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Abstract

A new series of HDAC inhibitors were designed, synthesized, bearing acyl semicarbazide, hydrazide and hydrazide
derivatives as ZBGs, alkyl thio oxadiazole as the linker group and coumarin as the cap group .These derivatives were
evaluated for their HDACs inhibitory activities against MDA-MB-231 (a human breast cancer cell line) and HepG2 (a
human hepatocellular carcinoma cell line), most of them had substantial HDAC inhibitory action and displayed better
inhibitory activities against HepG2 cell line than against MDA-MB-231 cell line .Compound F5 was found to be the most
powerful HDAC inhibitor, with an I1C50 of 17.92, 20.72 pg/ml which were better than that of SAHA's with IC50 = 39.84,
36.52 pg/ml against MDA-MB-231 and HepG2 cell lines respectively. Compounds F1 with 1C50 of 30.21, 30.07 pg/ml,
compounds F2 with IC50 of 31.59, 26.27 pg/ml and compounds F4 with IC50 of 39.60, 31.40 pg/ml higher than that of
SAHA's with IC50 = 39.84, 36.52 pg/ml against MDA-MB-231 and HepG2 cell lines respectively. The probable binding
modes of compounds into HDAC enzymes (HDACL and 2) is deducted by the docking study which provided a rationale for
the greatest -inhibitory activity. These findings suggested that these compounds could be a good option for developing novel
HDAC inhibitors with anticancer properties.

Keywords: cancer; epigenetic modification; histone deacetylase inhibitors; coumarine; oxadiazole; hydrazide.

Introduction

Cancer is one of the major causes of death
worldwide. Despite advances in new
chemotherapeutic agents that restriction out of
uncontrolled cell division processes for the treatment
of various malignancies, significant side effects and
drug resistance continue to be one of the predominant
limitations. Different research are being conducted in
order to uncover and develop effective anticancer
drugs [1].

The risk of cancer formation may be enhanced
by epigenetic silencing of certain genes, resulting in
unrestrained cell growth [2].

Recent research has shown inappropriate
epigenetic alterations such as inappropriate DNA
methylation, histone  changes, nucleosome
abnormalities, and non-coding RNAs as Epigenetic
mechanisms all been linked to the initiation and
progression of cancer [3].

One of the key mechanisms is an inappropriate
histone modification, among them acetylation is the
primary mechanism under investigation [4].

acetylation regulates by two groups of enzymes,
histone acetyltransferase (HATSs) that catalyze the
transfer of acetyl groups to histone amino-terminal
lysine residues likely to result in local chromatin
expansion and greater accessibility of regulatory
proteins to DNA [5], whereas histone deacetylase
(HDAC:S) that catalyze the removal of acetyl groups
likely to result in chromatin compaction and
transcriptional suppression [4].

Several studies show that some members of the
histone deacetylase (HDAC) family are abnormally
expressed in a variety of cancers and play a non-
redundant role in regulating malignant cell
parameters. Consequently, overexpression of histone
deacetylase =~ (HDAC) activity, histone tail
deacetylation and chromatin architecture all have a
significant correlation. Certain genes may become
transcriptionally inaccessible to transcription factors,
resulting in their suppression. This could be a
mechanism to silence tumor suppressor genes like
p53 and cyclin-dependent kinase inhibitor genes like
p21[6].
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HDAC:s are involving in a variety of biological
processes that include the cell cycle control,
autophagy, metabolism, apoptosis, DNA repair,
senescence, and chaperone function. Human HDACs
with eighteen different isoforms are split into four
groups, class I HDACs (HDACs 1, 2, 3, and 8) are
associated to RPD3 deacetylase [7] and class 1l
HDACSs are divided into two subclasses: class lla
(HDACs 4, 5, 7, and 9) and class Ilb (HDACs 6 and
10) [8]. The yeast silent information regulator 2
(Sir2) family is homologous to the class 111 HDACs
(SIRT1 through SIRT7) [9]. The class IV HDAC
contains only one member (HDAC11). Class I, II,
and IV HDACs similarly require Zn2+ for catalytic
activity and also known as classical HDACs, most of
them share a highly conserved deacetylase domain,
however, class 11l HDACs has a unique catalytic
mechanism that requires the cofactor NAD*[10].

The zinc dependent HDACs classes have been
extensively studied and subjected to inhibition
studies as a cancer therapeutic strategy [11].

In spite of the huge structural variety, classical
HDACSs inhibitor have the universal pharmacophore
model consists of three parts [12]- [15]: 1) a zinc
binding group (ZBG) chelating with zinc ion at the
bottom of active site of HDACs as hydroxyl amine,
thiourea, thiol, amide or biguanide [16]- [19]; 2) a
cap group, generally a hydrophobic ring interacting
with the amino acids at the entrance of HDACs. The
cap group can adopt extensive structural variation as
coumarin [12], [20],[21], making it possible to design
HDAC inhibitors with great variety of structures
[22]; 3) a linker connecting the ZBG and the cap
group, such as alkyl oxadiazole [23]- [25]. The
selectivity and potency in these different inhibitors
rely upon varieties in any or all of the three domains.
Accordingly, new zinc dependent HDAC inhibitors
should have met these three requirements [26].
Materials and Methods

Chemicals supplied by hyper-chem (China) were
used, Thin-layer chromatography (TLC) was
employed to monitor reaction completion and verify
compound purity using aluminum sheets pre-coated
with Silica gel GF254 (type 60) and subjected to UV-
254 nm. The Stuart SMP3 melting point device was
used to detect melting points in open capillary tubes.
Spectroscopic analysis, Fourier-transform Infrared
(FTIR) at Baghdad University-College of Pharmacy
using  Shimadzu  IRAffinity-1 ~ Spectrometer
(Shimadzu, Japan) and Specac® Quest ATR-
diamond type (UK)). Proton nuclear magnetic
resonance (*HNMR) and Cytotoxicity assay both
were performed at the University of Tehran, Islamic
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Republic of Iran using MDA-MB-231 and HepG2
cell lines were obtained from the Pasteur Institute
(Tehran, Iran). Molecular docking studies was
performed using Molecular Operating Environment
(MOE) software version 2015.10 (Chemical
Computing Group, Montreal, Canada).

Chemical synthesis

The overall synthetic pathways of the final
compounds are shown in (scheme 1).

Synthesis of 2-0x0-2H-chromene-3-
carbohydrazide (I1).

In 25 ml DMF, Coumarin-3-carboxylic acid
compound I (2.5 g, 13.15 mmole) was dissolved, and
HOBt (2 g, 15.78 mmole) was added in one portion
followed by EDC.HCI (3 g, 15.78 mmole). The
mixture was stirred at room temperature, the
activation of the carboxylic acid group and the
formation of active HOBL ester was checked by TLC.
The resulting activated HOBT ester was then slowly
added by inverse addition to 12.5 ml DMF containing
hydrazine 99.9% (1.3 ml, 26.3 mmole) and
cyclohexene (0.5ml) while the temperature was kept
at 0°C, then the reaction mixture was stirring for 2
day at room temperature that monitored by TLC. The
product was obtained by the addition of 100 ml of
cold distilled water, filtration then excessive washing
with distilled water and sodium carbonate 5%,
recrystallized with ethanol to get compound Il as pale
—yellowish crystal [27]; m.p: 207-209°C; yield 70%;
FT-IR (ATR; v,cm?): 3302 (NH, hydrazide),
3220,3208 (NH., hydrazide), 1701 (C=0O, coumarin),
1662 (C=0, hydrazide); *HNMR (500 MHz, DMSO-
d6), ppm : 4.28 (s, 2H, NH;, CONHNH ), 7.47-7.78
(m, 4H, Ar-H) , 8.38 (s, 1H, H-4, coumarin), 9.28 (s,
1H, NH, CONHNHy).
Synthesisof3-(5-mercapto-1,3,4-oxadiazol-2-yl)-
2H-chromen-2-one) (I11).

In 40 ml absolute ethanol, compound Il (1g, 4.9
mmole) was dissolved, carbon disulphide (0.3 ml, 4.9
mmole) and potassium hydroxide (0.28 g, 4.9
mmole) were added at 0°C then the reaction mixture
was refluxed until the evolution of H,S gas ceased.
Excess solvents were evaporated, and the residue was
dissolved in water, then acidified with 5 % dilute
hydrochloric acid to pH 4-5. The precipitate was
filtered off, dried and crystallized from ethanol to
give compound Il as dark-yellow solid[28]; m.p:
178-181°C; yield 85%; FT-IR (ATR;v,cm™): 1697
(C=0, coumarin), 1616,1570, (2C=N, oxadiazole),
1269 (C=S), 1033 (C-O-C, oxadiazole); *HNMR
(500 MHz, DMSO-d6): ppm, 7.39-7.77 (m, 4H, Ar—
H), 8.32 (s, 1H, H-4, coumarin),14.02 (s, 1H, SH).
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Synthesis  of  3-(5-((5-oxoheptyl)
oxadiazol-2-yl)-2H-chromen-2-one (1V).

In 50ml dry DMF, compound IIl (0.5 g, 22.3
mmole) was dissolved, K,CO3(0.15 g, 11.15 mmole)
was added with stirring for 5-10 min, a white ppt.
was formed, then 5- bromoethylvalerate (0.33 ml,
22.3 mmole) was added, the reaction mixture was
stirring gently overnight at room temperature,
monitored by TLC. Then cold D.W was added and
the formed ppt. was filtered, washed with D.W and n-
hexane then dried and recrystallized from ethanol to
give compound IV as light beige solid [29]; yield
95%; m.p: 221-223°C; FT-IR (ATR; v, cm™?): 1720
(C=0, aliphatic ester), 1701(C=0, coumarin),
1666,1620 (2C=N, oxadiazole), 1033 (C-O-C,
oxadiazole); 'THNMR (500 MHz, DMSO-d6): ppm,
1.17(t, 3H, aliphaticCHs-CH2-C(0)-), 1.63 (m,
2Haliphatic -CH,-CH2-C(=0)- and 2H, S-CH;-CH-),
2.36 (t, 2H aliphatic -CH,-C(=0)-) , 3.17 (t, 2H, -S-
CH2-), 4.02 (t, 2H, aliphatic-O-CH2-CH3), 7.31-7.68
(m, 4H, Ar—H), 8.39 (s, 1H, H-4, coumarin).
Synthesisof2-(5-((5-(2-o0x0-2H-chromen-3-yl)-
1,3,4-oxadiazol-2  yl)thio)pentanoyl)hydrazine-1-
carboxamide(F1).

In 20 ml absolute ethanol, Semicarbazide.HCI
(0.12 g, 1.116 mmole) and triethylamine (0.12 ml,
1.116 mmole) were mixed and stirred for few
minutes, then an absolute ethanolic solution 20 ml
containing compound (1V) (0.4 g, 1.116 mmole) was
added gradually then stirred for 12 hour at room
temperature, the precipitate was formed, filtered and
washed with ethanol, and left to dry to give
compound F1 as a light green solid[30]; m.p: 265-
268°C; vyields 80 %; FT-IR (ATR; v, cm™): 3464
(NH, hydrazide), 3217,3147 (NH2, hydrazide), 1701
(C=0, coumarin), 1681 (C=0, hydrazide), 1608,1585
(2C=N, oxadiazole), 1049 (C-O-C, oxadiazole);
'HNMR (500 MHz, DMSO-d6): ppm, 1.67(m, 2H,
aliphatic -CH2-CH,-C(=0)- and 2H, S-CH»-CH,),
2.88 (t, 2H, aliphatic -CH,-C(=0)-), 3.36 (t, 2H, -S-
CH2-), 6.76 (s, 1H, NH, urea), 7.18-7.68 (m, 4H,
Ar-H), 8.31(s, 1H, H-4, coumarin),9.95 (s, 1H, NH,
urea), 10.87 (s, 1H, NH, urea).

Synthesis of 5-((5-(2-oxo-2H-chromen-3-yl)-1,3,4-
oxadiazol-2-yl) thio)pentanehydrazide (F2).

In 80 ml absolute ethanol, compound IV (1 g,
1.34 mmole) was dissolved, and hydrazine hydrate
99.9% (0.28 ml,2.68 mmole) was added, left to
stirring for 24 hrs. at room temperature. The mixture
was filtered and washed with chloroform to get
compound F2 as pale- yellowish green solid[31];
m.p: 259-261°C; yield 50%; FT-IR (ATR; v, cm™) :
3390 (NH, hydrazide), 3232,3194 (NH,, hydrazide),

thio)-1,3,4-
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1693 (C=0, coumarin), 1662 (C=0, hydrazide), 1624
,1608  (2C=N, oxadiazole), 1033 (C-O-C,
oxadiazole); *HNMR (500 MHz, DMSO-d6): ppm,
1.66 (m, 2H, aliphatic -CH,-CH,-C(=0)- and 2H, -S-
CH2CH2), 2.46 (t, 2H, aliphatic -CH»-C(=0)-), 3.28
(t, 2H, -S-CHy-), 4.14 (s, 2H, NH;, CONHNHy,),
7.33-7.80 (m, 4H, Ar-H), 831 (s, 1H, H-4,
coumarin), 8.70 (s, 1H, NH, CONHNHy).

Synthesis of N'-acetyl-5-((5-(2-0x0-2H-chromen-3-
yl)-1,3,4-oxadiazol-2-yl)
thio)pentanehydrazide(F3).

In 100 ml flat bottom flask on an ice bath,
Compound F3 was synthesized by dissolving
compound F2 (0.4g,1.11mmole) in 30ml dry
chloroform, triethylamine (0.15 ml, 1.11 mmole) was
added slowly with continuous stirring then acetyl
chloride (0.16 ml, 2.22 mmole) was added by
simultaneous drop by drop, after that the stirring was
continued overnight at room temperature. The
product was obtained by evaporating some of the
solvent volume, filtered and rinsed with distilled
water to give compound F3 as light —green solid[32];
m.p: 268-270°C; yield 70%; FT-IR (ATR; v, cm?):
3277 (NH, hydrazide), 1701 (C=0, coumarin), 1671
(C=0, hydrazide), 1620,1608 (2C=N, oxadiazole),
1033 (C-O-C, oxadiazole); HNMR (500 MHz,
DMSO-d6): ppm, 1.70 (m, 2H, aliphatic -CH2-CH.-
C(=0)- and 2H, S-CH,-CH2-), 1.98 (t, 3H, aliphatic
—CH3-C(=0)-), 2.24 (t, 2H, aliphatic -CH»-C(=0)-) ,
3.28 (t, 2H, -S-CHy-), 7.39-7.78 (m, 4H, Ar-H), 8.28
(s, 1H, H-4, coumarin), 9.01,9.58 (s, 1H, NH,
CONHNH) respectively.

Synthesis of N-(2-chloroacetyl)-5-((5-(2-0x0-2H-
chromen-3-yl)-1,3,4-oxadiazol-2-yl)
thio)pentanehydrazide(F4).

In 30ml dry chloroform on an ice bath,
Compound F4 was synthesized by dissolving
compound F2 (0.4 g, 1.11 mmole), triethylamine
(0.15 ml, 1.11 mmole) was added drop by drop with
continuous stirring then chloro-acetyl chloride (0.18
ml, 2.22 mmole) was added slowly after that the
stirring was continued overnight at room temperature.
The product was obtained by evaporating some of the
solvent volume, filtered then rinsed with distilled
water to give compound F4 as off white-solid[32];
yield 60%; m.p: 273-275; FT-IR (ATR; v, cm™):
3263 (NH, hydrazide), 1697 (C=0, coumarin) , 1688
(C=0, hydrazide), 1624,1608 (2C=N, oxadiazole),
1033 (C-O-C, oxadiazole); HNMR (500 MHz,
DMSO-d6): ppm, 1.68 (m, 2H, aliphatic —CH,-CH-
C(=0)- and 2H, -S-CH,CH,), 2.21 (t, 2H, aliphatic -
CH»-C(=0)-) ,3.14 (t, 2H, -S-CHy-), 4.0(s, 2H,
C(=0)-CH,-Cl), 7.39-7.77 (m, 4H, Ar—H),8.21 (s,



388 S.h S. Jabbar and M. H. Mohammed

1H, H-4,coumarin),
CONHNH) respectively.
Synthesis of 1-(triethylammonio) 2-(5-((5-(2-oxo-
2H-chromen-3-yl)-1,3,4-oxadiazol-2-yl)thio)
pentanoyl) hydrazine-1-carbodithioate(F5).

In 20 ml dry THF, compound F2 (0.4 g, 1.11
mmole) was dissolved, cooled to 0°C, then treated
with triethyl amine (0.15 ml, 1.11 mmole) and
stirring for 30 min. CS; (0.11 ml, 2.22 mmol) then
was added and the mixture was stirred for 12 hrs. at
room temperature. The product was precipitated
from THF by Et,0 to give compound F5 as light
green solid [33]; m.p: 293-295; yield 73%; FT-IR
(ATR; v, cm): 3267 (NH, hydrazide), 1701 (C=0,
coumarin), 1679 (C=0, hydrazide), 1624,1608
(2C=N, oxadiazole), 1033 (C-O-C, oxadiazole);
!HNMR (500 MHz, DMSO-d6): ppm, 0.92 (t, 3H ,-
N-CH,-CH3-), 1.47(q, 2H, -N-CH,-CHs), 1.65 (m,
2H, aliphatic -CH»-CH,-C(=0)- and 2H, S-CH:-
CH,), 2.36 (t, 2H, aliphatic -CH»-C(=0)-) , 3.14 (t,
2H, -S-CHy-) , 6.97-7.68 (m, 4H, Ar-H), 7.67(s, 1H,
NH, amide), 8.39 (s, 1H, H-4, coumarin),11.3 (s, 1H,
NH, thioamide).

9.189.41 (s, 1H, NH,

VICH,COCHTEA
VICICH2COC!, TEA
VIINCS, TEA

Scheme 1. Synthesis of the target compounds (F1-F5)
In vitro Cytotoxicity Assay

In vitro cytotoxicities of compound (F1-F5) were
assessed using the MTT assay. Two cell lines that
overexpress HDACs, human hepatic carcinoma
(HepG2) and human breast cancer cell line (MDA-
MB-231) were employed. The assay findings were
presented as a mean of three independent tests, with
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IC50s calculated to indicate the efficiency of the
investigated compounds in inhibiting the proliferation
of the two cell lines.
Insilco Docking Study

The Molecular Operating Environment (MOE)
software version 2015.10 was used to conduct the
docking studies (Chemical Computing Group,
Montreal, Canada). HDAC1 ( (PDB code 5ICN)
[16]and HDAC2 (PDB code4lLXZ)[34]). X-ray
crystal structures were retrieved from the Protein
Data Base (PDB). All water molecules were removed
from PDB files, and hydrogen atoms were then added
to the protein. The MOE-Dock algorithm was then
used to dock the optimized shape of the chemical into
the binding site. The London dG was selected as
initial scoring method and the Rigid Receptor was
selected as the final scoring method. The best 5 poses
of each ligand were retained and scored. Finally, the
geometry of docked complex was analyzed by the
pose viewer utility in MOE.

Results and Discussion
Chemical Synthesis

Compound Il was obtained as hydrazide, the
process includes the activation of the carboxylic acid
by HOBt, EDC-HCI to get HOBt esters then the
hydrazinolysis of HOBt esters. The IR spectrum
shows a shifting of C=0 absorption from 1735 to
1662 cm™ and new bands at 3315,3201,3228cm*
related to (NH, NH, stre.). 'HNMR shows the
appearance of new signals related to CONHNH;
protons at 9.28 and 4.28 ppm. respectively, and both
as a singlet.

Compound 111 was prepared by synthesis of the
oxadiazole nucleus by refluxing an ethanolic
suspension of hydrazide with CS; in the presence of
(KOH). The IR spectrum and *HNMR shows
disappearance of all bands related to hydrazide group
and the appearance of signal related to SH at 14.02 as
singlet.

Compound IV was prepared by a nucleophilic
substitution (SN) reaction between compound Il
and 5- bromoethylvalerate in dry DMF and in the
presence of anhydrous potassium carbonate as a
catalyst. The IR spectrum shows the appearance of
new bands at 1720cm™ (C=0, aliphatic ester) and
new bands at 2873,2947,2985(CH stre., (CH.)4, CHs)
which were a clue for S-alkylation. *HNMR shows
the presence of new signals at 1.17 (t, 3H,
COCH,CHj3), 1.63 (m, 2H, aliphatic -CH,-CH»-C(0O)-
and 2H, S-CH,CH,), 2.36 (t, 2H, aliphatic -CH,-
C(=0)-), 4.03 (g, 2H, COOCH,CHs3), and the absence
of SH signal at 14.02 and instead of the appearance
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of new signal at 3.17 ppm which was related to —
SCHo..

Compound F1 was prepared by the reaction of
ethyl ester of compound IV with semicarbazide.HCI.
The IR spectrum shows a shifting of C=0 absorption
from 1720 to 1689 cm™* due to the conversion of ester
to acyl semicarbazide, show appearance new bands at
3155, 3197,3464 cm™ (NH2, NH stre., urea). ‘HNMR
shows the appearance of signals were related to
CONHNHCONH, at 6.76, 9.95,10.87 ppm. (NH,,
NH, urea) respectively all of them as singlet.

Compound F2 was prepared by the
hydrazinolysis of ethyl ester of compound IV. The IR
spectrum shows shifting of C=0 absorption from
1720 to 1662 cm due to the conversion of ester to
hydrazide, the appearance characteristic bands at
3390,3232,3194 cm™ which were related to (NH,
NH; stre., CONHNH;). HNMR shows the
substitution of ester protons at 1.17,4.03 ppm. by new
protons at 4.14 and 8.7 ppm. related to (CONHNHy)
both as a singlet.

Compound F3 was prepared by N-acytalation
of compound F2 using acetyl chloride. The IR
spectrum shows band at 1671 (C=0, hydrazide) and
disappearance of 2 bands of NH; stre., of hydrazide
F2. 'HNMR shows the appearance of new signals
related to CONHNHCOCHS; protons at 9.01, 9.58
(NH, amide) respectively both as a singlet and at 1.98
(3H, —CH3-C(=0)-) as triplet.

Compound F4 was prepared by N-acytalation
of compound F2 using chloroacetylchloride. The IR
spectrum shows a band at 1688 cm?® (C=0,
hydrazide) and disappearance of 2 bands of NH; stre.,
of hydrazide F2. HNMR shows the appearance of
the signals were related to CONHNHCOCHCI
protons at 9.18,9.41 and 4.00 ppm. respectively all of
them as a singlet.

Compound F5 was prepared by reacting
compound F2 with carbon disulfide as the sulfur
source usually under basic conditions. The IR
spectrum shows band of C-N str. at 1346 cmt, band
of C=S str.at 1153 ,1033 cm™ and at 968 cm™ of C-S
str'HNMRshows the signals were related to
CONHNHCS;N(CH,CHs); protons at 7.67, 11.3
ppm. (NH, CONHNH) respectively both as a singlet
and at 0.92 (q, 2H, N-CH.CHas), 1.47(t, 3H, N-
CH,CHg).

Cytotoxicity study

At micromolar concentrations (6.25, 12.5, 25, 50, 100
M), compounds F1-F5 were tested for their in vitro
antiproliferative activity against two cancer cell lines,
MDA-MB-231 (a human breast cancer cell line) and
HepG2 (a human liver cancer cell line). The 1C50s
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Cell viability (%)

were measured to display the growth inhibitory effect
of these compounds on the two cell lines table (1).
Figures 1 and 2 show the cell viability percent of
compounds F1- F5 comparable to SAHA against
selected cell lines, inhibition of growth increases in a
continuous and parallel manner as the concentration
is increased.

1C50 (pg/ml)
Sample
MDA-MB-231 HepG2
F1 31.5981 26.27572
F2 30.21784 30.07824
F3 61.6697 43.47328
F4 39.6076 31.40249
F5 17.92197 20.72367
Saha 39.8484 36.52026

Table 1. IC50 values of target compounds F1-F5.

F1

Cell viability (%)

Concentration ug/ml

Concentration pg/ml

Figure 1. Comparative Concentration-cell viability
percent curve of the target compounds (A): the cytotoxicity
of compound F1-F5 against hepatic carcinoma cells,
HepG2. (B): the cytotoxicity of compound F1-F5 against

s

Cell viability (%)
Cell viability (%)

(T

Concentration pg/ml ‘oncentration pg/ml

human breast cancer cell line, MDA-MB-231.

Concentration pg/ml
Figure 2. Comparative Histogram showing the
concentration-cell viability percent of the tested compounds
(A): the cytotoxicity of compound F1-F5 against hepatic
carcinoma cells, HepG2. (B): the cytotoxicity of compound
F1-F5 against human breast cancer cell line, MDA-MB-
231

a2

0 H s
| ‘ msata
C
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Most of target compounds had substantial
HDAC inhibitory action. Compound F5 was found to
be the most powerful HDAC inhibitor, with an IC50
of 17.92, 20.72 pg/ml which were better than that of
SAHA's with IC50 of 39.84, 36.52 pg/ml against
MDA-MB-231 and HepG2 cell lines respectively.
Figure 3 and 4 (captured at the 1C50s) shows the
difference in the magnitude of cytotoxicity between
the compounds.

(A) HepG2 (B) MDA-MB231

Control
untreated
cell

SAHA
treated
cell

F1
treated
cell

F2
treated
cell

F3
treated
cell

F4
treated
cell

F5
treated
cell

Figure 3. Morphology of the cell lines after treatment with
compounds (F1-F5) at the IC50(A): HepG2(B): MDA-MB-
231. Scale bar is 10pm.
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(A) HEP G2 (B) MDA-MB-231

Control
untreated
cell

SAHA
treated cell

F1 treated
cell

F2 treated
cell

F3 treated
cell

F4 treated
cell

F5 treated
cell

Figure 4. fluorescent images of selected cell lines, DAPI
staining was used for labeling the nuclei. (A): HepG2 (B):
MDA-MB-231
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Insilco study

For comparison purposes, Compounds F1-F5
together with SAHA were docked against HDAC1
(PDB code: 5ICN) and HDAC2 (PDB code: 4LXZ),
molecular docking studies were performed using the
software MOE2015.10. In vitro cytotoxicities results
agreed with molecular docking studies, which
provided a rationale for the greatest inhibitory
activity. Docking studies showed that compounds F1-
F5 have binding affinities, hydrogen bond
interactions between the ligand and the enzyme and
distance of heteroatom from Zn*? better than, that of
SAHA with selected isoform. The results of docking
with these isoforms are summarized in Table 2.
Images in figure 5 representing the occupation of the
binding pocket of HDAC isoforms by target

compounds and SAHA.
Coordinating
Energy of
Isoform bond
ligand Binding(Kcal/ Hydrogen bonds .
/PDB code length (with
mol)
zinc) [4]
SAHA -8.07 GLY 149(3.13 &) 213
GLY 149(3.22 &), CYS 151(4.25 A)HIS
Fl .16 R 2.01
141(2.83 4) :
F2 -8.06 2H-bond with GLY 149(3.24and 3.11 A ) 207
B3 9293 TYR 303(2.81 A} 2.14
F4 .28 GLY 1493.21 ) 2,09

Table2. Docking results of compound F1- F5 and SAHA
against HDAC1 and 2.

HDAC-2

HDAC-1

F2

F3
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F4

F5

SAHA

Figure 5. The occupation of the binding pocket of HDAC
isoforms by target compounds and SAHA.

Conclusion
In the field of antitumor research, HDAC

inhibitors have been found as potential anticancer
agents. A new series of HDAC inhibitors was
designed, synthesized, and their inhibitory effects
were assessed in vitro experiments to obtain
enhanced anticancer efficacy. Most compounds
inhibited the hepatocellular carcinoma cell line
HepG2 more effectively than the human breast
cancer cell line MDA-MB-231. HDAC isoforms are
effectively inhibited by compound F5. All of these
findings suggest that these novel HDAC inhibitors
could be attractive options for future anticancer drug
development.
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