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ABSTRACT

The increasing use and generation of solid plastic wastes have imposed challenges of their disposal for the society.
Thereby, the recycling and treatment of solid plastic waste to ecofriendly compound may help in sustaining and
integrating the wastes for useful purpose. Herein, this paper the aminolysis of poly(ethylene terphthalate) (PET) is
being carried out in presence of excess of hydrazine monohydrate to form terphthalic dihydrazide (TDH). The
characterization and structural confirmation was done by FTIR, NMR, UV and thermal analysis. The derivatives of
amide are related with broad spectrum biological activities including antimicrobial activities. This aromatic amide
was further analysed for antifungal property by well diffusion method viz., MIC (minimum inhibitory concentration),
zone of inhibition and biochemical changes. The synthesized aromatic amide showed broad spectrum antifungal
property. The amide derivative was proposed as an inhibitor of Cytochrome P450- 14DM14, a-demethylase from
Aspergillus niger and S12 protein of ribosomal subunit from Escherichia coli. Drug-likeness and hidden potential of
compound and descriptors related to ADMET were deliberated to foresee pharmacokinetic properties of the
molecule. Thereby molecular docking data study helped in evaluating probable mode of action of molecules in
active site of receptor.

Keywords.Antifungal agent, Aromatic amidesAspergillus niger, PET (Polyethylene terephthalate), TDH
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INTRODUCTION

The first commercial and industrial scale synthgtidymers were produced in early 1940s, ever sithee
consumption and generation of solid waste fromtjgldsas increased exponentially in daily househplibkaging,
industries etc. Now the researchers all over thddaare working in regulating the environmentaliss generated
by plastic wastes [1]. The high cost of disposaplafstic solid waste and the considerable decreaspace for
landfills have forced to look for alternatives ftisposal of plastic solid wastes [2]. Several mdthand chemical
routes have been proposed for recycling of plaséistes [3]. PET is a commonly used as a thermaplpstymer,
used in sheets, fibres and bottles. PET wastebeaacycled chemically and mechanically both. Tleemanically
recycled PET wastes generate low grade products filtre [4,5,6]. Chemical recycling is carried oby
depolymerization processes like hydrolysis, metha® and glycolysis and also by the use of theanogatalytic
depolymerization of PET with excess amount of ethgl [7]. Another little investigated chemical detation
technique of PET waste is aminolysis. Soni and ISif8] reported the degradation of PET by ammonid an
methylamine in the presence ammonium salt as dyshtt room temperature. Thus various efforts Haeen done
in the study of degradation of PET waste with défé amines by solvolysis. The product obtaineddlyolyis of
PET waste may be used for further application sagherephthalic dihydrazide was reported for the insPVC
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compounding as secondary plasticizers [9]. In &oidiof this application amide derivatives are associated with
another use as an antimicrobial agent having bicddgnd pharmacological activities [10]. Aromagsimides may
be used as fungicides by affecting cell wall prditurcthrough inhibition of ergosterol productionl]l Amides
derivatives show broad spectrum of biological atitg which includes antituberculosis, anticonvatsanalgesic,
anti-inflammatory, insecticidal, antimicrobial, arghtitumor properties. These amides play a pivotdd in

molecular recognition and also an important compoiresupramolecular chemical anion sensor teclgyldhese
amides show good thermostability [12] can sustdghdr temperature which positively affects its e an
antimicrobial agent. In today’s scenario thereastmual need to keep exploring new classes ofraatobial agent
because wide use of antibiotics has developed dnugii resistance in microbial pathogens [13]. Irs thiay,

synthesis of amide and amides derivative may bé asgyood approach for antimicrobial agent.

In this work, an effort was made to synthesizeadgjically useful compound from the PET waste byiranlysis
method of chemical degradation. PET was aminolysedromatic amide TDH (Terephthalic dihydrazide)tbhg
reaction of PET waste with hydrazine monohydratd aoreened for antifungal activity okspergillus niger.
Aspergillus species cause the group of diseases such agileper, otomycosis etc. [14]. These are secondary
invader of diseases of sinuses, lungs, ear, ey&, @Nnary tract and dissemination in case of imosupression.
The amide derivative acted as an inhibitor of Citome P450- 14DM14a-demethylase fréspergillus niger and
ribosomal subunit of S12 protein froEscherichia coli. The drug-likeness and hidden potential of compoand
ADMET-related descriptors were considered to expgatarmacokinetic properties of the molecule. Molacu
docking studies helped to evaluate possible mo@etidn of molecules in active site of receptor.

MATERIALSAND METHODS

Chemicals and M ethods: The chemicals hydrazine hydrate was procured f86th, India. PEG was procured from
SRL. Fluconazole and Media was purchased from Himeddia. A fungus speciedspergillus niger was cultured
and maintained in our laboratory in Sabouraud Dmdrmedia (SDA) and streptomycin antibiotics. U\&illie
spectroscopy was carried out by Systronic doubbarbspectrophotometer 2203 SMART. The FTIR spectra o
compounds were recorded on Cary 630 FTIR, Agilesthihologies. DSC was done by Lab: Mattler STARV
8.10."H NMR spectra were recorded on Bruker 300 MHz. Themical shifts measured are relative to TMS which
is used as an internal standard and are exprasgguii.

Experimental Section

Recycling of PET wastes: The waste flakes from PET were collected fromustdy and washed with methanol
several times. Then it placed into a water batffGfl00°C for separation of PET flakes from impesti This
process shrinked PET flakes which separated othpuiities leaving behind high density polyethylengs and
polypropylene cups [8]. PET waste was reacted Wiydrazine monohydrate in the ratio 1:10 (w/v). Bealed
reaction flask was used to carry out the reactidh wontinuous stirring at ambient temperature pressure. The
aminolysed product was separated after 24 hoursvastied with distilled water. The precipitate wagdlin oven
[12]. Characterization of reaction product was ddmyeUV-Visible spectroscopy, FTIR spectroscopy, Mac
magnetic resonance spectroscopy and thermal amébyshe identification of molecular structure.

Antifungal activity: Determination of antifungal activity of TDH wa®mke by measurement of zone of inhibition
by well diffusion method. The petridish was castdth media and well was created in petridish whke telp of
sterile cork borer (8 mm in size). The test compbdissolved in DMSO was filled in wells. The antifial activity

of compound was compared with Fluconazole whiclused as a standard antifungal agent [15]. Fungainst
Aspergillus niger was exposed to different concentration of synttezsiamide in DMSO to determine zone of
inhibition.

Preparation of an ointment and antifungal activity study: Ointment was prepared by fusion method followgd b
mixing PEG 400 and PEG 4000 in adequate ratio épame a cream base then different concentratiamades in
DMSO were added to it. The ointment with differennhcentrations of amide was examined Agpergillus niger
fungal growth.

Biochemical Studies: Biochemical analysis of the fungus was studiethim presence of ointment. It involved the

estimation of carbohydrate, protein, lipids andleigcacid. Biochemical changes in fungal cells watredied during
growth, development of fungus which was measuredrigyweight. Fluconazole was used as a positivéroband
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DMSO as a blank. Total carbohydrate was estimayedrithrone method. Protein estimated was done lwri/e
method. Nucleic acid as DNA and RNA were measunediphenylamine and Orcinol method, respectivelil. A
parameters was calculated by extrapolation on stanzlirve.

Molecular Docking: The 3D structure of Cytochrome P450-14DM fr@mralbicans have been constructed through
homology Modeling. Modeller9v9 package was usegetioerate homology model of Cytochrome P450-14DM.[16
The template chosen for study was human Cytochie4®-14DM protein that displayed resemblance witiigin
sequence used here. The low value of Modeller tiggéunction or DOPE and assessment score of GAfded

in choosing five best models among 100 models. izr@c analysis assisted in choosing the best madgijhich
showed the occurrence of just one residue in erdudgion analogous to the template.

Further, the protein and grid preparation requisedtal structure of 30S Ribosomal subunit S12 (ROBFJG, L
Chain) obtained from protein data bank. After thededing of Cytochrome P450-14DM, the best modskiected.
Schrodinger protein wizard is used for protein pregion that include hydrogen atom addition, fokaowby
optimization by OPLS force field [18]. Ligand foocking was set in Schrodinger ligprep wizard anditéeh of

hydrogens was followed by optimization in OPLS_200&e field, generating 10 conformations for ligafter

the preparation of ligand library, proteins and phetein grid docking was carried out. The softw@lale search
and pose ligand flexibility using Systematic anth&liation method.

Post docking analysis. Ligplot program is used for analysis of dockedtpin-ligand complex interaction and to
ensure hydrophobic and polar interactions betwéen ligand and receptor [19]. PyMOL software helped
generation of figures screening protein-ligand clempand ligand-protein interactions [20].

RESULTSAND DISCUSSION
Chemistry: The PET wastes were degraded using amines, sugiraary amines (aliphatic, aromatic, click
functionalized, tertiary functionalized), secondarines, and asymmetric amines and the procesknagn as
aminolysis. Masayoshi reported solid-phase polyeosdtion or melt polycondensation to produce

copoly(ethyleneterephthalate/ethylene terephthalejnusing ethylene diamine [21]. The aminolysisctiea of
PET with excess amount of hydrazine mono hydratebegproposed as the chemical reaction in Scheme 1.

T I
_ _CQC_O_CHTCHTO%_
n

PET

Aminolysis

NH, + HO——CH, CH, ——OH

O o)

Il Il
HoN—/— N—— C —N
H H
Scheme 1: Terephthalic dihydrazide (TDH) obtained by the aminolysisof PET waste

Characterization: The aminolysis product of PET waste with was ahterized with several spectroscopic
techniques (UV-Visible, FTIR antH-NMR). The UV-Visible spectra of compounds wereamled using Systronic
double beam spectrophotometer 2203 SMART at median speed and range between 200 to 40(Figare 1).
The sample was prepared by dissolving in DMSO. Ulespectrum showed absorption at 232.0 nm indiggatihe
presence of carbonyl group.
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Figure 1. UV-Visible spectra of terephthalic dihydrazidein DM SO (200-400 nm)
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Figure 2: FTIR spectrum of terephthalic dihydrazide

The FTIR spectra of compounds were recorded on G&F FTIR, Agilent Technologies. The FTIR spectra
revealed absorption bands at 3313 and 1605 attdbtd N-H stretching and C=0O stretching, respeltivA
bifurcate medium peak was obtained at 3320 and 8815which showed coupled N-H stretching and indicabex
presence of primary amide. Peaks obtained at 1B3%9, 1234, 1104 ctshowed C-O stretching. Two medium
peaks were observed at 1544 and 1493 dimat showed C=C stretching and indicated thegures of an aromatic
ring (Figure 2). These spectral values of synthesized TDH argdad agreement with those reported in the
literature [22, 23]. It confirmed the reaction puatiobtained was TDH.
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The *H proton NMR spectrum shows three absorption péBlgure 3). A sharp singlet ab 7.86 was associated
with four aromatic protons (C-H), peaka&®9.88 was linked with CO-NH protons and a doubtet 4537 accounted
for NH protons.
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Figure3: 'H NMR of of terephthalic dihydrazide (TDH)
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Figure4: TGA/DTA of terephthalic dihydrazide (TDH)

Thermogravimetric analysis and Differential Thermalalysis (TGA/DTA) of TDH was recorded from 0-700.
The loss in weight of the sample was observed &@6iC, hence TDH was thermally stable 80C°C (Figure 4).

The DSC thermogrartFigure 5) was recorded from -5C to 500C at a heating rate of %0 per minute under air
atmosphere for the recycled product obtained asrdsalt of aminolysis The thermogram showed a large
endothermic peak at 326 8dwhich indicated formation of single compound.
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Figure5: DSC ther mogram of ter ephthalic dihydrazide (TDH) recorded from -50°C to 500°C at a heating rate of 10°C per minute

Antifungal activity of compound: The recycled compound (TDH) from PET wastes shibWwead spectrum
antifungal activity. Different concentration of cpound viz., 20 mg/mL, 25 mg/mL, 30 mg/mL, 40 mg/iarhd 45
mg/mL was made in DMSO. The DMSO was supposed toldrék and different concentration of fluconazoie.,v
20 mg/mL, 25 mg/mL, 30 mg/mL, 40 mg/mL and 45 mg/mére observed as positive contraspergillus niger
growth inhibition was observed at the concentratdérd0 mg/mL and 45 mg/mL. In the presence of DM&0,
zone of growth inhibition was seen. The measuragtez®f growth inhibition is showed ihable 1.0. The results
showed that TDH respond to antifungal activity whemmpared to control fluconazole. Minimum inhibitor
concentration (MIC) was determined by microdilutiorethod. MIC is the minimum amount of compound that
inhibits microorganism growth. MIC fokspergillus niger in presence of TDH compound was 30mg/mL of DMSO
and on the other hand, MIC in presence of Flucoleazvas 10mg/mL. Further, to enhance and suppert th
antifungal activity data, the ointment of TDH wa®ared and its antifungal activity was analyseidtr@ent was
prepared by dissolving different concentration &H compound with polyethylene glycol by fusion madh The
different concentration of TDH in the form of ointémt inhibited fungal growthThe high melting point of TDH as
suggested by DSC data shows heat stability of comgp@nd favours it to be an antifungal ointmentchhian be
stored at unfavourable temperature condition.

Table 1: Comparison of zone of inhibition of TDH in presence of fluconazole at different concentrations

SNo Concentration of TDH Zone of inhibition (mm) in Concentration.of Zone of inhibition (mm) in
T compound (mg/ml DM SO) presence of TDH fluconazole (mg/ml) presence of fluconazole
1. 20 20 20 20
2. 25 20 25 22
3. 30 20 30 20
4. 40 22 40 20
5. 45 22 45 22

Different biochemical parameters as DNA, RNA, pimtecarbohydrate and nitrogen content were analysed
fungal suspension. The spores and mycelium growthenpresence of TDH ointment and fluconazole slilowe
different concentrations of biological parametersdmparison to blankable 2.0 . This results suggested that there
is no significant difference of biological paranggsrconcentrations between TDH and fluconazole.

Table 2.0: Estimation of different Biochemical parametersin presence of Fluconazole and TDH

S.No.  Biological parameter Blank In presenceof TDH  In presence of fluconazole
1. DNA 1.4mg/100ml 1.0mg/100ml 0.9mg/100ml
2. RNA 2.8mg/100mr 2.4mg/100mr 2.45mg/100n
3 Protein 4mg/100ml 3.4mg/100ml 3.5mg/100ml
4 Carbohydrate 4.8mg/100ml 3.8mg/100ml 3.5mg/100ml
5 Nitrogen conter 0.64mg/100n 0.54mg/100n 0.52mg/100n
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Absorption, Distribution, Metabolism, Excretion (ADME) and toxicity prediction. A 2D ADME-Plot is
calculated using ADMET_PSA 2D and ADMET_A logp98operties. The graph was plotted against
ADMET_PSA_2D vs. ADMET_A logp98HKigure 6). In blood brain barrier (BBB) plot, TDH was falj outside
99% ellipse suggesting it to be inactive compoumrdcentral nervous system and blood brain barfiera result,
central nervous system toxicity is low. The biotakaiiity of the drug is an impotant property thatdecided by
aqueous solubility. TDH was found to have similgua@ous solubility score as that of standard comgoun
(Fluconozole) as referred i ¢ble 3). TDH does not show liver toxicity and with respéae CYP2D6 liver the
compound is non-inhibitors of CYP2D@ ble 3). These data suggest that TDH is metabolized imelPhase-I

metabolism.
Table 3: Computer aided ADME screening of TDH and Fluconozole (standard)

Compd Qgg' ELV o ADMET_Absorption_Level ADMET_Solubility Level ADMET_Hepatotoxicity ADMET_CYP2D6
3365

(Fluconozole) 0 4 1 0

67294 (TDH 4 1 4 1 0

BBB: Blood Brain Barrier, CYP2D6: Cytochrome P450BIM enzyme inhibition using 2D chemical structuse a
input.

ADMET_AlogP98 vs. ADMET_PSA_2D
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Figure 6: Drug absorption for the synthesized compound TDH for anti-microbial activity. Discovery studio 2.5 ADMET Descriptors, 2D
polar surface area (PSA 2D) in _A2 for compound isplotted against their corresponding calculated atom-type partition coefficient
(ALogP98)

Table 4.0 shows the ligand molecule with different types andnber of molecular interactions and binding
strength. The binding sites on the protein of hptiabic nature are concerned with drug dispositeading to the
significance of lipophilicity as referred Figure 7.

Table 4: Ligand moleculeswith types and number of molecular interactionsand binding strength

Gold Fitness No. of Hydrogen Bonding . - . No. of Non-Bonded
: No. of Lipophilic Interactions -
Score Interactions I nter actions

6; Tyr76, Arg96, Ala256, Thr260,
Fluconazole 57.52 NIL Leu321, Hem450 30
5; Arg96, Phe255, Ala256,
Thr260, Hem45

Compound

TDH 43.61 1; Leu321 21
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Figure 7: Theinteraction plot (Ligplot) of Flucanozole (a) and TDH (b) with the binding siteresidues of Cytochrome P450-14DM of C.
albicans. The hydrophobic interactions and hydr ogen bonds ar e holding the ligand within the binding site

CONCLUSION

This work deals with the formation of amide (teréyatic dihydrazide) through degradation of PET witfdrazine
monohydrate (aminolysis) at room temperature. Ttimate degraded product was analysed and chaizedewith
spectral data (UV-Visible, FTIRH NMR) and thermal data (DSC, TGA-DTA). This TDH svanalysed for the
fungal growth inhibition. Further, ointment was paeed by compound TDH which inhibited growth of dus
Aspergillus niger and decreased the content of carbohydrate, prdBi® and RNA of fungus as compared to
blank media. It suggested that synthesized compebodied antifungal activity and reduced the biatagcontents
of the fungi species. The results are significartymparable with fluconozole which is used as amdard
antifungal agent. The amide derivative was desigaedhhibitors of Cytochrome P450- 14DM14, a-deryletse
from Aspergillus niger and ribosomal subunit of S12 protein frdgscherichia coli. The drug-likeness and hidden
potential of compound and ADMET-related descriptoese calculated to predict pharmacokinetic praesmf the
molecule. Molecular docking studies helped in eatthg possible mode of action of molecule in acthite of
receptor. Herein, an attempt is made to recyclestiid polymer waste in development of antifunggdrt. Further,
this type of docking and antipathogenic screenindiss would help in targeting microbial proteim#yesis.

Acknowledgement

The authors would like to acknowledge SAIF, Coclilia for carrying out the spectral studies. Réould like to
acknowledge UGC (reference no. 13-844) for granbisdK fellowship.

144



Nazia Tarannum et al Der Pharma Chemica, 2016, 8 (1):137-145

REFERENCES

[1] R. Dewil, K. Everaert, J. Baeyens; Proceedings of the 17th International Congress of Chemical and Process
Engineering 27-31 August, Prague, Czech RepubZ606.

[2] K.M. Zia, H.N. Bhatti, I.A. Bhatti React Function Polym, 2007, 67, 675-692.

[3] G.T. Howard|nt Biodeterio Biodegrad, 2002, 49, 245-252.

[4] D.E. Nikles, MS FarahaMacromol Mater Eng, 2005, 290, 13-30.

[5] V. Sinha, M.R. Patel, J.V. PatdlPolym Env, 2010, 18, 8-25.

[6] W. Pearson, In McGraw HiRecycling HandBook; Lund, H. F.; Eds. McGraw-Hill; New York USA993, 14-
28.

[7]1 K. Fukushima, O. Coulembier, J.M. Lecuyer, H.A. Algnen, A.M. Alabdulrahman, F.D. Alsewailem, M.A.
McNeil, P. DuboisJ Polym Sci A: Polym Chem, 2011, 49, 1273-1281.

[8] R.K. Soni, S. Singh] Appl Polym <ci, 2005, 96, 1515-1528.

[9] R.K. Soni, K. Dutt, A. Jain, S. Singh Appl Polym Sci, 2009a, 113, 1090-1096.

[10]A.B. Chandrashekar, B. Eswarappa, D.B. Yadav, NJhRaS.K. Peethambaber Phar Chem, 2012, 4, 399-
406.

[11]A.Z. Yuma,11th Annual Desert Vegetable Crop Workshop Dated 6 Decembe2001.

[12]R.K. Soni, S. Singh, K. Dutf] Appl Polym Sci, 2009b, 115, 3074-3080.

[13]A. Madhukar, N. Kannappan, Aakashdeep, K. ParvierMahesh, P. Vermdnt J Chemtech Res, 2009, 1,
1376-1380.

[14]D.A. StevensAspergillosis. In: Goldman, L.; Ausiello, D.; Eds.; Cecil Mediein23", ed. Philadelphia; Pa:
Saunders Elesvier; Chapter 3@007.

[15]D. Sheehan, A.C. Hitchcock, C.M. Sibl&tjnic Microbiol Rev, 1999, 12, 40-79.

[16]A. Sali, T.L. Blundell,J Mol Biol, 1993, 234, 779-815.

[17]R.A. Laskowski, M.W. MacArthur, D.S. Moss, J.M. Thton,J Appl Crystal, 1993, 26, 283-291.

[18]R.A. Friesner, J.L. Banks, R.B. Banks, T.A. MurpByl. Halgren, D.T. Klicic, M.P. Mainz, E.H. Repgsk.
Knoll, J.K. Shelley, D.E. Perry, P. Shaw, P.S. EsnShenkin,] Med Chem, 2004, 47, 1739-1749.

[19]A.C. Wallace, R.A. Laskowski, J.M. Thorntdpr,ot Eng,1995, 8, 127-134.

[20]W.L. DeLano, The PyMOL Molecular Graphics Systemnel.Bno Scientific, San Carlos, C2002.

[21]N. MasayoshiJapanese Patent JP2000119391 Publication date: April 252000.

[22]A.S. Goje, S.A. Thakur, T.M. Thakur, S. Patil, Jshta, J Appl Poym sci, 2003, 90, 3437-3444.

[23] S.R. Shukla, A.M. HaradRolym Degrad Sab, 2006, 91, 1850-1854.

145



