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Abstract 

Here, a novel silver(I) complex including the non-steroidal anti-inflammatory drug niflumic acid and 3-picoline 

was synthesized and characterized by FT-IR, 1H NMR, elemental and thermal analysis techniques. These 

techniques demonstrated that the formula of the synthesized complex is [Ag(nif)(3-pic)]. The cytotoxic ability 

of the complex, ligand (niflumic acid) and silver ions alone were tested against human breast adenocarcinoma 

(MDA-MB-453), lung adenocarcinoma (A-549), colorectal adenocarcinoma (HT-29), and mouse fibroblast 
(3T3-L1) cell lines. The XTT results indicated that although AgNO3 and niflumic acid alone exhibited modest 

cytotoxicity on the cancer and healthy cell lines, the complex indicated strong cytotoxic activity on the cancer 

cells in dose-dependent manner. The strongest cytotoxicity and the highest selectivity by the complex were 

determined on HT-29 cells. These findings provide fundamental outputs for the evaluation of the novel silver(I) 

complex in advanced anticancer studies. 

 

Keywords: Silver(I) complex, niflumic acid, cytotoxicity, cell culture 

 

Steroid Olmayan Anti-İnflamatuvar İlaç Niflumik Asit ve 3-Pikolin İçeren Gümüş(I) 

Kompleksinin İnsan Kaynaklı Kanser Hücre Hatları Üzerinde İn Vitro Sitotoksik 

Değerlendirmesi 

 

Öz 

Burada, steroidal olmayan anti-enflamatuar ilaç niflumik asit ve 3-pikolin içeren yeni bir gümüş(I) kompleksi 

sentezlendi ve FT-IR, 1H NMR, elemental ve termik analiz teknikleri ile karakterize edildi. Bu teknikler, 

sentezlenen kompleksin formülünün [Ag(nif)(3-pic)] olduğunu gösterdi. Kompleks, ligand (niflumik asit) ve 

gümüş iyonlarının tek başına sitotoksik yeteneği, insan meme adenokarsinomu (MDA-MB-453), akciğer 

adenokarsinomu (A-549), kolorektal adenokarsinom (HT-29) ve fare fibroblast hücre hatlarına (3T3-L1) karşı 

test edildi. XTT sonuçları, AgNO3 ve niflumik asidin tek başına kanser ve sağlıklı hücre hatları üzerinde orta 

düzeyde sitotoksisite sergilemesine rağmen, kompleksin kanser hücreleri üzerinde doza bağlı bir şekilde güçlü 

sitotoksik aktivite sergiledi. Kompleksin en güçlü sitotoksisitesi ve en yüksek seçiciliği HT-29 hücrelerinde 

olduğu belirlendi. Bu bulgular, gelişmiş antikanser çalışmalarında yeni gümüş(I) kompleksinin 

değerlendirilmesi için temel oluşturmaktadır.  

 

Anahtar Kelimeler: Gümüş(I) kompleks, niflumik asit, sitotoksisite, hücre kültürü. 
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1. Introduction 

Cancer is a very common type of disease that starts with the uncontrollable growth of abnormal 

cells and finally spreads to other parts of the body. World health organization (WHO) has 

declared that cancer is the second leading reason of death [1]. Therefore, scientists are making 

great efforts to develop new drugs and treatment methods to struggle with cancer. Especially, 

with the exploration of the anti-proliferative effect of cisplatin in cancer treatment in 1844, 

interest in medicinal inorganic chemistry has raised [2,3]. After that, a large number of metal-

including complexes such as platinum, palladium, gold, copper and ruthenium have been 

designed and synthesized for using in preclinical and clinical trials [4–9]. Researches have also 

demonstrated that coordination complexes indicate high biological activity than the starting 

metal salts. 

Silver compounds have been used in the treatment of burns, wounds infection, and especially 

antimicrobial diseases for thousands of years [10,11]. Despite silver compounds for the cure of 

infections have been utilized for a long time, the design of anticancer drugs on silver has been 

a comparatively new area of medicinal chemistry. The studies of silver compounds are 

increasing day by day due to their robust cytotoxic activity against cancer cells and low toxic 

effect towards healthy cells when compared to cisplatin [12–14]. 

Non-steroidal anti-inflammatory drugs (NSAIDs) are among the most widely used drugs in 

patient. They have been shown to display a variety of biological properties such as antipyretic, 

analgesic, anti-inflammatory agents. Additionally, NSAIDs display good anti-proliferative 

activity against various cancer cell lines [15–18]. NSAIDs compounds have been also utilized 

as ligand because they contain a nitrogen atom and oxygen atoms of carboxyl group that can 

form donor acceptor bonds with metal ions. Moreover, studies have demonstrated that 

coordination complexes including NSAIDs can improve the biological activity than free 

NSAIDs. The therapeutic effect of NSAIDs has encouraged researchers to synthesize new metal 

complexes and investigate their pharmacological applications [19–21]. 

Therefore, in the current study, a novel silver(I) complex of niflumic acid with auxiliary ligand 

3-picoline was synthesized and characterized by Fourier transform infrared spectroscopy (FT-

IR), proton nuclear magnetic resonance (1H NMR), elemental and thermal analysis techniques. 

Afterwards, its potential cytotoxic ability and selectivity were determined over three different 

cancer cell lines and one normal cell line. 

2. Material and Methods 

2.1. Physical measurements 

AgNO3, niflumic acid, 3-picoline, methanol and acetonitrile were purchased from Sigma 

Aldrich and used without further purification. The molecular structures of niflumic acid and 3-

picoline are shown in Fig. 1. The LECO CHNS-932 device was used for  elemental analysis. 

The FT-IR spectra were recorded with The Thermo Nicolet 6700 spectrophotometer (4000-400 
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cm-1). The PRIS Diamond device was utized for thermal analysis (TG/DTA/DTG) curves. The 

Agilent-VNMRS-400 spectrometer (400 MHz) was used for 1H NMR spectra. 

 

Figure 1. The molecular structures of (a) niflumic acid (b) 3-picoline 

2.2. Synthesis of [Ag(nif)(3-pic)] 

Niflumic acid (Hnif, 1 mmol) and KOH (1 mmol) were dissolved in 10 mL of methanol under 

stirring for 1 h at 50°C. Silver(I) nitrate (1 mmol) was dissolved in 10 mL of distilled water in 

the other beaker. After stirring 1 h, 3-picoline (3-pic, 1 mmol) and niflumic acid solution were 

added to silver(I) nitrate solution and white suspension occurred immediately. The addition of 

10 mL of acetonitrile changed the suspension to colourless solution. The obtained clear solution 

was kept in the dark at room temperature. After two months, colourless microcrystals of 

complex were acquired. The molecular structure of [Ag(nif)(3-pic)] was given in Fig.2. 

Colourless crystal product of [Ag(nif)(3-pic)] (81%): Analytical data for [C19H15N3O2F3Ag] 

Found: C, 47.29; H, 3.12; N, 8.70%; calcd: C, 47.28; H, 3.11; N, 8.71%). 

1H NMR (400 MHz, DMSO-d6) (δ/ppm): 2.31 (3H, s, H5-3-pic), 6.85 (1H, dd, H8-nif), 7.21 

(1H, d, H5-nif), 7.34 (1H, dd, H3-3-pic), 7.49 (1H, t, H4-nif), 7.64 (1H, d, H4-3-pic), 7.78 (1H, 

d, H3-nif), 8.30-8.26 (2H, m, H2-nif and H9-nif), 8.36 (1H, s, H7-nif), 8.39 (1H, d, H2-3-pic), 

8.44 (1H, s, H1-3-pic), 12.73 (1H, s, H6-nif). 

 

Figure 2. The molecular structure of [Ag(nif)(3-pic)] 
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2.3. Biological activity 

2.3.1. Cell culture 

Human breast adenocarcinoma (MDA-MB-453), lung carcinoma (A-549), colorectal 

adenocarcinoma (HT-29), and normal mouse fibroblast (3T3-L1) cell lines were purchased 

from the American Type Culture Collection (ATCC, USA). Passaging and culturing of the cells 

were performed according to the company's instructions. Accordingly, culturing of MDA-MB-

453, A-549, HT-29, and 3T3-L1 cells were performed with the mediums of Leibovitz's L-15, 

F-12K, McCoy's 5a, and Eagle’s Minimum Essential Medium, respectively. The studies were 

done using biosafety cabinet (Bilser, Turkey) and incubations were performed using 5% CO2 

incubator at 37°C (Nuve, Turkey). 

2.3.2. Cell proliferation assay 

2,3-bis-(2-methoxy-4-nitro-5-sulfophenyl)-2H tetrazolium-5-carboxanilide (XTT) assay was 

carried out to investigate the potential anti-proliferative activity of the test compounds [22,23]. 

Accordingly, 7500 cells were planted into 96-well plate and incubated for 24 h to obtain their 

morphological shapes. After that, each cancer cell line was treated with varying concentrations 

of the Ag(I) complex (1-100 µM) and also ligand (niflumic acid) and silver(I) nitrate alone. The 

dose range applied for 3T3-L1 cells was from 1 to 250 µM. Following the exact incubation 

time, the absorbance of each well was measured spectrophotometrically at 490 nm (BioTek, 

USA). Carboplatin was evaluated as positive control. The IC50 concentration of the compounds 

was calculated by plotting the graph between the different concentration of the compounds and 

the % inhibition of cell proliferation. Selectivity Index (SI) was calculated from the ratio of IC50 

concentration of the complex over the normal cell line (3T3-L1) to the IC50 concentration over 

the cancer cell line tested. The percent cell proliferation inhibition was calculated using the 

following formula;  

% Cell proliferation inhibition = 100-[Abs(drug)/Abs(control)]×100. 

2.3.3. Statistical analysis 

Student's t-test was performed for statistical analysis using GraphPad Prism 6 (GraphPad, La 

Jolla, CA) Software 7.0) and p < 0.05 was considered significant. 

3. Results and Disscussion 

3.1. FT-IR Spectra 

The FT-IR spectra of niflumic acid and [Ag(nif)(3-pic)] complex are demonstrated in Figure 3 

and Figure 4, respectively. Niflumic acid displayed band at 3315 cm-1 which is attributed to 

stretching vibration of ν(NH) group and this peak is seen in almost the same region in the 

spectrum of [Ag(nif)(3-pic)] complex. This position showed that there is no interplay between 

the NH group and Ag(I) ion. This band at 1661 cm-1 for niflumic acid is assigned to the 

carboxylate group. The spectrum of the complex indicated that this band turn into asymmetric 
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(COO-) and symmetric (COO-) stretching vibrations of carboxylate group of niflumato ligand 

at 1601 and 1389 cm-1. Δν value (difference between νasym(COO-) and νsym(COO-) stretching 

vibrations) is 212 cm-1, representing a monodentate coordination mode between the silver(I) 

ion since the characteristic Δν value for monodentate coordination mode is larger than for ionic 

compounds of the ligand (Δν(nifNa): 206 cm-1). The bands between 3062 and 2936 cm-1 are 

related to the aromatic and aliphatic ν(C-H) stretching vibrations. The characteristic C=N and 

C=C stretching vibrations of benzene and pyridine rings are observed at 1605, 1597, 1514 and 

1450 cm-1. Also, the bands at 1330 and 775 cm-1 probably correlate with CF3 stretching 

vibration and CF3 deformation, respectively. 

 

Figure 3. FT-IR spectrum of niflumic acid 

 

Figure 3. FT-IR spectrum of [Ag(nif)(3-pic)] 
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3.2. Thermal Analysis of [Ag(nif)(3-pic)] 

[Ag(nif)(3-pic)] complex undergoes decomposition in two steps is showed in Fig. 5. The first 

decomposition step was occurred in the temperature range between 30 and 205 oC, showing the 

loss of 3-pic molecule. The percentage experimental mass loss (18.25%) is consistent with the 

calculated mass loss (19.28%) (DTA: 119(+), 178(-) oC, DTG: 114, 151, 178 oC). The second 

decomposition step was accompanied by weight loss (exper. mass loss of 60.22%; calc. mass 

loss 58.31%), appointed to the loss of nif ligand. This step was appeared to compose of three 

stages as indicated in DTG curve (at 213, 244 and 433 oC) whereas the DTA curve gave the 

peaks at 231(-), 259(-) and 414(-) oC. The residual thermal product was described as metallic 

silver according to experimental mass loss (21.53%) and calculated mass loss (22.36%). 

 

Figure 5. The TG/DTG/DTA curves of [Ag(nif)(3-pic)]. 

3.3. 1H NMR studies 

1H NMR technique is used to determine the presence and ratio of ligands in complexes. 1H 

NMR spectrum of [Ag(nif)(3-pic)] complex is demonstrated in Fig. 6.  In the synthesized 

complex, all the expected signals of ligands were observed and also their multiplicities and 

integrals were shown to compatible with the structures. The number of protons showed that the 

ratio of nif: 3-pic is 1:1. All proton signals are observed to a little change binding to Ag(I) ion. 

The 1H NMR spectrum of [Ag(nif)(3-pic)] complex showed a singlet signal at 2.31 ppm, which 

is ascribed to the methyl proton of 3-picoline ligands. The singlet peak at 12.73 ppm is 

attirubuted to NH proton of nif ligand. The spectrum was determined to be multiple resonance 

peaks for the aromatic protons at 6.85, 721, 7.49, 7.78, 8.26-8.30  and 8.36 ppm (niflumic acid) 

[24] and 7.34, 7.64, 8.39 and 8.44 ppm (3-picoline) [25]. The vanished of carboxylate hydrogen 

peak of the complex shows the connection of  the nif ligand to Ag(I) ion via carboxylate group. 
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Figure 6. 1H NMR spectrum of [Ag(nif)(3-pic)] 

3.4. Cytotoxicity 

The cytotoxic effects of the novel [Ag(nif)(3-pic)] complex and also ligand (niflumic acid) and 

silver(I) nitrate alone were tested on three different cancer and one healthy cell line. XTT results 

indicated that although niflumic acid and AgNO3 alone showed very low cytotoxic activity 

against the human breast adenocarcinoma (MDA-MB-453), lung adenocarcinoma (A-549), 

colorectal adenocarcinoma (HT-29), and mouse fibroblast (3T3-L1) cell lines up to 100 µM, 

the complex exhibited dose-dependent cytotoxicity against three cancer cell lines (Fig. 7A-D). 

The half-maximum inhibitory concentrations (IC50) of the complex, ligand, and silver salts 

were calculated from the standard curve using correlation–regression analysis and expressed 

with their mean ± standard deviations in Table 1. To investigate the anticancer feature of a new 

chemical agent isolated from a natural source or synthesized by organic and inorganic ways and 

also to determine its selectivity between normal and cancer cells is of a great importance. 

Therefore, we determined the IC50 values of the agents on the tested cell lines. 
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Figure 7. Dose-dependent anti-proliferative effects of [Ag(nif)(3-pic)], silver, niflumic acid, 

and carboplatin on human lung carcinoma (A-549), colorectal adenocarcinoma (HT-29) (B), 

breast adenocarcinoma  (MDA-MB-453) (C), and normal mouse fibroblast (3T3-L1) (D) cell 

lines. 

Table 1. The IC50 values of the test compounds on cancer and fibroblast cells. 

Cell lines IC50 (µM)x 

Test samples                          A-549                 HT-29            MDA-MB-453          3T3-L1                             

[Ag(nif)(3-pic)] 

SI(complex) y 

66.45±1.52b 

2.74 

39.05± 0.85a 

4.67 

47.71±1.34a 

3.82 

182.62 ± 2.40b 

 

[Niflumic acid]   >100c >100c >100c >250c 

[Silver(I) nitrate]   >100c >100c >100c >250c 

[Carboplatin] 

SI (carb) y 

40.42±1.5a 

1.06 

47.15±2.02b 

0.91 

56,73±1.12b 

0.76 

43.16±1.45a 

 
xIC50 (µM): a-c superscripts in the same column displays the differences at p < 0.05.  
y(SI): Selectivity index 

As given in Table 1, the IC50 concentrations of the ligands and silver(I) nitrate alone on the 

cancer and normal cell lines were determined as greater than 100 µM and 250 µM, respectively. 

These results were consistent with the literature. For instance, the cytotoxic activity of niflumic 

acid against human osteosarcoma MG63 cells was reported to be between the range of 200 and 

700 µM [26]. As for the silver salts, the IC50 concentration of silver nanoparticles against human 

breast cancer (MCF-7) cells was reported to be 463 µM [27]. In another study, the IC50 value 
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of AgNO3 against human cervix adenocarcinoma (HeLa) was recorded as 158 μM [28]. These 

data confirm that niflumic acid and AgNO3 alone exhibit a highly low cytotoxicity against 

cancer cell lines and also their IC50 concentration change depending on the cell line. 

Considering the cytotoxic activity of the [Ag(nif)(3-pic)] complex formed by niflumic acid 

belonging to NSAIDs, auxiliary ligand picolin, and silver salts against the cancer and normal 

cell line, the complex showed a good dose-dependent cytotoxicity on all of the cancer cell lines 

while exhibiting no considerable cytotoxicity on normal 3T3-L1 cells. As seen in Table 1, the 

Ag(I) complex exhibited the highest cytotoxic effect on HT-29 cells with the lowest IC50 value 

(39.05 µM), followed by MDA-MB-453 (47.71 µM) and A549 (66.45 µM) cells, respectively. 

Whereas, the complex showed a very low cytotoxicity against normal 3T3-L1 cells with a very 

high IC50 value (182.62 µM). Upon compared to carboplatin used as a chemotherapeutic drug, 

the complex was determined to show statistically higher cytotoxic activity against MDA-MB-

453 and HT-29 cells, but comparable cytotoxicity on A-549 cells (Table 1). In the literature, 

the various cytotoxic activities of the metal complexes formed by niflumic acid with different 

metal ions against various cancer cells were examined. For instance, the cytotoxic activity of 

[Co(bcp)(nif)2] was scrunized on various cancer cell types, namely HeLa, HT-29, PC-3 (human 

prostate cancer), and MCF-7 cells, and the IC50 values belonging these cell lines were reported 

to be 38.75, 43.67, 27.06, and 41.53 µM, respectively [29]. In another study, the IC50 value of 

the [Zn(neo)(nif)2] complex on two endometrial (hTERT and 12Z) cell lines was reported to be 

4.2 and 0.9 µM, respectively [30]. Moreover, in our previous study we tested the cytotoxicity 

of AgH(nif)2 complex against MCF-7, HT-29, and human hepatoma cells (HepG2) cancer cell 

lines, and the results indicated that the IC50 values of this complex on each cell line was 39.24, 

71.02, and 58.38 µM, respectively [31]. When HT-29 cells tested in both studies was 

considered, the cytotoxic activity was observed to be much stronger upon 3-picoline was 

introduced into the structure of the previous [AgH(nif)2] complex. These data show that the 

type of NSAIDs, auxiliary ligand, and metal ion in the structure of the complex significantly 

affect the cytotoxicity, and also the cytotoxic effect varies significantly according to the cell 

type. 

One of the necessary parameters to be considered in cytotoxicity studies is the selectivity of the 

test agents between cancer and healthy cells [32–34]. In this context, as seen in Table 1, the 

[Ag(nif)(3-pic)] complex displayed much higher selectivity on cancer cells when compared to 

normal cells, and the highest selectivity was determined against HT-29 cells with an SI value 

of 4.67, followed by MDA-MB-453 (SI: 3.82) and A-549 (SI: 2.74) cells, respectively. Besides, 

the complex exposed more selectivity against all the cancer cell lines compared to carboplatin. 

Many studies have shown that the synergistic effect contributes greatly to the stronger 

anticancer effect of various complexes of NSAIDs with transition metals compared to their 

individual effects [35]. In the synergistic action, both transition metals and NSAIDs contribute 

to cytotoxicity individually via exhibiting numerous characteristics including redox activity, 

variable coordination modes, stability, and reactivity towards the targeted-organic substrates 

involved in different anticancer mechanism pathways [36]. Herein, the findings in the present 

study indicated that [Ag(nif)(3-pic)] formed by silver(I) nitrate with niflumic acid and picoline 

ligand showed much higher cytotoxicity and selectivity against the aforementioned cancer cell 
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lines with higher synergistic effect, which still needs to be clarified with further studies of 

anticancer mechanisms of action. 

4. Conclusion 

This study defined the synthesis, characterization, and anti-proliferative potency of a new Ag(I) 

complex of NSAIDs. The structure of the synthesized complex was identified by FT-IR, 

elemental, 1H NMR, and thermal analysis techniques and subsequently subjected to the 

cytotoxicity treatments by XTT assay. Biological activity studies revealed that the novel Ag(I) 

complex exhibited the strongest cytotoxic activity against HT-29 cells with the lowest IC50 

value and the weakest activity against A-549 cells with the highest IC50 value. The results also 

confirmed that the complex exhibited higher selectivity towards to the tested cancer cells 

compared to normal cells. To conclude, these findings provide an important basis for the 

evaluation of the [Ag(nif)(3-pic)] complex in in vivo anticancer activity studies. 
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