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ABSTRACT

Novel complexes of Fe(lll), Co(ll) and Ni(ll) wittSchiff base ligand 3-[(E)-(4H-1,2, 4-triazol-4-
ylimino)methyl]quinoline-2-thiol (L) have been Hyesized and characterized. The interaction of cbeplexes

with calf thymus DNA (CT-DNA) was monitored by sédt and hypochromism and hyperchromism in the \iB/—
spectra. The observed intrinsic binding constanj (K the range 1M together with structural analysis of the
complexes indicate the intercalative mode of bigdin vitro biological activities indicate that thraetal complexes
were more active compare to the uncoordinated kahhe docking study revealed that metal complexes

potential inhibitors of cancer causing receptors.

Keywords: DNA interaction, metal complexes, docking studiegnan estrogen receptor.

INTRODUCTION

Schiff bases and their metal complexes played gwoitant role in the development of coordination ratstry
ranging from physicochemic8l and biochemically relevant studies of metal comgs& . The study of transition
metal quinoline complexes is an area of great atirgerest’). The interaction of transition metal complexes of
Schiff base with DNA (Deoxyribo Nucleic Acid) ismaajor area of research due to the utility of thesmplexes in
the design and development of synthetic restrictimzymes, chemotherapeutic agents, foot printingnisg
spectroscopic probes, site specific cleavers andaoular photo switches. A number of metal complefes variety

of ligands were also studied in view of their atfintowards DNA and specificity for the DNA basegsence
recognition®*.

Breast cancer is the second most common cancewrimew world-wide with 1.05 million new cases beistjreated
in the year 201%°. Sex-hormones have been implicated in various hucaacers such as endometrial caréér
breast and prostatic canc&f. Estrogen receptors (ERs) play a key role in rbrioneast development and in the
development and progression of breast caf€r Growth factor signaling plays a major role in stasic
oncogenesi§”. Receptor protein tyrosine kinases associated githwth factors, control various cell functions
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including proliferation, apoptosis, differentiatiocell cycle progression etc. EGFR family of traesnbrane
proteins contributes to the development and prsipef various malignancies including prostateceal® 2%

In view of above facts it was planned to make aytin the complexing ability of Schiff base cheldezived from
2-mercapto-quinoline-3-carbaldehyde with some ftems metal ions and their binding affinity with GDNA,
cancer causing receptors was evaluated and bialogitivities were also studied.

MATERIALS AND METHODS

Experimental

The chemicals used for preparing the ligands wémmnalytical grade. The solvents were distilled dnig¢d before
use by following standard literature meth88. The acetanilide was prepared from the anilinéofiong the
standard procedur€®. This was used as the starting material for thepgration of substituted 3-formyl-2-
chloroquinoline. The metal chlorides and acetatesdwere purchased from Sigma Aldrich chemicalsi¢@bore).
Calf thymusdeoxyribonucleic acid (CT-DNA) was purchased fr8aingalore Gene (Bangalore, Indidyis-HCI
buffer was prepared using deionized double distil@ter. For docking study the biological databdigesPubMed,
Drug Bank, PDB (Protein Data Bank) and softwariks Hex, ACD ChemSketch have been used.

Synthesis of Schiff base ligand:

3-[(E)-(4H-1,2,4-triazol-4-ylimino)methyl] quinoline-2-thiol
3-formyl-2- chloroquinoline was prepared accordity the literature method®. 2-merc Ptoqumollne -3-
carbaldehyde was synthesized by reacting 3-forrgtiaroquinoline with sodium sulfide in DME®.

Figure. 1. Structure of 3-[E)-(4H-1,2,4-triazol-4-ylimino)methyl]quinoline-2-thiol (L)
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2-mercaptoquinoline-3-carbaldehyde (0.01mol) wasalved in absolute ethanol (10mL) and added tdwisn of

4-amino-1,2,4-triazole (0.01mol) dissolved in albgelethanol (10mL). The reaction mixture was refdifor about
2-3 h on water bath and the progress of reactiim@nitored by TLC. After completion of reactionwas cooled
to RT, and then the formed precipitate was filteredrystallized from suitable solvent and driedi@siccator, yield
85%, M.P.202C. Anal. Calculated for GHgNsS. Caled. (%): C (28.23) H (3.52) N (27.45). Foupa): C, 28.10;
H, 3.59; N, 27.32. IR, KBr pelletw( cm?): 1600v(C=N); 2360v(C-H, Ar-H); 1062v(C=S);."H NMR (3, ppm):

7.5-8.3 (m, 4H, Ar-H), 8.6(s 1H S-H), 9.1(s,1H, Hj: 9.3(s, 3H, CH=N).

General procedure for the preparation of the complges

Metal complexes were synthesized by reacting thetisn of each one metal salt at a time (1 mM)b@tous
chloride, ferric chloride or nickel chloride) wassblved in hot ethanol (10 mL) and mixed with etblec solution
of ligand L (2 mM, 10mL). The reaction mixture wasluxed on water bath for about 3-4 h. During wha dark
colored precipitate was separated which was fitteveashed twice with hot ethanol (10 mL) followegdther (10
mL), recrystallized from suitable solvent and driea dessicator. Yield (50%-75%).

[Fe(L), CICI: 1. C, 42.25; H, 2.67; N, 20.83; Fe, 8.30; Found: C342H, 2.72; N, 20.92; Fe, 8.25; IR, KBr
pellets ¢, cm*): 1616v(C=N str); 1060/(C=S);. Electronic spectra (nm): 305 nm, 435 nm.
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[Co(L).CIICI: 2. C, 45.03; H, 2.81; N, 21.89; Co, 9.21; Found: C,185H, 2.67; N, 22.01; Co, 9.00; IR, KBr
pellets ¢, cm®): 1614v(C=N str); 1080/(C=S);. Electronic spectra (nm): 300 nm, 430 nm.

[Ni(L) .Cl;]: 3. C, 45.05; H, 2.81; N, 21.89; Ni, 9.18; Found: C,9%4 H, 2.91; N, 21.63; Ni, 8.97; IR, KBr pellets
(v, cm?): 1620v(C=N str); 1060/(C=S);. Electronic spectra (nm): 300 nm, 420 nm.

DNA binding studies

DNA binding studies was carried out by followingthrocedure described in the literattife The concentration of
CT-DNA per nucleotide was measured using its knewtinction coefficient at 260 nm (6600 %m™)?” Tris HCI-
buffer [5mM tris(hydroxymethyl)amino methane, pH 7.2, 50 mM NaCHswused for the absorption experiments.
For DNA binding studies an increasing known amafrtomplexes were added to CT-DNA until the ratidhese
complexes with DNA reached ~1:1. The experimentewarried out at room temperature (25 °C) andHa7 2 in

5 mM NacCl, 50 mMTris HCI buffer. After each addition, the mixture wdmken and kept for ~ 5 min and then the
absorbance was recorded. The absorption data walgzad for an evaluation of the intrinsic bindicgnstantK,
using equation (15°.

[DNA]/(€s-g5) = [DNA]/ (ep-g1) + L/Kp(&ae) (2)

Whereg, & andg, are the apparent, free and bound metal complerotixin coefficients, respectively. A plot of
[DNA] / (e5-5r) gave a slope of lkg-g;) and intercept equal to 1jKey-¢1), where K is the ratio of the slope to the y
intercept.

Antimicrobial activity ( in vitro)

Thein vitro antimicrobial activity (MIC) of synthesized schiffise ligand L and their metal complexes on selected
bacteria Escherichia coli, Salmonella typhi, Staphylococewseus, Bacillus subtilind two fungi Aspergillus
niger and Candida albicanswas carried out by well diffusion methd®’. The tests were carried for the
concentrations of 1Q@ and 20Qg in DMSO. The inhibition zones caused by the wsi@ompounds on the
microorganisms were examined. All the tested compeushowed moderate to fairly good biological aftiv
against microorganisms when compared to the ligantbistandards chloramphenicol and flucanazole.

Anthelmintic activity (in vitro)

The anthelmintic assay was carried as per the rdeghen in the literatur€®. The assay was performed on adult
Indian earthwormsPheretima posthumdue to its anatomical and physiological resemtdawith the intestinal
roundworm parasite of human beings. The earthw@Rheretima posthumaollected from moist soil and washed
with normal saline to remove all faecal matter wesed for the anthelmintic study. The earthworm8-dfcm in
length and 0.1-0.2 cm in width were used for adl éxperimental protocol.

All the synthesized compounds were subjected toedmintic activity studies against the earthworm$ ang mL*
concentration and Albendazole used as a referemge @he paralyzing and death times were notedtlagid mean
was calculated for triplicate sets. The death timas ascertained by placing the earthworms in waatem(50 °C)
which stimulated the movement, if the worm wasaaliv

Molecular docking using HEX 4.2.

Over activation of receptor tyrosine kinase (RTinsling pathways is strongly associated with cargenesis. It
has become increasingly clear that impaired deatitiv of RTKs may be a mechanism in carft®rFurther, the
normal cancer cells have receptors that attaclirtalating estrogen and progesterone. Estrogenpaogesterone
bind to the receptors that may work with growthtdas (e.g., oncogenes and mutated tumor supprgss@s) to
cause cancer cell growffd. Based on the literature it has been shown cléhatthe drug toremifene has been used
to target the human estrogen receftar

Bearing above facts, we have selected RTKs and huwstiogen receptor as a biological targets andciystal
structure of EGFR kinase domain (PDB ID: 2a91) anthan estrogen receptor (PDB ID: 2I0K) were re&tbv
from protein data bank for docking study of synthed compounds using HEX 4.2 software.
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Docking of ligand and metal complexes

For macromolecular docking studies, the chemigaictires of synthesized ligand, metal complexes saaddard
toremifene were drawn using ChemDraw ultra. TheopBmization was done in ChemDraw 3D ultra softwainel

stored as .pdb file. Hex docking was carried ousétting suitable parameters (Table.1) this dockicye can be
interpreted as interaction energy. More negative Eotal value implies that there exists a stronggriction

between drug and receptor and that leads to imndnibdf receptor activity.

Table.1. Parameters used for docking study

Correlation type  Shape only

Grid Dimension 0.6
Receptor range 180
Ligand Range 180
Twist range 360
Distance Range 40

Spectral Measurements

Melting points were determined in open capillareasd are uncorrected. Microanalysis (C, H, and Nyewe
performed in Carlo-Erba 1106 model 240 Perkin-Elmealyzer. The molar conductivity in Dimethylformiaie
(DMF) (10°M) at room temperature was measured using Equigsatigital conductivity meter. IR spectra were
recorded with Shimadzu model FT-IR spectrophotomkyeusing KBr pellets 4000-350 ¢émBruker FT-NMR
Spectrophotometer (400 MHz) was used for recordiiMR spectra at 25 °C in DMSO with TMS (tetra mgdth
silane) as the internal reference. UV-visible apton spectra were recorded using Ocean optics 604
spectrophotometer at room temperature. DNA bindinglies were carried out using Shimadzu model USOP&
spectrophotometer ifris—HCI buffer solution (P = 7.2) at room temperature.

RESULTS AND DISCUSSION

Characterization of complexes

The elemental analysis, B4 NMR spectral data of the ligand and new compleessummarized in experimental
section. The elemental analysis data are agreddtiéttheoretical values within the limit of expeental error and
confirmed the formula of the complexes. Synthesizadplexes are soluble in DMF and DMSO.

Molar conductance of the complexes is measuredMir &t a concentration of 0.001 M. The observed ootahce
values fall in the range of 20-150 Ofiran? mol?, indicating that the complexes are non-electralytmi-univalent
electrolyte and univalent electrolyte.

The band absorbed for uncoordinated ligand and theial complexes are all most similar expect s$lgitift in the
position of the peak. The stretching frequency oles at 1524 to 1589 chassigned to the C=N, the absorption
band at 1500 to 1525 ¢h8=C-N-H group. Stretching frequency at 1168 toalam® was assigned to C=S.

The electronic spectra of ligand and metal compereorded in DMF solution at

10° molar concentration. Schiff base ligand L showesogttion bands in the region 270 nm to 380 nm ttians
due ton—n* and non* transitions. The interpretations of ultraviolgiestra of metal complexes revealed that
charge transfer bands occur in the same regionawith* and n—n* transitions. Electronic spectra gfdisplayed
absorption band in the region 420-430nm is attebuio two spin allowed d-d transitid,g(F)—*T:g(P) (1),
“T.g(F~"A.g (F), respectivel{?”, these transitions suggest an octahedral georfmtry complex. The lemon
green colored3 showed an absorption at 425nm assignedAug(F) — “T.g(P) or°A,g — °A.g(P) (w) of
octahedral geomet&P. The light green coloreti exhibits the spin allowed broad absorption banthéregion 400

}o 4301nm is assignable to the electronic absammifo®T,g— °Eg transition obtained for octahedral configiomat
36,37, 38

TheHNMR spectrum of the ligand was recorded in DMSOH the'HNMR spectra of ligand, a peak at 8.6 ppm
is due to proton of S-H and a resonance for CH=biqgor was observed at 9.1 ppm. The aromatic ringopso
resonances in the range 7.5 to 8.3 ppm.
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Table.2. Physicochemical and analytical data of thgynthesized compounds

M. P. Yield Found (calculated) %
Compound  Mol. Wt. (n'C) (%) Color C a N i
Ligand(L) 255 202 85 Brown 28.10 3.15 27.32

(28.23) (3.52) (27.45)
4498 278 2145 865
1 637 234 75 Red (45.25) (2.82) (21.99) (8.77)

4519 267 2201 9.00
2 639 215 64  vyellow (45.03) (2.81) (21.89) (9.21)

4496 292 2163 897
3 640 219 65  Green (45.05) (2.81) (21.89) (9.18)

DNA binding experiments

Electronic absorption data upon addition of CT-DiAthe complexes is listed in TableThe results indicate that
the complexes bind to naturally occurring DNA. Tddition of a soluble form of calf thymus DNA toraplexes
in 5mM Tris HCI buffer at pH 7.2 causes a slight red shifttef electronic transition of the complex from 300 t
350 nm attributed tat—TC transitions. With increase in concentration of BNWA the absorption bands of the
complexes were affected, resulting in decreasetensity (hypochromic shift) for complexésand?2 is 14.85% and
97.54% (H%) respectively. On the contrary for cter3 the increase in intensity of absorption band waseoved
(hyperchromism). The change in absorbance witheamging amount of CT-DNA was used to evaluate thngic
binding constant Kfor the complexes. The Fig. 2, 3 and 4 repredemtabsorption spectra of the complege®
and3 in the presence and absence of CT-DNA respectiVélg well resolved bands were noticed at 300 nB86t»
nm for all the complexes with increasing the Dbl#ncentration (0-300uM).

120 4

100

80

60

[DNAJ/(g -£)X10™

40 |

20

Absorbance

T T
4 5 6 7 8

[DNA] X10”

I I I I I I I
250 300 350 400 450 500 550 600
wavelenth (nm)

Figure.2. Absorption spectra of 1 inTris-HCI buffer upon addition of DNA. [Fe(lll)] = 0.5 uM, [DNA] = 0-300uM. Arrow shows the
absorbance changing upon the increase of DNA condeation. (The inset: [DNA]/ (€x-€7) vs [DNA] for the titration of DNA with complex
1)
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Figure.3. Absorption spectra of 2 inTris-HCI buffer upon addition of DNA. [Co(ll)] = 0.5 pM, [DNA] = 0-300uM. Arrow shows the
absorbance changing upon the increase of DNA condeation. (The inset: [DNA]/ (€x-€7) vs [DNA] for the titration of DNA with complex

2)

Table.3. Electronic absorption data upon additiorof CT-DNA to the complexes [CT-DNA = 0-300uM]

Complex — e (M) __ AL (nm)  H (%)

Free Bound

Binding constant K, (M™)

1 315 313 2 14.85 8.08 x40
2 311 312 1 97.54 12.84 x40
3 32t 32 2 -33.9¢ 20.93 x 16

H (%) is percentage of hypochromism

The hypochromism, hyperchromism and slight redt<hi& observed for the complexes suggest that rognii
intercalative mode. Theg¢alues for complexe, 2and3 are 8.08 X 10M™, 12.84 X 16 M™* and 20.93 x 10M™

respectively. So, it is obvious that the presemglexes are involved in intercalative mode of iat#ions with CT-
DNA.

Biological activity (in vitro)

Generally, metal complexes have been shown torbmoist cases, more effective than the free ligahdeedy’s

chelation theory predicts that chelation reducespitiarity of the metal atom mainly because ofipbsharing of its
positive charge with donor groups and possibletelacdelocalization over the whole ring. This caqnsently

Esng(]:reases lipophilic character of the chelatespfiang its permeation through lipid layers of thectesial membrane

The different microorganisms such as, two Gramtp@siStaphylococcus arepBacillus subtili as well as two
Gram-negative Escherichia coli, Salmonella typhbacteria and two yeastdgpergillus niger, Candida albicajps
were used to study the biological activity of ligeand all the four complexes. The results are placd able.4.
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Figure.4. Absorption spectra of 3 inTris-HCI buffer upon addition of DNA. [Ni(ll)] = 0.5 pM, [DNA] = 0-300uM. Arrow shows the
absorbance changing upon the increase of DNA condeation. (The inset: [DNA]/ (ea-€&;) vs [DNA] for the titration of DNA with complex
3)

The results concerninig vitro antimicrobial activities of chelating agent aneithcomplexesl, 2and3 inhibition
zone in (mm) was compared with chloramphenicol timchnazole. All the compounds tested exhibit mateto
good antimicrobial activities.

Table.4.Invitro antimicrobial activity of compounds and their inhibition zone (MIC) in mm

Antibacterial activity Antifungal activity
E.cali S.typhi S.aureus B.subtilis A.niger C. albicans
Comps. \Conc.tg) 100 200 100 200 100 200 100 200 100 200 100 200
Ligand (L) 15 17 22 24 14 18 16 22 14 17 21 19
1 23 25 18 22 12 18 18 23 14 18 14 17
2 12 23 17 20 9 13 14 17 27 33 25 32
3 23 30 18 24 20 29 27 35 20 27 16 18
Std1 26 30 26 28 26 32 30 32 - - - -
Std 2 - - - - - - - - 26 3C 24 31
Control - - - - - -

*Std 1 is Chloramphenicol, Std 2 is Fluconazole @uahtrol is DMSO.

Table.2 indicates that tH&is more active against bacterial straihsoli, S.aureusandB.subtilisand fungal strain
A.niger. The 2 was found to be potent antifungal agent but shomwederate activity against bacterial strains.
Whereas théd exhibited moderate antimicrobial activity.

Anthelmintic activity

The anthelmintic activity was tested on earthwo(Rtseretima Posthun)and results are tabulated in Table.5. The
compounds are screened for activity by time takencbmplete paralysis and death of worms. All thetah
complexes exhibit significant activity. All the c@hexes are found to be more active as compareddad and the
standard drug albendazole. The biochemical mecdmanfsanthelmintic action of the compounds may be tu
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interfering with metabolic processes, interferinghmneuromuscular physiology of parasites. They malgte to
either inhibition of energy metabolism and/or at@mn in the motor activity of the parasit@.

Table.5. Anthelmintic activity

Compounds — —— Time in mir_1
Concentration in mg/r  Pin pinct  Paralysii  Deatt
Ligand (L) 5 26. 30.56 40.23
1 5 18.58 20.03 24.52
2 5 11.1¢ 12.5¢ 16.0¢
3 5 14.12 17 23.36
Standard 5 18.01 25.00 28.20
Contro 18.3¢ 32.4i 46.0¢

*Standard is Albendazole and control is DMF

In silico docking studies

Binding models of Schiff base compléxvith human estrogen receptor ahdith tyrosine kinase receptor depicted
in Fig 5 and Fig 6. Docking studies of the synthedicompounds was evaluated against human estregeptor
and tyrosine kinase receptor which are responginiebreast cancer. The obtained docking scorediste in

Table.6.

The results ofantimicrobial, anthelmintic activity and DNA intatéon of metal complexes revealed that the
synthesized compounds are highly potent. Therefarehave considered worth-while to do docking stadio
support then vitro activity. The docking was used it to determine ¢hientation of inhibitors bound in the active
site of receptors. As the metal complexes exhibifedd DNA binding property in the present studwisattempt
made to evaluate their anticancer property, wectadetyrosine kinase (RTK) and human estrogen teceghich
are involved in cancer causing mechanism in biglalgsystem. Toremifene drug was used as standaxbfiking
studies which was known to be potential inhibitbhoman estrogen receptor.

Table.6. Docking scores of the synthesized compound

Compounds Human estrogen receptor  TyrosinekinaBK)R

L -73.97 -20.24
1 -122.83 -21.07
2 -120.63 -24.84
3 -129.47 -23.07
Toremifene -75.28 -22.42

E-total value of ligand and, 2 and 3 complexes for human estrogen receptor are -73122.83, -120.63 and -
129.47 kjmot* respectively. All the complexes showed minimum kilog score than standard toremifene which
showed -75.28 kimdl Similarly for tyrosine kinase (RTK) -20.24, -21,0-24.84, -23.07 and -22.42 Kjmofor
ligand, 1, 2, 3complexes and standard. All the synthesized comgeghowed E-total value which is comparable
with that of the standard. From above discussiaos dear that all complexes have possessed signifinhibiting
property for cancer causing receptors and may benpanticancer agents.
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Figure.5. Interaction of Complex 1 with Human estr@en receptor

Frame Rate: 0/5

Figure. 6. Interaction of Complex 2 with Tyrosine Kinase receptor

Cluster: 1 3olution: 1 Models: 0:0 H-Bonds: -1 Bumps: -1 EM5: -1.00

Etotal: -Z4.84 Eshape: -2Z4.64 Eforce: 0.00 Vshape: 0.00 ¥clash: 0.00

CONCLUSION

In summary, we have synthesized and characterizedlipne schiff base ligand and its complexes, 2and3. The
DNA-binding afinity of complexes were examined bpsarption spectroscopy. Results indicate that lad t
complexes bind to CT-DNA by an intercalative modie antimicrobial activity results revealed thampbexes
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have showed more promising activities than theftblaise, especiallg and3 complexes showed good activity
compared to standard drugs used. Anthelmintic iagtdf schiff base was increased on complexatiotih wie metal
ions. In silico docking studies reveals that thatahcomplexes were potential inhibitor of cancausing receptors.
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