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Abstract

 The effectiveness of existing anti-cancer therapies is based mainly on the 

stimulation of apoptosis of cancer cells. Most of the existing therapies are 

somewhat toxic to normal cells.

 This study demonstrated the ability of liposomes containing anacardic acid, 

mitoxantrone and ammonium ascorbate to induce the mitochondrial pathway of 

apoptosis via reactive oxygen species (ROS) production by the killing of cancer 

cells in melanoma cells.
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 Liposomes were prepared by a lipid hydration, freeze-and-thaw (FAT) 

procedure and extrusion through polycarbonate filters, a remote loading 

method was used for dug encapsulation.

 They have demonstrated that the developed liposomal formulations produced a 

high ROS level, enhanced apoptosis and cell death in melanoma cells, but not 

in normal cells.
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Introduction

 Melanoma Cancer

 Mitoxantrone (MIT)

 Ascorbic acid (Vitamin C)

 Anacardic acid (AA)
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Melanoma Cancer

 Melanoma is a malignant tumor originating from the normal melanocytes in the 

epidermis or the original nevus. 

 It develops rapidly in clinical cases and is liable to metastasize in the early stage. Most of 

the metastases occurred in the lungs and brain.

 Currently, the prognosis of patients with metastatic melanoma is not satisfactory, which 

shows a 5-year survival rate less than 20%.
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Mitoxantrone (MIT)

 Mitoxantrone (MIT) has been used extensively in the treatment of cancers 

such as acute myeloid leukemia, non-Hodgkin’s lymphoma, prostate cancer 

and breast cancer as well as in active forms of progressive multiple sclerosis.

 The antitumor effect of MIT is based on its ability to interact with DNA, 

where it forms a covalent complex with topoisomerase II, which prevents the 

rejoining of the single DNA strand during replication, and consequently 

inhibits DNA replication and RNA transcription.
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Ascorbic acid (Vitamin C)

 Ascorbic acid is a water-soluble antioxidant as well as an enzyme co-factor 

produced by plants and certain animals.

 It is a powerful reducing agent that  effectively neutralizes potentially 

harmful free radicals generated as a result of metabolic processes. 

 In contrast to normal cells, ascorbic acid becomes more toxic towards cancer 

cells because of the increased uptake of its oxidized form, dehydroascorbate 

(DHA), via the GLUT1 glucose transporter. 
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 Release of iron ions from the cytoplasmic iron storage protein, ferritin (iron 

ions are much more abundant in cancer cells due to transferrin receptors 

overexpression), which become available for DHA, results in production of 

hydrogen peroxide and depletion of the reduced glutathione pool by a 

cyclic oxidation-reduction mechanism.
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Anacardic acid (AA)

 Anacardic acid inhibits histone acetyltransferases (HAT) activity of p300 and 

P300/CBP-associated factor (PCAF) in vitro.

 Blocking the p300 protein inhibits the NF-ϰB pathway regulating cell 

proliferation, survival and inflammation. 

 Anacardic acid may also reduce VEGF-dependent angiogenesis, which can 

lead to inhibition of tumor growth. 
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 It may also effect the growth of hormone-dependent tumors by inhibiting the 

activity of androgen and estrogen receptors. 

 It is believed to be involved in the modulation of the expression of several 

genes involved in the cell cycle and apoptosis. 

 The action of anacardic acid causes the arrest of the cell cycle in the S phase 

and the induction of apoptosis, most probably by reducing the expression of 

genes including Bcl-2 and Bax. 
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 Preparation and Characterization OF Liposomes

 Cell Culture and Treatment

 Cell Viability

 Determination of the Association of Targeted Liposomes with Cells
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 Lactate Dehydrogenase Leakage Assay

 Measurement of Intracellular (ROS)

 Caspase 9 and 3/7 Assays

 Cytochrome C Staining



Preparation and Characterization OF Liposomes

 Liposomes were prepared by a lipid hydration, freeze-and-thaw (FAT) 

procedure and extrusion through polycarbonate filters. 

 In brief chloroform stock solutions of lipids (HSPC, CHOL, DSPE-

PEG2000 and AA) were prepared and appropriate volumes were then 

used to obtain specific molar ratios of lipids
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The table presents a full list of the formulations developed and their lipid composition 

along with abbreviations. The last column contains the name of the factor used to 

generate the transmembrane pH gradient in liposomes.

AA (anacardic acid)



 Chloroform solutions of the lipids were mixed, and chloroform was then 

evaporated using a nitrogen stream. 

 Thin lipid films were dissolved in cyclohexane and the mixture subsequently 

frozen in liquid nitrogen and freeze-dried overnight at low pressure.

 Thin lipid films were hydrated with 300 mM ammonium ascorbate, pH= 4.0 

or 300 mM ammonium sulfate, pH 5.5. 
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 The obtained multilamellar vesicles (MLVs) were freeze and 

thawed (FAT) ten times, followed by extrusion 10 times 

through polycarbonate filters with pore size of 100 nm on 

Extruder. 
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Cell Culture and Treatment

 Human melanoma cell lines A375, Hs294T and the human skin fibroblast cell 

line NHDF was cultured in DMEM medium supplemented with 2 mM 

glutamine and 5 or 10% fetal bovine serum.

 All the media contained penicillin streptomycin and amphotericin B. 
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Cell Viability

 The cell viability was determined using a 

MTT assay. 10,000 cells/well were seeded 

onto 96-well plates and allowed to adhere 

for 24 hours.

 Absorbance was measured at 550 nm with 

wavelength of 630 nm on a microplate 

reader

Determination of the Association of Targeted 

Liposomes with Cells

 Liposomes treatment with rhodamine-labeled

(rhodamine-DOPE was added to the lipids).

 The cells were analyzed using a flow cytometer based 

on 10,000 counts for each population tested. The 

fluorescence of rhodamine labeled cells was evaluated 

using a standard FL-2 filter, λ= 585 nm.
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Analysis of Apoptosis

 apoptosis were evaluated with the Annexin, 

FITC/ (PI) Apoptosis Detection Kit

 The cell apoptosis was determined by the flow 

cytometry

Lactate Dehydrogenase Leakage Assay

 A LDH leakage assay was used to measure 

hepatotoxicity.

 LDH activity in the culture medium was used as an 

indicator of the integrity of the cell membrane.

 The enzyme activity was measured via quantification 

of NADH (1.55 mM) consumption using 

spectrophotometry (at λ= 340 nm)
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Measurement of Intracellular (ROS)

 Fluorescence spectrophotometry was used to 

measure the intracellular levels of ROS with 2,7 

dichloro-dihydro-fluorescein diacetate 

(H2DCFDA) as the probe.

 Fluorescence Spectrophotometer at λ= 498 nm 

for excitation and at λ= 525 nm for emission.

Caspase 9 and 3/7 Assays

 Chemiluminescence measurement was done 

with an EG&G Berthold luminometer.

 Harvested cells were seeded on white 96-well 

microplates with 10, 000 cells/well and allowed 

to adhere overnight and then treated with 

liposomes. Caspase-Glo® 9 Reagent or 

Caspase-Glo® 3/7 Reagent was added to each 

well

Cytochrome C Staining

 Primary anti-cytochrome C 

antibodies, secondary antibodies 

(FITC), Hoechst dye were used for 

staining.

 Cells were incubated with primary 

antibodies, followed by incubation 

with secondary antibodies.

 For visualization confocal 

microscope was used.
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Liposomes Preparation and Characterization
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Summary of size, polydispersity index (PDI) and zeta potential of (A) all nano-preparations 

and (B) 5mol% anacardic acid nano-preparations before and after targeting with transferrin.
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Transmission electron microscopy 

image of 5 mol% AA-incorporated 

liposomes. 100 nm.

 In all cases MIT encapsulation was very efficient (above 98%). All of these 

parameters remained nearly the same (Table B) after targeting liposomes 

with transferrin.
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Comparison of IC50 values (μM) of mitoxantrone-free liposomes and mitoxantrone containing

liposomes for all cell lines.

Liposomes Demonstrate Selectivity toward Melanoma Cells and Low Cardio and 

Hepatotoxicity and a Lower Hemolysis Ratio
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 AA liposomes with Vit. C showed only slight toxicity to melanoma cells, 

which was approximately the same in both cell lines (A375, Hs294T)

 The presence of AA significantly increased the cytotoxicity of the liposomal 

MIT, both with liposomes containing ammonium ascorbate and for 

liposomes with ammonium sulphate.

 The difference between Lip AA5 MIT Vit. C and Lip AA5 MIT AS was 

significant over the entire range of concentrations tested.
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 The NHDF skin fibroblast cell line was used as a normal control for 

melanoma cells to check specificity of the action of anacardic acid and 

mitoxantrone.

 anacardic acid in combination with ammonium ascorbate is more toxic to 

melanoma cells than in combination with ammonium sulfate (IC50 for Lip 

AA5 Vit. C. was 12.1 μM and for Lip AA5 AS was 35.8 μM for A375 after 48 

h incubation). 
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 The reverse is true for the NHDF cell line, where the formulation with  

anacardic acid in combination with ammonium ascorbate is less toxic than the 

formulation of anacardic acid with a pH gradient generated by ammonium 

sulphate.

 For mitoxantrone-containing liposomes, IC50 values ranged from 0.02 to 

75.05 μM.

 There was also a protective effect of vitamin C in combination with anacardic 

acid for normal cell lines.
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 The factor limiting the use of mitoxantrone in anticancer therapy is 

its high cardiotoxicity. In addition, this drug undergoes 

transformation in the liver, which leads to hepatotoxicity.
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LDH released into the medium as a marker of cytotoxicity of liposomal formulation at 

a concentration of 10 μM of MIT for line H9C2
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LDH released into the medium as a marker of cytotoxicity of liposomal formulation at 

a concentration of 10 μM of MIT for line Hep-G2 
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 The formulation anacardic acid-enriched showed no increased toxicity to liver

cells, even when combined with mitoxantrone.

 A similar effect was obtained for H9C2 myocardial cells, except for the

formulation containing 40 mol% AA and MIT, and MIT formulations with AS,

which were more toxic than free drug.

 The Lip MIT AS liposomes compared to Lip AA5 MIT AS liposomes showed a

noticeable reduction in the toxicity in the presence of anacardic acid.
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Intracellular ATP level in the Hep-G2 line



35

Intracellular ATP level in the line H9C2 line
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 The addition of anacardic acid to the liposome membrane did not change 

the level of intracellular ATP for either cell line. 

 Mitoxantrone significantly reduced ATP level (up to 60% for myocardial 

cells), but this effect is not observed in combination with anacardic acid and 

ammonium ascorbate.
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 In addition, MIT influence on the level of ATP in liver cells is smaller than 

in the myocardial cells. 

 This is opposite the effect in the case of LDH, which suggests that the 

toxicity of mitoxantrone in HeP-G2 cells is manifested by the release of 

LDH, while for H9C2 cells, by the reduction in ATP levels.
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The hemolytic potential of free AA and AA-enriched liposomes without drug after 

incubation with human erythrocytes
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 Free AA at the concentration corresponding to 5 mol% caused 40.9% of hemolysis.

 Values obtained for Lip AA5 Vit. C and Lip AA5 AS 16.5 and 25%.

 This observation might indicate that AA located in the membrane probably has no 

direct contact with erythrocytes. 

 Summarizing, these results demonstrate that AA-incorporated liposomes are likely 

to cause less toxicity than free AA after intravenous administration and support the 

development of formulations for in vivo administration.
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Reactive oxygen species levels in A375, 

Hs294T and NHDF cells after incubation with

liposome formulations and free drug. The 

untreated cells (control) are considered as 100% 

of the endogenous ROS level. The Mohr salt 

was used as a positive control.

ROS Formation Induced by 

Liposome Formulations

 The highest increase in the level of 

reactive oxygen species was observed 4 h 

after addition of liposomes
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 The formulation that most effectively raised the level of ROS in the cells 

of both melanoma lines was Lip AA5 MIT Vit. C.

 The time at which the level of ROS increase come before the increase in 

caspase activity, suggesting that increased ROS production was the 

cause of melanoma cell apoptosis.
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Liposome Treatment Enhances the Apoptosis

Percentage of the population of dead, living and early apoptotic A375 after treatment with 

liposomes or free drug.
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Percentage of the population of dead, living and early apoptotic A375 after treatment with 

liposomes or free drug.
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Percentage of the population of dead, living and early apoptotic NHDF cells after treatment 

with liposomes or free drug.



45

Percentage of the population of dead, living and early apoptotic NHDF cells after treatment 

with liposomes or free drug.
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Activity of executive caspases

within a 24-hour period after 

administration of liposomes or free 

drug. 
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 The highest caspase activity was observed for the Hs294T line in 

response to the free drug and the Lip AA5 MIT Vit C. 

 Lip AA5 MIT Vit C did not elicit any response in NHDF normal cells, 

but the free drug and the ammonium sulfate containing formulation 

caused an increase in caspase activity, after 24 h of incubation.

 The results obtained indicate caspase-dependent apoptosis in response to 

treatment with liposome formulations, and that Lip AA5 MIT Vit C 

formulation selectively induced caspase-dependent apoptosis in 

melanoma cells.
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Microscopic photo of melanoma cells after treatment with liposomes (Lip AA5 MIT 

Vit.C). The cell nuclei are marked in blue, the red color indicates mitochondria, and the 

green color shows cytochrome c. The arrows indicate cytochrome c released from the 

mitochondria.
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Caspase 9 activity in a 24-hour period after 

administration of liposomes and free drug.

 The results confirmed the mitochondrial 

apoptosis pathway in response to the 

liposomal form of AA and MIT in the 

presence of vitamin C. 

 The results show an increase in caspase 9 

activity 6 hours after administration of 

liposomes in A375 cells. 

 For the Hs294T line, this increase 

occurred after the fourth hour of 

incubation with the liposomes. 

 The results indicate that the apoptosis 

occurs rapidly. No increase in the activity 

of this caspase was observed in normal 

cells.
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Discussion

 Anacardic acid is one of those compounds, which has been enriched in 

the liposomal membrane.

 In these liposomes mitoxantrone was actively entrapped using the pH 

gradient generated by ammonium sulfate or ammonium ascorbate.

 In the case of mitoxantrone, its strongest side effects are cardiotoxicity 

and hepatotoxicity. 
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 In addition, it was shown that anacardic acid, present in the formulation at 

5–40 mole%, did not increase toxicity to liver cells, even in combination 

with mitoxantrone.

 As confirmed in these studies, mitoxantrone and anacardic acid act 

synergistically on melanoma cells in the presence of vitamin C or 

ammonium sulfate. 
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Conclusions

 This report demonstrated that one of developed liposomal formulations 

enhanced the level of apoptosis and cell death in melanoma cell lines but not in 

normal cells. 

 The proposed mechanism of the cytotoxic action of liposomes involves specific 

generation of the free radicals by an iron ions mechanism and the induction of 

the apoptotic pathway in the melanoma cells. 
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