
 

 

 

Abstract — In the present study for the first time the anticancer 

activity of the polyeter ionophorous antibiotic Monensic acid 

(MonH) and its complexes with Ca(II), Co(II) and Mn(II) ions was 

evaluated against the drug sensitive human squamous cell carcinoma 

cell line A431 and its multidrug resistant clones that express MDR1, 

MRP1 or ABCG2 gene. For comparative purposes the non-tumor 

human cell line Lep3 was also included in the experiments. The 

investigations were carried out using MTT test and colony-forming 

method. The results obtained reveal that applied at concentrations of 

0.5-25 µg/mL for 24-72 h the compounds investigated decrease the 

viability and proliferation of the treated cells in a time- and 

concentration-dependent manner. The investigated metal(II) 

complexes (especially those of Mn(II) and Co(II)) has been found to 

express higher cytotoxic and cytostatic activities as compared to the 

non-coordinated MonH.   

 

Keywords — Drug sensitive human squamous cell carcinoma 

A431, Non-tumor human cell line Lep3, Monensin biometal(II) 

complexes, Multidrug resistant A431 clones 

I. INTRODUCTION 

HE polyether ionophore Monensin (Scheme 1) is a  

natural antibiotic, applied in veterinary medicine as 

coccidiostatic and antibacterial agent [1]-[6]. This compound 

isolated from Streptomyces cinnamonensis complexes with 

alkali ions and transfers them across cell membranes causing 

disturbances in the metal homeostasis of microorganisms and 

parasites leading to their death [7]-[10]. Recent data have 

revealed that Monensin expresses also antitumor activity 

against cell lines established from various malignancies 

including leukemia, lymphoma, myeloma, renal cell carcinoma 

and cancers of the colon, breast and cervix [11]-[15]. 
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Scheme 1. Structure of Monensic acid A 

 

On the other hand, some studies have shown that the 

biological activity of Monensin is influenced by the presence 

of metal(II) ions as Mg(II), Pb(II), etc., but up to 2008 no 

isolation and characterization of metal(II) containing 

Monensin species was reported in the literature [16]-[18].    

We have extensively studied the ability of Monensic acid 

(MonH) and its sodium complex (MonNa) to coordinate metal 

cations of valence higher than +1 and characterized series of 

complexes containing various compositions and different 

structures [19]-[24]. The complexes of biometal(II) ions such  

as Mg(II), Ca(II), Mn(II), Co(II), Ni(II) and Zn(II) consists of 

a similar stricture, with a molar ratio of M : Mon : H2O = 1 : 2 

: 2 (Scheme 2). The isostructural metal(II) compounds possess 

generally enhanced activity against Gram-positive aerobic and 

anaerobic bacteria in comparison to Monensic acid [20], [23]-

[25]. We have proposed that the activity of Monensin 

biometal(II) complexes depends on the nature of metal(II) 

cations, as well as on the bacteria strain tested.  

It is of further interest to evaluate whether the presence of 

the biometal(II) ion will influence the cytotoxic and cytostatic 

properties of Monensic acid.   

It has been found in our investigations that Co(II), Ca(II), 

Mn(II) and Mg(II) complexes of Monensic acid significantly 

decrease the viability and proliferation of cultured human and 

animal tumor cell lines being more active as compared to the 

non-coordinated MonH [26]-[28]. The high cytotoxic and 

cytostatic activities of these compounds have also prompted us 

to examine their antitumor effect against multidrug resistant 

human cancer cells. Multidrug resistance is well known to be a 

major reason for failure of cancer chemotherapy since multiple 

Cytotoxic and antiproliferative activities of 

monensic acid and its metal(II) complexes 

against drug sensitive and multidrug resistant 

human tumor cell lines 
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chemotherapeutic drugs of different classes are used to treat 

most malignancies. 
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Scheme 2. ORTEP structure of biometal(II) complexes  

of Monensic acid [M(Mon)2(H2O)2], M = Zn [23] 

 

In the present paper we report the results on evaluation of 

the effects which Monensic acid and its complexes with ions 

of Ca(II), Co(II) and Mn(II) render on viability and 

proliferation of drug sensitive and multidrug resistant human 

skin carcinoma cell lines.  

II. EXPERIMENTAL PART 

A. Materials 

The commercially available sodium Monensin (MonNa) 

was supplied from Biovet Ltd. (Bulgaria). Metal(II) salts and 

solvents were purchased from Riedel de Häen AG (Germany). 

Dulbecco's modified Eagle's medium (D-MEM) and fetal 

bovine serum were purchased from Gibco-Invitrogen (UK). 

Dimethyl sulfoxide (DMSO) and trypsin were obtained from 

AppliChem (Germany); purified agar (Difco) and thiazolyl 

blue tetrazolium bromide (MTT) were from Sigma-Aldrich 

Chemie GmbH (Germany). Ethylendiaminotetraacetic acid 

(EDTA) and all other chemicals of the highest purity 

commercially available were purchased from local agents and 

distributors. 

B. Preparation of Monensin metal(II) complexes 

The synthesis of Monensic acid (MonH, C36H62O11) and its 

biometal(II) complexes was performed as it was earlier 

described [20], [23]. The cytotoxic activity of MonH and 

[M(Mon)2(H2O)2] (M =  Ca (1), Co (2), Mn (3)) was further 

studied in order to evaluate their properties. Monensic acid 

and complexes 1-3 are sparingly soluble in water. For that 

reason the compounds were applied as solutions in DMSO in 

the concentration range from 0.5 µg/mL to 25 µg/mL. The 

effect of DMSO administered at 0.05 – 2.5% was also 

evaluated. 

C. Cell cultures and cultivation 

The drug sensitive human skin derived epidermoid 

carcinoma cell line A431 and its multidrug resistant clones that 

express MDR1, MRP1 or ABCG2 gene were used as 

experimental models in the present research [29]. The cell line 

Lep3 established from 3-month-old human embryo was also 

included in our study for comparative investigations.  

The cells were grown as monolayer cultures in D-MEM 

medium, supplemented with 5-10% fetal bovine serum, 100  

U/mL penicillin and 100 µg/mL streptomycin. The cultures 

were maintained at 37 ºC in a humidified CO2 incubator. For 

routine passages adherent cells were detached using a mixture 

of 0.05% trypsin – 0.02% EDTA. The experiments were 

performed during the exponential phase of cell growth. 

D. MTT assay 

The effect on cell viability was determined by measuring 

MTT (thiazolyl blue tetrazolium bromide) dye absorbance of 

living cells. Cells were seeded in 96-well flat-botommed 

microplates (Orange Scientific) at a concentration of 2×10
4
 

cells/well. At the 24
th 

h cells from monolayers were washed 

and covered with media modified with different concentrations 

of the compound tested. Each concentration was applied into 4 

to 6 wells. Samples of cells grown in non-modified medium 

served as a control. After 24, 48 and 72 h of incubation, the 

solutions were removed from the plates and MTT colorimetric 

assay of cell survival was performed as described by Mossman 

[30]. The method consisted of three hours incubation with 

MTT solution (5 mg MTT in 10 mL D-MEM) at 37 ºC under 

5% carbon dioxide and 95% air, followed by extraction with a 

mixture of absolute ethanol and DMSO (1:1, vol/vol). Optical 

density was measured at wave length 540/615  nm using an 

automatic microplate reader (TECAN, Sunrise
TM

, Austria). 

Relative cell viability, expressed as a percentage of the 

untreated control (100% viability), was calculated for each 

concentration. “Concentration – response” curves were 

prepared. The effective concentrations of the compounds 

causing a 50% reduction of cell viability (cytotoxic 

concentration  50, CC50) and/or CC90 (causing a 90% reduction 

of cell viability) were estimated from these curves.  

All data points represent an average of three independent 

assays. 

E. Colony forming method 

Tumor cells (10
3
 cells/well) suspended in 0.45% purified 

agar in D-MEM medium containing different concentrations of 

the compounds examined (ranging from 0.5 to 25 µg/mL) were 

layered in 24 well microplates (Orange Scientific). The 

presence/absence of colonies was registered using an inverted 

microscope (Carl Zeiss, Germany) during 16 days period. 

Colony inhibitory concentrations (CIC) at which the 

compounds tested inhibit completely the ability of tumor cells 

to grow in semi-solid medium were determined.  

F. Statistical analysis 

The data are presented as mean ± standard error of the 

mean. Statistical differences between control and treated 

groups were assessed using one-way analysis of variance 

(ANOVA) followed by Dunnett post-hoc test.  
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III. RESULTS 

For evaluation of antitumor properties of metal(II) 

derivatives of the polyether ionophore, complexes of 

Monensic acid with ions of Ca(II), Co(II) and Mn(II) were 

prepared. Coordination of the ligand undergoes formation of 

compounds with composition [M(Mon)2(H2O)2] (M = Ca (1), 

Co (2), Mn (3)). The structure of complexes is similar, with a 

metal(II) ion placed in an octahedral environment due to the 

coordination of two bidentate Monensin monoanions and two 

water molecules (Scheme 2) [20], [23], [24]. 

Applied at concentrations examined MonH and complexes 

1-3 decrease the viability and proliferation of the treated cells 

in a time- and concentration-dependent manner. The activity of 

compounds against A431 cell line and its clones expressed as 

CC50 and CC90 values are presented in Tables 1-6. Examples of 

concentration-response curves are shown in Figs. 1-4. The 

influence of tested compounds in effective concentrations 

(CIC) on tumor cell growth inhibition is presented in Table 7. 

 The investigated metal(II) complexes (especially those of 

Mn(II) and Co(II)) have been found to express higher 

cytotoxic and cytostatic activities against drug sensitive A431 

cell line and its multidrug resistant clones. According to their 

sensitivity to MonH and its complexes, the cell lines used as 

experimental models in our investigations are graded in 

hierarchic orders as it is presented in Table 8.  

The influence of DMSO (administered at concentrations of 

0.05 – 2.5%, corresponding to those in the solutions of the 

tested compounds) has been found to be weaker than those of 

Monensin and complexes 1-3 (especially in the range of 0.05-

1% that corresponds to 0.5-10 µg/mL of the compound).  

 

Table 1. Cytotoxicity assay using cell line A431 (CC50, µM) 

Compound 24 h 48 h 72 h 

Monensic acid 31.9 4.8 < 

[Ca(Mon)2(H2O)2], 1 7.1 2.7 < 

[Co(Mon)2(H2O)2], 2 - 2.9 < 

[Mn(Mon)2(H2O)2], 3 - 2.7 < 
“<” – the CC50 value was not determined because in all concentrations tested 

the cell viability was lower than 50% 

“-“ – the CC50 value was not determined because in all concentrations tested 

the cell viability was higher than 50% 

 

Table 2. Cytotoxicity assay using  

cell line A431-MRP (CC50, µM) 

Compound 24 h 48 h 72 h 

Monensic acid 15.4 4.1 < 

[Ca(Mon)2(H2O)2], 1   9.6 2.3 < 

[Co(Mon)2(H2O)2], 2 12.5 2.0 1.8 

[Mn(Mon)2(H2O)2], 3 15.0 2.4 < 
“<” – the CC50 value was not determined because in all concentrations tested 

the cell viability was lower than 50% 

“-“ – the CC50 value was not determined because in all concentrations tested 

the cell viability was higher than 50% 

 

 

 

Table 3. Cytotoxicity assay using  

cell line A431-MDR (CC50, µM) 

Compound 24 h 48 h 72 h 

Monensic acid 15.4 4.1 0.9 

[Ca(Mon)2(H2O)2], 1 - 5.0 0.6 

[Co(Mon)2(H2O)2], 2 - 2.8 1.4 

[Mn(Mon)2(H2O)2], 3 - 6.4 < 
“<” – the CC50 value was not determined because in all concentrations tested 

the cell viability was lower than 50% 

“-“ – the CC50 value was not determined because in all concentrations 

tested the cell viability was higher than 50% 

 

Table 4. Cytotoxicity assay using  

cell line A431-ABCG2 (CC50, µM) 

Compound 24 h 48 h 72 h 

Monensic acid 34.7 3.3 0.8 

[Ca(Mon)2(H2O)2], 1 10.6 0.6 < 

[Co(Mon)2(H2O)2], 2 - 2.5 < 

[Mn(Mon)2(H2O)2], 3 - < < 
“<” – the CC50 value was not determined because in all concentrations tested 

the cell viability was lower than 50% 

“-“ – the CC50 value was not determined because in all concentrations 

tested the cell viability was higher than 50% 

 

Table 5. Cytotoxic concentration 90 (CC90, µM)  

of the compounds in drug sensitive  

and multidrug resistant tumor cells 

Cell line 

A431 A431-

MDR 

A431- 

MRP 

 

Compound 

48h 72h 72h 48h 72h 

Monensic acid 14.2 5.4 25.8 13.3 4.9 

Complex 1 14.3 2.6 11.6 13.0 7.0 

Complex 2 10.2 3.3 6.9 11.6 15.1 

Complex 3 5.3 2.4 3.2 11.7 3.2 

 

Table 6. Cytotoxicity assay using cell line Lep3 (CC50, µM) 

Compound 24 h 48 h 72 h 

Monensic acid 18.4 4.3 6.4 

[Ca(Mon)2(H2O)2], 1 9.1 3.9 2.0 

[Co(Mon)2(H2O)2], 2 7.2 3.9 3.7 

[Mn(Mon)2(H2O)2], 3 4.3 5.5 5.5 
“<” – the CC50 value was not determined because in all concentrations tested 

the cell viability was lower than 50% 

“-“ – the CC50 value was not determined because in all concentrations 

tested the cell viability was higher than 50% 

 

Table 7. Effect of MonH and metal(II) complexes  

on colony-forming ability of tumor cells 

Concentration (µM) * Compound 

Cell line A431 MRP MDR 

Monensic acid      ≥ 5      ≥ 20   ≥ 5 

[Ca(Mon)2(H2O)2], 1      ≥ 2.5      ≥ 12.5   ≥ 7.5 

[Co(Mon)2(H2O)2], 2      ≥ 5      ≥ 10   ≥ 12.5 

[Mn(Mon)2(H2O)2], 3      ≥ 2.5      ≥ 5   ≥ 5 
* Concentration at which the compound inhibits the colony-forming 

ability of tumor cells 
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Fig. 1. Effect of Monensin and complexes 1-3  

on viability of cell line A431 on 72 h  

(○ - MonH, ● – 1, ∆ - 2, □ – 3, --- control) 
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Fig. 2. Effect of Monensin and complexes 1-3  

on viability of cell line A431-MRP on 72 h  

(○ - MonH, ● – 1, ∆ - 2, □ – 3, --- control) 
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Fig. 3. Effect of Monensin and complexes 1-3  

on viability of cell line A431-MDR on 72 h 

(○ - MonH, ● – 1, ∆ - 2, □ – 3, --- control) 
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Fig. 4. Effect of Monensin and complexes 1-3  

on viability of cell line A431-ABCG2 on 72 h  

(○ - MonH, ● – 1, ∆ - 2, □ – 3, --- control) 
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Table 8. Hierarchic orders of cell lines 

according to their drug sensitivity  

Compound Hierarchic order 

Monensic acid A431= MRP=Lep3 >ABCG2 ≥ MDR 

Complex 1 A431=MRP=ABCG2>MDR 

Complex 2 A431= Lep3>MDR≥ MRP> ABCG2 

Complex 3 A431≥ MRP = MRD > ABCG2 
*All hierarchic orders start with the most sensitive cell line (i.e. with the 

lowest CC50 and CC90 value); MRP = A431-MRP, MDR = A431-MDR, 

ABCG2=A431-ABCG2 

 

Table 9. Relative resistance values (48 h) * of MonH and 1-3 

Compound MRP MDR ABCG2 

Monensic acid 0.85 0.85 0.69 

[Ca(Mon)2(H2O)2], 1 0.85 1.85 0.22 

[Co(Mon)2(H2O)2], 2 0.69 0.97 0.86 

[Mn(Mon)2(H2O)2], 3 0.89 2.37 n.c. 
* Relative resistance value was calculated as resistant cell CC50/sensitive 

cell CC50; n.c. – not calculated 

IV. DISCUSSION 

Monensin, an antibiotic produced by fermentation of a 

strain of Streptomyces cinnamonensis, is a carboxylic Na
+
/H

+
 

ionophore used worldwide in veterinary medicine as a growth 

promoter in beef cattle and feed additive against coccidiosis in 

chickens and pigs [31]-[33]. The increasing interest to 

biological activity of Monensin in recent years has been 

stimulated by the data concerning antitumor properties of this 

compound. It has long been considered that activation of the 

Na+/H+ antiporter and the resulting pH changes participate in 

many cellular functions such as proliferation, differentiation 

and apoptosis [34]-[38]. In particular, Monensin is known to 

transport Na
+
 ions into cell while protons are transported out 

of cells, resulting in intracellular alkalization [39], [40]. In 

1995 Zhu and Loh [34] reported that Monensin caused 

apoptosis as well as intracellular alkalization in HL-60 human 

leukemia cells. It has also been noticed that the cytotoxic 

action of drugs such as Monensin  may be due to a decrease in 

the cellular ATP level [41]. 

The antitumor activity of Monensin has been extensively 

studied by Park et al. [11]-[15]. The authors have reported that 

the antibiotic significantly inhibits proliferation of cultured cell 

lines established from renal cell carcinoma (inhibitory 

concentration 50, IC50, of about 2.5 µM), colon cancer (IC50 ≈ 

2.5 µM), myeloma (IC50 ≈ 1 µM), lymphoma (IC50 ≈ 0.5 µM) 

and myelogenous leukaemia (IC50 ≈ 0.5 µM). In addition, 

Monensin suppresses in vivo the growth of murine leukemia 

WEHI-3BD cells in BALB/c mice [11]. It has been found in 

our investigations that Monensic acid and its metal(II) 

complexes decrease significantly viability and proliferation of 

cultured cell lines established from some of the most common 

and aggressive human malignancies such as glioblastoma 

multifirme (8 MGBA) and cancers of the breast (MCF-7), lung 

(A549), liver (HepG2) and uterine cervix (HeLa). The 

compounds are shown to be also highly effective against virus-

transformed tumor cells expressing v-myc (LSCC-SF-Mc29, 

derived from a transplantable chicken hepatoma induced by 

the myelocytomatosis virus Mc29) and v-src (LSR-SF-SR, 

established from a transplantable rat sarcoma induced by Rous 

sarcoma virus strain Schmidt-Ruppin) gene. The members of 

both gene families – Myc and Src, are well known to be 

involved in pathogenesis of a wide variety of malignancies in 

humans and animals [42]-[43]. 

In the present study we have demonstrated for the first time 

that MonH and its metal(II) complexes significantly decrease 

viability and proliferation not only of drug sensitive human 

skin carcinoma cell line A431 but also of its multidrug 

resistant clones A431-MDR, A431-MRP and A431-ABCG2 

that express MDR1, MRP1 or ABCG2 gene.   

Therapy resistance is the major limitation for the successful 

treatment of human cancers especially at the disseminated 

stage. Cells in culture have served as an useful tool not only 

for the study of the mechanism(s) of drug resistance but also 

for searching new strategies and agents that can help us to 

overcome this problem [44]-[49]. Multidrug resistance (MDR) 

includes numerous strategies by which tumor cells can elude 

not only the cytotoxic effect of the drug(s) employed in 

chemotherapy but also can loose their sensitivity to a broad 

spectrum of drugs with neither obvious common targets nor 

structural homology. Decreased accumulation of drugs, 

increased efflux, reduced apoptosis and greater activity of 

DNA-repairing systems are some of the most studied 

mechanisms involved in MDR. ATP-binding cassette (ABC) 

proteins are present in all known living species, with a 

relatively conserved structure. To date, 49 different ABC 

genes have been identified in the human genome, divided into 

seven classes (A-G) based on sequence similarities. The 

multidrug ABC transporters are plasma membrane 

glycoproteins which cause chemotherapy resistance in cancer 

by actively extruding a large variety of therapeutic compounds 

from malignant cells. However, the same ABC transporters 

play an important protective function against toxic compounds 

in a variety of cells and tissues, especially in secretory organs, 

at the sites of absorption, and blood-brain barriers. Our 

decision to use A431-MDR, A431-MRP and A431-ABCG2 

cell lines as experimental models is not occasional. The three 

major multidrug resistance ABC proteins are namely MDR1 

(ABCB1), multidrug resistance associated protein 1 (MRP1, 

ABCC1) and ABCG2 (placenta-specific ABC transporter, 

ABCP/breast cancer resistance protein, BSRP/mitoxantrone 

resistance protein, MXR). MDR1 and MRP1 can transport a 

large variety of hydrophobic drugs, and MRP1 can also 

extrude anionic drugs or drug conjugates. The transport 

properties of ABCG2 are overlapping both with that of MDR1 

and of MRP type proteins, thus these three proteins form a 

specific network in chemo-defense mechanism(s) [44]-[46].  

The possibility that ionophores could modulate multidrug 

resistance has already been reported. However, considerable 

confusion exists regarding the mechanism(s) by which 

ionophores affect resistant (and sensitive parental) cells - ATP 

depletion, intracellular pH modification, membrane potential 
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variation, modulation of P-glycoprotein activity are under 

consideration. The interaction of various ionophore antibiotics 

with P-glycoprotein (the product of MDR1 gene) has been 

investigated [50]. Dysregulation of ion exchange has been 

supposed to play a central role in the evolution of drug 

resistance in tumor cells [51]-[53]. 

Multidrug resistant tumor cells exhibit an altered pH 

gradient across different cell compartments, which favors a 

reduced intracellular accumulation of antineoplastic drugs and 

a decreased therapeutic effect, respectively. It has been 

reported that the activity and expression of Na
+
/H

+
 exchanger 

(Monensin) are increased in doxorubicin-resistant (HT29-dox) 

human colon carcinoma cells in comparison with doxorubicin-

sensitive HT29 cells [54]. Studies using carboxylic ionophores 

such as Monensin have indicated that these agents can 

modulate anthracycline toxicity apparently by causing an 

enhancement of its accumulation [55], [56].  

The effects of Monensin liposomes on drug resistance 

reversal, induction of apoptosis and expression of multidrug 

resistance (MDR) genes in drug resistant cancer cells have 

been also studied. Thus, the combination of doxorubicin (2.5 

µg/mL) with Monensin liposomes (20×10
-8 

M) induced 

apoptosis in approximately 40% of doxorubicin-resistant 

human breast tumour (MCF-7/dox) cells, whereas doxorubicin 

(2.5 µg/mL) or Monensin liposomes (20×10
-8 

M) by 

themselves produced minimal apoptosis (< 10%) in MCF-

7/dox cells [57]. In another study, small unilamellar stealth 

Monensin liposomes (SMLs) have shown considerable effect 

as a potentiator in combination with adriamycin in overcoming 

drug resistance of HL-60 human leukemia cells [58]. These 

data suggest that the delivery of Monensin via liposomes can 

provided an opportunity to overcome drug resistance.  

Undoubtedly, the most intriguing question is whether 

Monensin and its metal (II) complexes could be considered as 

potential antitumor and/or MDR reversing agents. The answer 

is not easy and requires a complex and multistep approach. 

What can we say at the moment? 

Оn one hand, as it was discussed above, the anticancer 

activity of Na
+
/H

+
 ionophores and especially of Monensin has 

been established. In this study we present data that MonH and 

its metal(II) complexes decrease viability and proliferation of 

cultured human drug sensitive and multidrug resistant skin 

cancer cells. The effective concentrations at which these 

compounds reduce the viable cells by 50% (CC50) and 90% 

(CC90) and suppress the ability of tumor cells to grow in semi-

solid medium are found to be very low (Tables 1-5, 7). These 

results are not surprising and could be explained at least 

partially by the ability of Monensin to induce significant 

alterations in the treated cells such as changes in pH  

(intracellular alkalization) and ATP content; early 

mitochondrial damage and energy deficit; cell cycle arrest (in 

G1 or G1-M phase) and apoptosis and/or necrosis efflux [11]-

[15], [59]. It has to be mentioned here that in our experiments 

the antitumor activity of Monensin and its complexes has been 

proved both in short-term monolayer (24-72 h, performed by 

MTT test) and long-term 3D (16 days, colony-forming 

method) cultures. The compounds examined generally are 

toxic to resistant cells at concentrations similar or even lower 

to those that are required to inhibit viability and growth of 

parental A431 cells: in many cases the relative resistance 

values were found to be in the range of 0.85 - 0.97 (Table 9). 

As can be seen, there are only few exceptions such as 

[Ca(Mon)2(H2O)2] (1) that is toxic to resistant A431-ABCG2 

cells at concentration approximately 5 times lower as 

compared to sensitive A431 cells. The A431-MDR cells are 

approximately twice more resistant than A431 cells.  

On the other hand, the well known toxicity of Monensin as 

well as the fact that Monensin and its complexes are not water 

soluble raised the question whether such compounds could be 

utilized therapeutically in cancer treatment and control. The 

mechanisms of Monensin toxicity have been ascribed to 

cellular ion imbalance, calcium overload and lipid 

peroxidation and disintegration of cell membranes [31], [60]. 

The primary target organs of the inophores are heart, 

diaphragm, kidney and skeletal muscle [61]. One of the tasks 

of our study was to evaluate comparatively the cytotoxic 

effects of the compounds investigated on tumor and non-tumor 

cells. Although the Lep3 cells were found to be more resistant 

to the toxic activity of MonH and its metal(II) complexes 

(Table 6) as compared to the skin cancer cells especially after 

72 h of treatment, these cells still showed relatively high 

sensitivity – CC50 are in the range of 2.0-18.4 µM. This 

phenomenon could be explained by the nature of Lep3 cells - it 

is widely accepted that embryonic cells resemble to some 

extent tumor cells due to their low differentiation and high 

proliferative potential.   

Regarding DMSO used as a solvent, it should be noted that 

it is not a natural ingredient of human’s body and several 

systemic side effects derived from the application of this 

compound have been reported. At the same time, DMSO was 

proved to be a cell-differentiation agent, a hydroxyl radical 

scavenger, an antidote to the extravasation of vesicant 

anticancer drugs, a topical analgetic, etc. DMSO is one of the 

most common solvents for the in vivo administration of water-

insoluble substances [62]. Is it possible to solve the problem 

with toxicity and solubility of MonH and its metal(II) 

complexes?  In relation to our study, at least two facts have to 

be mentioned here: i) in many cases the effective 

concentrations (CC50, CC90, CIC) of MonH and its complexes 

are found to be less than 5 µM, a value which corresponds to ≈ 

3.5 µg/mL (in the case of MonH) and ≈ 7 µg/mL (in the case 

of metal(II) complexes). The simple calculations reveal that 

the amount of DMSO in these solution is only 0.35% and 

0.70%, respectively; ii) water-insoluble compounds could be 

suitable for liposome drug delivery systems that are one of the 

most promising new technologies for targeted cancer therapy. 

Another question that requires interest and has to be 

discussed here, is whether (and how) the presence of the 

biometal(II) ion does influence the cytotoxic and cytostatic 

properties of Monensic acid. As it was found in our previous 
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investigations, the isostructural metal(II) compounds possess 

generally enhanced activity against Gram-positive aerobic and 

anaerobic bacteria in comparison to Monensic acid [20], [23]-

[25] and were also demonstrated to possess more pronounced 

antitumor activity against a wide variety of cultured animal 

and human cancer cell lines [26]-[28]. The results shown in the 

present study also indicate that Ca(II), Co(II) and Mn(II) 

complexes of MonH express relatively better cytotoxic and 

antiproliferative effects against human skin carcinoma drug 

sensitive (parental) and multidrug resistant cell lines as 

compared to MonH. Something more, among the compounds 

investigated, the complex of Mn(II) with MonH, 

[Mn(Mon)2(H2O)2] (3), exhibits the best cytotoxic and 

cytostatic properties especially on the growth of 3D colonies in 

semi-solid medium (Table 7).  

Another compound that undoubtedly has to be mentioned 

here, is [Co(Mon)2(H2O)2] (2) - the relative resistance values 

of this complex were calculated to be less than 1 (Table 9), 

which suggests that the compound is probably more active in 

resistant as compared to sensitive skin carcinoma cells.  

These data are not surprising because both compounds (2 

and 3) were also shown to decrease significantly the viability 

and growth of cultured human glioblastoma (8MGBA), 

hepatoma (HepG2), breast cancer (MVF-7) and cervical 

carcinoma (HeLa) cells and in some cases their activities were 

found to be comparable (MCF-7 cells, 48 h) and even higher 

(8MGBA cells, 24-72 h) than those of some of the most widely 

used in clinical oncology antitumor drugs (cisplatin, 5-

fluorouracil, daunorubicin) [26]-[28]. The existence of some 

variations in antineoplastic properties of the compounds tested  

that share very similar chemical structure could be explained 

by at least two reasons: i) the influence of the metal ions – 

Ca(II), Co(II) and Mn(II) are known to play different roles in 

biological systems, and ii) the cell specific response.   

V. CONCLUSION 

In summary, Monensic acid and its metal(II) complexes 

could be considered as promising cytotoxic and cytostatic 

agents effective in drug sensitive as well as in drug resistant 

human skin cancer tumor cells. Additional experiments are 

required to clarify in details the potential antineoplastic 

activity of these compounds and their mechanism(s) of action.  
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