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Abstract

This manuscript describes the synthesis of someMé&ubstituted-phenyl)-4-(4-phenyl-
1-piperazinyl)butanamidessg-¢ through a facile bi-step strategy. The structuoésthese
compounds were corroborated by their IR, EI-M$NMR, **C-NMR spectra along with CHN
analysis data. The results of Mushroom tyrosinas&ro inhibition revealed that all compounds
were superb inhibitors of this enzyme and amongntbé was identified as the most active
compound having I§; value of 0.168 + 0.057 uM, relative to the staddd6.841 + 1.146 uM).
The kinetic analysis (K= 0.22 uM) of this molecule revealed that it does competitively
inhibit the tyrosinase enzyme. It also significgnttduced (P<0.001) the enormous amount of
pigments to about 75.373% in an vivo protocol, when studied on the zebrafish embryos.
Moreover, the cytotoxicity of these butanamides aig® profiled and it was an infered that of
these molecules possess very mild cytotoxicity. Bayas consummated from the present
investigation that these compounds might be utlias less cytotoxic therapeutic agents for the
betterment of skin related ailments.

Keywords: 4-Chlorobutanoyl chlorideN-phenylpiperazine; tyrosinase inhibition; molecular
docking; depigmentation; cytotoxicity.



1. Introduction

Heterocyclic compounds are being concerned withntheén domain of research for the
discovery of new biologically active molecules [Ainong the nitrogen containing heterocyclic
compounds, piperazine derivatives have vide appbics as pharmaceuticals [Zhe piperazine
moiety is present in the structure of several camps which exhibit wide spectrum of
biological activities, including enzyme inhibitiodIV-1 inhibition, lipid peroxidation and
adrenoceptor antagonism [3-6].

The compounds having a phenyl ring condensed with giperazine heterocycle at
nitrogen atom constitute a large chemical clasfeiérocycles. Due to lipophilic nature and
small size, they have the aptitude to cross thedslmrain barrier. So, certaM-phenylpiperazine
derivatives promote activity upon the central nelvsystem and are being used in the cure of
numerous mental disorders, including anxiety diesd[7] Alzheimer’s disease, [8] psychosis,
[9] and depression [10]. Moreover, various moleswhgth N-phenylpiperazine moiety were
verified for their anticonvulsant properties andhiagt different types of induced seizures [11-
13]. Some drugs bearing phenylpiperazine skeletave tbeen approved by Food and Drug
Administration (FDA) and itraconazole is one of thest well-known among them (Fig. 1). It
was first prepared in 1984 and was made availaplthé FDA in 1992. It possesses a broad

spectrum of activity across various fungal spefids$.

Fig. 1. Structure of itraconazole.

Ketoconazole (Fig. 2) is another FDA approved angfal drug. It has been used for a
long time with high doses, particularly for immunpgressed patients. It has also been used for
the treatment of many systemic fungal infectionghsas paracoccidioidomycosis, chronic

mucocutaneous candidiasis, and blastomycosis [15].
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Fig. 2. Structure of ketoconazole.

Drugs containing butanamides moiety have been usdte treatment of high blood
pressure, abnormal heart rhythms and sometimes phies[16-22].

Melanin is regulated through the process callecangdenesis. Melanin is synthesized by
cells known as melanocytes, which are dendritiésscahd produced from the melanoblasts.
Melanoblasts are non-pigmented cells arising fram émbryonic neural crest. Skin and hair
follicles contain the melanin-producing cell in thasement of the epidermis. The important
function of these cells is to produce the pigmeeiamin. These cells in skin surrounded by
approximately thirty-six keratinocytes into whichelanocytes transfer the prepared melanin
[23].

Tyrosinase (copper bound enzyme) dispersed in plamtroorganisms and animals.
Tyrosinase is a pivotal enzyme with significanteeté on biosynthesis and regulation of
melanin. The substrate for tyrosinase (phenylarhgdroxylase, PAH) is followed by the
conversion cytosol, L-phenylalanine to tyrosineeTdhemical and biological reaction, in many
organisms like microbes and animals, is mono-pteetaxd-diphenols and oxidation reaction of
latter too-quinones [24]. In fruits and vegetable test, stefquality and essential dietary needs
are regulated through the tyrosinase. In advancechads, humans, and plants like fungi,
tyrosinase speeds up the conversion of tyrosire nmelanin. Melanin not only responsible for
the color but also protects the skin from UV radias [25].

The higher quantity of melanin-pigment synthesisrasponsible for different skin
diseases in females and males equally such asidgdeldark skin, acne, melasma and
pregnancy spots in females [26]. Such researchretidke scientific community and industry to
design and synthesize the organic compounds forskite whitening and treatment of skin

disease using tyrosinase inhibition as a targetemod



2. Experimental section
2.1. Chemistry
2.1.1. Materials and methods

Chemicals and analytical grade solvents were pgethfrom Sigma Aldrich, Alfa Aesar
(Germany), or Merck. Pre-coated silica gel Al-ptateere used for TLC. Ethyl acetate amd
hexane were used as solvent system. Spots wergatetey U\sss Gallonkamp apparatus was
used to find out the melting points. Elemental gsad were performed on a Foss Heraeus CHN-
O-Rapid instrument and were within + 0.4% of theatetical values. IR spectra, €ni™) were
recorded by KBr pellet method in the Jasco-320-&csppphotometer. EI-MS spectra were
measured on a JEOL JMS-600H instruméhtNMR spectra & ppm) were recorded at 600
MHz (**C-NMR spectra, at 150 MHz) in DMSQ-dsing the Bruker Advance Il 600 As- cend
spectrometer using BBO probe. Ti&NMR spectral peaks for interpretation are ablaed as
follows: s, singlet; d, doublet; dd, doublet of d&ts; t, triplet; br.t, broad triplet; q, quartet;
quint, quintet; sex, sextet; sep, septet; m, mekjglist, distorted.

2.1.2. General Procedure for the synthesis of 4-Chloro-N-(substituted-phenyl)butanamides (3a-

c)

Substituted aniline2@a-¢ 8.8 mmol; one in each respective reaction) wapesnded in 25
mL distilled water, stirred for 30 minutes followéy the addition of 10% aqueous J®; to
adjust pH to 9-10. Then, an equimolar quantity -@htbrobutanoyl chloridel( 1mL, 8.8 mmol)
was added with vigorous shaking, and the mixture stared further for four to five hours till
completion of each respective reaction. Reacti@ymass was monitored by TLC until a single
spot was achieved. During work-up, respective pctelwere precipitated by lowering the pH up
to 2.0 with conc. HCIl. The precipitates of thesectbphiles, 4-chlordN-(substituted-
phenyl)butanamides8&-c were filtered out, washed with distilled watemdaair-dried.

2.1.3. General procedure for the synthesis of N-(Substituted-phenyl)-4-(4-phenyl-1-
piperazinyl)butanamides (5a-c)

Phenyl piperazine4( 0.5 ml; 3.08 mmol) in 10 mN,N-dimethylformamide (DMF) was
taken in 50 mL round bottomed flask and a pinchitbfum hydride was added. The reaction
mixture was stirred for 30 minutes at 25 °C, fotiation of 4, followed by addition of a
respective 4-chlord¥-(substituted-phenyl)butanamid&atc one in each reaction). The reaction

mixture was stirred for 4-5 hours till the compbetiof reaction in each case. The products were



precipitated by adding distilled water and gotfiéid, washed with distilled water, and air-dried.
In this way, pureN-(substituted-phenyl)-4-(4-phenyl-1-piperazinyl}amides Ja-c were
obtained.

2.1.4. Sructural characterization

2.1.4.1. N-(4-Methyl phenyl)-4-(4-phenyl-1-piperazinyl ) butanamide (5a)

Light yellow solid ; Yield: 75%; m.p. 111-112C; Molecular formula: @H>7NzO;
Molecular weight: 337; IR (KBry/cm): 3241 (N-H, str.), 3033 (Ar C-H str.), 1716 (C=€X.),
1632 (Ar C=C, str.), 1588 (C=C, strjH-NMR and *C-NMR (Table 1); Anal. Calc. for
Cx1H27N30 (337.22): C, 74.74; H, 8.06; N, 12.45. Found:7€,66; H, 8.15; N, 12.37; EI-MS
(mV2): 337 [M]", 232 [G4H20N20]", 296 [GgH2N3O]", 286 [GH20N30]", 176 [GiH14NOJ,
162 [GoH12NOJ", 147 [GoH1sN]*, 133 [GH1iN]*, 120 [GHioN]*, 107 [GHgN]*, 91
[C/H/CeHsN] ™, 77 [GeHs] ™.
2.1.4.2. N-(2,5-Dimethyl phenyl)-4-(4-phenyl-1-piper azinyl )butanamide (5b)

Light purple solid; Yield: 65%; m.p. 113-12€; Molecular formula: gH29NzO; Molecular
weight: 351; IR (KBryp/cmi?): 3239 (N-H, str.), 3030 (Ar C-H str.), 1715 (C=8.), 1633 (Ar
C=C, str.), 1589 (C=C, str.JH-NMR and *C-NMR (Table 2); Anal. Calc. for £H2gNsO
(351.23): C, 75.18; H, 8.32; N, 11.96. Found: C,045H, 8.23; N, 11.99; EI-MS1{2): 351
[M]*, 336 [M - CHJ*, 245 [GsH2iN20]", 233 [G4H21N20]", 231 [G4H1dN2O]%, 219
[C13H18N,0]", 190 [GoH1eNO]", 175 [GiH1sNz]", 160 [GoHioN2]*, 147 [GoHiaN]*, 134
[CoH1oN]", 120 [GH1oN]", 105 [GHg]", 98 [GHsNO]", 91 [GHsN] ¥, 77 [CeHs] ™.
2.1.4.3. N-(3,4-Dimethyl phenyl)-4-(4-phenyl - 1-piperazinyl)butanamide (5c)

Light yellow solid; Yield: 73%; m.p. 97-98C; Molecular formula: gH,9N3O; Molecular
weight: 351; IR (KBry/cmi?): 3242 (N-H, str.), 3048 (Ar C-H str.), 1731 (C=€¥.), 1610 (Ar
C=C, str.), 1580 (C=C, str.JH-NMR and **C-NMR (Table 3); Anal. Calc. for £HygNzO
(351.23): C, 75.18; H, 8.32; N, 11.96. Found: C,1I5H, 8.26; N, 11.88; EI-MSn{z): 351
[M]*, 336 [M - CH", 245 [GsHaN20]", 233 [G4H2N20]", 231 [GHiN2O]", 219
[C1sH1eN20]", 190 [GoH16NOJ", 175 [GiH1sN2]", 160 [GoHiaNzl", 147 [GoHiaN]Y, 134
[CoH12N]", 120 [GH1oN]", 105 [GHg]", 98 [GHsNO]", 91 [GHsN] ¥, 77 [CeHs] ™.



Table 1

'H-NMR (600 MHz, DMSO-¢) and**C-NMR (150 MHz, DMSO-g) spectral data a.

N 'H-NMR (dppm) “C-NMR IH-NMR (dppm) ~C-NMR
0.
J(H2) (dppm) J(Hz) (dppm)
7.17 (brd,J = 7.9
1 9.79 (s, 1H) 171.31 35" 129.45
Hz, 2H,)
6.88 (br.d,J = 7.9
2 2.46 (m)* 34.45 4 119.60
Hz, 1H)
1.80 (quint.,J =
3 25.29 1 - 136.67
6.8 Hz, 2H)
3.80 (br.t,J = 6.8 7.47 (brd,J = 7.8
4 53.77 2. 6" 119.88
Hz, 2H) Hz, 2H)
3.33 (br.s) 7.53 (br.d,J = 8.1
2,6 53.16 35 129.76
& Hz, 2H)
3,5  2.39-2.37 (m)*  48.45 q - 133.24
1" - 147.19 7 2.28 (s, 3H) 20.85
7.08 (br.dJ=7.8
2", 6" 112.56
Hz, 2H)

*Merged in the signal of DMSOgd™* Overall merged signals.

Table 2

'H-NMR (600 MHz, DMSO-¢) and**C-NMR (150 MHz, DMSO-g) spectral data db.

N H-NMR (dppm) 13C-NMR 'H-NMR (dppm) 13C-NMR
0.
J (Hz) (dppm) J (Hz) (dppm)

6.77 (brt,d = 7.2

1 9.17 (s, 1H) 170.3 "4 119.16
Hz, 1H)

2 2.50 (m)* 34.2 T - 136.7

3 - 129.0

1.80 (quintJ = 7.1 22.94 o



2r, 6

3,5

2!!’ 6!!

311’ 5[[

Hz, 2H)

3.33 (m, 2H) 57.81 3
3.13 (br.s) 53.22 5
&
2.39-2.36 (m)** 48.68 6’
) 151.53 q
6.93 (br.d,J = 8.1

115.75 7
Hz, 2H)
7.21'7.19 (m, 2H) 129_34 8III

7.07 (br.d,J = 7.6

126.15
Hz, 1H)
] 135.3
7.22 (br.s, 1H,) 126.09
6.88 (br.d,J = 7.4
130

Hz, 1H)
2.14 (s, 3H) 17.89

2.23 (s, 3H) 21.01

*Merged in the signal of DMSOgd™* Overall merged signals.

Table 3

'H-NMR (600 MHz, DMSO-g) and**C-NMR (150 MHz, DMSO-g) spectral data dc.

'H-NMR (dppm)  13c_.NMR 'H-NMR (dppm)  13c_NMR
No.
J (Hz) (dppm) J (Hz) (dppm)
6.79 (brt,J = 6.7
1 9.69 (s, 1H) 171.23 "4 119.14
Hz, 1H)
2 2.45 (m)* 34.80 T - 137.59
1.77 (quintJ = 6.1
3 22.76 4 7.37 (br.s, 1H) 120.80
Hz, 2H)
4 3.34 (m, 2H) 57.78 "3 - 130.95
2,6 53.18 4" - 136

3.11 (br.s)



3,5

2!1’ 6![

s 1’
)

&

48.67
2.39-2.36 (m)**
- 151.53
6.92 (br.d,J =75

115.74
Hz, 2H)
7.20 (br.t,J = 6.8

129.33
Hz, 2H)

5![

7[

8lll

7.30 (br.d,J
Hz, 1H)

7.02 (br.d,J
Hz, 1H)

2.15 (s, 3H)

2.17 (s, 3H)

5
129.90

7.7
117.09

20.05

19.18

*Merged in the signal of DMSOgd™* Overall merged signals.

2.2.Biology

2.2.1. Invitro methodology

2.2.1.1. Tyrosinase inhibition

The potency of synthesized derivatives against naash tyrosinase (EC 1.14.18.1
Sigma Aldrich Chemical Korea) was investigated Bgatly following our published method
[26, 27]. In a first step, 20 mM with pH 6.8 Phoafhbuffer was prepared and their 140 puL was
used in each well, simultaneously 20 pL of targetyene mushroom tyrosinase was also added
from 30U/mL of stock solution. In a third step, Q. of the compound was poured into the
assay plate. After the first incubation of 10 mesiat room temperature, the 20 pL of substrate
L _DOPA was poured in each well of 96 well-platenfra stock solution of 0.85 mM, after that
reaction mixture was again incubated for 20 minate®5 °C. Finally, the change in absorbance
was recorded at wavelength 475 nm using a micrepkéder (SpectraMAX ABS, Molecular
Devices, USA). For comparison and assay validatmjit acid and assay buffer was used as a
positive and negative control. Forsf3alculations all concentration was investigateuasately
and repeated three times for better accuracy oftses-or calculation of 1§ through nonlinear

regression GraphPad Prism was used. By followiegogllow mentioned equation % inhibition

was determined.

Tyosinase % inhibition = [(Blank — Sample)/Blank] x 100



2.2.1.2. Kinetic analysis

The kinetic experiment was performed to know théaweor of compoundsb for
inhibition of tyrosinase. Range of doses was ingagtd for the identification of the pattern of
inhibition of tyrosinase b$b. We examined the kinetic using our published mef{28§l Totally
four doses obb were investigated 0.00, 0.13, 0.26 and 0.52 pMioua series of L-DOPA
substrate concentrations were used from 0.0625td #or all experiments. The first incubation
time and reading period was the same as presemtid@ ianti-tyrosinase inhibition method. The
maximum first velocity was determined using themay linear phase of absorbance for 5
minutes after mixing enzyme solution at thirty set® period. The enzyme blockage pattern was
determined using the Lineweaver-Burk graph of tppasite of velocities (1/V) against the
opposite of used substrate concentrations. Anathart was drawn for calculations of enzyme

inhibition dissociation constahi through 1/V against theb doses.

2.2.1.3. Hemolytic activity

For the hemolytic activity study, the bovine blaxample was collected in EDTA, diluted
with (0.9% NaCl), and centrifuge the diluted samgtid 000xg for 10 minutes. The erythrocytes
separated, diluted in phosphate buffer of pH 7d, suspension was made. 20 pL of synthesized
compounds solution (10 mg/mL) in 180 puL of RBCspaision was added and then incubated
for 30 min at room temperature. PBS was used aatinegcontrol and Triton-X was taken as a
positive control [29, 30]The %age of hemolytic activity (cytotoxicity) of wk/ synthesized

amides was calculated by using the following foranul

(%) of H Ivsis = Absorbance of Sample — Absorbance of Negative Control < 100
6) of Hemolysls = Absorbance of Positive Control

2.2.2. Invivo methodology
2.2.2.1. Determination of pigmentation reducing capacity of 5b in embryos of Zebrafish

The animal experiments were carried out as accoedwith the published methods [23,
26, 31].

2.2.2.2. Zebrafish Care and Maintenance
The selected animal zebrafishes were obtained th@mrocal market and maintained in

our fish facility laboratory for a period of thirgays. All the conditions were optimized for fish

10



culture as prescribed in literature for zebrafiskntains. Shrimp larvae were used as the food of
fishes and they were housed in tanks made up oitistatic material. For respiration, growth
and better health air and water filtration were mta@ined. The fish seed was obtained using the
normal procedure of fish spawning performed usimg light source as a stimulator. All the
animal experiments methods were confirmed by thpaDmental Review Board on Kongju
National University (IRB NO. 2011-2).

2.2.2.3.Treatment and depigmentation analysis of Compound 5b

First, the E3 medium was prepared by mixing 5 mMliwm chloride, 0.17 mM
potassium chloride, 0.33 mM calcium chloride, ar8BdnM and magnesium chloride. After that
even fishes were obtained using pipette into aayapkate and poured four to five embryos in
each well. In the second stéepl) solution was prepared in 0.1% DMSO and placed th&®
embryos medium for nine to seventy-two hours pedilization. For comparison and assay
confirmation kojic acid was used as a referencéerAhat chorion of embryos was removed and
tricainemethanesulfonate MS-222 was used as arsistienally, an embryo slide was prepared
using 1% methylcellulose on the entire slide andges were obtained using a stereo microscope

purchased from Nikon, Japan.

2.2.3. Computational Methodology
2.2.3.1. Sdection of mushroom tyrosinase

The 3D crystal structure of mushroom tyrosinasé VADBID: 2Y9X was repossessed
form the Protein Data Bank (PDB) (https://www.rasb/structure/2Y9X). The retrieved
structure further undergoes for energy minimizationUCSF Chimera 1.10.1 with default

parameters [32].

2.2.3.2. Grid generation and molecular docking

Before the molecular docking, the target proteinswaepared using the "Protein
Preparation Wizard" by the Maestro interface in 8ehrddinger Suite. Initially, bond orders
were assigned and hydrogen atoms were added tartdpet molecule. After that, the structure
was then minimized to reach the converged RMSD.80 @& with the OPLS_2005 force field.
The binding pocket of the target protein was coméid PDB and prior published data [25, 33].
The synthesized ligandS4-c) were sketched in a 2D sketcher in SchrodingeteSand saved in

11



the Maestro interface for docking experiments. Taecular docking experiment was carried
out between all ligands and selected target strestthrough the Glide docking protocol [34].
The generated docking complexes (3D/2D) were exadnon the basis of energy values and
binding interaction profiles. Throughout the doaksimulations, both partial flexibility and full
flexibility around the active site residues arefpened by Glide/SP/XP and induced fit docking
(IFD) approaches [35].

2.2.3.3. Molecular Dynamics

To understand the protein backbone stability in tleeking complex, a molecular
dynamics simulation experiment was performed thinottge Desmond simulation package of
Schrodinger [36]. In all runs, the NPT ensemble aggslied to have a temperature of 300 K and
pressure of 1 bar. The simulation time of 100 ngiftarelaxation time 1 ps was adjusted
throughout the simulation experiment with the OP2@)5 force field parameter [37]. The long-
range electrostatic interactions were calculatddguthe particle mesh Ewald (PME) method
[38]. The cutoff radius in coloumb interactions wiased at 9.0 A, whereas, water molecules
were explained using a simple point charge (SPQJainf89]. The Martyna-Tuckerman-Klein
chain coupling scheme [40] with a coupling const2.0 ps was used for pressure control and
the Nosé-Hoover chain coupling scheme for tempegatontrol. To analyze the behavior and
interactions between the ligands and protein, weel uke Simulation Interactions Diagram tool

implemented in the Desmond molecular dynamics ppeka

3. Results and Discussion
3.1. Chemistry

The synthetic procedures adopted to obtain theetaxgmpounds are outlined in scheme
1 and conditions of reactions are described in eékperimental section. Treatment of 4-
chlorobutanoyl chloridel] with three differeniN-substituted anilines2@-c gave the respective
electrophiles, 4-chlordd-(substituted-phenyl)butanamid@atc). N-Phenylpiperazine 4) was
taken in DMF and lithium hydride base added tovaté this nucleophilic compound, and then
the newly synthesized electrophil8s-¢ were reacted with to transform it intd\-(substituted-
phenyl)-4-(4-phenyl-1-piperazinyl)butanamideSa{g). The structures of the products were
deduced from their elemental analysis and spedata. For example, the molecular mas$af

was accounted by molecular ion peak in EI-MS spectatnVz 337 (Fig. S1) and molecular

12



formula, GiH2/N30O, was established through CHN analysis data. Tumtcof a number of
protons and the number of carbon resonances inH#®MR and *C-NMR spectrum,
respectively, was also in agreement with the sugdesiolecular formula. The most downfield
singlet in its'H-NMR spectrum a# 9.79 (NH-CO-1) was an attribute of amidic hetevoat
proton. 4-Methylphenyl moiety was clearly corroldedh by two ortho-coupled doublets in
aromatic region, appearing@?.53 (br.dJ = 8.1 Hz, 2H, H-3" & H-5"), and 7.47 (br.d=7.8

Hz, 2H, H-2" & H-6") along with a discrete singt®r a methyl group in aliphatic region &t
2.28 (s, 3H, CR7™). The distinct resonances for a symmetricaglepazine ring were not
observed, most probably, due to ring flipping, @éndas collectively characterized by a broad
singleto 3.33 and a multiplet signal at2.39-2.37 for all its four methylenes. The phegrdup
attached with nitrogen of the piperazine ring wagresented by three peculiar signalg #@t17
(br.d,J = 7.9 Hz, 2H, H-3" & H-5"), 7.08 (br.d] = 7.8 Hz, 2H, H-2" & H-6"), and 6.88 (br.d,
=7.9, 1H, H-4"). Peaks at3.80 (br.tJ = 6.8 Hz, 2H, CH4), 2.46 (m, merged in the signal of
DMSO-d;, CH,-2) and 1.80 (quint) = 6.8, 2H, CH-3) exposed the presence of a butanamido
group (Fig. S2). The*C-NMR spectrum demonstrated overall fifteen carlresonances,
because some duplets for magnetically equivalaocas were reducing the total resonances of
the molecule. The carbons of 4-methylphenyl moagtpeared at 136.67 (C-1"), 133.24 (C-
4™), 129.76 (C-3" & C-5"), 119.88 (C-2" & C-§,"and 20.85 (C7"). Two resonances for
piperazine ring were observedd@$3.16 (C2' & C6'), and 48.45 (C3' & C5') while plkegroup
attached with this piperazine was evident from foeaks ab 147.19 (C-1"), 129.45 (C-3" & C-
5, 119.60 (C4"), 112.56 (C-2" & C-6") [41]. Thimking butanamide moiety was endorsed by
four resonances at 171.31 (C-1), 53.77 (C-4), 34.45 (C-2), and 25(€93). Various mass
fragments (shown in the experimental section) of tholecule also thoroughly supported these
assignments. So, based on all these cumulativersg] the structure 6a was confirmed and it
was named asN-(4-methylphenyl)-4-(4-phenyl-1-piperazinyl)butande Similarly, the

structures of other derivatives were also chareadiby a similar strategy.
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Scheme 1. Outline for the synthesis of N-(substituted-phenyl)-4-(4-phenyl-1-
piperazinyl)butanamide®Reagents & Conditions (I) Ag. NaCO;s soln./pH 9-10/stirring at RT
for 3-4 hrs. (l) Acetonitrile/kCOs/refluxing of 4 for 0.5 hrs for its activation, followed by

addition of respective electrophil@a-c), and then refluxing for 4-5 hrs.

3.2. Biology
3.2.1. Enzymeinhibition and structure-activity relationship

The synthesized compound$afc were screened to confirm their importance as
inhibitors of the tyrosinase enzyme. Kojic acid waed as a standard for comparing results, and
estimates of the half-maximum inhibitory concentmat(ICso) are summarized in (Table 4).
Interestingly, all synthesized compounds showee@rmanhibition against mushroom tyrosinase
compared to kojic acid. Compourih (0.258 + 0.024) was the dominant tyrosinase inbibi
compared to other compounds in the series. Thespcesof two methyl groups at 2 and 5

positions of the benzene ring results in the betity of tyrosinase. The compourid interacts
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strongly and occupies the whole pocket of the rexefhe compoun&c exhibited moderately
inhibitory activity in the comparison of other comymds due to change in position of a methyl
group at 3 and 4 position of benzene ring as coegpt5b. It poorly interacted with enzyme
and unable to occupy the pocket of the receptoe 4 compound was the second potent
inhibitor due to the presence of only one methybugr at para-position, however, the
substitution of the methyl group péra-position decreases the steric hindrance whicheaszs
the inhibitory effect.

Table 4

ICsp values of compound$#-0 were calculated by nonlinear regression usingpldPad Prism
5.0.

Tyrosinase activity

Compound
ICs50 £ SEM (UM)
5a 0.307 £ 0.043
5b 0.258 + 0.034
5c 0.421 +£0.052
Kojic Acid 16.841 £1.146

SEM= Standard error of the mean (n=3).

3.2.2. Kinetic analysis

Based on our results, the most potent compding selected to determine the type of
tyrosinase inhibition and the inhibition constahihe potential of this compound to inhibit the
free enzyme and the enzyme-substrate complex wasndaed as an El or ESI constant. The
kinetic studies of the enzyme by the LineweaverkBalot of 1/V versus 1/[S] in the presence of
different concentrations of the compound revealsdrées of straight lines (Fig. 3A). The results
of 5b showed that the compound cuts in the second goiadrae analysis showed that, ¥/
decreased to new, increasing doses of inhibitorewKy, remained the same. This behavior
indicates thabb does not competitively inhibit tyrosinase to fotime enzyme-inhibitor complex.
Secondary plots of slope versus inhibitor concéioima showed dissociation constant of an
enzyme inhibitorK;) (Fig. 3B).
The kinetic results are presented in the Tabl&ietic parameter table).
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Table 5
Kinetic parameters of the mushroom tyrosinase f@Q@PA activity in the presence of various

concentration obb.

Concentration V max Km o Ki

Inhibition Type

(UM) (AA [Sec) (mM) (LM)

0.00 9.52x10 0.38

0.13 2.99x10 0.38 N
Non-Competitive 0.22

0.26 2.76x10 0.38

0.52 2.13x10 0.38

Vmax IS the reaction velocity, Km is the Michaelis-MentconstantK; is the EI dissociation

constant
] 20000
(A) 350000 3 4 .00 un ®) s
A0.13 pM 1
300000 3 0.26 pM 16000 A
26 ) ’ .
7. 250000 ] A0.52 pM 14000
4 12000
4 o
E 2000003 & 10000
= 7 8000
un
2 150000 o0 |
: 4000
2 100000
2000
E 50000 0
‘ 0 005 01 015 02 025 03 035 04
1] pM
. 3 10 15 20
-50000 1/[L-DOPA] mM

Fig. 3. Lineweaver—Burk plots for inhibition of tyrosinasethe presence of Compoubd. (A)
Concentrations obb were 0.00, 0.13, 0.26 and 0.52 uM, respectiveRDQPA Substrate
Concentrations were 0.0625, 0.125, 0.25, 0.5, 12amd/, respectively. (B) The insets are a plot
of the concentrations db slope versus inhibitor to determine the inhibiticonstant. Lines

were drawn using linear least squares fit.

3.2.3. Hemolytic activity

All the synthesized compoundsa-c were also subjected to hemolytic assay to find ou
their cytotoxicity profile. Results of percentagenfolysis are shown in (Table 6). Our results
showed that all these have very low cytotoxicityvaods the red blood cell membrane.

Maximum membrane toxicity was shown by compo®edvhich is only6.54 + 0.04% relative
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to Triton-X having a value of 87.67 = 0.03%. Thenimum toxicity was recorded b (2.54 +
0.01%) while5a exhibited 2.85 £+ 0.02% hemolysis.

Table 6

Cytotoxicity studies of the synthesized amidssc

Compound % Hemolysis
5a 2.85+0.02
5b 2.54+£0.01
5¢c 6.54 £ 0.04
Triton X 87.67 £ 0.03

Note: PBS (% Hemolysis) = 1.03 + 0.01.

3.2.4. Invivo depigmentation zebrafish analysis

Zebrafish is a vital research model against varidiseases, due to gene makeup
similarity with humans [23]. Owing to these bengfihe zebrafish seeds were used to determine
the depigmentation efficacy &b throughin vivo assay. The inhibition efficacy &b on the
coloring of zebrafish was investigated with theatment of 20, 40 and 60 UM of inhibitéb
and equal doses were tested for kojic acid, andh@megative control, embryos were treated
without any compound only with E3 medium embryosrevereated. The pigment level of
zebrafish significantly decreased P<0.001, (Fig, BAto about 75.373% while positive control
kojic acid showed 54.473% at 60 pM. Additionallghibitor 5b exhibited good depigmenting
effects at 40 and 60 pM doses, relative to thodejt acid.
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Fig. 4. Depigmentation efficacy dib in zebrafish (A) showed the melanin amount deea@as
zebrafish at different doses. (B) Graphically congmmn of melanin amount &b and standard
kojic acid. The amount of melanin was measuredgusimgeJ software. *P<0.05; **P<0.001.
The results were compared using analysis of vaei@gAblOVA) followed by a Dunnett test.
3.2.5. Molecular docking analysis
3.2.5.1. Binding energy evaluation of synthesized compounds

To predict the best conformational position withie active region of tyrosinase, all
compounds were undergoes a docking procedure. Thdicped docked complexes were
examined based on docking energy values (kcal/ntoljirogen and hydrophobic bonding
pattern. The docking results showed that all thehssized ligandsbé-¢) were bind within the
active site of the target protein with differenhéarmational poses and energy values (kcal/mol),
respectively. The binding pattern of all synthedizeompounds showed their similar
conformational behavior within the active regiontloé target protein (Fig. 5A). The compound
5a exhibited -6.38 (kcal/mol), wherea®b and 5c¢ possessed -6.05 and -5.90 kcal/mol,
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respectively (Fig. 5B). It was observed that afjahids exhibited similar chemical skeleton,

therefore, no big energy value difference was ofeskein all docking results.
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Fig. 5 (A, B). Docking complexes da-cwith binding affinities (kcal/mol).

3.2.5.2. Binding analysis of ligands against tyrosinase

The detail docking analysis &b exhibited a singlet-n interaction. The 3D and 2D
depictions of most active compourd are mentioned in (Fig. 6A, B). Furthermore, 5a
docking complex, one hydrogen and a coupler-af interactions were observed at His244,
Phe264, and His85, respectively. The carbonyl omyggm formed hydrogen bond whereas,
dimethyl benzene and other benzene rings wereaictet with His85 and Phe264, respectively.
Similarly, in 5¢docking complex one hydrogen and three hydrophabieractions were
observed as mentioned in (Fig. 7A, B). Prior dogkstudies showed that the significance of
these amino acids in bonding with other tyrosinaséitors supports our docking results [24-
26, 33].
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Fig. 6.3D and 2D-docking depiction 8b complex against tyrosinase.
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Fig. 7 (A and B).2D-docking depiction odba and5c complex against tyrosinase.
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3.2.6. Molecular dynamic simulations
3.2.6.1. RMD and RMSF analysis

To assess the residual flexibility of receptor tigio MD simulation RMSD and RMSF
graphs were generated to evaluate the proteintstelldehavior. The RMSD graph result&if
interprets the protein residual deviation in a h@0simulation time frame. Initially, the graph
line showed an increasing trend from 0-40 ns ha®RMSD value range from 0.25 and 2.00 A
for backbone residues. The generated RMSD graptveshdittle stability from 20 to 40 ns,
however, the graph fluctuations were higher at 4@ompared to 10, 20 and 30 ns. After that,
the promising result was observed and the graph demained stable until 100 ns having
constant RMSD value 2.00 A. The overall RMSD arialgiowed that fluctuations in a graph in
the whole simulation are within the standard ran§®&MSD 1-3 A which showed backbone
stability in docking (Fig. 8). The RMSF is usefof fcharacterizing local changes along with the

protein structure. The generated plot indicatedtgimo behavior fluctuations during the
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simulation in @ and backbone residues. The overall results shawetdN- and C-terminals loop
regions showed little fluctuations whereas, ressdar®und 170-200 depicted high fluctuations in

100 ns simulation (Fig. 9).

@ Backbone

Protein RMSD (A)

Time (nsec)

Fig. 8.RMSD graph obb docking compleyat 100 ns.

I CommBackbone

Residue Index

Fig. 9. RMSF graph obb docking comple»at 100 ns.

4. Conclusion
In summary, all the newly synthesizedN-(substituted-phenyl)-4-(4-phenyl-1-

piperazinyl)butanamide derivative§a-c demonstrated superb tyrosinase inhibitory agtivit
Among them, the compourisb displayed excellent activity with an d&value (0.258 + 0.024
pHM) relative to that of standard kojic acid (16.841.146 puM).In silico computational studies

of all compounds also augmented theitro analysis, whereby these molecules exhibited strong
interactions with the target protein and formedlgtacomplexes with tyrosinasin vivo anti-

melenogenic results also exposed Biasignificantly reduced the amount of pigments, with
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any damage to the zebrafish. These butanamidesealsbited mild cytotoxicity towards red

blood cell membranes. So, it was concluded fromwhele study that these molecules were
good therapeutic agents, in general. Howewds, in particular, might serve as a superb
tyrosinase inhibitor and an excellent anti-melamogegent for the treatment of skin related

ailments.
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Highlights

Butanami des compounds were synthesized for the treatment of melanogenesis.

In In-Vitro study we have performed Enzyme inhibition and kinetic analysis
In-Vivo study aso performed using Zebrafish model for melanogenesis
In Computationa study Molecular Docking and Simulation also performed

Overall Compounds showed best results as compared to standard in all studies
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