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A B S T R A C T   

In quest of developing an efficient and effective drug against the ACHN human renal adenocar-
cinoma cell line herein, we report the synthesis and characterization of a novel Pyridinium iodide- 
tagged Schiff base (5) and its Cu (II)/Zn (II)/Cd (II)-complexes (6). The synthesized compounds 
are well characterized by Elemental analysis, UV–Visible, FTIR, Magnetic Susceptibility, NMR, 
HRMS, MALDI, and PXRD techniques. They were then subsequently tested on the ACHN cell lines 
using MTT assays and their IC50 values were determined, followed by their ROS production ca-
pacity. Among the tested compounds Zn (II)-complex 6(b) was found to be the most potent one 
with a minimum IC50 value while the ligand (5) was the least.   

1. Introduction 

Even though Paul Walden reported the first Ionic Liquid (IL) “Ethyl ammonium nitrate” in 1914 [1], Ionic liquids (ILs) however, 
have received wide attention only during the past two decades. The number of research papers published on ILs has drastically 
increased from a few numbers in the year 1996 to more than 5000 in the year 2016, surpassing the overall annual growth rates of some 
popular research areas. This firmly indicates that more and more researchers are involved in studying ILs with plentiful outcomes. 
Multidisciplinary research on ILs is emerging such as in the field of material science, chemical engineering, chemical synthesis, 
environmental science, and medicinal chemistry. They can show numerous useful properties such as low vapor pressure, thermal 
stability, potential to dissolve different substrates, high electrical conductivity, etc. An important feature of ILs is the tenability of their 
physical and chemical properties by varying the combination of cations and anions. Usually, large organic cations and smaller anions 
are designed to prepare useful ILs. Although, most of the works on ILs highlight their use as a reaction media in organic synthesis, these 
liquids are gradually drawing attention in the field of inorganic medicinal and material chemistry a lot. The concept of functionalized 
ionic liquid (FILs), by introducing additional functional group as a part of cation or anion, has presently become a subject of interest. 
There is a huge possibility of chemical structure modifications through the incorporation of specific functionality. Such FILs can 
interact with a metal center and contribute to enhanced stability of metal salts. Such metal-containing ILs are considered as promising 
new materials that combine the feature of ILs with additional intrinsic magnetic, catalytic, biological and spectroscopic properties 
depending on the incorporated metal ion [2–7]. 

Although these ILs are used successfully as solvents and catalysts in many reactions [4,8], there are good number of research 
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articles which describes their biological activities such as antibacterial, antifungal, cytotoxicity, antioxidant properties [9–18]. Some 
common ILs contains imidazolium, pyridinium, pyrrolidinium moieties as their cationic part [19]. After a rigorous literature studies, it 
is found that pyridinium moiety containing ILs can be explored more, although several pyridinium containing ILs are reported in 
literature. Some of them are 1-(10-aminodecyl) pyridinium salt [20], polymeric 3-alkylpyridinium salts [21], 12-methacryleyloxy-do-
decylpyridinium bromide [21], L-threoC6-pyridinium-ceramide-bromide [22] which shows cytotoxicity activity against different cell 
lines. 

On the other hand, Schiff’s bases are versatile pharmacophore having an azomethine linkage (C––N) generally formed by 
condensation of the primary amines with a carbonyl compound. The common structural property of Schiff’s Bases is the presence of 
azomethine group (C––N) in their structure, with the general formula RHC––NR’ (Where R and R′ are alkyl, aryl, cycloalkyl or het-
erocyclic groups). Schiff bases, usually formed by the condensation of a primary amine with an aldehyde are one of the most prevalent 
ligands in coordination chemistry. Schiff bases containing hetero-atoms such as nitrogen, oxygen and Sulphur are of special interest 
due to their different ways of bonding with transition metal ions. They have been reported to exhibit a variety of biological activities 
due to the presence of azomethine linkage (C––N) [23–31,38–41]. Transition metal complexes of Schiff bases carrying nitrogen and 
other donor sites have a variety of applications including biological, medicinal and analytical in addition to their vital role in organic 
synthesis and catalysis [23–32]. 

On combining IL with Schiff base, we get IL-tagged Schiff Base ligand system which represents a class of modified Schiff base ligand 
system formed by the condensation between the ionic liquid molecule containing amine or carbonyl group and the carbonyl or the 
amine molecule by suitably choosing, with a huge role to play in inorganic chemistry, organic chemistry, environmental chemistry, 
material chemistry, and medicinal chemistry as imply by the literature studies [7–12]. We use this modified Schiff base ligand system 
to synthesize metal complexes as several such metal complexes are reported in literature [8–10,32–37]. Herein, we thus report the 
synthesis and characterization of novel 3-((2-(2, 4-dinitrophenyl) hydrazinylidene) methyl)-1-methylpyridin-1-ium iodide as such 
ligand (5) system and its Cu (II)/Zn (II)/Cd (II)-complexes (6a, 6b, 6c). 

Taking notes, the presence of biologically active azomethine linkage (C––N), pyridinium moiety, and metal ions the biological 
activities of the four synthesized compounds were evaluated [38–43]. However, we kept ourself confined within the cytotoxicity and 
reactive oxygen species (ROS) production activities of the synthesized compounds. Among the several types of cancer, we opted for 
kidney cancer thus its ACHN cell line for our studies. This kidney cancer is the 13th most prevalent disease globally, taking re-
sponsibility for 2–4 % of all malignancies [37]. The cytotoxicity activities of the synthesized compounds were in accordance with their 
ROS production ability. 

2. Experimental 

All the required reagents (reagent grade) and solvents (analytical grade) were purchased from Spectro chem, Hi media, Sigma- 
Aldrich, TCI Chemicals (India) and Merck India. All the reagents were used without further purification however, the solvents were 
distilled and dried before their use.  

a. General methods and materials 

3-carboxaldehyde pyridine (Sigma-Aldrich), methyl iodide (Sigma-Aldrich), 2,4-DNP (SRL), hydrated Cu(OAc)2 (SRL), hydrated Zn 
(OAc)2 (SRL), hydrated Cd(OAc)2 (SRL), acetone, methanol, and dilute hydrochloric acid were used. The pyridinium salt (3) was 
synthesized as reported in the literature [48]. The ligand (5) and its Cu (II)/Zn (II)/Cd (II)-complexes [6(a)/6(b)/6(c)] were prepared 
by following conventional methods. The ACHN human renal adenocarcinoma cells were purchased from National Center for Cell 
Science, Pune, India. Media components and MTT used for the studies were purchased from Hi-Media Laboratory Pvt. Ltd. 

Elemental analysis was done using PerkinElmer (Model 240C) analyzer. UV–Visible spectra were recorded in the Agilent 8453 
spectrophotometer, with an uncertainty of wavelength resolution of ± 0.5 nm. Automated thermostat kept the temperature of the cell 
fixed. FTIR spectra were recorded on a PerkinElmer Spectrum FTIR Spectrometer using the KBr pellets at room temperature. Magnetic 
susceptibility balance was used to measure magnetic susceptibilities at room temperature (Magway MSB MK1, Sherwood Scientific 
Ltd.). NMR-spectra were recorded on Bruker 400 spectrometer operating at 400 MHz in DMSO‑d6. HRMS were obtained on Bruker 
microTOF-Q II spectrometer. MALDI were recorded in Bruker Daltonics auto flex TOF/TOF instrument while PXRD in PANalytical X- 
ray Diffractometer using Cu-κα radiation (1.54 A0). 

Scheme 2. Synthesis of IL-tagged Schiff base (5).  
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b. Synthesis  
i. Pyridinium IL (3) 

The compound (3) was prepared following the procedure given in the literature [44]. A mixture of 3-pyridine carboxaldehyde (1) 
(1.0g, 9.8 mmol), methyl iodide (2) (4.1g, 28 mmol), and acetone (2.4 ml) was heated at 60 ◦C with constant stirring for 8h. After 
cooling, the precipitate was filtered out, washed with dry ethyl ether (20 ml), and dried in the oven. Yellow powder; yield: 84 %. 1H 
NMR and 13C NMR spectra were consistent with the literature data. This can be represented as in Scheme 1.  

ii. IL-tagged Schiff base (5) 

The compound (5) was prepared from the method reported in the literature [45]. When compound (3) (249 mg, 10 mmol) was 
slowly added to an acidified clear solution of 2,4-dinitrophenylhydrazine (4) (198 mg, 1.0 mmol) in methanol. Within 5 min a 
yellowish precipitate was seen which was filtered out, washed with methanol, and dried in a hot air oven. Yield- 90 %, Elemental 
analysis calc. C 35.82 (36.30), H 2.06 (2.79), N 15.82 (16.43); Uv–Vis (in DMSO, nm) υ = 268 (π - π*), 391(η –π*); IR (KBr, cm− 1) υ =
3450 (m, br, –NH), 1619 (s, C––N), 1515 (asym, –NO2), 1334 (sym, –NO2), 1089 (-N-N-); 1H NMR (400 MHz, DMSO‑d6, ppm): δ 12.024 
(s, 1H,NH), δ 9.428 (s,1H,CH), 8.965 (d, 1H), 8.854 (t, 1H), 8.414 (q, 1H), δ 8.800 (s, 1H), δ 8.245 (d, 1H), δ 8.165 (d, 1H),δ 8.312 ppm 
(s, 1H, NCH), δ 4.413 (s, 3H,CH3); 13C NMR (400 MHz, DMSO‑d6, ppm): 146.014 (C3), 144.524 (C5/8), 142.371 (C1/7), 138.948 (C11), 
134.592 (C2), 131.435 (C10), 130.167 (C13), 128.360 (C4), 123.400 (C12), 117.906 (C9), 48.834 (C6); HRMS: molecular ion peak at m 
\z = 303.1030 (Calc. 303.0901). Degree of crystallinity = 78.62 %. Scheme 2 represents the synthesis of IL-tagged Schiff base ligand 
system.  

iii. Metal complexes of IL-tagged Schiff base (6) 

A reflux reaction in a 1:2 M ratio with respect to the metal salt and the ligand (5) was set up by slowly adding a clear solution of 
metal salts to a clear solution of ligand (5) in methanol at around 65 ◦C with constant stirring. The reaction continued for 30 min. The 
precipitate formed was filtered out, washed with cold methanol, and dried in a hot air oven at around 80 ◦C. Yellow powder; yield: 
50–55 %. This can be seen in Scheme 3. 

For Cu (II)-complex 6(a) [diacetoxybis(1-(2,4-dinitrophenyl-2-(1-methyl pyridine-1-ium-3-yl)methylene)hydrazineyl)copper io-
dide]; Elemental analysis calc. C 34.12 (34.65) H 2.83 (2.91) N 13.21 (13.47); UV–Vis (in DMSO, nm) υ = 265, 394 (2B1g – 2Eg, 2B1g – 
2B2g); (IR (KBr, cm-1) υ = 3470 (-NH), 1633 (-C––N), 1508 (asym, -NO2), 1326 (sym, -NO2), 1096 (-N-N-), 544 (M − O), 426 (M − N), 
1438-1159 (COO− 1). MALDI; molecular ion peak [M − 2I]+at m\z = 816.17 (calculated 816.25). Degree of crystallinity = 42.64 %. 

For Zn (II)-complex 6(b) [diacetoxybis(1-(2,4-dinitrophenyl-2-(1-methyl pyridine-1-ium-3-yl)methylene)hydrazineyl)zinc iodide]; 
Elemental analysis calc. C 34.47 (34.59) H 2.83 (2.90) N 13.12 (13.44); UV–Vis (in DMSO, nm) υ = 266, 397 (MLCT or LMCT); IR (KBr, 
cm-1) υ = 3379 (-NH), 1627 (-C––N), 1510 (asym, -NO2), 1324 (sym, -NO2), 1098(-N-N-), 705 (M − O), 465(M − N), 1431-1162 
(COO− 1). MALDI; molecular ion peak [M − 2I]+at m\z = 818.92 (calculated 819.08). Degree of crystallinity = 57.66 %. 

For Cd (II)-complex 6(c) [diacetoxybis(1-(2,4-dinitrophenyl-2-(1-methyl pyridine-1-ium-3-yl)methylene)hydrazineyl)cadmium 
iodide]; Elemental analysis calc. C 32.75 (33.04) H 2.34 (2.78) N 12.34 (12.86); UV–Vis (in DMSO, nm) υ = 261, 395 (MLCT or 
LMCT); IR (KBr, cm-1) υ = 3290 (-NH), 1641 (C––N), 1509 (asym, -NO2), 1330 (sym, -NO2), 1103 (N–N), 683 (M − O), 429(M − N), 
1398-1158(COO− 1). MALDI; molecular ion peak [M − 2I]+at m\z = 866.76 (calculated 866.12). Degree of crystallinity = 69.23 % 

Scheme 3. Synthesis of IL-tagged Schiff base metal complex (6).  

Scheme 1. Synthesis of pyridinium IL (3).  

P. Rai et al.                                                                                                                                                                                                             



Heliyon 10 (2024) e25246

4

c.Biological studies 
i.Cytotoxicity activity 

In vitro cytotoxicity studies were carried out against the ACHN human renal adenocarcinoma cells which were procured from 
NCCS, PUNE (INDIA). The ACHN cell lines were cultured in 96 well microtiter plates in a humidified atmosphere of 5 % CO2 at 37 ◦C. 

Cells were seeded at a density of 5 × 103 cells/well in 100 μl DMEM (Dulbecco’s Modified Eagle Medium) culture medium for 24h. 
After 24h of incubation, the ligand (5) and its Cu (II)/Zn (II)/Cd (II)-complexes [6(a)/6(b)/6(c)] were added to each well at different 
concentrations ranging from 100 μl/ml to 400 μl/ml [e.g., 100 μl/ml, 150 μl/ml, 200 μl/ml, 250 μl/ml, 300 μl/ml, 350 μl/ml & 400 μl/ 
ml in triplicate and incubated for another 24h. After the proper incubation period, the medium in the assay was replaced by a fresh 
medium containing 10 μl (5 mg/ml) of MTT powder dissolved in 1xPBS and further incubated for 3h at 37 ◦C. After incubation, 50 μl of 
isopropanol, formazan solubilizer was added to each well containing MTT and was shaken for about 10 min. The absorbance was then, 
recorded at 620 nm with DMSO as a blank in an ELISA reader. Indeed, DMSO concentrations were limited to 0.5 % (v/v) for this study 
which showed no significant effect on cell viability. Cytotoxicity activity was presented as a % of reduced MTT in treated cells vs- 
controlled cells incubated without drugs. The relative MTT level (%) was calculated by using the expression; Cytotoxicity % =
( X− Y

X
)
× 100 Where X is the mean optical density of control (untreated cells), Y is the mean optical density of treated cells with different 

drugs concentrations [46].  

ii. ROS Assay 

H2DCFDA was used for the detection of hydrogen peroxide in the ACHN cell line. A standard protocol was performed with minor 
alterations for the assessment of intracellular ROS. The oxidation of 2, 7-dichlorofluorescein (H2DCFDA) to 2, 7-dichlorodihydrofluor-
escein (H2DCFDA) was monitored for the determination of hydrogen peroxide (H2O2). The human kidney cancer cell line (ACHN) was 
cultured on a coverslip in 35 mm Petri dishes. Plates were incubated for 24 h with 5 % CO2 in an N-biotech incubator. After 24 h 
incubation, ACHN cells were treated with the previously determined IC50 concentration of each compound (from MTT assay). Control 
plates were kept without any treatment. The Cells were further incubated for 24 h under the same condition as mentioned above. The 
next day, plates were withdrawn and washed twice with phosphate buffer saline (PBS). H2O2 treatment was given to the positive 
control plate for 20 min 25 mM of fluorescence dye 2,7-dichlorofluorescein diacetate was given to all the plates and further incubated 
for 30 min. After that, cells were washed with 1X PBS to remove unbound dye. And glass slides were prepared by inverting cover slips 
on the slide in 20 % glycerin solution. Fluorescence was captured under an LED-based fluorescence microscope (Magnus MLXi) by 
using LED cassettes, samples were excited at 480 nm and using a long pass filter emission [47]. 

3. Results and discussions 

A rigorous literature studies revels that there is hardly any single crystal data reported on the transition metal complexes having IL- 
tagged Schiff base as their ligand system. We also could not obtain any single crystal for our metal complexes. So, we had relied on tools 
other than single crystal XRD to assign appropriate geometry to the synthesized metal complexes. 

3.1. Electronic spectra and magnetic moment measurements 

Electronic Spectra of the ligand (5) and its Cu (II)/Zn (II)/Cd (II)-complexes [6(a)/6(b)/6(c)] were measured for the concentration 
of 1x 10 − 3M in DMSO at room temperature in the range of 200–700 nm. The electronic spectrum of the ligand (5) shows absorption 
bands at 268 nm and 391 nm which were assigned to π - π * and n-π* transitions respectively. In the metal complexes these bands were 
shifted to different wavelength values thus suggesting a coordination between the metal ion and the ligand system as shown in Table 1 
below. 

In the electronic spectra of the Cu (II)-complex 6(a) these bands were shifted to 258 nm and 392 nm, in Zn (II)-complex 6(b) these 
bands were found at 265 nm and 395 nm and in Cd (II)-complex 6(c) the bands were at 262 nm and 398 nm. The bands at 540 nm in Cu 
(II)-complex 6(a) may be assigned to overlapping 2B1g→2A1g and 2B1g – 2Eg transition transitions which is the characteristic band for a 
distorted square planar Cu (II)-complex. Hence, Cu (II)-complex 6(a) has been assigned a distorted square planar geometry. Further, its 

Table 1 
UV–Visible spectral data of the ligand (5) and its metal complexes (6).  

Compound Wavelength (nm) Type of Transition 

Ligand (5) 269 π-π* 
389 η-π* 

Cu (II)-complex 6(a) 258 π-π* 
392 η-π* 
540 Overlapped 2B1g→2A1g and 2B1g→2Eg 

Zn (II)-complex 6(b) 265 π-π* 
395 η-π* 

Cd (II)-complex 6(c) 262 π-π* 
398 η-π*  
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observed magnetic moment value of 1.83 B M. suggest the Cu (II)-complex 6(a) is mononuclear in nature. 
Zn (II) and Cd (II) –complexes do not show d-d transition as their metal ions contain filled d-orbitals but they show charge transfer 

transition from metal ion to ligand or vice-versa. The observed bands in these complexes thus may be assigned to charge transfer 
transition between the metal ion and the ligand or vice-versa. Both these complexes were found to be diamagnetic in nature. So, they 
are assigned a tetrahedral geometry with coordination number of 4. UV–Visible specta of the ligand (5) and its metal complexes are 
shown below in Fig. 1. 

3.2. Vibrational spectra 

The FTIR spectrum of the free ligand (5) shows its distinctive bands at υ = 3450 cm− 1 and υ = 1619 cm− 1 which are assigned to N–H 
and C––N stretching vibrations respectively [Fig. 1, ESI†]. However, in the FTIR spectrum of the Cu (II)/Zn (II)/Cd (II)-complexes [6 
(a)/6(b)/6(c)] the υ (N–H) and υ (C––N) bands occur at 3470 cm− 1, 3379 cm− 1, 3290 cm− 1 and 1633 cm− 1, 1627 cm− 1, 1641 cm− 1 

respectively [Fig. 1, ESI†]. Thus, there is a shift in the vibrational frequencies of the υ (N–H) and υ (C––N) bonds in Cu (II)/Zn (II)/Cd 
(II)-complexes [6(a)/6(b)/6(c)]. This confirms coordination between the metal ion and the ligand system through the nitrogen atom. 
Further, this is supported by the fact that there is a shift in υ (N–N) in Cu (II)/Zn (II)/Cd (II)-complexes [6(a)/6(b)/6(c)] slightly to a 
higher frequency (1096 cm− 1,1098 cm− 1 and 1103 cm− 1) as compared to that in the free ligand (5) (1089 cm− 1). Also, the anti-
symmetric and symmetric vibrational frequencies of the carboxylate group (COO− ) in the metal complexes (6) lie in the range of 
1438–1158 cm− 1. Such that the Δ υ = [υ asym(COO

− ) – υ sym(COO
− )] = 280 cm− 1 substantiates the presence of the mono-dentate 

carboxylate group (COO− ) in the metal complexes (6) [48]. The appearance of bands in the range of 544–705 cm− 1 and 426-465 
cm− 1 in the metal complexes (6) indicates the M − O and M − N stretching frequencies respectively. This suggests bonding of metal ion 
with the oxygen and nitrogen atom in the metal complexes. All the stretching frequencies of the ligand (5) and its metal complexes (6) 
are summarized in Table 2. And the FTIR spectrum of the ligand (5) and its metal complexes (6) can be seen in Fig. 1., ESI†. 

3.3. NMR spectra 

NMR spectra were recorded on Bruker 400 spectrometer operating at 400 MHz in DMSO‑d6. All the 1 H and 13 C NMR spectral data 
and the assignment of peaks in ligand (5) are stated in the experimental section 2.b.i and Fig. 2, Fig. 3, ESI†. 

In the 1 H NMR spectrum of the ligand (5), a sharp peak at δ 12.024 ppm (s) is assigned to hydrazide (NH). And the peaks at δ 9.428 
ppm (s), 8.965 ppm (d), 8.854 ppm (t), 8.414 ppm (d) are assigned to the pyridinium protons while the peaks at δ 8.800 ppm (s), 8.245 
ppm (d), 8.165 (d) are assigned to benzene protons. The peak at δ 8.312 ppm (s) is assigned to aldimine proton (N––C–H) and the peak 
at δ 4.413 ppm (s) to methyl group (N–CH3). 

3.4. HRMS 

HRMS of the ligand (5) were recorded on Bruker micrOTOF-Q II spectrometer. 
The molecular ion peak m\z at 303.1030 (calc. 303.0901) corresponds to [M − I] +ion which supports the formation of the ligand 

(5). HRMS spectrum can be seen in Fig. 4 ESI†. 

Fig. 1. (a)UV–Visible spectra of Ligand (5); Cu (II)-complex 6(a); Zn (II)-complex 6(b), and Cd (II)-complex 6(c) in DMSO (concentration of the 
solution = 1 × 10− 3 M) at room temperature. 
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3.5. MALDI 

MALDI of Cu (II)/Zn (II)/Cd (II)-complexes [6(a)/6(b)/6(c)] were performed in Bruker Daltonics autoflex TOF/TOF instrument 
type. The MALDI spectrum of the Cu/Zn/Cd-complexes [6(a)/6(b)/6(c)] are shown in Figs. 5, Fig. 6, and Fig. 7 in ESI†. The [M − 2I]+
ion peaks are in good agreement with the proposed chemical formula of the Cu (II)/Zn (II)/Cd (II)-complexes [6(a)/6(b)/6(c)] with the 
peak values at m/z 816.17 (calculated 816.25), 818.92 (calculated 819.08), and 866.76 (calculated 866.12) respectively. 

3.6. PXRD 

PXRD was performed in PANalytical X-ray Diffractometer using Cu-κα radiation (1.54 A0) for the ligand (5) and its Cu (II)/Zn (II)/ 
Cd (II)-complexes [6(a)/6(b)/6(c)] and the diffraction pattern were recorded over a range of 2θ angles from 10 to 80. Crystallite size 
and degree of crystallinity of the synthesized compounds were then determined from their respective PXRD data. 

The PXRD pattern of the ligand (5) and its Cu (II)/Zn (II)/Cd (II)-complexes [6(a)/6(b)/6(c)] are shown in Figs. 8, Fig. 9, Fig. 10, 
Fig. 11 in ESI†. which exhibits sharp peaks at different 2θ values [ 2θ = 27.9890, 25.8907, 23.6708 for the ligand molecule (5); 
27.6588, 25.2731, 19.5429, 14.7491 for Cu (II) –complex 6(a); 33.6789, 31.5830, 27.9710, 24.9609, 21.9509, 19.8550, 17.7591 for 
Zn (II)-complex 6(b) and 27.9710, 26.7670, 24.6711, 21.9509, 19.8550 for Cd (II)-complex 6(c)] indicating their crystalline nature. 
Also, a comparative study of the PXRD patterns of the ligand (5) and its Cu (II)/Zn (II)/Cd (II)-complexes [6(a)/6(b)/6(c)] shows the 
absence of or shifts in peaks at different 2θ in metal complexes from the ligand (5). 

Table 2 
Summary of important FTIR data of the ligand (5) and its metal complexes (6).  

Sample -C––N -NH -NN- -NO2 M-O M-N COO−

Ligand (5) 1619 3450 1089 1515 (asym) 
1334 (sym) 

– – – 

Cu (II)-complex 6(a) 1633 3470 1096 1508 (asym) 
1326 (sym) 

544 426 1438–1159 

Zn (II)-complex 6(b) 1627 3379 1098 1510 (asym) 
1324 (sym) 

705 465 1431–1162 

Cd-complex 6(c) 1641 3290 1103 1509 (asym) 
1330 (sym) 

683 429 1398–1158 

asym = symmetric; asym = asymmetric. 

Fig. 2. (a) Concentration dependent cytotoxicity activity of the Ligand (5); Cu (II)-complex (6a); Zn (II)-complex (6b) and Cd (II)-complex (6c) 
against ACHN cell-line. (b) A plot of linear regression analysis of Ligand (5); Cu (II)-complex (6a); Zn (II)-complex (6b) and Cd (II)-complex (6c) to 
calculate their respective IC50 values against the ACHN cell-line. 
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The crystallite size of the ligand (5) and its Cu (II)/Zn (II)/Cd (II)-complexes [6(a)/6(b)/6(c)] were found to be 0.42 nm, 0.36 nm, 
0.34 nm, and 0.29 nm respectively as calculated by Scherrer’s Equation; 

Crystallite size,D(nm)= κλ/β cos θ  

Where κ = 0.9 (Scherrer’s Constant), λ = 0.154 nm (wavelength of the X-ray source), β = FWHM (radians), θ = Peak position (radians) 
and their degree of crystallinity was found to be 78.62 %, 42.64 %, 57.66 %, and 69.23 % respectively as given by, 

Degree of Crystallinity (%)=
Area of crystalline peaks

area of all peaks
× 100 

This result shows the loss in the crystalline nature of the ligand (5) on metalation with the metal ions. 

4. Biological studies 

4.1. Cytotoxicity activity 

MTT assay is done to measure the toxicity of a drug that interferes with the cellular viability. The well-known cytotoxic drugs 
targets and interfere with the reproducibility of cells to control their growth and proliferation. In short, the toxicity of drugs or any 
treatment is inversely proportional to the cell viability. Here, the toxicity of the samples is proved to be concentration dependent as it 
decreases the viability of cells along with increasing drug concentrations. No observable toxicity was seen at concentrations below 200 
μl/ml of the sample as these compounds may be opted out from the treated cells by the cells own defense mechanism. The percentage of 
cell viability of treated cells indicate that some of the drugs can interfere with their reproducibility in a distinct way. The ligand showed 
no toxicity against the cancer cell line concentrations ranging from 100 to 350 μg/ml. At higher concentration, the ligand (5) shows 
some toxicity that eventually leads to the decrease in cellular viability. On the other hand, Cu (II)/Zn (II)/Cd (II)-complexes (6a/6b/6c) 
showed toxicity greater than the ligand (5). The significant drug toxicity of Cu (II)-complex (6a) was observed at 200 μg/ml 

Fig. 3. Photomicrographs captured by using fluorescent probe DCF-DA at the end of the ROS assay of the four synthesized compounds against 
ACHN cell-line. A-Negative control (blank/untreated cell) where there was no ROS production. B-Positive control (H2O2) showing ROS production. 
C-Ligand (5) showing some ROS production. D- Cd (II)-complex (6c) showing more ROS production compare to ligand (5). E-Cu (II)-complex (6a) 
showing more ROS production compare to Cd (II)-complex (6c). F–Zn (II)-complex showing the highest ROS production. 
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concentration and found to increase with increasing concentration. Other two drugs (Zn (II)/Cd (II)-complexes) (6b/6c) also hinder 
cellular viability. Among all the drugs being tested, cytotoxicity caused by Zn (II)-complex (6b) is much higher when compared with 
others. Zn (II) ions activates some cellular stress on cells and altered its response in case of high dose exposure that ultimately led to cell 
death or it directly inhibits the cellular ability to replicate under this treatment. But, by which mechanism this drug confer cellular 
death is not apparent. Hence some detailed study in this direction is needed. The differences in the cell reducing capabilities of drugs 
are mainly dependent on their targets in a cell and thus cellular responses are non-identical and vary from one cell to another. The 
graph shows (Fig. 2) that the Zn (II)-complex (6b) is capable of inducing cytotoxicity on cancer cells. The IC50 value calculated from the 
graph (Fig. 2) indicates different doses that is necessary for reducing cellular viability to its 50 % concentration. The IC50 data is 
represented on a separate table (Table 3). This concentration also proved the fact that among all the drugs under test, Zn (II)-complex 
(6b) can induce more toxicity to cancer cells due to its low IC50 (7.12 μg/ml) value when compared with others. Cu (II) –complex (6a) 
and Cd (II) –complex (6c) also confers cytotoxicity with IC50 value of 7.97 μg/ml and 10 μg/ml respectively. The IC50 value (12.82 μg/ 
ml) of ligand (5) comprises the finding that it can induce toxicity to cancer cell but at a higher concentration. Elaborated investigation 
should be conducted in this track to fulfil the need of achieving potent cytotoxic properties of the drug which can specifically reduce 
the cancer cell reproducibility.  

ii. ROS (Reactive Oxygen Species) production 

There was no significant internal ROS production in control (blank) as shown in Fig. 3 A and ROS production was enhanced in the 
presence of H2O2 which is taken as a positive control for this ROS assay as seen in Fig. 3 B. The cells treated with IC50 value of Zn (II)- 
complex (6b) showed observable ROS production compare to that of the ligand (5) as seen in Fig. 3 F and Fig. 3C. The intensity of 
fluorescence thus increased in presence of Zn (II) ion. Thus, Zn (II)-complex (6b) shows the synergic effect in ROS production. Such 
effect was also seen in other two metal complexes Cu (II)-complex (6a) in Fig. 3. E and Cd (II)-complex (6c) in Fig. 3 D. But, the IC50 
values of Cu (II)-complex (6a) and Cd (II)-complex (6c) are slightly higher for inducing ROS in cancer cell compared to Zn (II)-complex 
(6b). The higher ROS production indicates the fact that Zn (II)-complex (6b) induces some sort of cellular stress in greater magnitude 
compare to Cu (II)-complex (6a) and Cd (II)-complex (6c) that ultimately leads to higher reactive oxygen species (ROS) formation. 
Thus, the excessive ROS formation in cancer cells causes to loss its cellular reproducibility under the treatment [39]. 

5. Conclusion 

We handout a novel Pyridinium iodide-tagged Schiff base (5) and its Cu (II)/Zn (II)/Cd (II)-complexes (6) to the scientific com-
munity as an active compound against the ACHN human renal adenocarcinoma cell line. The synthesized compounds have been well 
characterized by Elemental analysis, UV–Visible Spectroscopy, FTIR Spectroscopy, NMR spectroscopy, Mass Spectroscopy, Magnetic 
Susceptibility and PXRD. Among these compounds the cytotoxicity activity activities decrease in the order Zn (II)-complex 6(b) [IC50 
value7.12 μg/ml] > Cu (II)-complex 6(a) [IC50 value7.97 μg/ml] > Cd (II)-complex 6(c) [IC50 value 10.00 μg/ml]> Ligand (5) [IC50 
value 12.82 μg/ml]. And this activity order is in good agreement with the results of their ROS assay. From this observation we conclude 
that there is a synergistic effect of the ligand (5) and the Cu (II)/Zn (II)/Cd (II)-ions towards their cytotoxicity activity against the 
ACHN cell line. In other words, the synthesis of the pyridinium IL-tagged Schiff base and its metal complexes have been a fruitful 
purpose. 
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