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Abstract

Here, 8-aminoquinoline based two chemosensors HL; and HL, (HL; = 2,4-Dibromo-6-
((quinolin-8-ylimino)methyl)phenol and HL, = 4-Nitro-2-((quinolin-8-ylimino)methyl)phenol)
have been achieved by simply changing substituents in the ligand framework under ambient
condition. They are thoroughly characterized by different spectroscopic techniques, ESI-mass

and elemental analysis. HL; selectively sense Zn?>* ion whereas, HL, detect AI’" ion. The
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investigation of metal bound chemosensors (complexes 1 and 2) are also done by different
techniques including X-ray crystallography. 2:1 binding stoichiometry of the probes with the
respective ions has been confirmed by Job’s plot analysis and X-ray crystallography. The limit of
detection (LOD) values for both the chemosensors towards the respective metal ions are in ~1077
M order which clearly indicate that the probes have significant potential for biological
application. The capability of our synthesized chemosensors to detect intracellular Zn*>* and AI3*
ions in triple negative human breast cancer cell line MDA-MB-468 is evaluated with the aid of
fluorescence imaging. The mechanistic insight into the anticancer activity of complexes 1 and 2

are also demonstrated in this study. To the best of our knowledge, we are the first time to
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envisage such type of biological and sensing activity of 8-aminoquinoline based complexes in a

single platform.
Introduction

Selective detection of target molecules/species could be achieved by judicial choice of
various receptors, equipped with certain responsive groups which are capable of exhibiting
optical,! magnetic or electrochemical signals. Among different sensing techniques, fluorescence
sensing process” is one of the most frequently used technique due to its user friendly operation
procedure and simple instrumentation.® This process also has quick response time, high
selectivity and sensitivity towards analyte molecules.*” Target molecules/species could be
cationic, anionic or neutral species, among them Zn?" and AI** need special mention. In
biological systems Zn?>' is the second most abundant transition metal after iron.® The
concentration of Zn?" in human body varies differently. In intracellular serum Zn?" is present in
12 uM level whereas, in brain and nerve tissues its abundance is 0.1-0.5 uM.%10 Zn?>" is found in
proteins and peptides in tightly bound form. Whereas, in brain,!' pancreas,'? spermatozoa,!?
paneth cells in the intestine, mast cells, granulocytes, pituitary cells and CNS neurons,'* Zn?* is
present as free or chelatable form. In the brain, Zn?" is sequestered in the vesicles of presynaptic
neurons and it releases Zn?" in active form. Zn?* is found to induce the formation of S-amyloid
(BA),> which is related to the etiology of Alzheimer’s disease.'®!” In amyloid plaques
concentration of Zn?* is high, 0.2-1 mM. Pancreatic S-cells simultaneously release chelatable
Zn?* and insulin and local concentration of Zn?* surrounding activated fS-cells is found as 0.48
mM.!® Therefore, monitoring release of Zn?* from p-cells in vivo will help to understand the
etiology and treatment of diabetes.!” Zn?" is a d!'° system and it has very similar electronic

properties to that of Cd?" ions. Therefore, development of fluorescent chemosensors for the
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selective and sensitive detection of zinc ions especially in the field of biological environment is a
challenging task.? AI’" ions have huge impact in human society due to multi-dimensional role
and diverse applications of Al-containing compounds. Catalytic activity B-AlF; compound
initiates conversion of ozone-depleting reagent CFCs into environmentally acceptable HFCs.?!
Aluminum MOFs (AI-MOFs) could be used in different fields such as, sorption, separations,
purification of water and air, heterogeneous catalysis, sensing.??> According to European Food
Safety Agency (EFSA) tolerable weekly intake of aluminium is 1 mg Al/kg of body weight per
week.?? In 1976, first time, aluminium toxicity was noticed in haemodialysis patients. In 1978,
first time,?* osteomalacia or “aluminium-induced bone disease” (AIBD), due to aluminium
overload was observed.” Acid rain is responsible for release of aluminium from mineral
deposits, which is finally appears as pollutant in waters.?® Aluminium is highly available in
coffee and tea plants, which are cultivated on acid soil. Such plants are responsible for dietary
aluminium exposure to humans.?’-?® In the aluminium industry, workers suffer from?° bladder,
leukemia, lung, renal, pancreatic and brain cancer’® due to higher aluminium exposure.

Aluminium intoxication inhibits activity of superoxide dismutase (SOD) and catalase, thus
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modify both glial and neuronal nitric oxide synthesis, and enhance DNA fragmentation.3!-33
Aluminium accumulation in the brain causes neuron degeneration followed by different diseases
such as Parkinson’s disease, Alzheimer’s disease, dialysis encephalopathy, amyotrophic lateral
sclerosis, and multiple sclerosis.34-37

Among different AI** ion detection techniques like inductively coupled plasma atomic
emission spectroscopy and graphite furnace atomic absorption spectrometry techniques are most
frequently used for real sample analysis. Preparation of fluorescent chemosensor for selective

detection of AP ion is a challenging task due to its weak coordination ability and strong
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hydration ability. Most of the time trivalent ions like Cr** and Fe3* interfere in A1** ion detection.
Common fluorophoric units present in A" ion sensing chemosensors are rhodamine,
anthraquinone, BODIPY, salicylaldehyde, fluorescein, coumarin, etc.’®* Whereas, common
Zn** sensing chemosensors are di-2-picolylamine (DPA),%-48 quinoline,*-33 bipyridyl>® etc.
Important fluorescence sensing mechanisms are photo induced electron transfer (PET),
fluorescence resonance energy transfer (FRET), intermolecular charge transfer (ICT) and
chelation induced enhanced fluorescence (CHEF) mechanisms.36-57-60

Some recently reported quinoline based chemosensors are collected in Chart S1%°
(Supporting Information). Chart S1 clearly indicates that chemosensors reported in this work
have certain advantages in different areas such as crystal structure elucidation of metal bound
chemosensors, excitation wavelength in visible region, cell imaging studies of chemosensors and
study of anticancer activities of the isolated chemosensor bound metal complexes in comparison
with previously reported data. K. Xu et al. have reported a quinoline based dual-chemosensor,>>?
which act as a fluorescent-colorimetric probe for selective detection of both Zn?>* and AI** ions.
Furthermore, chemosensor bound AI3* system is used for fluoride ion detection. The sensitivity
of the probe (limit of detection, LOD value) towards metal (Zn*" and AI**) ions fall in the nano
molar range (11.5 nM and 23.5 nM, respectively). P. Roy and his group®® have reported two
aminoquinoline based dual-chemosensors which selectively sense AI** and Zn?>" ions. X. Chen et
al>¢ have developed a simple ratiomatric fluorescent chemosensor for selective detection of
Zn** ions and secondary detection for H,PO, ion. The LOD value of the chemosensor towards
Zn?" ions is found in nanomolar range (41.0 nM). D. Bai and his group®' have synthesized a
fluorescent probe for selective detection of Zn?>* ions. The chemosensor is capable of

discriminating Zn>" from Cd?* in living cells and plant tissues. In above works, neither crystal
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structure of free chemosensors nor their metal bound complexes are reported. R. Fan et al.>>f
have described a quinoline based fluorescent dual-chemosensor which selectively detect Zn?>*and
Hg?* ions based on CHEF mechanism. Interestingly, they have reported crystal structures of both
metal bound chemosensor complexes. The LOD value of the chemosensor towards Zn?* ion is
0.011 uM. M. Amirnasr and his coworkers>®" have reported a chemosensor on quinoline
platform for fluorometric detection of Zn?* ions and colorimetric detection of Cu®* ions. Another
interesting aminoquinoline based chemosensing work have been reported by P. Roy and his
group for selective detection of AP ion and secondary detection for F ions.>>' Here the LOD
value for AI** ion is observed in very low range (75.19 nM). Chemosensor reported by Y.-M.
Zhang et al.>% is used for both colorimetric detection for F and a fluorescence detection of Zn?".
Here Zn?" detection is based on excited-state intramolecular proton transfer (ESIPT) mechanism.
Y. Yue et al>>™ have reported a “turn-on” fluorescent probe for detection of Zn?* ions in
CH;0H-H,O solution. The chemosensor is further used to detect Zn2?* in river water. In above
examples live cell imaging studies of the chemosensors are not performed. S. Mukherjee and her

group>’* have reported a chemosensor for selective detection of Zn?* ion in aqueous methanol
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medium. They have also established molecular ‘INHIBIT’ logic gate with Zn?>*and EDTA as
chemical inputs. The chemosensor is further used for sensing Zn?>" in real sample analysis. C.
Kim and coworkers®" have synthesized a water-soluble fluorescent ‘turn-on’ chemosensor for
zinc ions in aqueous buffer solution. The calculated LOD value for Zn?' ions is very low, 4.48
uM. The sensor is also used to detect Zn>* in real water samples. S. Erdemir and his group’>9 are
reported a duel-chemosensor for detection of Zn?*, AI’" cations in EtOH-H,O and F~ anion in
acetonitrile medium. In the above research works neither crystal structure of the chemosensor

nor live cell imaging studies are reported. In another interesting work of M. Amirnasr et al.,>° a
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chemosensor is reported which show turn on fluorescence in presence of Zn?" ion and
colorimetric changes in presence of Co?" ion in acetonitrile medium. They have successfully
elucidated the metal bound X-ray crystal structure. The excitation wavelength for detection of
Zn**ion is 370nm. A water soluble Zn?* ion sensing probe has been developed by Z. Wang and
coworkers.5d The chemosensor is excited at 350nm during fluorometric detection of metal ions.
M. Sukwattanasinitt and his group>° have synthesized two amide derivatives based on 8-
aminoquinoline and amino acids, glycine and B-alanine respectively for selective detection of
Zn** and Cd?' ions. The limit of detection of chemosensing probe, towards Zn?" ion is in
micromolar range (1.6 uM). The excitation wavelength for detection of Zn?>" ion is 300 nm. In
the above examples chemosensors are excited in UV-region. Excitation wavelength at UV-region
disfavor real sample and biological sample analysis.

In this work, we have designed two quinoline based chemosensors (HL; and HL,) for
selective detection of Zn?>* and AI** ions. Main disadvantage of quinoline based chemosensors is
the presence of fluorescence excitation wavelength in the UV-region. In this sensing experiment,
fluorescence excitation wavelengths of both the chemosensors appear in the visible region.
Visible range excitation wavelengths make these systems promising probe in the field of
biological study. Interesting aspect of this work is achievement of both chemosensors by simply
changing substituent in the ligand framework. Substituent change in the receptor part (metal ion
binding sites) of the ligand framework is based on HSAB theory. Due to hard basic character of
the nitro-substituted chemosensor, it selectively detects A" ions. On the contrary, bromo
substituted chemosensor selectively detects Zn?" ions due to its comparatively soft rather
intermediate basic character. Chemosensors HL; and HL, result 30 times and 29 times

enhancement of emission intensity in presence of Zn?>* and AI3" ions, respectively. The detection
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limit (LOD) of HL; and HL, against Zn>" and AI** ions are 1.39 x 107 M and 1.50 x 1077 M,
respectively which clearly indicate that the probes can be used to detect Zn** and AI’* ions in
biological system. Binding affinity of both metal ions towards the chemosensors (1.33+0.04) x
10* M-! and (1.65+0.008) x 10* M-, for complexes 1 and 2, respectively) and the values of
quantum yield of metal bound chemosensors (0.17 and 0.21 for complexes 1 and 2, respectively)
suggest that the probes have significant affinity towards the respective metal ions. We are
successfully elucidated X-ray crystal structure of both AI’* and Zn?" ions bound chemosensor
complexes. X-ray crystal structures also confirm fluorescence enhancing mechanism as PET Oft-
CHEF On process. To best of our knowledge, crystal structure of AI’" bound quinoline based
chemosensor complexes are scarce in literature. Furthermore, these biocompatible chemosensors
also exhibit cell permeability and sense intracellular ions in breast cancer cell line, MDA-MB-468
cells. Both the complexes 1 and 2 show considerable cytotoxicity toward MDA-MB 468 and
SiHa cells. Our observations suggest that the induction of apoptosis occurs after treatment with
complex 1 and complex 2 which ultimately culminates in the cell death. Therefore, we can

conclude that these complexes exhibit promising anticancer activities.

Published on 03 March 2020. Downloaded by Karolinska Institutet University Library on 3/3/2020 9:20:11 AM.

Results and discussion

Synthesis and characterization

Derivatives of 8-aminoquinoline are used as chelating ligands for preparation of
interesting luminescent metal-organic materials. The luminescent properties of these complexes
mainly dependent on nature of metal ions and coordination of the metal ions with the ligand
scaffold. 8-hydroxyquinoline upon reaction with different aldehydes generates Schiff base

ligands which can be easily stabilized in presence of metal ion. The photophysical behavior of
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these complexes can be tunable by modification on either the 8-aminoquinoline part or the
aldehyde part.

Here, quinoline based two Schiff base ligands (HL; and HL,,) are prepared by following a
usual procedure.’! 3,5-dibromosalicyladehde and 2-hydroxy-5-nitrobenzaldehyde upon reaction
with 8-aminoquinoline in 1:1 molar ratio in methanolic solution under ambient condition
(Scheme S1, Supporting Information) generate Schiff base ligands HL; and HL,, respectively.
The chemosensors (HL; and HL;) are obtained in solid form with high yield. Characterization
and purity are established using different spectroscopic methods (UV-Vis, FT-IR and 'H, '3C
NMR) and elemental analysis. In the ESI-MS spectrum of the chemosensors, the base peak is
appeared at m/z = 406.98 and 294.11, corresponding to [HL;+H]" and [HL,+H]*, respectively
(Fig. S1 and S2, Supporting Information). In the FT-IR spectrum of HL; and HL,, a band appear
at around 1605 cm! is attributed as C=N (for azomethine) stretching frequency (Fig. S3 and S4,
Supporting Information).

HL; reacts with Zn(NOs),.6H,0 in 2:1 molar ratio to produce complex 1. Similarly, HL,
reacts with AI(NO;);.9H,0 in 2:1 molar ratio to produce complex 2 (Scheme 1). Both the
complexes crystallize from chloroform-methanol (v/v, 1:1) solvent mixture. They are
characterized by X-ray crystallography, elemental and ESI-MS analyses. Experimentally observe
m/z values 923.52 and 611.29 corresponding to molecular ion peak of [Zn(L;),+CH;CN+Li]"
and [Al(L,),]", respectively (Fig. S5 and S6, Supporting Information). Experimental
observations are well matched with the simulated pattern. In FT-IR spectrum of complex 1, the
characteristics stretching frequencies appear at 1615 cm! for (C=N) and 759 cm! for (C-H)
bonds. Similarly, in case of complex 2 characteristics stretching frequencies appear at 1615c¢m™!

[v(C=N)], 1318 cm™! [(v(NOj3 ), asymmetric stretch] and 771 cm! [u(C-H)], respectively (Fig. S7
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and S8, Supporting Information). Thermal stability of the chemosensors (HL; and HL;) and the
metal complexes (1 and 2) has been checked by TGA (Thermo Gravimetric Analysis). Both
chemosensors are stable up to 250°C whereas complexes 1 and 2 are stable up to 350°C (Fig. S9,

Supporting Information).

X,Y=Br; HL,;
X=H, Y=NO,; HL,

X=H, Y=NO,; Complex 2

Scheme 1 Route of synthesis of complexes 1 and 2.

Crystal structure description of complexes 1 and 2

Both complexes 1 and 2 are mononuclear. Complex 1, {[Zn(L;),].CHCI3} crystallizes in
triclinic form with P-/ space group, whereas, complex 2, {[Al(L;);]J(NO3)} crystallizes in
monoclinic form with P 2,/n space group (Table S1, Supporting Information). The crystal
structural of complexes 1 and 2 are shown in Fig. 1 and 2, respectively. Selected bond distances
and angles are collected in Table 1. The crystal structure of complex 1 contains one chloroform
unit as a solvent molecule whereas, in complex 2 nitrate ion is present as counter ion. Both
complexes are distorted octahedral where, two deprotonated ligands (L;! or L, ') bind the metal

ion (Zn?" or AI**) in a N,O fashion involving a phenoxido oxygen atom (O1, O2), imine nitrogen

9
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atom (N2, N4) and quinoline nitrogen atom (N1, N3). In the octahedral structures each of the
coordinating sites occupies one meridional position around the metal centers. The four chelate
bite angles in complex 1 (N3-Zn—-N4, N4-Zn-02, N1-Zn-N2 and N2-Zn—O1) vary within
range 75.8(3)°—88.3(3)°. In complex 2, chelate bite angles (N3—AI-N4, N4-Al-O2, N1-AIl-N2
and N2—Al-O1) vary within range 80.91(10)°-91.97(10)°. Zn—N(quinoline) bond distances are
relatively longer compared to Zn—O (phenoxido) bond distances. Similarly, Al-N (quinoline)
bond distances are relatively longer than Al-O (phenoxido) bond distances. The solid state
structure of 1 is stabilized by edge-to-edge m-- 7 stacking along the ab plane with the distances
3.484 A and 3.512 A, respectively and nonconventional halogen---m, halogen---halogen
interactions along a axis with shortest distances 3.525 A and 3.639 A, respectively (Fig. S10a
and S10b, Supporting Information). In case of 2, a similar n-- 7 stacking and nonconventional
C-H---7 interactions has been found along the c axis with shortest distances 3.569 A and 2.909

A, respectively (Fig. S11, Supporting Information).

Fig. 1 Crystal structure of complex 1. Atoms are shown as 30% thermal ellipsoids. H atoms are

omitted for clarity.
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Fig. 2 Crystal structure of complex 2. Atoms are shown as 30% thermal ellipsoids. H atoms are

omitted for clarity.

Table 1 Selected bond lengths (A) and bond angles (°) for complexes 1 and 2

Complex 1 Complex 2
Zn-0O1 2.055(7) Zn-N4 2.121(8) Al-O1 1.815(2) Al-N4 1.993(2)
Zn-02 2.047(7) 0O1-Zn-N2 88.3(3) Al-O2 1.823(2) O1-Al-N2 91.97(10)
Zn-N1 2.212(8) 02-Zn-N4 88.1(3) Al-N1 2.039(3) 02-Al-N4 91.73(10)
Zn-N2 2.126(8) N1-Zn-N2 76.3(3) Al-N2 1.990(2) NI-AI-N2 80.91(10)
Zn-N3 2.218(8) N4-Zn-N3 75.8(3) Al-N3 2.044(3) N4-Al-N3 81.44(10)

11
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NMR studies

'H NMR spectral studies of chemosensors (HL; and HL,) have been performed in
DMSO-d; solvent (Fig. S12 and S13, Supporting Information). In case of HL;, phenolic -OH
and imine (H-C=N) proton appear as singlet at 15.94 ppm and 9.27 ppm, respectively. The eight
aromatic protons appear in the range 7.69-9.06 ppm, whereas, for HL,, aromatic protons appear
in the range 6.90-9.05 ppm. In HL, a broad peak has been found at 16.03 ppm which can be
assigned as phenolic —OH group and a sharp peak at 9.53 ppm can be assigned as imine (H-C=N)
proton. 'H NMR titration experiment has been performed between chemosensors (HL; and HL,)
and respective metal ions (Zn** and Al**) in DMSO-ds solvent in order to establish their
coordination mechanism. In both experiments metal ions are added gradually in 0.125
equivalents to one equivalent of ligand solution. 0.125 equivalents addition of Zn?* ions in HL,,
signal for phenolic OH proton become broaden and finally disappears upon 0.5 equivalents
addition of Zn?* ions. It clearly indicates metal coordination with phenoxido oxygen atom. (Fig.
S14(a), Supporting Information) Again, imine proton (H-C=N) gradually shifted towards
downfield from 9.269 ppm to 9.321 ppm (after adding 0.50 equivalent Zn?* ions to the HL;),
suggesting Zn”>" coordination with imine nitrogen atom. Zn?>® coordination with imine and
quinoline nitrogen atoms of HL; also results broadening and splitting of both phenyl and
quinoline ring protons. Thus all the data confirm complexation between Zn>" and HL;. Similar
result has been noticed in case of A" ions. Where, gradual addition of A" ions in HL, result
disappearances of phenolic OH proton, shifting of imine (H-C=N) proton (from 9.52 ppm to
10.10 ppm) and broadening and splitting of both phenyl and quinoline ring protons. Interestingly,
broadening and shifting of these protons are more prominent in case of AI’" ions (Fig. S14(b),

Supporting Information). This result again confirms complexation between A" and HL,.
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Importantly, proton titration data are match well with the individual '"H NMR data of complexes
1 and 2. In complex 1, phenolic OH protons are absent, imine protons appear at downfield, 9.34
ppm and aromatic protons appear in the range 7.43—8.48 ppm. Similarly, for complex 2, phenolic

OH protons are absent, imine protons appear at downfield, 10.27 ppm and aromatic protons

have been found in the range 6.61-8.96 ppm (Fig. S15 and S16, Supporting Information).

13C NMR spectra of HL; and HL,; are also examined in DMSO-d; solvent (Fig. S17 and
S18, Supporting Information). The imine carbon atom of HL; appears at 163.83 ppm whereas
aromatic carbon atoms appear in the range 106.84—160.72 ppm. Similarly, for HL,, imine carbon
atom appears at 161.62 ppm and aromatic carbon atoms appear in the range 117.94-151.49 ppm.
In BC NMR spectra of complexes 1 and 2, imine carbon atoms appear at 163.71 and 170.41
ppm, respectively. Rest of the carbon atoms has been found within the range 111.70-156.40 ppm
and 118.40-167.96 ppm respectively (Fig. S19 and S20, Supporting Information).
Absorption spectral studies

The UV-Vis spectra of the chemosensors (HL; and HL,;) are examined in 10 mM HEPES

buffer at pH 7.4. Characteristic bands around 480 nm and 340 nm for HL; and 450 nm and 325

Published on 03 March 2020. Downloaded by Karolinska Institutet University Library on 3/3/2020 9:20:11 AM.

nm for HL, suggest n—n* and m —n* type of transitions within the probes. Gradual addition of
Zn** ions to a 10 uM HL, solution result disappearance of the peak at 480 nm and concomitant
appearance of a new band at around 440 nm (Fig. 3). Significant hypsochromic shift (~ 40 nm)
of the original peak at 480 nm confirms coordination of the Zn?" ions with the probe. Saturation
of the peak after addition of 5 uM Zn?" ions suggests 2:1 binding between probe and Zn?>" ions.
Similarly, in presence of AI** ions, large hypsochromic shift (~ 50 nm) of the original peak of

free chemosensor HL; (10 uM) from 450 nm to 398 nm confirm coordination of AI** ions with

13
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the probe. Again, saturation of the peak after addition of 5 uM AI** ions indicates 2:1 binding

between probe and AI** ions (Fig. 4).
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Fig. 3 UV-Vis. titration of HL; (10 uM) with gradual addition of Zn?"ions (0-6 uM) in 10 mM

HEPES buffer at pH 7.4 and corresponding absorbance versus molar ratio plot.
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Fig. 4 UV-Vis. titration of HL, (10 uM) with gradual addition of AI** ions (0-6 uM) in 10 mM

HEPES buffer at pH 7.4 and corresponding absorbance versus molar ratio plot.
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Job’s plot analysis confirms 2:1binding stoichiometry of probes with the respective ions
(Fig. S21 and S22, Supporting Information). Interestingly, X-ray crystallography and ESI-mass
analysis also support 2:1 binding stoichiometry. Binding constant values for Zn?>* and AI** ions
towards HL; and HL, are calculated using non-linear least-square curve fit equation (equation

1).550

a+ b X x"n
y_(1+c><x"n)

Where, ‘a’ and ‘b’ are the absorbance or emission in absence and presence of excess metal ions,
respectively. ‘c’ is formation constant or binding constant (k) whereas ‘n’ is binding
stoichiometry of the reaction. The estimated value of ‘n’ is closely to the 0.5 and calculated

binding constant values are (1.33+£0.04) x 10* M-! and (1.65+0.008) x 10* M-!, respectively (Fig.

S23 and S24, Table S2, Supporting Information) for Zn**-HL; and AI**-HL; adduct.
Fluorescence properties

All the fluorescence experiments are performed in 10 mM HEPES buffer (pH = 7.4) at

ambient conditions. Upon excitation at 480 nm and 450 nm, HL; and HL, exhibit weak

Published on 03 March 2020. Downloaded by Karolinska Institutet University Library on 3/3/2020 9:20:11 AM.

fluorescence at around 545 and 515 nm, respectively. This is probably due to PET (Photoinduced
Electron Transfer) process. Gradual addition of Zn?* ions (6 uM) to HL; (10 uM), results great
enhancement of emission intensity (30 times, excitation wavelength 440 nm) with slight (5 nm)
blue shift of the emission peak (Fig. 5). Saturation of the peak has been observed after 0.5
equivalents addition of Zn?* ions. Coordination of phenoxido-O, imine-N and quinoline-N atoms
of the probe with Zn?* results increase of rigidity the ligand system (CHEF effect) via inhibition
of free rotation around the H-C=N bond. Involvement of lone pairs of imine nitrogen also

hinders PET process. These two effects are jointly responsible for the fluorescence enhancement.
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Fig. 5 Fluorescence titration of HL; (10 uM) with gradual addition of Zn?* (0-6 uM) in 10 mM

HEPES buffer at pH 7.4 and corresponding fluorescence intensities versus molar ratio plot.

AP ions sensing experiment is performed in presence of chemosensor HL,, where,

enhancement (~29 fold) of fluorescence emission at ~475 nm (excitation wavelength 400 nm) is

observed (Fig. 6). Interestingly, hypsochromic shift is large (around 40 nm). Here, coordination

of phenoxido-O, imine-N and quinoline-N atoms of the probe with AI** results increase of

rigidity the ligand system (CHEF effect). Enhancement in the fluorescence intensity for both the

ions can be explained by PET-OFF, CHEF-ON process. This type of mechanistic pathway has

been further verified by X-ray crystallography.

Both chemosensors are achieved based on judicial selection of substituent in the ligand

framework. Chemo selectivity of the Zn*>* and AI** ions by HL; and HL, is based on HSAB

theory. Nitro-substitution makes HL, a hard base which selectively detects AlI>* ions. Whereas,

bromo substituted HL selectively detects Zn?" ions due to its intermediate basic character.
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Fig. 6 Fluorescence titration of HL, (10 uM) with gradual addition of AI** (0-6 uM) in 10 mM
HEPES buffer at pH 7.4 and corresponding fluorescence intensities versus molar ratio plot.
Selectivity of the probes (HL; and HL,) toward Zn?>* and Al** ions over other competitive
species was confirmed by fluorescence titration experiment in presence of different alkali metal
ions (Na* and K*), alkaline-earth metal ions (Mg?" and Ca?"), various transition-metal ions (Cr3*,
Mn2*, Fe¥*, Co?", Ni?*, Cu?*, Cd*" and Hg?") and Pb*" ion (Fig. S25 and S26, Supporting
Information). Upon addition of different common anions like S,0;%, S?, SO;2-, HSO4~, SO4*,
SCN-, N3, OCN-, AsO4, PO, ClO4, AcO-, Cl, NO;-, P,O;*( PPi), PF¢, F~ (Fig. S27 and
S28, Supporting Information) in HEPES buffer (10 mM) at pH 7.4 to the chemosensors no
significant fluorescence enhancement has been noticed. Competition assay experiments also
support high fluorescent recognition of HL; and HL, for Zn>" and AI** ions over other cations
and anions (Fig. 7, S29-S31, Supporting Information). Binding constant values (using equation

1) from fluorescence data ((1.49+0.01) x 10* M-! and (1.74+0.01) x 10* M1, for complexes 1 and

17
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2, respectively) are also well matched with the data obtained from UV-Vis study (Fig. S32 and

S33, Supporting Information).

2+
[ I

2+
Bl 111 +Zn " +Other Cations

800000

600000

400000

200000

Fluorescence Intensity (a.u.)

Fig. 7 Relative fluorescence intensity profile of [(L;),—Zn?>"] system in the presence of different
common cations in 10 mM HEPES buffer at pH 7.4. Here, HL;= 10 uM; Zn*>" = 5 uM; other
cations= 50 pM.

Here, fluorescence excitation wavelengths of both the chemosensors are observed in the
visible region. Again, they exhibit large Stoke shift in presence of Zn?>* and Al** ions (100 nm
and 75 nm, respectively). Visible range excitation wavelengths and large Stoke shift make these
systems promising probe in the field of biological study. HL; and HL, show distinct colour
change under UV light in presence of Zn?>* and AI’" ions, respectively. HL; shows yellow
fluorescence in presence of Zn?>" ions whereas HL, shows sky blue fluorescence in presence of

A" ions (Fig. 8).
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Fig. 8 Visual colour changes of chemo sensors (HL; and HL,) (10uM) in presence of Zn?" and

Al¥" ions (5 uM) in 10 mM HEPES buffer (pH 7.4) medium. Here, A = HL; (10uM), B = HL;
(10uM) +Zn?** (5 uM), C= HL; (10uM) and D = HL, (10uM) +AI* (5 uM). Above images are
taken under normal light and below images are taken under UV lamp.

Reversibility and regeneration experiment is performed in presence of sodium salt of
ethylenediaminetetraacetic acid (Na,EDTA) solution. Yellow colour of HL; - Zn?* solution (1
equivalent) turned pale orange colour with abrupt decrease in fluorescence intensity in presence

of Na,EDTA solution (1 equivalent) and further regeneration of colour and fluorescence

Published on 03 March 2020. Downloaded by Karolinska Institutet University Library on 3/3/2020 9:20:11 AM.

intensity in presence of excess Zn?" ions (0.5 equivalent) have been successively observed for
five cycles. Similar experiment was performed with HL,, AI** ions and Na,EDTA (Fig. S34,
Supporting Information). Limit of detection (LOD) of the chemosensors (HL; and HL;) towards
Zn?>" and AI** ions are calculated using 36 method.>° The detection limit of the chemosensor for
both the ions are 1.39 x 10”7 M and 1.50 x 107 M, respectively.

Stability of chemosensors is examined by reversibility experiment®'® (Fig. S35,
Supporting Information). Here, an acidic (pH 4) and a basic pH (pH 10) are chosen. In

chemosensors solution, pH values are repeatedly altered for eight cycles by adding 2(M) HCI
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and 2(M) NaOH in an alternating fashion. It clearly indicates stability of both chemosensors in a

wide range of pH values. The effect of pH on the fluorescence response of the chemosensors

(HL; and HL,), towards Zn*" and AI** ions are examined (Fig. 9 and Fig. S36, Supporting

Information). Both free chemosensors HL; and HL, fluoresce weakly over the pH range 3—11.

The organic compounds exhibit weak fluorescence due to PET process. A slight fluoresce

enhancement at low pH range (3-6) suggest arrest of the PET process due to protonation.®'2 In

presence of Zn?* ions a similar pattern in pH 3-6 range suggests no complex formation in acidic

condition. An abrupt increase in fluorescence intensity in pH 6-8 suggests deprotonation of

ligand followed by formation of Zn(L;), complex. Further increase of pH values from 9-11,

fluorescence intensity show no further enhancement. A similar pattern has been found in case of

HL, in presence of AI*" ions (Fig. S36, Supporting Information).
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Fig. 9 Fluorescence intensity of HL; (10 uM) in the absence and presence of Zn’*"ions (5uM) at

various pH values in 10 mM HEPES buffer.
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Life time and quantum yield measurements
Lifetime experiment for the chemosensors (HL; and HL,) and complexes 1 and 2 are
studied at 298 K in 10 mM HEPES buffer (pH 7.4) medium. The values of fluorescence lifetime
of HL;, HL,, complexes 1 and 2 are 3.15, 1.45, 3.91 and 1.50 ns, respectively (Fig. 10).
Fluorescence quantum yield (®) has been calculated by the using following formula:
Dgampie = {(ODgtandard X Asample X N%sample)/(ODgample X Astandard X Nstandard)} X Pstandard
Where, A is the area under the emission spectral curve, OD is the optical density of the
compound at the excitation wavelength and 1 is the refractive index of the solvent. Here the
value of Dg,pgara 18 taken as 0.52 (for Quinine Sulfate).
The values of @ for HL;, HL,, complexes 1 and 2 are found to be 0.019, 0.054, 0.170 and 0.210,

respectively (Table S3, Supporting Information).
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Fig. 10 Time-resolved fluorescence decay curves (logarithm of normalized intensity vs time in

ns) of HL;, HL,, complexes 1 and 2.
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Cell imaging study

The fluorescence microscopy study helps to envisage the cellular uptake of 20 uM of
probe HL; and 10 uM of Zn?" ions as well as in case of HL, and AI** ions. A prominent green
and blue fluorescent signal is observed under the microscope after the internalization of
chemosensors (HLjand HL,) and Zn?>* and AI’" ions as depicted in Fig. 11. Thus we can
conclude that the cells readily internalize the ligands (HL; and HL,) and the Zn** and AI** salt

which results in green and blue fluorescent signal, respectively.

BRIGHT FIELD FLUORECENCE MERGE BRIGHT FIELD FLUORECENCE MERGE

100pm 100pm
———— ——— 200um 100um 100um
100um
ST 100pm " 100pm

Fig. 11 Bright field, fluorescence and merged microscopic images of untreated MDA-MB-468

loyuo)
o4uuod

AN L), UZ+

Ao ITH
QAN D).l V+
(AM0?)ITH

(Control), cells treated with HL; (20 uM) + Zn?>" (10uM) ions and HL, (20 uM) + A" (10uM)

ions, respectively.

Cell survivability assay

The cellular cytotoxicity of the HL; and HL, are estimated for checking the
biocompatibility on WI38 cell line. The cells are treated with five different concentrations (0
uM, 20 uM, 40 pM, 60 pM, 80 pM and 100 uM) of chemosensors for 24h and followed by

MTT assay. It is observed that the probes (HL; and HL,) exhibit no significant toxicities even at
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the highest concentration of 100 pM (Fig. 12). Therefore these two chemosensors can be

considered as biocompatible and they can emerge as potential agents for biomedical applications.
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Fig. 12 Cell survivability of Wi38§ cells exposed to HL; and HL,.

Anticancer activity of complexes 1 and 2

The cytotoxicity of complex 1 and complex 2 on breast cancer cells, MDA-MB-468 cells
and human cervical cancer cells, SiHa is examined by MTT assay to establish their lethal effects
towards these cancerous cells. Treatment with different concentrations of both complexes 1 and
2 (1-120 uM) for 24 h, reduce the cell viability significantly in a dose-dependent manner.
Complex 1 exhibited lower LD-50 value for both the cell lines (Fig. 13a, b). The LD-50 values
of complexes 1 and 2 are given in Table S4 (Supporting Information) and the respective LD-50

values are chosen for the entire experimentation using MDA-MB 468 cells.

The intracellular reactive oxygen species (ROS) is envisaged with the aid of

spectrofluorometry where 2', 7' dichlorofluorscence in diacetate (DCF-DA) is used as a specific
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probe. The images reveal that the green color fluorescent intensity is enhanced for both treated
cells compared to control cells in MDA-MB 468 cell lines after 12h (Fig. S37, Supporting

Information).

We have further investigated the effects on mitochondrial damage by JC-1 staining which
showed a drastic alteration of the redox status of cellular mitochondria in response to complexes
1 and 2 (Fig. 13c). The transition of fluorescence from red to green or a decrease in the red/green

ratio indicated the increase in the mitochondrial permeability in response to complexes 1 and 2.

In order to establish whether complexes initiated in the induction of apoptosis but not
necrosis, flow cytometric evaluation is performed employing Annexin-V-FITC/PI staining by
envisaging the level of exposed phosphatidylserine in the outer membrane of cells. The results
demonstrate that the percentage of apoptotic (early and late) cells are increased after 24 h of

treatment of complex 1 and complex 2 (Fig. 13d) in comparison to the untreated cells.
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Fig. 13 Effect of increasing doses (0—120 uM) of complexes 1 and 2 on (a) MDA-MB 468 and

(b) SiHa cell lines in 24 h.
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Fig. 13 (c) Mitochondrial membrane potential measurement by JC1 on MDA-MB 468 cells

which clearly indicates the mitochondrial membrane potential transition in cells treated with the

complexes 1 and 2.
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Fig. 13 (d) Comparative study of Annexin V-FITC/PI cells after treatment with LD 50 values of

complex 1 and complex 2 by flow cytometry with the control.
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Mechanism behind anticancer activity of the complexes 1 and 2

In case of in-vitro study, the complex induce enhancement of intracellular ROS
generation has been observed (Fig. S37, Supporting Information). This augmented ROS in turn
induces mitochondrial potential dysfunction as we have seen in case of JC-1 study. The
mitochondrial membrane disruption is responsible for inducing programmed cell death or
apoptosis as illustrated in AnnexinV-FITC studies. The overall anticancer mechanism of our

synthesized complexes is depicted schematically in scheme S2 (Supporting Information).

DFT and TDDFT studies

DFT and TDDFT studies are further performed to support structure of the probes.
Furthermore, TDDFT studies are performed to understand nature, origin and contribution of
M.O.s of electronic transitions. It also gives idea of quantity of energy associated with every
individual transition.

Here, geometry optimization of the chemosensors (HLj;and HL,) has been performed
using DFT/B3LYP method. The optimized structures are depicted in Figs. S38 and S39
(Supporting Information). Energy (eV) of some selected M.O.s are presented in Table SS5.
Contour plots of some selected molecular orbital of the chemosensors are collected in Fig. S40
(Supporting Information). It has been observed that in both HL; and HL, electron density in
LUMO is distributed over the whole molecule and electron density in HOMO is mainly
distributed over salicyl and imine part.

Electronic transitions in chemosensors (HL; and HL,) are theoretically studied using
TDDFT were B3LYP/CPCM method is used with same basis sets in water. Calculated electronic
transitions are given in Table S6. Theoretical calculations show that HL; has intense absorption
bands at around 353 and 474 nm for ligand based n—n* and n—n* transition, respectively.
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Major transitions for HL; are HOMO-1—-LUMO (93%) and HOMO —LUMO (99%) based
(Fig. 14) whereas for HL,, the key transitions are HOMO-3—LUMO (48%) and
HOMO—LUMO (99%) corresponding to the theoretical absorbance band at 336 and 442 nm,

respectively (Fig. S41).

0.3115
0.3617

Energy

Aoy = 474 nm; £
Aex=353 nm;

Fig. 14 Pictorial representation of key transitions of chemosensor HL;.

Conclusion

Here we have reported two quinoline based chemosensors (HL; and HL,) for selective
detection of Zn?>* and AI** ions. Both the probes exhibit fluorescence excitation in visible region
during sensing experiment. Large Stoke shift of the probes in presence of Zn**and AIP* ions
suggest their applicability in various fields such as investigation of biological processes,

pathological analysis, and therapeutic effects over long time spans. Interestingly, the
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chemosensors are achieved by simply changing substituent in the ligand framework. Change of
substituent from bromo to nitro, transfer the ligand from soft donor centre to hard donor centre
according to HSAB theory. Due to hard basic character of the nitro-substituted chemosensor, it
selectively detects AI3* ions. On the contrary, bromo substituted chemosensor selectively detects
Zn** ions due to its comparatively soft rather intermediate basic character. In presence of Zn>**
and AP ions, chemosensors HL; and HL, exhibit 30 times and 29 times enhancement of
emission intensity. The detection limit (LOD) of HL; and HL, against Zn>" and AI*" ions are
1.39 x 107 M and 1.50 x 107 M, respectively which clearly indicate that the probes can be used
to detect Zn?" and Al3*ions in biological system. Binding affinity of both metal ions towards the
chemosensors (~10* orders) and the values of quantum yield of metal bound chemosensors (0.17
and 0.21 for complexes 1 and 2, respectively) suggest that the probes has significant affinity
towards the respective metal ions. X-ray crystal structure of both AI** and Zn?>' ions bound
chemosensors prove PET Off-CHEF On mechanism. Importantly, to the best of our knowledge
we are first time reported AIP* bound quinoline based chemosensor complex. We have
successfully envisaged the practical application of our synthesized chemosensors (HL; and HL,)
by performing the bio-imaging experiments in live MDA-MB-468 cells. Our synthesized probes
are able to detect intracellular Zn?>* and AI’" ions in cancer cells without exerting any significant
cytotoxic effects. Furthermore, the complexes 1 and 2 also exhibit promising anticancer activities
through the induction of apoptosis.

Experimental section

Materials and physical measurements
All reagent or analytical grade chemicals and solvents were purchased from commercial

sources and used without further purification. Nitrate salts of all cations and sodium salts of all
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anions are used for all spectroscopic analysis. Elemental analysis for C, H and N was carried out
using a Perkin—Elmer 240C elemental analyzer. Infrared spectra (400-4000 cm™") were recorded
from KBr pellets on a Nicolet Magna IR 750 series-II FTIR spectrophotometer. Absorption
spectra were measured using a Cary 60 spectrophotometer (Agilent) with a 1-cm-path-length
quartz cell. Electron spray ionization mass (ESI-MS positive) spectra were recorded on a
MICROMASS Q-TOF mass spectrometer. Emission spectra were collected using Fluromax-4
spectrofluorimeter at room temperature (298 K) in HEPES buffer at pH= 7.4 solution under
degassed condition. Fluorescence lifetime was measured wusing a time-resolved
spectrofluorometer from IBH, UK. Measurements of 'H NMR spectra were conducted using a
Bruker 300 spectrometer instrument in DMSO-dj solvent. Thermo gravimetric analysis (TGA)
were performed under N, atmosphere (150 mL/min) using Platinum crucibles with alpha alumina

powder as reference in a PerkinElmer instrument (Model No.- Pyris Diamond TG/DTA).

X-ray crystallography

Single crystal X-ray data of complexes 1 and 2 were collected on a Bruker SMART APEX-

Published on 03 March 2020. Downloaded by Karolinska Institutet University Library on 3/3/2020 9:20:11 AM.

II CCD diffractometer using graphite mono chromated Mo Ko radiation (A = 0.71073 A) at
room temperature. Data processing, structure solution, and refinement were performed using
Bruker Apex-II suite program. All available reflections in 26, range were harvested and
corrected for Lorentz and polarization factors with Bruker SAINT plus.®? Reflections were then
corrected for absorption, inter-frame scaling, and other systematic errors with SADABS.% The
structures were solved by the direct methods and refined by means of full matrix least-square
technique based on F? with SHELX-2017/1 software package.®* All the non hydrogen atoms

were refined with anisotropic thermal parameters. C-H hydrogen atoms were inserted at
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geometrical positions with Uiy, = 1/2Uq to those they are attached. Crystal data and details of

data collection and refinement for 1 and 2 are summarized in Table S1.

Synthesis of chemosensor (HL,) [HL; = 2,4-Dibromo-6-((quinolin-8-ylimino)methyl)phenol]

Quinoline based Schiff base ligands were prepared by a reported procedure.®' Briefly, a
1:1 molar ratio mixture of 8-aminoquinoline (2.0 mmol, 0.288 g) and 3,5-
dibromosalicylaldehyde (2.0 mmol, 0.558 g) was taken in a R.B. in methanol solvent and stirred
for 3h. A deep red coloured solid product was obtained after evaporation of the solvent in good
yield and used without further purification.
Yield: 0.357 g (88%). Anal. Calc. for C;H;¢Br,N,O5: C 47.33%; H 2.48%; N 6.90%. Found: C
46.76%; H 2.01%; N 6.07%. IR (cm™!, KBr): v(C=N) 1609s; v(C-H) 747s. ESI-MS (positive) in
MeCN: The base peak was detected at m/z = 406.98, corresponding to [HL;+H]*. UV-Vis, Ayax
(nm), (¢ (dm*mol-'cm)) in HEPES buffer at pH= 7.4: 340 (79410) and 480 (38171). Melting
point ~146 °C.
'"H NMR (DMSO-ds, 300 MHz) & ppm: 7.69 (Ar-H) (q, 1H), 7.75 (Ar-H) (t, 1H, J = 9.00
Hz),7.78 (Ar-H) (d, 1H, J = 3.00 Hz), 7.92 (Ar-H) (d, 1H, J = 3.00 Hz),7.99 (Ar-H) (s, 1H),8.02
(Ar-H) (s, 1H),8.48 (Ar-H) (d, 1H, J=6.00 Hz), 9.06 (Ar-H) (d, 1H, J=3.00 Hz), 9.27 (-CH=N)

(s, 1H), 15.94 (Ar-OH) (s, 1H).

13C NMR (DMSO-ds, 75 MHz) & ppm: 106.84, 115.46, 117.87, 119.62, 123.09, 127.28, 127.97,

129.08, 133.64, 135.07, 136.29, 136.91, 139.15, 151.45, 160.72, 163.83.

Synthesis of chemosensor (HL;) [HL,= 4-Nitro-2-((quinolin-8-ylimino)methyl)phenol]

The Schiff base ligand HL, was also prepared by the above mentioned procedure.

Briefly, a 1:1 molar ratio mixture of 8-aminoquinoline (2.0 mmol, 0.288 g) and 2-hydroxy-5-
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nitrobenzaldehyde (2.0 mmol, 0.334 g) was taken in a R.B. in methanol solvent and stirred for
3h. An orange coloured solid product was obtained after evaporation of the solvent in good yield
and used without further purification.

Yield: 0.255 g (87%). Anal. Calc. for C;sH{1N305: C 65.53%; H 3.78%; N 14.33%. Found: C
64.86%; H 3.01%; N 13.97%. IR (cm!, KBr): v(C=N) 1603s; v(C-H) 754s. ESI-MS (positive) in
MeOH: The base peak was detected at m/z = 294.11, corresponding to [HL,+H]*. UV-Vis, Apax
(nm), (¢ (dm*mol-'cm™)) in HEPES buffer at pH= 7.4: 325 (53837) and 450 (31663). Melting
point ~232 °C.

'H NMR (DMSO-d;, 300 MHz) & ppm: 6.90 (Ar-H) (d, 1H, J=12.00 Hz), 7.71 (Ar-H) (q, 1H),
7.77 (Ar-H) (t, 1H, J; = 9.00 Hz,J, = 6.00 Hz),8.04 (Ar-H) (d, 1H, J = 6.00 Hz), 8.08 (Ar-H) (d,
1H, J=6.00 Hz), 8.17-8.21 (Ar-H) (m, 1H),8.51 (Ar-H) (d, 1H, J=9.00 Hz),8.67 (Ar-H) (d, 1H,

J=3.00 Hz), 9.05 (Ar-H) (d, 1H, J = 6.00 Hz), 9.53 (-CH=N) (s, 1H), 16.03 (Ar-OH) (s, 1H).

13C NMR (DMSO-dg, 75 MHz) & ppm: 117.94, 121.89, 122.70, 123.20, 124.96, 127.30, 128.03,

128.18, 129.04, 129.84, 131.15, 131.97, 136.29, 136.99, 151.49, 161.62.

Synthesis of {{Zn(L,),].CHCIl;} (complex 1)

A 2 mL methanolic solution of zinc nitrate hexahydrate (0.50 mmol, 0.149 g) was added
drop wise to 20 mL chloroform solution of HL; (1.0 mmol, 0.406 g) followed by addition of
triethylamine (1.0 mmol, ~0.2 mL) and the resultant reaction mixture was stirred for ca. 3 h. X-
ray quality intense brown coloured single crystals were obtained in high yield after slow
evaporation of the solvent.

Yield: 0.682 g (78%). Anal. Calc. for C5,HsBryN4O,Zn: C 43.90%; H 2.07%; N 6.40%. Found:

C 43.01%; H 1.91%; N 5.92%. IR (cm!, KBr): v(C=N) 1615s; v(C-H) 759s. ESI-MS (positive)
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in MeCN: The base peak was detected at m/z = 923.52, corresponding to [Zn(L4),+CH;CN+Li]".
UV-Vis, Apax (nm), (¢ (dm*mol-'cm')) in HEPES buffer at pH= 7.4: 440 (52839). Melting point
>250 °C.

'H NMR (DMSO-ds, 300 MHz) & ppm: 7.43 (Ar-H) (q, 2H), 7.50 (Ar-H) (d, 2H, J = 3.00
Hz),7.73 (Ar-H) (d, 2H, J = 3.00 Hz), 7.90 (Ar-H) (d, 2H, J = 6.00 Hz),7.99 (Ar-H) (d, 2H, J =
9.00 Hz),8.22 (Ar-H) (d, 2H, J = 3.00 Hz),8.33 (Ar-H) (d, 2H, J = 3.00 Hz), 8.48 (Ar-H) (d, 2H,

J=9.00 Hz), 9.34 (-CH=N) (s, 2H).

13C NMR (DMSO-ds, 75 MHz) 6 ppm: 111.71, 113.41, 123.49, 124.26, 124.67, 127.88, 128.46,

128.92, 129.22, 133.68, 138.84, 138.99, 140.99, 151.54, 156.40, 163.71.

Synthesis of {{Al(L,);](NO3)} (complex 2)

A 2 mL methanolic solution of aluminium nitrate nonahydrate (1.0 mmol, 0.187 g) was
added drop wise to 20 mL methanolic solution of HL, (1.0 mmol, 0.293 g) followed by addition
of triethylamine (1.0 mmol, ~0.2 mL) and the resultant reaction mixture was stirred for ca. 1 h.
intense green coloured solid mass was obtained after slow evaporation of the solvent.

Yield: 0.759 g (85%). Anal. Calc. for C5;,H,0N;O9AlL: C 57.07%; H 2.99%; N 14.56%. Found: C
56.77%; H 2.47%; N 14.05%. IR (cm™!, KBr): v(C=N) 1615s; v(NOj3") 1318s; v(C-H) 771s. ESI-
MS (positive) in MeCN: The base peak was detected at m/z = 611.29 corresponding to
[AI(Ly),]*. UV-Vis, Apax (nm), (¢ (dm?mol-'cm)) in HEPES buffer at pH= 7.4: 398 (19388).
Melting point >250 °C.

'"H NMR (DMSO-ds, 300 MHz) 6 ppm: 6.61 (Ar-H) (d, 2H, J = 9.00 Hz), 7.63 (Ar-H) (q, 2H),

8.12-8.20 (Ar-H) (m, 4H),8.29 (Ar-H) (d, 2H, J = 9.00 Hz), 8.68 (Ar-H) (d, 2H, J = 3.00 Hz),
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8.78 (Ar-H) (d, 2H, J = 6.00 Hz),8.85 (Ar-H) (d, 2H, J = 9.00 Hz),8.96 (Ar-H) (d, 2H, J = 3.00

Hz), 10.27 (-CH=N) (s, 2H).

13C NMR (DMSO-ds, 75 MHz) 6 ppm: 118.41, 119.26, 122.96, 124.40, 129.04, 129.28, 129.65,

132.35, 133.93, 136.76, 136.90, 138.07, 142.00, 148.42, 167.97, 170.41.

UV-visible and fluorescence spectroscopic studies

Stock solutions of various ions (1x10-3 M) were prepared in HEPES buffer (pH 7.4)
medium. 1x10- M stock solution of the chemosensors (HL; and HL,) was prepared in methanol.
The solutions of HL; and HL, were then diluted to 1x10> M by HEPES buffer (pH 7.4) as per
requirement. Methanol is only used to dissolve the organic chemosensor and the volume of the
MeOH solution taken to make the dilution was so small that the MeOH content was deemed to
be negligible. All the spectroscopic experiments including competitive assay of various cations
and anions were performed in HEPES buffer medium at pH 7.4. In titration experiments, 30 puL
solutions of 1x103 M chemosensors (HL; and HL,) were taken in a quartz optical cell and

volume was made up to 3000 uL with buffer, so the solvent again is effectively buffer. In case of

Published on 03 March 2020. Downloaded by Karolinska Institutet University Library on 3/3/2020 9:20:11 AM.

HL,, Zn?" solutions were added gradually (0-6 uM) whereas for HL,, AI** solutions were added
gradually to the probe’s solution (10uM). In competitive assay experiments, the test samples
were prepared in a similar way as mentioned above.

Binding stoichiometry (Job’s plot)

Job’s continuation method was employed to find out the binding stoichiometry of the
chemosensors (HL; and HL,), Zn?>" and AI** ions using absorption spectroscopy. At a given
temperature (25°C), the absorbance was noted for solutions where the concentrations of

chemosensors (HL; and HL,;), Zn** and A" ions were varied but the sum of their
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concentrations was kept constant at 1x10-> M. Change in absorbance was plotted as a function of
mole fraction of chemosensor. The break point in the resulting plots corresponds to the mole
fraction of chemosensors in Zn?" and AI’* complexes. From the break point, the stoichiometry
was estimated. The results reported are average of at least three experiments.
Binding constant calculation

Binding ability of the chemosensors (HL; and HL,) towards Zn?>" and AI** ions were
determined using absorption as well as fluorescence spectra. Non-linear least square fitting
equation i.e. equation 1 has been employed to determine binding constant value.’*° OrginPro

software, version 8.5 was used to do the necessary fittings and calculations.

a+ b X x"n
y_(1+c><x"n)

Where, ‘a’ and ‘b’ are the absorbance or fluorescence in absence and presence of excess metal
ions, respectively. ‘c’ is formation constant or binding constant (k) whereas ‘n’ is binding

stoichiometry of the reaction.

Cell culture

Triple negative human breast cancer cell line MDA-MB-468, human cervical cancer cells,
SiHa and human lung fibroblast cells, WI38 was obtained from National Center for Cell Science
(NCCS) Pune, India. The cells were grown in DMEM with 10% FBS (Fetal Bovine Serum),
penicillin/streptomycin (100 units/ml) at 37°C and 5%CO,. All the treatments were conducted at

37°C and at a cell density allowing exponential growth.

Cell imaging
The MDA-MB-468 cells were grown in coverslips for 24h. Then the cells were either

mock-treated or treated with 20uM of ligands (HL; and HL;) and 10uM of Zn?>* and Al’*",
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respectively for 24h at 37°C. The cells were washed with 1xPBS. Then they were mounted on a

glass slide and observed under fluorescence microscope (Leica).

Cell survivability assay

Cell survivability of HL; and HL, were studied for human lung fibroblast cells, WI38
(non-cancerous cells), MDA-MB-468 and SiHa (cancerous cells) following reported procedure.
In brief, viability of these cells after exposure to various concentrations of ligand were assessed
by MTT assay. The cells were seeded in 96-well plates at 1 x 10* cells per well and exposed to
ligand at concentrations of 0 pM, 20 uM, 40 uM, 60 uM, 80 uM, 100 uM for 24 h. After
incubation, cells were washed with 1xPBS twice and incubated with MTT solution (450pug/ml)
for 3-4 h at 37°C. The resulting formazan crystals were dissolved in an MTT solubilization
buffer and the absorbance was measured at 570 nm by using a spectrophotometer (BioTek) and
the value was compared with control cells. The cell cytotoxicity of the complex 1 and complex 2
towards the cancer cells MDA-MB-468 and SiHa were also envisaged following the above

mentioned MTT assay protocol.

Published on 03 March 2020. Downloaded by Karolinska Institutet University Library on 3/3/2020 9:20:11 AM.

Nuclear morphology study by DAPI staining

Nuclear morphology was studied by DAPI staining. After exposure of complex 1 and
complex 2 at their respective LD50 dose for 12h, the cells were washed three times with 1 x
PBS and stained with 4’,6-diamidino- 2-phenylindole (DAPI) in Vectashield (0.2 g ml—1, Vector
Laboratories Inc.). Nuclear morphology was observed under fluorescence microscope (Leica). A

minimum of 400 cells were observed.
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Apoptotic and necrotic cell quantification by Annexin V-FITC staining

Apoptotic and necrotic cell was measured by Annexin V-FITC staining. After treatment,
cells were washed in ice-cold PBS and incubated with 100 pl of annexin binding buffer. Annexin
V-FITC (2 pg/ml) was added and kept in dark at room temperature for 15 min. Then, 400 pl of
annexin binding buffer was added. Prior to analysis 5 ml (0.5 mg/ml) PI was added. The

estimation of apoptotic and necrotic cells were performed with the help of FACS Calliber.

Method of estimation of reactive oxygen species (ROS)

ROS was estimated by DCF-DA, which enters the cell and reacts with reactive oxygen to
give a green fluorescent colour compound dichlorofluorescein (DCF). The estimation of ROS
was measured by fluorometer. A stock solution of DCF-DA (10 mM) was prepared in methanol
and was further diluted with culture medium to a working concentration of 100 uM. Cells were
treated with LD50 doses of complexes for 12 h. Then cells were washed with ice cold Hanks
balanced salt solution (HBSS) and incubated with 100 uM (working solution) of DCF-DA for 30
min at 37 °C. Then, cells were lysed with alkaline solutions. Fluorescence intensity was

measured at excitation of 485 nm and emission at 520 nm (Biotek).

Computational method
All computations were performed using the GAUSSIAN 09 (G09)% software package.
For optimization we used the density functional theory method at the B3LYP level¢”-% and the

standard 6-31+G(d) basis set for C, H, N and O atoms.5%-70

TDDFT calculation was performed with the optimized geometry to ensure only positive
eigen values. Time-dependent density functional theory (TDDFT)’!"7® was performed using

conductor-like polarizable continuum model (CPCM)’#7¢ and the same B3LYP level and basis
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sets in aqueous solvent system. GAUSSSUM”7 was used to calculate the fractional contributions

of various groups to each molecular orbital.
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Here, we have reported two aminoquinoline based chemosensors (HL; and HL;) that

selectively sense Zn*" and AI** ions. The sensing phenomena are established by different
spectroscopic techniques. We are successful to elucidate the crystal structure of both metal
bound chemosensor complexes. Cell imaging study and anticancer activity of the probes and

complexes are also investigated.
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