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Abstract: Multidrug resistance (MDR) to anticancer and antimicrobial drugs has become a 

global health problem. Schiff bases are referred to as special ligands due to the functional 

azomethine (C=N) group in their structure and are used in the pharmaceutical industry. 

Approximately one-fourth of the drugs used in human and animal health contain fluorine atoms. 

In this study, the cytotoxic and antiproliferative effects of the synthesized fluorinated Schiff 

bases on the A549 cell line were investigated by MTT assay and 5 (6)-carboxyfluorescein 

succinimidyl ester (CFSE) staining technique, respectively. The ability of the compounds to 

induce apoptosis was investigated by Rhodamine 123 staining technique, the inhibitory effects 

on mitochondrial membrane potential, active caspase-3 analysis by immunofluorescence test, 

and morphological effects by hematoxylin-eosin (H&E), Giemsa and Papanicolaou (PAP) 

protocols. Antimicrobial effects of the compounds were investigated by MTT test on P. 

aeruginosa, E. coli, and S. aureus. The compounds used in the study were generally potent 

(IC50:1,4-31,5 µM) and Compound 7 (IC50:1,4 µM) exhibited a stronger cytotoxic effect than 

Doxorubicin (IC 50: 1.9 µM).  The strongest antiproliferative effect was obtained with Compound 

10 (PI:2,1). The strongest antiproliferative effect was obtained with Compound 10 (PI:2,1). The 

strongest ability to inhibit mitochondrial membrane potential was obtained with Compound 4 

(1330). Immunofluorescence studies showed active caspase-3 and morphological studies showed 

findings indicating apoptosis such as chromatin condensation and DNA fragmentation. The 

antimicrobial effects of the compounds on P. aeruginosa, E. coli, and S. aureus (MIC50:18,6-

49,3 µM) were observed to be lower than Gentamicin (MIC50:1,5-2,2 µM) used as the positive 

control. It can be said that the fluorinated Schiff Bases synthesized in the study especially 

Compound 7 are promising for the treatment of multidrug resistance to anticancer drugs and for 

in vivo studies. 
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Florlu Salisilaldiminlerin Antikanser ve Antimikrobiyal Özelliklerinin Araştırılması 
 

 

Anahtar 

Kelimeler 

Antikanser, 

Antimikrobiyal, 

Flor, 

Schiff bazı, 

Apoptozis  

Öz: Antikanser ve antimikrobiyal ilaçlara karşı gelişen çoklu ilaç direnci (MDR) global bir 

sağlık sorunu haline gelmiştir. Schiff Bazları yapılarındaki fonksiyonel azometin (C=N) 

grubundan dolayı özel ligandlar olarak anılmakta ve ilaç endüstrisine kullanılmaktadır. İnsan ve 

hayvan sağlığı alanında kullanılan ilaçların yaklaşık dörtte biri flor atomu içermektedir. Bu 

çalışmada sentezlenen florlu schiff bazlarının A549 hücre hattında sitotoksik etkileri MTT testi 

ile, antiproliferatif etkileri; 5 (6)-karboksifluoresan süksinimidil ester (CFSE) boyama tekniği ile 

araştırıldı. Bileşiklerini apoptozu indükleme yetenekleri ise mitokondriyal membran potansiyeli 

üzerine olan inhibe edici etkileri Rhodamin 123 boyama tekniği ile, aktif kaspaz-3 analizi 

immünfloresan testi ile, morfolojik etkileri ise Hematoksilen-eozin (H&E), Giemsa ve 

Papanicolaou (PAP) protokolleri ile araştırıldı. Bileşiklerin antimikrobiyal etkileri; P. 

aeruginosa, E. coli ve S. aureus üzerinde MTT testi ile araştırıldı. Çalışmada kullanılan 

bileşiklerin genel olarak güçlü düzeyde (IC50:1,4-31,5 µM) ve Bileşik 7’nin (IC50:1,4 µM) 

Doxorubıcın’ den (IC 50:1.9 µM) daha güçlü sitotoksik etki sergilediği saptandı.  En güçlü 

antiproliferatif etki Bileşik 10 (PI:2,1) ile elde edilmiştir. En güçlü mitokondrial membran 

potansiyelini inhibe etme yeteneği Bileşik 4 (1330) ile elde edilmiştir. İmmünfloresan 

çalışmalarda aktif kaspaz-3, morfolojik çalışmalarda ise kromatin kondenzasyonu, DNA 

fragmantasyonu gibi apoptoza işaret eden bulgular gözlemlendi. Bileşiklerin P. aeruginosa, E. 

coli ve S. aureus üzerindeki antimikrobiyal etkileri (MİK50:18,6-49,3 µM) pozitif kontrol olarak 

kullanılan Gentamisin (MİK50:1,5-2,2 µM)’e göre düşük seviyede olduğu gözlemlendi. 

Çalışmada sentezlenen florlu Schiff Bazlarının ve özellikle Bileşik 7'nin antikanser ilaçlara karşı 

gelişen çoklu ilaç direnci tedavisinde ve in vivo çalışmalar için umut vaad ettiği söylenebilir. 

 

1. INTRODUCTION 

 

Patients with aggressive cancer exhibit high mortality 

rates, increasing the demand for new chemotherapeutic 

drugs with improved therapeutic effects and lower 

toxicity [1,2]. In cancer biology, controlling cancer 

remains a big challenge. Cancerous cells in patients are 

intrinsically resistant to standard chemotherapy, where 

resistant cells lead to treatment failure [3,4]. Thereby, 

treatment by traditional chemotherapeutic approaches is 

primarily limited due to acquired multidrug resistance 

(MDR) [5,6]. 

 

The development of resistance to at least one of three or 

more drugs with different mechanisms of action is 

defined as MDR [7,8].  MDR cancer cells and 

pathogenic microorganisms against drugs adversely 

affect the success of treatment and often cause deaths 

[9,10]. Due to the change in the drug target sites of 

cancer cells or bacteria and the increase in efflux pumps, 

drug entry into the cell is reduced, and at the same time, 

the drugs are pumped out of the cell. As a result of the 

weakening of the immune system caused by anticancer 

drugs, serious infections develop in about half of the 

patients. The infection of resistant bacteria with cancer 

worsens the prognosis in patients [11,12].  

 

Cellular or bacterial MDR is tried to be treated with 

increasing drug doses or drug combinations, and 

therefore, undesirable conditions such as anemia, 

infections, nausea, and hair loss may occur due to the 

cytotoxic effects of drugs on cancer cells as well as on 

constant proliferating healthy cells [13]. The failure of 

treatments due to the development of MDR causes 

researchers to focus on new alternative compounds 

obtained from plants, microorganisms, and marine 

invertebrates, and newly synthesized synthetic chemicals 

are being tested to develop new alternatives to MDR 

[14,15,16]. 

Schiff Bases (SB) are known as special ligands due to 

the flexible, variable, and electronic properties of the 

functional azomethine bond (C=N) in their structures. 

They are used in many different fields from analytical 

chemistry to the pharmaceutical industry [17]. One of 

the most important areas of SB study is the biological 

activity of the compounds. The main goal is to find safe 

and effective therapeutic agents to treat bacterial 

infections and cancer [18].  

 

Approximately 25% of the drugs used in the field of 

human and animal health contain one or more fluorine 

atoms. The fluorine atom increases the lipophilicity and 

thermal stability of drugs with its electronegative 

property and contributes to the formation of stronger 

bonds of drugs with enzymes and their receptors [19,20]. 

Apoptosis is a form of programmed death that requires 

energy and occurs in cells that become unable to sustain 

life as a result of internal and external effects. Caspase 

enzymes play an important role in the process of 

apoptosis. Apoptosis process; It occurs with the 

activation of initiating caspase (2,8,9,10), terminator 

caspase (3,6,7), and inflammatory (1,4,5,11,12,13,14) 

caspase enzymes that enable apoptosis. Situations such 

as irreparable DNA damage in the cell, exposure to 

cytotoxic drugs, and an increase in reactive oxygen 

species cause the internal apoptosis mechanism to be 

activated [21,22,23]. Cytochrome C is a structure located 

between the membranes of healthy cell mitochondria and 

plays an important role in obtaining energy. In the cell 

undergoing apoptosis, cytochrome c passes into the 

cytoplasm due to the decrease in the mitochondrial 

membrane potential [21].  The combination of the 

apoptosis-activating factor, cytochrome c, and caspase-9 

forms apoptosome. The apoptosome binds to inactive 

caspase 3, enabling its activation. With the activation of 

Caspase-3 in the process of apoptosis, the cell enters the 

path of irreversible death. Active caspase- 3; Chromatin 

condensation, DNA fragmentation in cells causes the 
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formation of apoptotic bodies and the apoptosis process 

is completed [22,24,25].  

 

In this study, the cytotoxic, antiproliferative and 

apoptotic properties of fluorinated salicylamidine 

derivative (SB) ligands were investigated on A549 cells 

representing non-small cell lung cancer and some 

bacteria species Escherichia coli (E. coli), 

Staphylococcus aureus (S. aureus) and Pseudomonas 

aureginosa (P. aureginosa) that are at risk for the 

development of drug resistance. 

 

2. MATERIAL AND METHOD 

 

2.1. Chemicals 

 

The compounds used in the study were synthesized from 

salicylaldehydes with anilines containing fluorine in 

different numbers and positions (Table 1). Their 

cytotoxic, antiproliferative, antiapoptotic, and 

antimicrobial properties were tested Doxorubicin (DOX) 

was used as a positive control for anticancer studies, and 

gentamicin (GEN) was used for antimicrobial studies. 

Compounds were dissolved in ethyl alcohol at a dose of 

10 mM and sterilized by passing through syringe type 20 

µm pore size filters and stored at 4oC. 

 
Table 1. Chemical properties of DOX and fluorinated SB ligands 
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2.2. Cell Line and Bacterial Strains 

 

A549 cells (ATCC) a lung adenocarcinoma cell line 

derived from human non-small cell lung cancer cells 

were cultured in DMEM+F12 medium containing 10% 

fetal calf serum. Bacterial stock strains for E. coli 

(ATCC, 25922), S. aureus (ATCC, 29213), and P. 

aureginosa (ATCC, 27853) were cultured in Mueller-

Hinton (MH) broth. 

 

2.3. MTT Analysis for Cell Cytotoxicity 

 

DOX and SB ligands (C1-10) were added to 96-well 

culture plates at 1, 10, 100, and 1000 µM concentration 

in triple order. A549 cells were suspended at 105 cells 

ml-1 and then added to each culture well in a volume of 

100 µl. The culture plates were incubated at 37o C in a 

humidified environment containing 5% CO2 for 72 h. At 

the end of culture period, 10 µl MTT solution (3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, 

Sigma) at 250 µM concentration was added to each well 

and then incubated for more 4 h. MTT-formazan crystals 

were dissolved by adding 100 µl of dimethyl sulfoxide 

(DMSO, Sigma) to each well. Culture plates were read at 

an ELIZA microplate reader (MD Spectramax, M5) at a 

wavelength of 570 nm and optical density (OD) values 

were recorded for each well. IC50 values were calculated 

by nonlinear regression analysis using OD values. 

 

2.4. CFSE Analysis for Cell Proliferation 

 

A549 cells were incubated with CFSE (5(6)-

Carboxyfluorescein diacetate N-succinimidyl ester, 

Sigma) at 1,5 µM concentration for 20 min in the dark at 

37oC under a humidified 5% CO2 atmosphere. After 

incubation, CFSE was removed by washing twice with 

PBS and then analyzed at flow cytometry in FL-1 (green 

fluorescent channel in the range 100 - 104) to determine 

the maximum fluorescence intensity of the cells (Navios, 

Beckman Coulter). Unstained cells were used to 

determine autofluorescence. CSFE-stained cells were 

incubated at 105 ml-1 concentration with IC50 doses of 

DOX and SB ligands at 37°C in a humidified 

atmosphere containing 5% CO2 for 72 h. After 

incubation, the fluorescent intensity of cells was 

determined by using an FL1 histogram (Figure 1). 

Proliferative indexes (PI) were calculated using 

LISTMOD data by FacsExpress flow cytometry 

software. 

 

2.5. Rho123 Analysis for Determining Mitochondrial 

Potential 

 

A549 cells were added to each well at 105 ml-1 doses 

and incubated with DOX and FSB ligands in IC50 doses 

at 37°C in a humidified atmosphere containing 5% CO2 

for 72 h. After incubation, cells were treated with 10 µl 

of Rho123 (1 mg ml-1, Sigma) at 37oC for 60 min at 

37°C in a humidified atmosphere containing 5% CO2 in 

the dark. Rho123 accumulation levels of the cells were 

determined by flow cytometry using FL-1 histogram 

(Figure 2). Unstained cells were used for auto-

fluorescence determination. 

https://pubchem.ncbi.nlm.nih.gov/#query=C27H30ClNO11
https://pubchem.ncbi.nlm.nih.gov/#query=C27H30ClNO11
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2.6. Cleaved Caspase-3 Expression Analysis for 

Detection of Apoptosis 

 

A549 cells at 105 ml-1 doses were incubated with an IC50 

dose of DOX and FSB ligands at 37°C in a humidified 

atmosphere containing 5% CO2 for 72 h. After 

incubation, cells have been rinsed within PBS and then 

fixed with 4% paraformaldehyde at 37 °C for 20 min. 

Cells were incubated for 15 min with 1% Triton® X-100 

for permeabilization. Cells then were treated for 30 min 

with 3% of BSA/PBS for blocking. Eventually, cells 

were incubated with anti-cleaved caspase-3 monoclonal 

antibody (Alexa Fluor® 488 conjugate, Cell Signaling 

Technology) at room temperature for 2 h in the dark. 

Cells were examined by using a fluorescent microscope 

to determine cleaved caspase-3 expressions. 

 

2.7. Histopathological Morphology Analyses 

 

A549 cells were added to each well at 105 ml-1 doses 

and incubated with DOX and FSB ligands in IC50 doses 

at 37°C in a humidified atmosphere containing 5% CO2 

for 72 h. After incubation, morphological cell analysis 

was performed using standard hematoxylin-eosin 

(H&E), Giemsa, and Papanicolaou (PAP) staining 

protocols. Cells were examined under a light microscope 

to determine the morphological changes indicating 

apoptosis formation in the cells. 

 

2.8. MTT Analysis for Determining Antibacterial 

Effects 

 

1 ml of each pre-culture suspension of bacterial strains 

was transferred into 50 ml Mueller Hinton (MH) broth 

for sub-culturing. Gentamycin (GEN) and SB ligands 

were added to 96-well culture plates in triple order as 1, 

10, 100, and 1000 µM. The bacteria suspension in MH 

medium was adjusted to 0.5 McFarland standards and 

100 µl of suspension was added to each well and then 

incubated at 37ºC for 18 h. After incubation, 10 µl of 

250 µM MTT solution was added to each well and 

incubated for another 4 h 100 µl of DMSO was added to 

the culture wells to dissolve the MTT-formazan crystals. 

Culture plates were read at 570 nm in the ELIZA 

microplate reader and OD values were recorded for each 

culture plate well. MIC50 values were calculated by 

linear regression analysis using OD values. 

 

2.9. Statistical Analysis 

 

Analysis of data, determination of IC50 values, and 

MIC50 values of each compound were performed using 

GraphPad Prism version 9.1.1 (GraphPad Software, La 

Jolla California USA). The ANOVA test was used to 

compare the dose-dependent cytotoxic effects of each 

compound on A549 cells.   SPSS (IBM AMOS 

VERSION ) was used for the ANOVA test. The 

reliability of the antibacterial data was obtained by 

performing the homogeneity test from the OD values. 

Differences between data sets were considered 

statistically significant when the p-value was less than 

0.05. 

 

3. RESULTS  

 

3.1. Cytotoxicity 

 

IC50 (half-maximal inhibitory concentration) is an 

informative measure of the efficacy of a drug [26].  The 

IC50 values are used to determine the potency of DOX 

and SB ligands to inhibit the biological functions of 

A549 cells. The strongest cytotoxic effect on A549 cells 

was obtained with C7 (F2,4,5-SAL, IC50: 1.4 µM), 

which has 3 fluorine atoms in its structure, showed 

stronger cytotoxic activity than DOX (IC50: 1.9 µM) 

which is a standard chemotherapy drug (Table 2). 

 

3.2. Antiproliferative Effects 

 

PI gives information about the proliferation ability of 

cells [27] The lowness of this index determines the 

power of DOX or SB ligands to inhibit the proliferation 

of A549 cells. It was observed that C8 (F3,4,5-SAL) and 

C10 (F5-SAL) showed the strongest antiproliferative 

activity (respectively PI: 2.1 and 2.2) according to the PI 

values giving information about the antiproliferative 

capacity of SB ligands on A549 cells. DOX (PI: 1.5) was 

found to have stronger antiproliferative capacity than SB 

ligands in terms of antiproliferative capacity (Table 2). 

 

 
Figure 1. CFSE analysis by flow cytometry (A) Fluorescent intensity 

of the cells zero h CFSE staining (B) Fluorescent          intensity of the 

cells 72 h after CFSE staining (C) Fluorescent intensity of the cells 

after 72 h with DOX (D) Fluorescent intensity of the cells after 72 h 
with Salicylaldimine compound  

 
Table 2. Cytotoxic, antiproliferative, apoptotic effects of DOX and 
fluorinated SB ligands on A549 cells 

  Bacteria E. coli S. aureus  
P. 

aeruginosa 

MIC50 (µM) 

GEN 1.5 1.7 2.2 

C1 35.0 49.3 42.8 

C2 32.6 50.1 40.4 

C3 33.7 27.3 41.2 

C4 33.0 24.3 36.2 

C5 33.1 24.1 37.3 

C6 36.5 38.5 43.5 

C7 35.8 26.9 46.2 

C8 32.2  54.5 36.5  

C9 32.8 18.6 42.2 

C10 32.8 23.04 43.0 

 

3.3. Mitochondrial Membrane Potential 

 

Changes in mitochondrial membrane potential can be 

determined by flow cytometry analysis of Rho123 

accumulation in cells. This loss of potency is associated 

with the development of apoptosis in cells.  In flow 

cytometric analysis which has been performed after the 

application of DOX and SB ligands, it was observed that 

there were decreases in Rho123 accumulation at varying 

levels in the cells. Among the SB compounds, the lowest 
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accumulation of Rho123 was found in cells treated with 

C5 (F3.5-SAL, mean fluorescent channel: 1330), and 

this level was higher than in cells treated with DOX 

(mean fluorescence channel: 1574), (Table 2). 

 
Figure 2. Rho123 analysis by flow cytometry. A) Unstained cells used 

for determining auto-fluorescent B) DOX-treated cells stained with 

Rho123 C) Salicylaldimine compound (C5) treated cells stained with 
Rho123. 

 

3.4. Cleaved Caspase-3 Expression 

 

Caspase-3 is a critical implementer of apoptosis, as it is 

partially or completely responsible 58ort he proteolytic 

cleavage of many important key proteins.  Active 

caspase-3 is expressed in the cells when a cell is driven 

to apoptosis [22]. Determination of cleaved caspase-3 

expression in A549 cells treated with DOX and SB 

ligands indicates that the cytotoxic effect in cells occurs 

via apoptosis (Figure 3). 

 

 
Figure 3. Cleaved caspase-3 expression of A549 cells treated with 

florosalicyaldimines. Cells were stained with anti-cleaved caspase-3 

after 72 h incubation with synthesized fluorinated florosalicyaldimines 
and then examined under a fluorescent microscope (Mag. 

 
3.5. Cell Morphology 

 

The occurrence of apoptosis in cells can be characterized 

by a series of typical morphological features that can be 

followed by staining the cells with dyes used in 

histopathology and then microscopic examinations [25]. 

Chromatin condensation and marginalization, bubbling 

and shrinkage on the cell surface, and the presence of 

apoptotic bodies and ghost cells in microscopic 

evaluation after Giemsa, H&E, and PAP staining are 

important evidence that DOX and SB ligands triggered 

apoptosis in cells (Figure 4A, B and C) 

 

 
Figure 4. A) Giemsa, B) H&E, and C) PAP staining of the cells after 

cultured 72 h with chemicals. Green arrows: chromatin condensation 

and marginalization, white arrows: apoptotic bodies, blue arrow: ghost 
cell, yellow arrows: cell membrane blebbing and blisteri 

 

3.6. Antibacterial Activity 

 

The MIC value is the minimum dose of antimicrobial 

agent concentration that is needed to inhibit the growth 

of a target microorganism. MIC50 more specifically 

indicates the intrinsic potency of an antimicrobial and is 

used in studies to describe how effective a particular 

antimicrobial is on a species [28].  GEN used as a 

positive control showed strong antimicrobial capacity on 

E. coli, S. aureus, and P. aeruginosa (MIC50: 1.5, 1.7, 

and 2.2 µM, respectively), but the antimicrobial effects 

of SB ligands on these bacterial species (MIC50: ranged 

32.2-36.5, 18.6-54.5, 36.2-46.2 µM, respectively) were 

not found remarkable. 

 
Table 3. Antibacterial effects of GEN and fluorinated SB ligands on 

the bacteria species 

  Parameters 
IC50 

(µM) 
Proliferative 
Index (PI) 

Rho123 (FL-1*) 

C
o

m
p
o

u
n
d

s 

DOX 1.9 1.5 1574 

C1 11.6. 2.4 1571 

C2 12.3 2.4 2700 

C3 6.1 2.3 2305 

C4 2.1 2.4 1444 

C5 5.2 3.9 1330 

C6 2.5 4.6 2986 

C7 1.4 2.6 2609 

C8 4.1 2.2 2521 

C9 31.5 2.4 3615 

C10 13.9 2.1 2031 

 

4. DISCUSSION AND CONCLUSION 

 

The development of new effective anti-tumor agents 

based on new chemical compositions with novel 

structures is important to cope with this drug resistance 

[29]. In this respect, SB compounds are of great interest 

in the field of new alternative drug research [30]. The 

discovery of compounds with both anticancer and 

antimicrobial effects is of great importance as cancer 

cells and bacteria have similar resistance mechanisms, 

such as increasing the extracellular excretion of drugs 

and changing drug target sites [31,32]. 

 

Replacing the Hydrogen (H) atom with Fluorine (F) is a 

frequently used strategy in new drug studies to increase 

the efficacy of existing drugs. F atom in drugs prevents 

enzymes involved in metabolic events such as Krebs 

cycle and glycolysis in cells, prevents protein synthesis, 

damages lysosomes, and reduces cell membrane 

potential by inhibiting sodium ATP'ase [33,34,35]. It is 

sometimes stated that Fluorinated SB derivates exhibit 

stronger effects than anticancer and antimicrobial drugs 

used as positive controls [36,37,38] In addition, it can be 

said that fluorine-containing SB derivatives exhibit 
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strong cytotoxic effects on cancer cells, while they show 

low cytotoxicity on normal cells with high proliferation 

rates [39,40]. 

 

It has been reported in some studies that Schiff bases 

containing fluorine or trifluoromethyl in the phenyl ring 

exhibit potent cytotoxic effects on A549 cancer cells 

[40,41].  The biological activities of fluorine-substituted 

SB compounds are affected by the number and position 

of fluorine atoms, and it has been reported that the 

compound containing 5 fluorine atoms has the strongest 

cytotoxic effect on A549 cells [42]. In a study that 

investigated the anticancer effects of SB compounds 

carrying fluorine atoms on A549, Hep G-2, and HeLa 

cells, it is emphasized that the compound carrying two 

fluorine atoms has stronger anticancer effects than 

cisplatin and the position of the fluorine atom is 

important in the activities of the compounds [38]. In this 

study, we can state that the fluorine atom numbers and 

positions of the SB ligands are effective in cytotoxicity 

and that the compounds containing 3 fluorines show 

stronger cytotoxic effects 2, 4, and 5, and the difference 

in the cytotoxic effects of the 3-fluorinated ligands varies 

depending on the positions of the fluorine atoms. 

 

Determining the antiproliferative capacities of a 

compound on cancer cells is of great importance in the 

discovery of new chemotherapeutic agents. In a recent 

study, aminophenylhydrazine SB compounds were tested 

for their antiproliferative capacity on A549 cells and 

showed that those containing two fluorine atoms had the 

strongest antiproliferative effect compared to five 

fluorine atoms [42].  Another study with SB compounds 

carrying fluorine atoms in the ortho and para positions 

showed that the antiproliferative effects of the 

compounds on K562 cells were lower than that of DOX 

[43]. In our study, although the lowest PI value among 

SB ligands was obtained with 5 fluorinated compounds, 

this antiproliferative capacity lagged behind DOX, 

which is the standard chemotherapeutic drug. 

 

Determination of mitochondrial membrane potential is 

considered an important criterion in determining the 

apoptotic effect of compounds on cells.  In a study that 

tested the apoptotic effects of N-phenyl carbazole 

triphenyl amine modified semi-sandwich (III) SB 

compounds and their complexes with iridium on A549, 

HeLa, BEAS cells, it was emphasized that the decrease 

in mitochondrial membrane potential indicates that 

apoptosis is effective in the death of cells [35].  In our 

study, it was observed that SB ligands with difluorine 

atoms had a stronger effect on mitochondrial membrane 

potential in A549 cells than DOX, whereas ligands 

containing three, four, and five fluorine atoms had a 

lower capacity than DOX. We understand that there is a 

negative correlation between the number of fluorine 

atoms of ligands and their ability to reduce 

mitochondrial membrane potential, thereby driving cells 

into apoptosis. 

 

Cleaved caspase-3 expression is one of the most 

important molecular biomarkers that indicate the 

occurrence of apoptosis in cells. Cell death is a process 

with many types; It occurs in different ways such as 

apoptosis, pyroptosis, and autophagy. The role of 

apoptosis in cancer treatment and prognosis is very 

important. Recently, it has been suggested that caspase-3 

may associate apoptosis with pyroptosis which causes 

inflammatory cell death It is stated that the induction of 

both apoptosis and pyroptosis with the effectiveness of 

chemotherapeutics is an important modality for cancer 

treatment and caspase-3 is an important stimulator for 

both [44]. The observation of cleaved caspase-3 

expression in A549 cells in our study indicates that the 

cytotoxic effects of DOX and SB ligands occur through 

the induction of apoptosis in the cells. 

 

Cell morphology analyses provide useful data for 

obtaining information about cell cytotoxicity. 

Morphological changes indicative of apoptosis such as 

cytoplasmic shrinkage, membrane overflow, and DNA 

fragmentation were observed in cells treated with SB 

copper coordinated compound [45]. Observation of 

cellular morphological changes such as chromatin 

condensation and marginalization, presence of apoptotic 

bodies, ghost cells, and cell membrane swelling and 

shrinkage, which indicate apoptosis in A549 cells in our 

study, is another important finding that apoptosis is 

effective in cell cytotoxicity of FSB ligands. 

 

Many studies show that SB compounds have 

antimicrobial properties. Fluorinated SB containing F or 

CF3 at the meta position on the N-aryl ring has been 

found to exhibit potent antimicrobial activity on S. 

aureus, B. subtilis, E. coli, and K. pneumoniae [46]. It 

has been determined that the fluorine-bearing compound 

in the para position of the phenol ring shows strong 

antimicrobial activity and has a stronger antifungal effect 

than fluconazole, which is currently used in the 

treatment of fungal infections [47]. In a study that 

investigated the antimicrobial properties of six SB 

compounds derived from 3-fluoro salicylaldehyde on K. 

pneumonia, S. typhi, S. aureus, B. subtilis, P. 

aeruginosa, E. coli bacteria and P. chrysogenum, C. 

albicans, A. niger and A. flaves. It has been determined 

that most of the compounds have antibacterial and 

antifungal activity on these bacteria [48]. In this study, 

contrary to the other presented studies, it was observed 

that the antimicrobial effects of fluorinated 

salicylaldehyde SB compounds on E. coli, S. aureus, and 

P. aeruginosa were lower than gentamicin, a standard 

antibacterial drug, and none of the compounds had 

significant effects on the tested bacteria. 

Salicylaldimine derivative Schiff Base compounds 

containing fluorine atoms in different numbers and 

positions show promising anti-cancer properties such as 

cytotoxicity, inhibiting proliferation, and directing A549 

lung cancer cells to apoptosis but, they remained 

unremarkable in terms of their antibacterial effect on E. 

coli, S. aureus and P. aeruginosa. 

 

In this study, the anticancer and antimicrobial properties 

of Schiff base derivative (C1-C10) containing fluorine 

atoms in different numbers and positions were 

investigated. Cytotoxic, antiproliferative, and apoptotic 

properties of the synthesized compounds were examined 
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on A549 cells. Its antimicrobial properties were 

investigated on E. coli, P. aureginosa, and S. aureus 

bacterial strains. It was observed that these synthesized 

compounds exhibited strong cytotoxic effects on A 549 

cells. It was determined that Compound 7 (IC50: 1.4 

µM), which has fluorine atoms attached at the –middle, -

meta, and –para positions, exhibited a stronger cytotoxic 

effect than DOX (IC50: 1.9 µM), which was used as a 

positive control. Compound 4 (2.1 µM) and Compound 

6 (2.5 µM) showed cytotoxic effects close to DOX.  The 

synthesized compounds showed high (Compound 3, 4, 5, 

6, 7, and 8) and moderate (1, 2, 9, and 10) cytotoxic 

effects. Compounds 1, 2, 3, 4, 5, 7, 8, 9, and 10 (PI 

values 2,4, 2.4, 2.3, 2.4, 2.6, 2.2, 2.4, and 2.1, 

respectively) were used as positive control near DOX 

(PI: 1.5). It has been determined that it exhibits 

antiproliferative effects. Compounds 1, 4, and 5 (Rho 

123 values 1571, 1444, and 1330, respectively) were 

found to be more potent in reducing mitochondrial 

membrane potential than Dox (Rho 123:1574). It was 

determined that the compounds caused decreases in 

mitochondrial membrane potential, thus the release of 

active caspase-3. After the release of active caspase-3 in 

cells, DNA fragmentation, apoptotic bodies, ghost cells, 

etc. occur. By observing the structures microscopically 

after Hematoxylin-Eosin, Giemsa, and PAP staining, it 

can be said that the synthesized compounds are 

successful in directing A549 cells to apoptosis. When 

evaluated as antimicrobials, the MIC50 values of the 

synthesized compounds on E. coli, P. aureginosa, and S. 

aureus strains were found to vary between 18.50 and 

49.3. It can be said that the compounds showed moderate 

antimicrobial effects compared to Gentamicin (MIC50 

values of 1.5, 1.7, and 2.2, respectively), which was used 

as a positive control. It can be said that the results of the 

study are promising for the use of the synthesized 

compounds in vivo studies. 
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