(Top1) inhibitors whereas Psammaplin A in compound 

displays an intriguing structure, being a symmetrical 

disulfide with a cystamine linker functionalized on both 

sides by α-(hydroxyimino)acyl moieties. Studies showed 

that the disulfide bridge and the α hydroxyiminoamide 

moieties are necessary for HDAC inhibition.
[6,7]

 A novel 

class of nucleoside- suberoylanilide hydroxamic acid 

(SAHA) derivatives having duel inhibitory activities 

toward HDAC and Topo II were synthesized, 

compounds exhibited antiproliferative activity toward 

cancer cell lines including MCF-7 (breast), HCT-116 

(colon), and DU-145 (prostate) cancer cells at a low 

micromolar level.
[8] 

Similarly,  efforts were put into 

synthesizing a series of acridine hydroxamic acid 

derivatives, the compounds increase the accessibility of  

DNA by inducing DNA relaxation, facilitating Topo 

inhibitors binding with chromatin and thus potentiating 

the antitumor sensitivity of Topo inhibitors.
[9]

 Dual-

acting HDAC and Topoisomerase II inhibitors from 

SAHA and anthracycline daunorubicin as anticancer 

agents were synthesised, the introduction of the HDACi 

via N-benzylation of the DAU amino group would be 

compatible with Topo II inhibition and possibly 

engender the positive attributes of N-benzylated 

anthracyclines to the resulting conjugates with duel 

activity.
[10] 

 

Table 1: Structure and Cell line used for the study HDAC/Topo duel inhibitors. 

Structure of Synthesised Compounds Cell lines used for activity 
Reference 

No 

 

A549, H1299, MCF-7, MDA-MB-

231, HT-29 

 

[4] 

 

CCRF-CEM, K562 and U937 
[5] 

 

MINO, MAVER-2, JECO-1, U-

2932, OCI-LY3, L-428, KM-H2, 

DG-75, NB4, NCI-H460, CAPAN 

1,  A431, HeLa, HT29,  DU145, 

HepG2,  A2780, A2780-Dox, 

MM432, MM473, MM487 

[6] 

 

NCI-H460, CAPAN 1,  A431, 

HeLa , HT29, DU145,  HepG2 , 

A2780, A2780-Dx 

[7] 

 

MCF-7 , HCT-116 and DU-145 
[8] 

 

U937 
[9] 

 

DU-145, SK-MES-1, MCF-7 
[10] 
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HDAC/ Cyclin-dependent kinase (CDK) duel 

inhibitors 

HDAC and CDK inhibitors have showed to 

synergistically suppress cancer cell proliferation and 

induce apoptosis. A series of novel indirubin derivatives 

were designed and synthesized. The synthesised 

compounds have remarkable CDK2/4/6 and HDAC6 

inhibitory activity and efficiently induced apoptosis and 

S-phase arrest in several cancer cell lines to prevent the 

proliferation of a non-small-cell lung cancer cell line.
[11]

 

Similarly, a series of novel 1-H-pyrazole-3-carboxamide-

based derivatives targeting HDAC and CDK were 

reported, compounds exhibited excellent antiproliferative 

activities against five solid cancer cell lines which was 

associated with increasing the intracellular reactive 

oxygen species (ROS) levels
[12]

 A series of purin 

derivatives as HDAC/CDK dual inhibitors were 

synthesised as anticancer agents.
[13]

 Similarly, a series of 

hydroxylamine or o-diaminoaniline as novel CDK4 

inhibitors by incorporating the HDAC pharmacophores 

were synthesised. The enzymatic inhibitory (HDAC1, 

CDK2, CDK4, and CDK6) activities and cytotoxicities 

of these compounds were evaluated. HDAC isoforms 

inhibitory activity, cell cycle arrest assay, cell apoptosis 

analysis, cell migration, and cell colony formation assay 

were performed.
[14]

 

 

HDAC/ Heat shock protein (Hsp 90) duel inhibitors 

A new series of Hsp90/HDAC dual inhibitors as a new 

strategy for the development of antifungal therapeutics to 

combat azole-resistant candidiasis was reported. 

Compounds exhibited fungal-selective inhibitory effects 

on Hsp90/ HDACs, leading to low toxicity and excellent 

in vitro and in vivo synergistic antifungal potency to treat 

fluconazole-resistant candidiasis.
[15]

 A series of  N-alkyl-

hydroxybenzoyl anilide hydroxamates as dual inhibitors 

of HDAC and Hsp 90 is reported which can modulate 

immunosuppressive ability of tumor area. Synthesised 

compounds, induce HSP70 expression and down regulate 

Hsp 90  client proteins, and displayed their HDAC 

inhibitory effects due to increased acetylated α-tubulin 

and histone H3 levels. The compound significantly 

reduce programmed death-ligand 1 (PD-L1) expression 

in IFN-γ treated lung H1975 cells in a dose dependent 

manner.
[16] 

Another novel series was
  

designed and 

synthesised as dual acing HDAC6 and Hsp90 inhibitors. 

Synthesised compounds were able to selectively provide 

an increased level of acetylation of αtubulin, while 

showing no effects on histone H3 acetylation. In vitro 

assay confirmed the synthesised compound of breast 

cancer cell proliferation.
[17] 

New study recruited 

Indoline-based hydroxamate scaffolds with the ability to 

concomitantly modulate both targets (HDAC6 and 

HSP90). And was pinpointed in the present endeavor to 

attenuate blue light-induced cell migration and retinal 

neovascularization by inhibiting VEGF production.
[18]

 

 

HDAC/ Janus kinase (JAK) duel inhibitors 

A novel series of pyrimidin-2-aminopyrazol 

hydroxamate derivatives with concurrent inhibition of 

JAK and HDAC exhibited improved antiproliferative 

and proapoptotic activities over SAHA and ruxolitinib in 

several hematological cell lines and is used in the 

treatment of cancers. Most compound showed a balanced 

activities against both JAK2 and HDAC6 with half-

maximal inhibitory concentration at the nanomolar 

level.
[19]

 Similarly, a novel JAK2 and HDAC dual 

inhibitors as potent anti-proliferative activity toward 

acute myeloid leukemia (AML) models and synergized 

with fluconazole for the treatment of resistant C. albicans 

infections.
[20]

 Anothere series, merged the core features 

of ruxolitinib a marketed JAK1/2 inhibitor, with the 

HDAC inhibitor vorinostat, leading to new molecules 

that are bispecific targeted JAK/HDAC inhibitors. Of all 

synthesised pyrazole substituted pyrrolopyrimidine 

derivatives as most potent and inhibits JAK1 and 

HDACs 1, 2, 3, 6, and 10 and is selective for the JAK 

family against a panel of 97 kinases and are used against 

hematological cell lines.
[21]

 Another study showed 

pharmacophore merging strategy combining the 

JAK2/FLT3 inhibitor pacritnib with the vorinostat, to 

create bispecific single molecules with both JAK and 

HDAC targeted inhibition. A preferred ether 

hydroxamate inhibits JAK2 and HDAC6 with low 

nanomolar potency, against HDACs 2 and 10, 

submicromolar potent against HDACs 1, 8, and 11, and 

>50-fold selective for JAK2 in a panel of 97 kinases. The 

compound cause blockade in several hematological cell 

lines.
[22]

 A series of pyrrolo[2,3-d]pyrimidine-based 

derivatives as potent JAK and HDAC dual inhibitors is 

discovered, compounds potently inhibited JAK1/2/3 and 

HDAC1/6 and displayed antiproliferative and 

proapoptotic activities in triple-negative breast cancer 

cell lines, also inhibited the tumor growth in MDA-MB-

231 xenograft tumor model.
[23]

 Similarly, a novel series 

of 2,4-dianilinopyrimidine derivatives is synthesised, 

which could simultaneously inhibit JAK2 and HDAC1. 

Among which, the most potent compound displayed 

balanced inhibitory activity against HDAC1and JAK2, 

also demonstrated good antiproliferative activity against 

tested various cancer cell lines.
[24]

 

 

HDAC/ vascular endothelial growth factor (VEGF) 

duel inhibitors. 
A series of hybrids bearing N-phenylquinazolin-4-amine 

and hydroxamic acid moieties were designed and 

identified as dual VEGFR-2/HDAC inhibitors. Most 

potent compound exhibited inhibitory activity against 

HDAC and VEGFR-2 and is active against a human 

breast cancer cell line MCF-7. Docking simulation 

supported the initial pharmacophoric hypothesis and 

suggested a common mode of interaction at the active 

binding sites of VEGFR-2 and HDLP.
[25]

 

 

HDAC/ Epidermal growth factor receptor EGFR 

duel inhibitors.  

A novel series of N-aryl salicylamides with a 

hydroxamic acid moiety at 5-position was synthesised.  

All compounds displayed inhibitory activity against 

EGFR and HDACs and showed good antiproliferative 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/reactive-oxygen-metabolite
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/reactive-oxygen-metabolite
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/hydroxamic-acid
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/vasculotropin-receptor-2
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activitiy by MTT method against human cancer cell lines 

A431, A549 and HL-60.
[26]

 

 

HDAC/BRD4 duel inhibitors. 

A series of indole derivatives as  duel HDAC and BRD4  

inhibitors. In vitro anti-proliferation activities showed the 

potent inhibition of HDAC3 and BRD4. It was 

confirmed that the lead compound could up-regulate the 

expression of Ac-H3 and reduce the expression of c-Myc 

by western blot analysis.
[27]

 
 
Similaly, compounds were 

synthesised by combining bromodomain and HDAC 

inhibitory activity in one molecule. The representative 

inhibitor, showed potent antiproliferative activities 

against human leukemia cell line K562 and MV4-11 in 

cellular assays.
[28]

 

 

HDAC/CYP51 duel inhibitors. 

New series of CYP51/HDAC dual inhibitors containing 

the piperazine linker were designed and synthesized as a 

novel broad-spectrum antifungal agents, compounds 

showed potent in vitro and in vivo antifungal activity 

against C. neoformans and C. tropicalis infections and 

down-regulating resistance-associated genes. Study 

highlighted the CYP51/HDAC dual inhibitors.
[29]

 

Similarly first generation of lanosterol 14αdemethylase 

(CYP51)-histone deacetylase (HDAC) dual inhibitors, 

which exhibited potent antifungal activity against azole-

resistant clinical isolates for treatment of invasive fungal 

infections, particularly candidiasis. Lead compound were 

highly active both in vitro and in vivo to treat azole-

resistant candidiasis. Antifungal mechanism studies 

revealed that they acted by blocking ergosterol 

biosynthesis and HDAC catalytic activity in fungus, 

suppressing the function of efflux pump, yeast-to-hypha 

morphological transition, and biofilm formation.
[30]

 

 

HDAC/LSD1 duel inhibitors. 

Similarly, series of tranylcypromine derivatives as novel 

LSD1/HDACs dual inhibitors having strong 

antiproliferative activity were synthesised, the  

compounds displayed inhibitory activity 

against HDAC1, HDAC2 and LSD1 and showed activity 

against MGC-803, MCF-7, SW-620 and A-549 human 

cancer cell lines.
[31]

 

 

Table 2: Structure and Cell line used for the study of Duel Inhibitors. 

Structure of Synthesised Compounds Activity/Cell line Reference 

HDAC/CDK duel inhibitors 

 

A549 
[11] 

 

 

A375, HCT116, H460, Hela cells 
[12] 

NN

N
N

H
N OH

O
C2H5

N

O

 

A549, HepG2, CAL-148 
[13] 

 

H460, MDA-MB-468, HCT116, 

and HepG2 
[14] 

 

Antifungal agent 

azole-resistant candidiasis 

 

[15] 

CH3

N

OOH

O

H
N

O

NHOH

HO

7

 

A549, HCT116, H1975 
[16] 

https://www.sciencedirect.com/topics/chemistry/indole
https://www.sciencedirect.com/topics/chemistry/histone
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/brd4
https://www.sciencedirect.com/topics/chemistry/antifungal
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/hdac1
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/histone-deacetylase-2
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MCF7 
[17] 

 

ARPE-19 

 
[18] 

 

HEL, K562,  MOLT4, Jurkat 
[19] 

 

HEL60, K562, HEL, Antifungal 

agent 
[20] 

 

HL-60, HEL92.1.7, Jurkat, 

TAMH, AC10, KMS-12-BM, 

OPM-2, XG-6, KG-1, MOLM-14, 

MV4-11, NKYS, KHYG, MDA-

MB-231, MCF7, HCT-116, PC3 

[21] 

 

MDA-MB-231, HCT-116, PC-3, 

MCF-7 

HL-60, HEL92.1.7, Jurkat 

KMS-12- BM, OPM-2, KG-1, 

MOLM-14, NKYS, KHYG 

[22] 

 

MDA-MB-231 
[23] 

 

A549, HepG-2, MDA-MB-231 and 

Jurkat 
[24] 

HDAC/VGFER duel inhibitors 

 

MCF-7 
[25] 

HDAC/EGFER duel inhibitors 

 

A431, A549 and HL-60 
[26] 

HDAC/BRD4 duel inhibitors 

 

THP-1 
[27] 

N

CH3

O

N

H3C

F

HN OH

O
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K562, MV4-11 
[28] 

HDAC/CYP51 duel inhibitors. 

 

Antifungal agent SC5314, 

0304103, 7781, 4108, 10061, 9770 
[29] 

 

Antifungal agent- C5314, 

0304103, 7781, 4108, 5008, H99 
[30] 

HDAC/LSD1 duel inhibitors. 

 

MGC-803, MCF-7, SW-620 and 

A-549 
[31] 

 

HDAC with other targets 

Other than these targets, HDAC showed synergistic 

action with many other targets. A series of harmine base 

compounds synthesized showed duel inhibition of  

HDAC 1 and 6  and DNA target, is reported by to cause 

DNA damage by intercalating DNA for treating solid 

tumor. The most potential compound could be able to 

bind with DNA to cause DNA damage which in turn 

caused cells apoptosis through p53 signaling pathway. 

The compounds exhibited significant anti-proliferation 

effects and displayed low toxicity in normal cells.
[32]

 

Another series of N-methylpropargylamine-conjugated 

hydroxamic acids were synthesized and evaluated as dual 

inhibitors of Mono amine oxidase (MAO) and HDAC for 

Glioma treatment. Compounds displayed potent MAO A 

inhibition and inhibit HDAC isoforms and cell growth in 

the micromolar to nanomolar IC50 range. These 

selective inhibitors increase histone H3 and α-tubulin 

acetylation and induce cell death via nonapoptotic 

mechanisms.
[33] 

Similarly, hybrid molecules to target 

DNA polymerase α (POLA1) and HDACs 

simultaneously were synthesised. Synthesised molecule 

showed antiproliferative activity at nanomolar 

concentrations on human solid and hematological cancer 

cell lines. In vitro functional assays confirmed that these 

molecules inhibited POLA1 primer extension activity, as 

well as HDAC11, by inducing acetylation of p53, 

activation of p21, G1/S cell cycle arrest, and apoptosis. 

Antitumor activity was also confirmed in in-vivo 

models.
[34]

 Dual inhibitors, 5-pyridinyl-1,2,4-triazoles of 

HDAC2 and  focal adhesion kinase (FAK) was designed 

and synthesized, most potent compound was found to be 

superior to reference drugs vorinostat and valproic 

acid in its ability to inhibit growth/proliferation of A-498 

and Caki-1 renal cancer cells. Findings suggested the 

lead compound a promising dual-acting HDAC2/FAK 

inhibitor.
[35]

 Three new series of 4-phenoxyquinoline 

derivatives  as urea, semicarbazone and amido urea as c-

Met/HDAC bifunctional inhibitors by merging 

pharmacophores of c-Met and HDAC inhibitors were 

synthesised. Compound showed efficient 

antiproliferative activities against both MCF-7 and A549 

cells with greater potency than the reference drug SAHA 

and Cabozantinib. The designed c-Met/HDAC dual 

inhibitors composed of the 4-phenoxyquinoline skeleton 

with a hydroxamate group which is essential for 

chelation with the zinc ion in the active site of HDAC. 

The potent lead compound showed anti-proliferative 

activity in the low micromolar range on two human 

cancer cell lines MCF-7 and A549.
[36]

 Duel inhibitors 

targeting both HDACs and proteasomes to address the 

resistance of bortezomib were synthesised. Synthesised 

compounds showed excellent inhibition against 

proteasome and good selectivity against HDACs and 

exhibited potent antiproliferative activities against the 

bortezomib-resistant cell line, (1:1).
[37]

 Similarly, a new, 

effective therapeutic strategy and the design of small-

molecule inhibitors that simultaneously target 

bromodomain and extra-terminal (BET)  and HDAC, 

potentially serving as promising therapeutic agents for 

pancreatic cancer was reported.
[38]

 A series of novel 

phenoxybenzamide analogues with inhibition of Raf and 

HDAC was designed and synthesised.  HDAC inhibitors 

act synergistically with kinase inhibitors for the 

treatment of cancer. The lead compound showed 

potent antiproliferative activities against Hepg2 and 

MDA-MB-468 in cellular assays.
[39]

  First generation of 

dual indoleamine 2,3-dioxygenase 1 (IDO1) and HDAC 

inhibitors were synthesised, lead dual inhibitor showed 

excellent and balanced activity against both IDO1 and 

HDAC1, whose dual targeting mechanisms were 

validated in cancer cells. Compound  had good 

pharmacokinetic profiles as an orally active antitumor 

agent and significantly reduced the l-kynurenine level in 

plasma. In particular, it showed excellent in 

vivo antitumor efficacy in the murine LLC tumor model 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/vorinostat
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/sodium-valproate
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/sodium-valproate
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/kidney-cancer
https://www.sciencedirect.com/topics/medicine-and-dentistry/phosphotransferase-inhibitor
https://www.sciencedirect.com/topics/medicine-and-dentistry/antiproliferative-activity
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with low toxicity.
[40] 

Similarly a series of compounds 

were designed and synthesised compounds which 

simultaneously inhibit nicotinamide 

phosphoribosyltransferase (NAMPT) and HDAC, 

showed excellent in vivo antitumor efficacy in the 

HCT116 xenograft model.
[41]

 

 

Table 3- Structure, Other Target receptors and Cell line used for the study. 

Structure 
Target 

Receptors 
Activity/Cell line 

Ref.

No 

N

N

N N

N N
H

O

OH

O

 

Duel HDAC 

and DNA 

targetting duel 

inhibitors. 

HCT-116 
[32] 

 

Duel HDAC 

and MAO 

inhibitors. 

Glioma cells 
[33] 

 

Duel HDAC 

and POLA 1 

inhibitors. 

H460, MM473, MM487 

 
[34] 

 

Duel HDAC 

and FAK duel 

inhibitors 

HCT116, HT-29, K562, 

KG-1, A-498, Caki-1 
[35] 

N

O
O

H
N

H
N

O

O

O

H
N

HO 6

 

Duel HDAC 

and c-Met 

duel 

inhibitors. 

MCF-7, A549 
[36] 

 

Duel HDAC 

and 

Proteasomes 

duel inhibitors 

RPMI-8226, U266, 

KM3,KM3/BTZ, HUVEC, 

GES-1, HL-7702, Het-1A 

[37] 

 

Duel HDAC 

and BET duel 

inhibitors 

Pancreatic cancer- Capan-1 

tumor xenograft model 
[38] 

 

Duel HDAC 

and Raf duel 

inhibitors. 

K562, MV4-11, Hepg2, 

MDA-MB-468 
[39] 

 

HDAC and 

IOD1 duel 

inhibitors 

IDO-1, LLC, CT-26, A549, 

HCT-116, HT-29 

 

[40] 

 

HDAC/NAM

T duel 

inhibitors. 

HCT116, MDA-MB-231, 

HepG2 
[41] 
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CONCLUSION 

HDAC inhibitor is a group of drugs, particularly in 

fusion with other inhibitors are used for treatment of 

several types of malignancies. Small molecules with duel 

HDAC inhibitory action showed activity against various 

cancer cell lines and received regulatory acceptance for 

chemotherapy and are is in clinical development for 

oncology as well as alternative therapeutic indications. 

However a number of drugs have been developed with a 

single protein target, overlooks the complexity of the cell 

and makes the process of validating drug targets 

uncertain. To overcome the limitations of a single target 

approach, simultaneously targeting HDACs and other 

relevant targets of the disease like Topoisomerase, 

Cyclin-dependent kinase, Heat shock protein, Janus 

kinase, vascular endothelial growth factor, Epidermal 

growth factor receptor, BRD4, CYP51, LSD1 etc. with a 

single molecule has been recently employed and 

attracted much attention of medicinal chemists in drug 

discovery. Total 49 such small molecules having duel 

HDAC inhibitory action with other receptors were 

studied and showed a promising future prospective for 

cancer and other ailments. 

 

CONFLICT OF INTEREST  
There is no conflict of interest. 

 

REFERENCES  

1. Vasaikar S, Bhatia P, Bhatia PG, Chu Yaiw K. 

Complementary Approaches to Existing Target 

Based Drug Discovery for Identifying Novel Drug 

Targets.  Biomedicines. 2016. Nov.4; 4(27). 

doi: 10.3390/biomedicines4040027. 

2. Giorgio M, Daniele M, Giulia DM, Luca T, 

Piergiuseppe DR, Giovanni P and Federico MG. 

Histone Deacetylases (HDACs): Evolution, 

Specificity, Role in Transcriptional Complexes, and 

Pharmacological Actionability, Genes. 2020. May. 

11(5); 556. Doi: 10.3390/genes11050556 

3. King J, Patel M, Chandrasekaran S . Metabolism, 

HDACs, and HDAC Inhibitors: A Systems Biology 

Perspective. Metabolites. 2021 Nov 20; 11(11): 

792.doi: 10.3390/metabo11110792. 

4. Gaurav J, Sourav K, Umesh PY, Praveen S, Pankaj 

KS, Suyog A, Arshad J. Ansari, Santosh K, Ashoke 

S, Sadhana S. Devesh M. Sawant, Uttam CB, 

Sandeep S, Raj K. E-pharmacophore guided 

discovery of pyrazolo[1,5-c]quinazolines as dual 

inhibitors of topoisomerase-I and histone 

deacetylase. Bioorganic Chemistry, Volume.  2020 

Jan 94: 103409. doi: 10.1016/j.bioorg.2019.103409 

5. Zhang B, Zhang Q, Liu Z, Wang N, Jin H, Liu F, 

Zhang C, He S. Synthesis and Anticancer Research 

of N-(2-aminophenyl)benzamide Acridine 

Derivatives as Dual Topoisomerase I and Isoform-

Selective HDAC Inhibitors,  ChemistrySelect. 2020 

July, 5(27): 8311-18. doi: 10.1002/slct.202001880 

6. Raffaella C, Loana M, Roberto A, Mario G, Erminia 

B, Francesco C, Fabiana C, Claudio P, Sabrina D. 

Camptothecin-psammaplin A hybrids as 

topoisomerase I and HDAC dual-action inhibitors. 

European Journal of Medicinal Chemistry. 2018 Jan, 

143:  2005-2014. doi: 10.1016/j.ejmech.2017.11.021   

7. Raffaella C, Loana M, Roberto A, Mario BG, Ilaria 

LP, Carmela M, Fabiana C, Francesco C, Giacomo 

S, Alessandra F, Martina F, Claudio P, Sabrina D. 

Hybrid topoisomerase I and HDAC inhibitors as 

dual action anticancer agents. PLOS ONE. 2018 

Oct, 13(10): e0205018.  doi: 

10.1371/journal.pone.0205018   

8. Mitsuaki Y, Teruyuki T, Shinya H, Hironobu M, 

Shun-ichi W, Kiyoshi T, Akira I. Synthesis and 

biological evaluation of histone deacetylase and 

DNA topoisomerase II-Targeted inhibitors. 

Bioorganic & Medicinal Chemistry. 2018 May, 

26(8): 1920-28. doi: 10.1016/j.bmc.2018.02.042 

9. Jiwei C, Dan L, Wenlu L, Jingxian Y, Yueying Z, 

Zigao Y, Chunmei G, Feng L, Yuyang J. Design, 

synthesis and anticancer evaluation of acridine 

hydroxamic acid derivatives as dual Topo and 

HDAC inhibitors. Bioorganic & Medicinal 

Chemistry. 2018 May,  26(14): 3958-66. Doi: 

10.1016/j.bmc.2018.06.016 

10. Zhuoxian C, Fenfen Y, Jie W, Zhicheng G, Shuxian 

L, Pan W, Jianxiong A, Ting L, Yan L, Yongjun L, 

Hening L, Yonglong Z, Bin H. Indirubin Derivatives 

as Dual Inhibitors Targeting Cyclin-Dependent 

Kinase and Histone Deacetylase for Treating 

Cancer. Journal of Medicinal Chemistry. 2021 Oct, 

64(20): 15280-15296. doi: 

10.1021/acs.jmedchem.1c01311  

11. Chunhui C, Fan Y, Sadeeq U, Qipeng Y. Discovery 

of novel cyclin-dependent kinase (CDK) and histone 

deacetylase (HDAC) dual inhibitors with potent in 

vitro and in vivo anticancer activity. European 

Journal of Medicinal Chemistry. 2020 March 189. 

112073. doi: 10.1016/j.ejmech.2020.112073.  

12. Yu Yu, Dongzhi Ran, Junhao Jiang, Tao Pan, 

Yanrong Dan, Qiang Tang, Wei Li, Lin Zhang, 

LinLing Gan, and Zongjie Gan. Discovery of novel 

9H-purin derivatives as dual inhibitors of HDAC1 

and CDK2, Bioorg Med Chem Lett. 2019, 15; 

29(16): 2136-2140.doi: 10.1016/j.bmcl.2019.06.059 

13. Suhua W, Siyuan H, Weiyan C, Ruoyang M, Shasha 

L, Xin T,and Quancheng K (2022). Design, 

Synthesis, and Biological Evaluation of 2-Anilino-4-

Triazolpyrimidine Derivatives as CDK4/HDACs 

Inhibitors, Drug Des. Devel. Ther. 2022. April; 16: 

1083–1097. doi: 10.2147/DDDT.S351049 

14. Chaochen L, Jie T, Guiyan H, Na L, Chunquan S. 

Heat shock protein 90 (Hsp90)/Histone deacetylase 

(HDAC) dual inhibitors for the treatment of azoles-

resistant Candida albicans. European Journal of 

Medicinal Chemistry. 2022 Jan 227; 113961. doi: 

10.1016/j.ejmech.2021.113961 

15. Samir M, Mei HL, Yi WW, Chun HC, Tung YW, 

Kuo HC, Min WC, Yi YC, Shiow LP, Mei-CC. Jing 

PL. N-alkyl-hydroxybenzoyl anilide hydroxamates 

as dual inhibitors of HDAC and HSP90, 

downregulating IFN-γ induced PD-L1 expression. 

https://doi.org/10.3390/biomedicines4040027
https://doi.org/10.3390%2Fgenes11050556
https://doi.org/10.1016/j.bmcl.2019.06.059
https://doi.org/10.2147%2FDDDT.S351049


www.ejpmr.com          │         Vol 9, Issue 10, 2022.          │         ISO 9001:2015 Certified Journal         │ 

Jacob et al.                                                                      European Journal of Pharmaceutical and Medical Research 

115 

European Journal of Medicinal Chemistry. 2020 Jan; 

185: 111725. doi: 10.1016/j.ejmech.2019.111725. 

16. Luca P, Rosaria B, Lucia A, Giulio R. Design of 

Dual Inhibitors of Histone Deacetylase 6 and Heat 

Shock Protein 90.  ACS Omega. 2020 May; 5(20): 

11473-80. doi: 10.1021/acsomega.0c00559 

17. Hsu TJ, Nepali K, Tsai CH, Imtiyaz Z, Lin F-L, 

Hsiao G, Lai M-J, Cheng Y-W.  The HDAC/HSP90 

Inhibitor G570 Attenuated Blue Light-Induced Cell 

Migration in RPE Cells and Neovascularization in 

Mice through Decreased VEGF Production. 

Molecules. 2021. July; 26(14):4359. doi: 

10.3390/molecules26144359 

18. Xuewu L, Jie Z, Xiaoyang L, Shuai T, Min H, 

Meiyu G, James C, Chunpu L, Yichun C, Wenfang 

X, Hong L, Yingjie Z. Discovery of Novel Janus 

Kinase (JAK) and Histone Deacetylase (HDAC) 

Dual Inhibitors for the Treatment of Hematological 

Malignancies. Journal of Medicinal Chemistry. 2019 

Mar; 62(8): 3898-3923. doi: 

10.1021/acs.jmedchem.8b01597 

19. Yahui H, Guoqiang D, Huanqiu L, Na L, Wannian 

Z, Chunquan S. Discovery of Janus Kinase 2 (JAK2) 

and Histone Deacetylase (HDAC) Dual Inhibitors as 

a Novel Strategy for the Combinational Treatment 

of Leukemia and Invasive Fungal Infections. Journal 

of Medicinal Chemistry. 2018 June; 61(14): 6056-

6074 doi: 10.1021/acs.jmedchem.8b00393 

20. Yu-yi CF, Nurulhuda M, Anders P, Eng CT, Jeffrey 

JYY, Wee JC, Brian WD. Design and synthesis of 

potent dual inhibitors of JAK2 and HDAC based on 

fusing the pharmacophores of XL019 and vorinostat. 

European Journal of Medicinal Chemistry. 2018 

Oct; 158: Pages 593-619. doi: 

10.1016/j.ejmech.2018.09.024.  

21. Lianbin Y, Pondy MR, Anders P, Sten O, and Brian 

WD (2018). Merging of ruxolitinib and vorinostat 

leads to highly potent inhibitors of JAK2 and histone 

deacetylase 6 (HDAC6). Bioorg Med Chem Lett. 

2018. Aug.; 28(15): 2636-40. doi: 

10.1016/j.bmcl.2018.06.037. 

22. Xuewu L, Shuai T, Xuyi L, Yingluo L, Qifu X, 

Xiaomin W, Abdusaid S, Chunpu L, Jiang W, Yu Z, 

Yingjie Z, Meiyu G, Min H, and Hong L. Discovery 

of Novel Pyrrolo[2,3-d]pyrimidine-based 

Derivatives as Potent JAK/HDAC Dual Inhibitors 

for the Treatment of Refractory Solid Tumors. J 

Med Chem. 2022. Feb.; 65(2): 1243-1264. doi: 

10.1021/acs.jmedchem.0c02111 

23. Haiping Z, Junhao J, Jinyu L, Dongzhi R, and 

Zongjie G. Synthesis and biological evaluation of 

novel 2,4-dianilinopyrimidine derivatives as potent 

dual janus kinase 2 and histone deacetylases 

inhibitors. J of Mol Stru. 2022. April; 1253: 132200. 

doi: 10.1016/j.molstruc.2021.132200 

24. Jie Z, Xuewu L, Yongxue H, Yuping J, Xiaoyang L, 

Wenfang X, C. James C, Yingjie Z. Discovery of 

Novel Pazopanib-Based HDAC and VEGFR Dual 

Inhibitors Targeting Cancer Epigenetics and 

Angiogenesis Simultaneously. Journal of Medicinal 

Chemistry. 2018 May; 61(12): 5304-5322. doi: 

10.1021/acs.jmedchem.8b00384 

25. Dong H, Yin H, Zhao C, Cao J, Xu W, Zhang Y. 

Design, Synthesis and Biological Evaluation of 

Novel Osimertinib-Based HDAC and EGFR Dual 

Inhibitors.  Molecules. 2019 June; 2019: 24(13), 

2407. doi: 10.3390/molecules24132407  

26. Gaoliang C, Zhi W, Jinyu Y, Yu B, Qihao X, 

Linxiang Z, Dan L. Design, synthesis and biological 

evaluation of novel indole derivatives as potential 

HDAC/BRD4 dual inhibitors and anti-leukemia 

agents. Bioorganic Chemistry. 2019 March; 84: 410-

417. doi:10.1016/j.bioorg.2018.12.011   

27. Jingjing C, Yalei L, Jie Z, Minmin Z, Aihuan W, 

Hongchun L, Zhicheng X, Wenming R, Wenwen D, 

Zhuo Z, Aijun S, Youhong H. Discovery of selective 

HDAC/BRD4 dual inhibitors as epigenetic probes. 

European Journal of Medicinal Chemistry. 2021 Jan; 

209: 112868. doi:10.1016/j.ejmech.2020.112868. 

28. Tianbao Z, Xi C, Chenglan L, Jie T, Na L, Defeng 

X, Chunquan S. Lanosterol 14α-demethylase 

(CYP51)/histone deacetylase (HDAC) dual 

inhibitors for treatment of Candida tropicalis and 

Cryptococcus neoformans infections. European 

Journal of Medicinal Chemistry. 2021 Oct; 221: 

113524. doi: 10.1016/j.ejmech.2021.113524. 

29. Guiyan H, Na L, Chenglan L, Jie T, Zhuang L, 

Chunquan S. Discovery of Novel Fungal Lanosterol 

14α-Demethylase (CYP51)/Histone Deacetylase 

Dual Inhibitors to Treat Azole-Resistant 

Candidiasis. Journal of Medicinal Chemistry. 2020 

May; 63(10): 5341-5359. doi: 

10.1021/acs.jmedchem.0c00102  

30. Ying CD, Lin FJ, Hong MR, Shao JZ, Yue JL, 

Yong-Tao Xu, Zi HH, Yu S, Hang Y, Shu HC, Yuan 

YG. Design, synthesis, and biological evaluation of 

novel dual inhibitors targeting lysine specific 

demethylase 1 (LSD1) and histone deacetylases 

(HDAC) for treatment of gastric cancer. European 

Journal of Medicinal Chemistry. 2021 Aug; 220: 

113453, doi: 10.1016/j.ejmech.2021.113453 

31. Dehua L, Lailiang Q, Cheng W, Heng L, Shang L, 

Fucheng Y, Xingchen L, Xinye C, Zhongwen L, 

Ningjie C, Wan P, Limei J, Lingyi K, Xiaobing W. 

Harmine-based dual inhibitors targeting histone 

deacetylase (HDAC) and DNA as a promising 

strategy for cancer therapy. Bioorganic Chemistry. 

2022 Mar; 120: 105604-17. doi: 

10.1016/j.bioorg.2022.105604 

32. Samir M, Bin Q, Jian-Ying C, Jing-Ping L, Jean CS. 

N-Methylpropargylamine-Conjugated Hydroxamic 

Acids as Dual Inhibitors of Monoamine Oxidase A 

and Histone Deacetylase for Glioma Treatment. 

Journal of Medicinal Chemistry. 2022 Jan; 65(3): 

2208–2224. doi.org/10.1021/acs.jmedchem.1c01726 

33. Sabrina D, Loana M, Raffaella C, Nadine D, Silvia 

G, Giulio V, Mario BG, Ilaria LP, Maddalena P, 

Elisa M, Federica P, Giacomo S, Fabiana C, 

Francesco C, Alessandra F, Egildo LDA, Assunta R, 

Claudio P. Antitumor activity of novel POLA1-

https://doi.org/10.3390/molecules26144359


www.ejpmr.com          │         Vol 9, Issue 10, 2022.          │         ISO 9001:2015 Certified Journal         │ 

Jacob et al.                                                                      European Journal of Pharmaceutical and Medical Research 

116 

HDAC11 dual inhibitors. European Journal of 

Medicinal Chemistry. 2022. Jan; 228: 113971. doi: 

10.1016/j.ejmech.2021.113971. 

34. Muhamad M, Amer A Abd EH, Dalia A, Gajanan 

DK, Yaser AM, Pradipta G, Alaa MH, Gamal EDA. 

Abuo R. A first-in-class anticancer dual 

HDAC2/FAK inhibitors bearing 

hydroxamates/benzamides capped by pyridinyl-

1,2,4-triazoles. European Journal of Medicinal 

Chemistry. 2021 Oct; 222: 113569, doi: 

10.1016/j.ejmech.2021.113569. 

35. Tao P, Yanrong D, Dafeng G, Junhao J, Dongzhi R, 

Lin Z, Binghua T, Jianyong Y, Yu Y, Zongjie G. 

Discovery of 2,4-pyrimidinediamine derivatives as 

potent dual inhibitors of ALK and HDAC. European 

Journal of Medicinal Chemistry. 2021 Nov; 224: 

113672. doi: 10.1016/j.ejmech.2021.113672.  

36. Yuhong D, Hao H, Yuwei S, Mingze Q, Ping G, 

Yunlei H, Yanfang Z. Design, synthesis and 

biological evaluation of novel c-Met/HDAC dual 

inhibitors. Bioorganic & Medicinal Chemistry 

Letters. 2020 Dec; 30(23): 127610. doi: 

10.1016/j.bmcl.2020.127610.   

37. Yi Z, Xiaoting L, Junxin X, Lulu L, Tao L, Wen L, 

Xinying Y, Xuben H, Hao F. Discovery of Peptide 

Boronate Derivatives as Histone Deacetylase and 

Proteasome Dual Inhibitors for Overcoming 

Bortezomib Resistance of Multiple Myeloma. 

Journal of Medicinal Chemistry. 2020 April; 63(9):  

4701-4715. doi: 10.1021/acs.jmedchem.9b02161 

38. Shipeng H, Guoqiang D,Yu Li, Shanchao Wu,P. 

Wei WP,. Chunquan S. Potent Dual BET/HDAC 

Inhibitors for Efficient Treatment of Pancreatic 

Cancer. Angewandte Chemie. 2020 Feb 17: 59(8): 

3028-3032. doi: 10.1002/anie.201915896 

39. Aixin G, Hao C, Liyuan Z, Xin C, Hongmei L, Tao 

L, Yong Z. Discovery of novel phenoxybenzamide 

analogues as Raf/HDAC dual inhibitors. Bioorganic 

& Medicinal Chemistry Letters. 2019 July; 29(13): 

1605-1608. doi: 10.1016/j.bmcl.2019.04.047. 

40. Kun F, Guoqiang D, Yu L, Shipeng H, Ying W, 

Shanchao W, Wei W, Chunquan S. Discovery of 

Novel Indoleamine 2,3-Dioxygenase 1 (IDO1) and 

Histone Deacetylase (HDAC) Dual Inhibitors, ACS 

Medicinal Chemistry Letters. 2018 Mar 26: 9(4): 

312-317. doi: 10.1021/acsmedchemlett.7b00487  

41. Guoqiang D, Wei C, Xia W,  Xinglin Y,  Tianying 

X,  Pei W,  Wannian Z,  Yu R, Chaoyu M and  

Chunquan S. Small Molecule Inhibitors 

Simultaneously Targeting Cancer Metabolism and 

Epigenetics: Discovery of Novel Nicotinamide 

Phosphoribosyltransferase (NAMPT) and Histone 

Deacetylase (HDAC) Dual Inhibitors. J Med Chem. 

2017 Oct 60; (19): 7965-83. 

doi:10.1021/acs.jmedchem.7b00467  

 


