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Abstract 

 

Drug repurposing has become an attractive way to treat diseases; it involves the use of 

compounds with no hazard. Disulfiram (DSF), a well-known drug for the treatment of 

alcoholism with the approvement of the Food and Drug Administration (FDA) since 1951, has 

been found to have an anti-cancer effect when chelation with copper (II) ions forming bis (N, N-

diethyldithiocarbamate) Cu (II) complex (Cu(DDC)2). The main limitations of Cu(DDC)2 

complex are its poor solubility in aqueous media and compromised stability in serum. In this 

study, nanotechnology has been facilitated to enhance the delivery of this complex to cancer 

cells by emulsification. Polyethylene glycol (PEG) and polycaprolactone (PCL) have been used 

to enhance the stability, biocompatibility, and reduce the hydrophobicity of the nanoemulsion, 

gaining a longer circulation lifetime in the body; increasing the efficiency of the therapy. PEG 

and PCL have been used in three different ratios including 25:75, 50:50, and 75:25, to detect 

the most suitable nanoparticle (N.P) properties for the delivery of the drug. Cu(DDC)2 as a free 

drug has been characterized using FT-IR, UV-vis techniques. The encapsulation efficiency, 

particle size, zeta potential, drug release, serum stability, and cytotoxicity of the prepared 

nanoparticles have been studied. 
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1.1. Cancer 

Healthy cells grow and divide with a specific life cycle. Cancer disrupts this cycle leading to 

abnormal cell growth caused by changes or mutation in DNA [1]. DNA is the leader that 

instructs the cells how to perform, grow, and divide; therefore, any uncorrected mutations may 

turn into cancerous cells. Mutant cells can grow and divide uncontrollably, causing tumours [2], 

[3]. Depending on where these tumours grow, a large group of diseases arises (about 200) [4] . 

Tumours can be divided into two major types; benign and malignant. Benign tumours are 

noncancerous and do not spread to other tissues and organs. While malignancy is a cancerous 

tumour that keeps growing, spreading, and can travel throughout the body to form new tumours 

by metastasis [1] . 

Cancer is one of the most potentially life-threatening diseases [5]. It may exist anywhere in the 

body. Cancer mechanisms were ambiguous and mysterious until oncologists understood cancers 

in the last century. They have achieved noteworthy advances in cancer diagnosis, prevention, 

and treatment. A wide range of treatments is possible. The most common treatment strategy used 

includes surgery, radiation therapy, and chemotherapy. Some general complications accompany 

cancer treatment protocols, e.g., fatigue, nausea, loss of appetite, anaemia, hair loss, pain, 

lymphedema, insomnia, and immune system depression. Cancer researchers are ongoing to 

identify newer treatments. A treatment that is more specific and selective toward cancer cells 

rather than normal cells is a crucial need to enhance safety. Lead to more effective treatment 

with lower toxicity to other tissues. These objectives and goals can be achieved by targeted drug 

therapy [3]. 
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1.2. Drug Delivery and Nanotechnology  

Drug delivery systems are engineered technologies that improve drug performance efficiency 

by three different strategies. These strategies include but are not limited to; targeted delivery, 

solubility enhancement, and controlled release. Targeted delivery can enhance the drug 

efficiency and minimize toxicity and drug side effect, as the drug is directed to specific tissues, 

organs, or even cells, with minimal access to healthy cells. Solubility enhancement increases 

circulation time in the body for lipophilic and hydrophobic drugs and prevents aggregation to 

improve their pharmacokinetic properties. Controlling drug release enables the maintenance of 

the effective dose of drugs in the body, increasing drug efficiency [6,7]. 

Nanotechnology is curbing new roads for drug delivery carriers. It is material engineering within 

a size range of less than 1 micrometre [8,9]. Utilising nanotechnology as a strategy to innovate 

drug delivery systems can protect drugs from degradation, improve the bioavailability as 

circulation time increase and biocompatibility of drugs, and enhance cell penetration efficiency; 

hence, increasing targeted delivery, solubility enhancement, and controlled release of the drug 

[7]. 

To prepare successful drug delivery nanoparticles, three main properties must be considered to 

overcome delivery barriers: size, shape, and surface charge [10]. Nanoparticle with an average 

size around 100 nm has shown the best circulation time, where particles with size less than 5 nm 

directly undergo renal clearance, and 200-500 nm particles face splenic filtration [10]. For the 

shape, filomicelles shape shows longer circulation time, higher drug loading, and drug release 

[11,12]. Discoidal particles have the largest adhesion to vessel walls due to the large surface 

area, where the spherical shape beats discoidal particles in cellular uptake since the uptake of 

spherical particles was the fastest [10,12]. Finally, neutral and slightly negative nanoparticles 
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have shown a longer circulation time than positive ones. On the other hand, positively charged 

nanoparticles have a higher uptake rate in most cell types [13,14]. 

Nanoparticles can be divided into organic, i.e., polymeric, lipid-based, and carbon-based 

nanomaterials, inorganic consisting of metals and semi-metals, or hybrid systems of two or more 

types of N.P.s. Polymeric N.P.s, with their wide range offering numerous modifications with a 

small possibility for aggregation and toxicity. Lipid-based N.P.s have the best bioavailability 

but a low encapsulation efficiency. Carbon-based N.P.s with a relatively high surface area and 

easy surface modification. The inorganic N.P.s have superior and unique magnetic, electrical, 

and optical properties, but their low solubility and toxicity are known [15-17]. 

According to the nanoparticle type used, nanoparticles can offer different ways to deliver drugs, 

where the drug can be coupled or complexed with the drug carrier, adsorbed on the surface, 

embedded, or encapsulated in the core. Lipid-based, carbon-based, and polymeric nanoparticles 

can offer all types. The easiest way for inorganic nanoparticles is surface adsorption or 

complexation [18,19]. 
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Figure 1. Classification of nanoparticles used for therapeutical application and drug delivery. 

1.3. Emulsification 

"Like dissolves like", a well-known rule that describes the relationship between polar 

(hydrophilic) and non-polar (lipophilic) solvent and solute. Where polar solvents dissolve 

hydrophilic solutes, while non-polar solvents dissolve non-polar solutes. However, hydrophilic 

and lipophilic solvents and solutes can really be mixed together with the right ingredients. An 

essential ingredient for this dissolvation is known as emulsifiers [20]. Emulsifiers are a class of 

surfactants that are used as emulsion stabilisers [21]. It consists of a hydrophilic head and 

lipophilic tail, lowering the interfacial tension between aqueous and organic phases [22] , and 

providing a physical barrier between the droplets of solute preventing accumulation and eases 

the formation of an emulsion. If the emulsifier dispersed the organic (oil) droplets in an aqueous 

phase (water), it forms an oil-in-water (o/w) emulsion. Where the dispersion of aqueous droplets 
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in an organic phase forms water-in-oil (w/o) emulsion. Using emulsion as a drug delivery system 

has offered several advantages including enhancement of drug bioavailability, drug stability, 

and prolonged drug action [22]. 

Selecting the right emulsifier to gain the most stable emulsion is an important step. To facilitate 

the selection step, one can refer to hydrophilic-lipophilic balance (HLB). The HLB is a scale 

range from 0 to 20. Where 0 -10 values represent the lipophilic surfactants and emulsifiers, and 

10 - 20 values represent the hydrophilic ones. The emulsifiers with an HLB range from 3.5 to 6 

favour the w/o emulsion, where the HLB values of 8 to 18 favour the o/w emulsion [23]. For the 

emulsification process, one or more emulsifiers can be used with an average HLB value. HLB 

value importance is not only for emulsifiers; where some oil phases have different HLB 

requirements (RHLB). For example, to prepare an o/w emulsion using castor oil, the RHLB 

value needed is 8 [22]. Another variable that can be used to choose the emulsifier is the 

Characteristic Curvature value (Cc). A negative Cc value represents hydrophilic emulsifiers that 

tend to produce o/w emulsion, while a positive Cc value represents lipophilic emulsifiers that 

tend to produce w/o emulsion [24,25]. 
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Figure 2. O/w emulsion, w/o emulsion, and the difference between the emulsifier orientation, 

wherein the o/w emulsion the lipophilic tail is oriented inside to the oil droplet, and the 

hydrophilic head is oriented to the aqueous phase. In w/o emulsion the hydrophilic head is 

oriented inside to the water droplet, while the lipophilic tail is oriented to the organic phase. 

1.4. Disulfiram 

Disulfiram (Bis(diethylthiocarbamoyl) disulfide – C10H20N2S4), is a white odourless powder, 

with a solubility in water reaches 20mg/100ml [26], highly unstable in acidic media [26], and 

rapidly metabolized in vivo (half-life = 4min) [27,28]. Commercially known as Antabuse®, 

Disulfiram is the drug of choice for the treatment of  alcoholism since approved by Food and 

Drug Administration (FDA) in 1951[29-31]. 

The development of Disulfiram has been going through several stages since its effect was 

observed in the presence of alcohol and that was through various situations since 1930. The 

illness symptoms were noticed in people who exposed to or took a dose of Disulfiram and drank 

alcohol at the same time [30]. These observations motivated researchers to investigate the 
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effectiveness of Disulfiram clinically. Accordingly, the mechanism of disulfiram action was 

revealed. 

Normally, alcohol can be metabolised by alcohol dehydrogenase (ADH) in the human body 

producing acetaldehyde.  This metabolism may lead to another stage of metabolism by aldehyde 

dehydrogenase (ALDH) leading to acetic acid as a final product, which is a product that the 

human body has the ability to handle [32,33]. Consumption of alcohol in the presence of 

Disulfiram causes the consumer to feel unpleasant symptoms [34,35]. Then one may consume 

less to reduce these symptoms. Many studies were conducted to investigate the effect of 

Disulfiram (DSF) on the ALDH enzyme. It was found that Disulfiram blocks the activity of the 

ALDH enzyme [30,36], which is responsible for detoxing acetaldehyde by oxidising it and 

converting it to acetic acid. blocking this enzyme leads to the accumulation of acetaldehyde on 

the human body causing alcohol sensitivity [37]. 

 

Figure 3. Mechanism of alcohol metabolism and disulfiram effect. Normally, alcohol is oxidised 

into two steps to form acetic acid; the later can be excreted easily from the body. DSF increases 

the acetaldehyde which causes unpleasant symptoms inside the body. 
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1.4.1. Traditional Disulfiram Formulations 

Disulfiram is marketed under the name Antabuse. It is supplied as 200 - 500 mg round white 

tablets. These tablets can be taken orally as a tablet or ground and mixed with water or other 

drinks. Antabus average maintenance dosage is 250 mg/day(125-500 mg/day), with a maximum 

dosage of 500 mg/day [38]. The human body can absorb up to 80-95% of indented Disulfiram. 

The first dose of Antabuse can be taken after at least 12 h of alcohol consumption; to avoid 

Disulfiram - alcohol reaction, which can last up to two weeks after the last Antabuse dose[30]. 

As the Disulfiram - alcohol reaction can start after a few minutes of alcohol consumption, the 

elevated levels of acetaldehyde can be detected in the blood, causing an unpleasant effect. These 

effects can range from moderate to severe, moreover, it may last for a few hours, depending on 

the blood alcohol concentration. These symptoms include weakness, hypotension, tachycardia, 

sweating, hyperventilation or dyspnoea, headache, nausea and vomiting, and others [30,37].  

Although Antabuse was the most common medication for alcoholism at the end of 20 century, 

after the recognition that Disulfiram have no effect on the elimination of alcohol from the body 

[30], it is now used as a support treatment for alcohol dependency, it is most likely used with 

patients who are motivated to quit alcohol in the initial stages. 

1.5. Drug Repurposing 

Recently, one of the strategies in anticancer drug development is drug repurposing. Through this 

method we can overcome many drugs development stages, including cytotoxicity study, side 

effect, drug resistance, and acquired chemoresistance. Repurposing a known drug with a 
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complete profile,  a time saving promising strategy with lower coast, minimal risk, and elevated 

safety, compared with discovering and developing a new drug [39-42].  

DSF has proved its effectiveness as an anticancer through different mechanisms [36], hence, 

repurposing of DSF as an anticancer drug is very promising. 

1.5.1. Repurposing of Disulfiram Using 

Disulfiram initially was known by its anti-alcohol activity. after many research that has been 

done about its effectiveness and behaviour in cells, it was found that Disulfiram and its 

metabolite diethyldithiocarbamate (DDC) have many activities. They act as  antiviral, 

antibacterial, antifungal, and antiparasitic  [43]. Moreover, they have the potential to treat 

cancer, by inhibiting proliferation and inducing cell death [44]. Afterwards, Disulfiram 

promising anticancer activity was intensively investigated  on a wide range of cancer cell lines, 

which showed a remarkable efficiency [45]. The main cancer types that were eradicated by 

disulfiram and its derivatives are melanoma (skin) [44,46], breast [47,48], glioblastoma (brain) 

[49], prostate [50,51], lung [52-54], colorectal [55], and pancreatic cancer [56,57]. 

In addition to DSF's ability to inhibit ALDH, other actions were found, including the generation 

of Reactive Oxygen Species (ROS). Disturbing, the redox reaction balance in cells, which may 

lead to substantial damages in  DNA, protein, and other cellular component [44].  

Activation of mitogen-activated protein kinas (MAPK) pathway, which is a family of enzyme 

have control over many cellular processes including  growth, differentiation, and stress response, 

hence, they are related with cancer cell progress, growth, and apoptosis [58]. MAPK family 

consists of the extracellular signal-regulated kinas (ERK), c-Jun n-terminal kinas (JNK), and 
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p38 MAPK. ERK pathway, which has the role of regulating cell growth, differentiation, and 

proliferation.  

The JNK pathway is related to cell death or alteration of cellular proliferation and gene 

expression [59]. p38 MAPK pathway, which makes two opposite effects,  enhancing cell growth, 

and apoptotic cell death [60,61], depending on cell and stimulation type [62]. Reported effect of 

DSF on MAPK include activation of ROS-JNK [63], and ROS-p38 MAPK that induce apoptosis 

[64]. 

DSF also inhibit nuclear factor kappa B (NF-kB) [65], and Nrf2 [63]. Furthermore, DSF inhibits 

the activity of the ubiquitin-proteasome system (UPS), a group of enzyme that plays an essential 

role in protein homeostasis maintenance, by the degradation of damaged or unneeded proteins, 

so, inhibition of UPS cause oxidative stress [66]. DSF also has the ability to inhibit angiogenesis 

[67], reverse drug resistance through different mechanisms [68], and enhance the sensitivity of 

cancer cells to radiotherapy (radio-sensitiser) [69,70].  

The main obstacle that limits clinical applications of Disulfiram as an anticancer agent is its 

rapid metabolism in blood circulation. The half-life of DSF is 4 min, therefore, after these 4 min, 

only DSF metabolite can be detected in the body [28,71]. DSF metabolite includes 

diethyldithiocarbamate (DDC), which is also unstable and rapidly degraded to diethylamine and 

carbon disulfide, or form S-methyl-diethyldithiocarbamate (Me-DDC) or glucuronidated-DDC 

[37,[54]. Many hypothesis were suggested to explain the exact mechanism of DSF metabolism, 

and all of them agree that DSF can be converted into DDC or one of its derevatives immediately 

in the blood [44,72]. Frazier, K. R. et al 2019, suggested that DSF is converted into DDC. DDC 

is further metabolised to diethylamine and carbon disulfide, or methylated to form Me-DDC. 
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Me-DDC is further oxidised forming two final products, which are S-methyl-

diethyldithiocarbamate sulfoxide (Me-DDC sulfoxide), and S-methyl-diethylthiocarbamate 

sulfoxide (Me-DTC sulfoxide) [73]. The sulfoxide metabolites, Me-DTC, and Me-DDC are the 

main inhibitors for ALDH[37,72,73]. 

 

Figure 4. DSF metabolism [37,44,54,72,73]. 
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Noteworthy,  the anticancer activity of DSF is substantially increased in the presence of copper 

ions Cu+2(copper-dependent activity) [49]; the concentration of copper ions is higher in cancer 

cells than in normal ones [40]. DSF can be easily metabolised into DDC which can 

intracellularly chelate with copper ion as shown in Fig.5 , hence, DSF  has approved its selective 

and specific targeting toward cancer cells [48]. Unless the thiol groups of DDC were methylated 

or oxidised, blocking the copper chelating activity with it [54]. 

Figure 5. Chelation of DDC with Cu(II). 
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1.6. Chemistry of Copper and Copper Complexes 

Copper is an element with atomic number 29, it can be found in different oxidation states and 

complex structure, among the different ions, two are widely common in biological systems, Cu+1 

and Cu+2 [74,75]. 

Cu+1 is a diamagnetic ions that ends with d10 configuration, and can form different complex 

structure with different coordination number (C.N) [75,76]. Cu+2 ions have a d9 configuration, 

and hence it is paramagnetic. Some of Cu+1 and Cu+2 complex structure are shown in figure 6. 

 

Figure 6. Copper ion's complex structure base on its coordination number. 

Cu+1 

    

CN = 2 CN = 3 CN = 4 CN = 5 

Linear Trigonal Tetrahedral Penta Coordinate 

Cu+2 

    

CN = 4 CN = 5 CN = 5 CN = 6 

Square Planar Trigonal 

Bipyramidal 

Square Pyramidal Octahedral 
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Wide range of different types of ligand (monodentate - hexadentate) can form complexes 

through nitrogen, oxygen, or sulfur [76], and what characterise these complexes is that they have 

remarkable stability compared with other metal ion complexes [62]. 

1.7. Biology of Copper and Copper Complexes 

Copper is one of the trace elements essential in many biological activities (mostly related to 

proteins and enzymes) because of its ability in redox reaction (oxidation-reduction reaction). 

The main role of copper is promoting the growth and development of connective tissues, energy 

production, iron metabolism, central nervous system function, immune system, and other 

functions [78-80]. 

In the human body, many proteins, enzymes, and transporters are specialised in storing and 

transporting copper ions in limited quantities to different tissues and cells; thus, preventing 

accumulation and regulating its homeostasis, as its deficiency or excess causes many diseases. 

The most known diseases are Menkes and Wilson's diseases. The deficiency of copper causes 

Menkes disease,  where excess and accumulation of copper causes Wilson's disease [81,82]. An 

example of these regulating proteins is metallothionein protein, which is responsible for storing 

metal ions like copper and maintaining homeostasis [79,80]. 

On the other hand, many proteins and enzymes are activated in the presence of copper ions, 

called copper metalloenzymes. Copper metalloenzymes do crucial biological processes. Some 

examples include ceruloplasmin (C.P), which is an enzyme and a carrier for about 65%-70% of 

copper [79], its role is oxidising ferrous(Fe+2) ions to ferric (Fe+3) ions, so the iron can bond with 

transferrin, and transported through the blood to various tissues in the body [80]. Cytochrome c 

oxidase (CCO), the enzyme involved in the final step in cellular respiration electron transport 
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chain in the mitochondria, produces ATP. Its role is to reduce an oxygen molecule with 4e- and 

4 protons two water molecules [83]. Cu/Zn superoxide dismutase (SOD1), which catalyses the 

breakdown of superoxide O2
− ions to O2 or H2O2, preventing tissue damage [80]. Lysyl oxidase 

(LOX) is an key enzyme for forming connective tissues by crosslinking collagen and elastin 

[84,85]. Tyrosinase, an enzyme that catalyses the conversion of tyrosine amino acid to 

dopaquinone by oxidation, is the first step in melanin production [74]. Dopamine β-

monooxygenase(DβM), which catalyses the formation of norepinephrine, is an organic 

compound that resembles adrenaline in its function [74]. Copper containing amine oxidase 

(CuAO), a family of amine oxidase catalyses the oxidation of amines to aldehyde, hydrogen 

peroxide, and ammonia [86], is an example of diamine oxidase (DAO), that catalyse the diamine 

oxidase of histamine and putrescine [74,87]. Angiogenin (ANG), a protein able  to stimulate the 

development of new blood vessels, is interestingly related to copper ions bioavailability, where 

the presence of copper ions enhances its activity [88,89]. Moreover, more enzymes and proteins, 

copper homeostasis affect their activity. 

Copper ions have approved its relation with the cancer cells.  Several studies reported elevated 

concentration of copper in various cancer cells comparing with normal cells [90-95]. Also, many 

studies related the ability of angiogenesis processes in tumour cells with a specific amount of 

copper as an essential cofactor [96-98].  Therefore, one of the strategies used in various studies 

for treating cancer, was using anti-copper drug used to treat copper-related diseases like Wilson's 

disease, preventing angiogenesis [99-101].On the other hand, the antiangiogenic activity of 

proteasome inhibitor has been approved [102,103], which selectively induces the apoptosis of 

tumour cells [104-107], and the effectiveness of some organic copper complex in inhibition of 
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proteasomal chymotrypsin-like activity inducing apoptosis, and its selectivity toward tumour 

cells have been reported [91]. 

1.8. Stability of Disulfiram and Cu (DDC)2 Formulations 

Bis (N, N-diethyldithiocarbamate) Cu (II) complex (Cu (DDC)2) is a complex combined by 

disulfiram metabolite diethyldithiocarbamate (DDC) as a bidentate ligand with copper Cu+2 

ions. A very stable complex gained its stability from its resonance structures between the two 

sulfur atoms, and due to the presence of the nitrogen atom with its lone pair, the resonance 

stability is further increased [44,108]. 

 

 

Figure 7. Resonance structure of DDC. In the first structure, the negative charge of the sulfur 

atom is delocalised over both the sulfur atom and the carbon atom, resulting in the transition of 

the negative charge to the other sulfur atom. In the second structure, the nitrogen atom lone 

pair is delocalised over both the nitrogen atom and the carbon atom, resulting in the third 

structure where the nitrogen atom is positively charged, and both sulfur atom is negatively 

charged. The last structure is the combined representation the of three-resonance structure 

(resonance-stabilised molecule), where the charge is delocalised over the three atoms. 
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Cu(DDC)2, like DSF, rabidly degrades in the bloodstream despite its high acid stability [37], as 

it is a highly hydrophobic complex. The reason why Cu(DDC)2 and other similar complexes 

become highly hydrophobic after complexation is due to the loss of hydrogen bonding [109], 

where the chelation of Cu+2 with DDC leads to the elimination of hydrogen atom bonded with 

sulfur, losing the ability to form a hydrogen bond, increasing hydrophobicity [110], and 

decreasing aqueous solubility [111]. 

Many studies have proved that the effectiveness of DSF in cancer treatment depends on its 

copper chelation complex Cu(DDC)2. Cu(DDC)2 is the main drive for the activity of DSF in 

ROS generation [54,112], UPS inhibition [111], angiogenesis inhibition [67], JNK and P38 

activation, NF-kB inhibition [113], and finally act as chemo and radio-sensitizer [69,114]. 

However, the activity of DSF in ALDH inhibition is controversial; it is suggested that ALDH 

inhibition is Cu(DDC)2 dependent [115], while others proved that the methylated metabolite 

plays a crucial role [72]. 
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2.1. Literature Review 
 

Due to the high rate of metabolism of DSF and Cu(DDC)2 in blood circulation, their anticancer 

activity is compromised and needs special consideration in delivery to prolong bioavailability; 

hence, enhancing their anticancer activity. Nanoencapsulation is an efficient strategy for 

delivery to maintain their stability in vivo,  improve their therapeutic efficiency, and efficiently 

target cancer cells [26,116,117]. 

Among nanotechnology techniques that have been used to increase the efficacy of DSF for 

treating cancer are nanocrystals, polymer-based, lipid-based, and non-polymeric (inorganic) 

nanoparticles [118,121]. Polymer-based approaches are the most common technique 

investigated for delivering DSF, including the development of polymer nanoparticles, micelles, 

and nanogel. Lipid-based nanoparticles include the formation of liposomes in different 

techniques. Among the non-polymeric or inorganic technique that have been used is silica-based 

nanoparticles and hollow mesoporous Prussian blue (HMPB)-based Nanoparticle [122,123]. 

Table 1 summarises some of the studies that have used nanoscience to deliver Disulfiram.  

One of the most used techniques for drug targeting delivery is polymer-based nanoparticles, 

specifically biodegradable polymers. All the desired properties in a polymeric  nanoparticle drug 

delivery system, starting from the particle size, biocompatibility, biodegradability, drug loading 

and encapsulation, good pharmacokinetic property, to controlled drug release, can be achieved 

by a variety of modifications including copolymerisation or block copolymerisation for 

enhanced therapeutic efficiency [124]. For example, utilisation block copolymerisation to 

produce polymeric micelles, containing both hydrophobic and hydrophilic parts, with the 

unlimited modification that can be applied have a remarkable ability for poorly soluble or toxic 
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drugs to be encapsulated and delivered [6,125]. Cationic polymers with amine functional group, 

anionic polymers with hydroxyl or/and carboxylic acid groups, and finally natural polymers that 

can be modified to possess either positive or negative charge offer great potential encapsulate 

the aimed drug [124]. Polymeric nanoparticles also can specifically target specific types of 

tissues, cells, or even organelles, after modification with different ligands, reducing the side 

effects of chemotherapy to normal cells and tissues, and minimising the dosage for patients[124]. 

Furthermore, some of these modified polymeric nanoparticles have a pH, reduction, thermo, and 

light drug release response [126,127].  

Another drug delivery system has been studied and developed since the 90s, which is the green 

synthesised biodegradable solid lipid nanoparticles (SLNs) [128,129]. it is the most 

nanomedicine class approved by FDA; due to its biocompatibility and high bioavailability [15], 

it is also nontoxic,  with easy formulation production [128]. The stability of the lipid N.P.s 

system is altered by its size and surface charge [130]. Some SLNs colloidal structures are 

micelles and liposomes [131,132]. Liposome nanoparticle, an exceptional harmless drug carrier 

system for the transfer of both hydrophobic and hydrophilic drugs with a high loading efficiency 

[18]. These liposomes can also be hybridised with other nanoparticles to enhance the different 

therapeutical activities like enhancing its circulation in the blood [133]. Many developed 

liposome systems have proved their efficiency in different therapeutic fields; examples are 

magnetic liposomes [134], liposomes in photodynamic therapy [135,136], liposomes modified 

with cell-penetrating peptides [137], and cytoskeleton-specific immunoliposomes [138]. 

Another characteristic feature of these nanoparticles is their available site for binding, where the 

drug and nanoparticles can be encapsulated inside the liquid core, embedded between the two 

lipid bilayers, or adsorbed on the outer surface of the liposomes [18]. This allows for a wide 
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variety of drug types and nanoparticles to be efficiently delivered. Inorganic N.P.s have 

numerous N.P.s types with various synthesis methods [139]. Inorganic N.P.s include carbon 

nanotubes, noble metal, silver-based, gold-based, magnetic ZnO, copper oxide, and fluorescent 

N.P.s [140,141]. These nanoparticles can provide several applications in oncology, including 

imaging, drug delivery, and enhancement of radiotherapy [141,142]. What distinguishes 

inorganic N.P.s is their biocompatibility, high stability, hydrophilicity, and non-toxicity 

compared with other N.P.s [143]. One of these inorganic N.P.s that have been used in DSF 

delivery is mesoporous silica. Lots of properties that distinguish mesoporous silica nanoparticles 

have attracted researchers' attention, as its simple fabrication gives a highly stable, bifunctional 

surface with the ability to specifically functionalised the inner or outer surface for different 

drugs, and the high surface area leading to a high drug loading efficiency, and most importantly, 

the ease to get a uniform pore size with an adjustable pore size as needed [144-146]. 

W. Chen has reduced the drug-resistant prostate cancer and other cancer types by its Cu(DDC)2 

micelle N.P., with a drug-loading efficiency close to 100% [147]. While P. Banerjee has 

successfully delivered DSF to breast cancer cells with a 48.24% tumour growth inhibition rate 

and increase circulation time in the blood by the synthesis of increased circulation time in the 

blood by synthesising and increasing circulation of increased circulation time in the blood time 

in the blood by synthesising TPGS-DSF-NLC [148]. Encapsulation efficiency of DSF up to 96.6 

± 0.24% with a drug-loading capacity of 36.23 ± 0.9% was achieved through paclitaxel-

disulfiram nanocrystals (PTX-DSF Ns) synthesised by I. Mohammad. This nanocrystal drug has 

approved its efficiency to improve the apoptosis of lung cancer cells [149]. H. Fasehee has 

successfully inhibited and reduced the cancer cells growth of breast cancer using folate-receptor-

targeted PLGA-PEG NPs (DS-PPF-NPs). DS-PPF-NPs effect was studied by performing on 
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five-week-old female BALB/c mice [108]. More research and nanoparticles types used to deliver 

DSF are summarised in Table 1. 

The utilisation of nanoparticles for targeted drug delivery has achieved several advantages and 

improved drug efficacy [150]. Nanoparticles which are characterised by their high surface area; 

and high drug loading efficiency can also control drug release [151].Toxic/nontoxic drugs, 

whether they were hydrophobic or hydrophilic, can also be delivered to the target site [118]. 

Furthermore, nano-drug has approved its efficiency in overcoming drug resistance [152]. 

Choosing the exemplary nanoparticles with the best formulation is a challenging issue. A set of 

essential attributes can be a suitable size and shape [15], prolonged blood circulation time, 

biocompatibility, biodegradability, cell penetration efficiency [153], and low toxicity. Size 

around 100 nm is the best, as it can achieve EPR (Enhanced Permeability and Retention) 

effect[154,155]. Nanoparticle with greater size has short circulation time, while 10 nm or less 

can damage normal cells [152,156].  

Lipid nanoparticles, including liposomes, micelles, and nanoemulsion, mimic the cell biological 

membrane; thus, it has special biocompatibility and biodegradability [129,131]. Also, some 

polymers that are biodegradable are gaining a lot of attention, especially PLGA (Poly (lactic-

co-glycolic acid)). FDA approves PLGA, and it has low toxicity as it degrades to nontoxic 

materials [157,158]. 
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Table 1. DSF nanotechnology-based delivery. 

Nanoparticle Type Component Particle Size(nm) Encapsulation 

Efficiency (%) 
Drug Loading (%) Target Ref 

Polymeric 

Nanospheres and 

Nanocapsules 

DSF/PLGA /PEG-NH2-Folate 204 59.62±0.66 5.42±0.06 Breast Cancer [108] 

DSF/PLGA 136.2±62 78.92±2.16 27.67±3.47 Liver Cancer [159] 

 
DSF/PLGA 165 58.85 ± 1.01 5.35 ± 0.03 Breast Cancer [160] 

 
DSF/PLGA/PVA 145.2-208.4 69-94 _ Lung Cancer [28] 

 
DSF/PLGA/PEG/PVA/Folate 204 _ _ Breast Cancer [161] 

 
DSF/PLGA/Polysorbate 80 120 _ 24 Liver Cancer [162] 

 
DSF/PDA-PEG/LBA 30.05 ± 0.42 _ _ Tumour [163] 

 
DSF/mPEG-PCL/PCL or mPEG-PLA/PLC 100.5 ± 10.8 _ 5.21 Liver Cancer [164] 

 
DSF/mPEG-PLGA/PCL 79.0 ± 9.3 51 5.1 Breast Cancer [165] 

 
DSF/PCL/mPEG/BLG/DOX 121.4 ± 0.7 

DOX: 95.6 

Cu (DDC)2:98 

DOX: 4.78 

Cu (DDC)2:4.9 
Breast Cancer [166] 
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Nanoparticle Type Component Particle Size(nm) Encapsulation 

Efficiency (%) 
Drug Loading (%) Target Ref 

 
DSF/PGA/PEG/CisPt 31.4 ± 2.6 _ 19.5 Lung Cancer [167] 

 
DSF/mPEG-PLGA 81.74 ± 3.3 92.1 18.47 Brain Cancer [168] 

Nanogel  
Cu+2/OPDMA 160 _ _ _ [169] 

Micelles 

Nanoparticle DSF/PEG-b-PLL/PTX/DMA 138 ± 8.5 85.7 ± 2 1.97 ± 0.8 Breast Cancer [170] 

DSF/DOX/SMA/ADH 88.58 ± 4.12  5 Breast Cancer [171] 

DSF/PEC 200 
DDC: 17.3 

Cu+2: 30.7 
10 Lung Cancer [172] 

DSF/Cu+2/PEG 70-60  ~100 Prostate Cancer [147] 

DSF/SMA 160 75.4 7.5 Lung Cancer [173] 

Lipid Nanoparticle  
DSF/ lipoid/Kolliphor HS-15/TATp/PGA-

g-PEG 
93.7 _ 3.59 ± 0.36 Tumour [174] 

DSF/TPGS/tween 80/Precirol 

ATO5/Labrafac Lipophile WL1349/ 

lecithin 

 

188.6 ± 1.5 80.7 _ Breast Cancer [148] 
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Nanoparticle Type Component Particle Size(nm) 
Encapsulation 

Efficiency(%) 
Drug Loading (%) Target Ref 

Liposome 

DSF/Cu+2/DSPC-Chol(55:45) _ _ 28.5 Brain Cancer [175] 

DSF/Cu+2/PEG/Oleate 109.6 _ 4 Tumour [176] 

 

HSPC/DDPC/DSPE-PEG200 / DSF/Cu+2 80-100 80% 60%–68% Colorectal Cancer [177] 

Nanoemulsion 
DSF/ethyl oleate/Tween 80/Transcutol 

HP/DSPE-PEG 2000/ 
63.4 ± 1.1 _ _ Glioblastoma [178] 

Nanocrystal 
DSF/Cu+2/PEG/H3PTC 207.3 _ 2.41 Tumour [179] 

DSF/DOX/LDH/PEG-PLG/HA 213.2±0.95 
DOX: 68.6 

Cu(DDC)2:98 

DOX:4.52 

Cu(DDC)2:10.51 
Liver Cancer [180] 

DSF/PTX/β-LG 162 96.6  ±  0.24 
36.23  ±  0.9 

 
Lung Cancer 

[149] 

[181] 

Silica Based 

Nanoparticle 
DSF/Cu+2/PEG/Mesoporous Silica 

Nanoparticles 
172.5 _ 18.8 Breast Cancer [182] 

Hollow 

mesoporous 

Prussian blue 

(HMPB)-based 

Nanoparticle 

DSF/Cu+2/PVP/HMPB 144.5 _ _ Breast Cancer [183] 
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2.2. Aim and Objectives 

This project aims at: 

▪ Repurposing of DSF as anti-cancer drug. 

▪ Synthesis and characterization of Cu(DDC)2 by FT-IR, Uv-vis, and zeta potential. 

▪ Delivering poorly soluble Cu(DDC)2 to the cancer cells; via encapsulation by o/w 

emulsion, to enhance drug blood circulation, drug release, and selective cytotoxicity.  
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3.1. Chemicals 

Sodium diethyldithiocarbamate trihydrate, copper sulfate pentahydrate, dichloromethane 

(≥99.8%), Polyethylene glycol 8000 (PEG), Polycaprolactone 80,000 (PCL), castor oil, Tween® 

80, Fatal Bovine Serum (FBS), and Trypsin were purchased from Sigma Aldrich. Soybean 

lecithin was a gift from commercial company. A549 cells was purchased from ATCC. 

3.2. Instruments 

Cu (DDC)2 was characterised by Perkin-Elmer, Spectrum Two, FT-IR spectrometer that has a 

range of (4000–400 cm-1). Cu (DDC)2 concentrations were measured by an Aqualab Company 

UV-Visible line 9100 spectrophotometer that has a photometric range of 300 – 1100 nm. 

Nanocapsules (NC) have been produced using Ultrasonic processors Sonics, Materials VC-750-

220, Fisher Scientific. Other instruments are  Elmasonic S 30 (H) water bath sonicator, 

Medifuge™ Small Benchtop Centrifuge, disposable PD 10 desalting columns GE17-0851-01, 

and shaking incubator (LSI-3016A).  

3.3. Methods 

3.3.1. Preparation of Copper Diethyldithiocarbamate (Cu (DDC)2) 

Cu (DDC)2 was prepared by directly pouring 100 ml of 0.055 molar copper sulfate pentahydrate 

solution (blue colour) into 100 ml of 0.055 molar disulfiram solution (colourless), forming a 

dark brown precipitation. The formed precipitate was filled into 13 ml falcon tubes, washed by 

distilled water and centrifuged three times, then dried at 40º C. and collected as shown in Fig.8. 

Weight of the collected Cu(DDC)2 was 1.875 g. 



30 
 

 

 

 

 

 

3.3.2. Preparation of Polymeric Nanocapsules 

Dichloromethane was used as an organic solvent, whereas deionized water as an aqueous 

solvent. Lecithin as a lipophiic emulsifier with HLB equals 7-10  [184]. Tween 80 as a 

hydrophilic emulsifier with HLB equals 15 [185]. The total HLB was 11.09 where this value 

favours o/w emulsion. 

The prepared Cu (DDC)2 was dissolved in castor oil (50 mg Cu(DDC)2/4 g castor oil). For oil-

in-water (o/w) emulsion preparation, the organic phase was prepared by three steps. Firstly, 25-

30 gm of lecithin was added to 3 ml of dichloromethane and mixed in a bath sonicator producing 

a pale-yellow colour solution. In the second step, PEG and PCL were dry blended in three 

different ratios, 25:75, 50:50, and 75:25, to form a total of 20 mg polymer and added to the 

previous solution and bath sonicated until the polymers were dissolved. Afterwards, 100 mg of 

Cu (DDC)2/castor oil (1.25mg drug) was added to the previous solution and covered; then bath 

sonicated till the drug was fully dissolved.  

For the aqueous phase preparation, about 20 mg tween 80 was added to distilled water for the 

aqueous phase then shaken till a soupy solution formed. Finally, o/w emulsion was prepared by 

the addition of the organic phase to the aqueous phase and probe sonicated for 180 sec at 20% 

Figure 8. Cu(DDC)2  powder. 
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amplitude forming a creamy colour emulsion. The sonicated solution was then stirred by a 

magnetic stirrer for 2 h to evaporate dichloromethane. The prepared o/w emulsion was stored at 

4º C. 

 

 

Figure 9. Polymeric nanocapsules preparation three stages. Firstly, organic phase preparation 

by mixing dichloromethane, lecithin, PEG, PCL, and Cu(DDC)2/castor oil. Aqueous phase 

preparation by mixing deionized water and tween 80. Finally, preparation of nanocapsules by 

mixing the organic phase and aqueous phase using probe sonicator. 
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3.3.3. Encapsulation Efficiency 

The Polymeric nanocapsules suspension was characterised and investigated for its 

physicochemical characteristics; namely the encapsulation efficiency. 

The percentage of encapsulation efficiency (EE) was measured by applying a previously 

developed method with adapting some amendments to suit the highly hydrophobic drug. Briefly, 

the nanocapsule suspensions were purified by a PD-10 desalting column, size exclusion 

chromatography (GE17-0851-01) and eluted in water to remove any un-encapsulated drug. The 

samples were centrifuged twice at 10K RPM for 30 minutes, and pellets were collected and 

incubated in 5 ml dichloromethane for 1 hour at 37 °C, vortexed, and sonicated in a water bath 

for half an hour to break the polymeric shell. Afterwards, the suspensions were dried under a 

fume cupboard until all dichloromethane was evaporated and the samples were solidified. The 

nanocapsule systems were resuspended in 10 ml water and vortexed to dissolve PEG and other 

hydrophilic components, and centrifuged twice at 10K RPM for 30 minutes. The resultant pellets 

were collected and suspended in 5 ml dimethyl sulfoxide (DMSO), vortexed and sonicated to 

dissolve the drug, and centrifuged to remove the undissolved polycaprolactone. The supernatant 

was collected and read at λ271 nm, and the concentration was collected by utilising the calibration 

curve equation.  

The percentages Encapsulation Efficiency (%EE) and Percentage Protein Loading (%LE) of the 

drug were calculated using the following equation: 

 

 

%𝐸𝐸 =  
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝐶𝑢(𝐷𝐷𝐶)2 𝑒𝑛𝑐𝑎𝑝𝑠𝑢𝑙𝑎𝑡𝑒𝑑

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑖𝑛𝑖𝑡𝑖𝑎𝑙𝑙𝑦 𝑎𝑑𝑑𝑒𝑑 𝑑𝑟𝑢𝑔 
 𝑥 100% 
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%𝐿𝐸 =  
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝐶𝑢(𝐷𝐷𝐶)2 𝑒𝑛𝑐𝑎𝑝𝑠𝑢𝑙𝑎𝑡𝑒𝑑

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑝𝑜𝑙𝑦𝑚𝑒𝑟
 𝑥 100%  

Standard curves used for Cu(DDC)2 quantification are presented in Figure 12. 

3.3.4. Particle Size Analysis and Zeta Potential 

Hydrodynamic size (Z-Average diameter), polydispersity index (PDI) and zeta potential of 

Cu(DDC)2-containing polymeric nanocapsules were measured using the Zetasizer instrument 

(NanoZS®, Malvern Instruments Ltd., Malvern, UK). The measurement was performed at 25°C 

using disposable square polystyrene cuvettes and disposable capillary cells (Malvern 

Instrument, UK) for (size and PDI) and zeta potential, respectively. The samples were prepared 

by diluting the suspension by 100 times and vortexing it to obtain homogeneous system in water 

or 0.09% NaCl for the size and the zeta potential, respectively. Z-Average diameter and PDI 

were measured with 15 runs within each measurement, while the zeta potential measurement 

had taken place with 20–25 runs within each measurement. All parameters were measured for 

freshly prepared samples and 14 days after storage in refrigerator at (4-7 °C). All measurements 

were carried out in triplicate, and means, and standard deviation (SD) readings of size and zeta 

potential were calculated for each sample. 

3.3.5. Drug Release 

After the evaluation of the physicochemical properties of Cu(DDC)2-containing polymeric 

nanocapsules at different ratio, 25:75 PEG:PCL nanocapsules formulation was chosen to be 

further studied for release kinetics and other in vitro investigation. Cu(DDC)2 release from the 

nanocapsules was determined in phosphate buffer saline (PBS), that was prepared according to 

British Pharmacopea 2014 [186]. 5 batches (6.5 mg drug) of the prepared NC suspensions were 
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centrifuged and pellets were collected and suspended in 20 ml of PBS vessels and incubated in 

a water bath shaker LSI-3016A.  

5 ml of the prepared NC suspension was centrifuged, and pellets were collected, dried and 

divided into three parts and added to 1 ml PBS Eppendorf tube and incubated in a water bath 

shaker (shaking incubator (LSI-3016A)). Ten Eppendorf tubes were incubated to assess the 

dissolution at 10 different time points: 0.5 hour, 1 hour, 2 hours, 4 hours, 12 hours, 24 hours, 2 

days, 7 days, 14 days, and 24 days. At each time point, each tube was taken and centrifuged, and 

three layers were obtained; oil droplets on the top, supernatant, and pellets. Oil droplets were 

collected reconstituted in 0.5 ml DMSO, vortexed and measured by UV at λ271. For the first 4 

samples the concentration was very low and below the lower limit of detection; thus, pellets 

were collected, reconstituted in 1 ml DMSO, vortexed for 1 min, and centrifuged. Afterwards, 

supernatants were collected and 10-fold or 100 ml diluted, depending on the concentration, and 

measured by UV at λ271. 

3.3.6. Serum Stability of Encapsulated Cu(DDC)2 in FBS 

The stability of free and encapsulated Cu(DDC)2 was studied in Fetal Bovine Serum (FBS) to 

investigate how efficient the encapsulation process in protecting Cu(DDC)2  after IV injection. 

Half ml of the polymeric nanocapsules suspension was added to 2 ml FBS after heating both of 

them at 37 °C an incubated in a shaking water bath at 37 °C and 100 rpm. A mixture of , 50 μL 

of 2mg/mL Cu(DDC)2 in DMSO, 450 μL of deionised water, and 2 mL of FBS was prepared 

and heated at 37 °C to investigate the stability of free Cu(DDC)2 in FBS. The study was 

conducted for a total of 4 hours and samples aliquots were collected at 0, 0.25, 0.5, 1, 2, 4 hours 

time points. At each time point, 200 μL of each mixture (free drug and nanocapsules mixture) 

was added to 700 μL of methanol and vortexed for 1 min. Each mixture solution was centrifuged 
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at 10,000 rpm for 10 min. Afterwards, solution was set to dry for 2 hours under fume cupboard 

to evaporate methanol, and 0.5 ml DMSO was added, vortexed and centrifuged to dissolve the 

drug and get rid of all non-soluble parts. Finally, λ271 of the solutions was read by UV-vis 

spectrophotometer. The same steps were followed; however, water was used instead FBS as a 

positive control. The positive control was used a 100% for the stability calculations. 

3.3.7. Cytotoxicity Study 

A549 human lung carcinoma cells (A549, ATCC®, CCL-185™) were cultured in Advanced 

RPMI 1640 medium supplemented with, 1% penicillin-streptomycin 10% fetal bovine serum 

(FBS) and 1% L-glutamine, in 5% CO2 and 95% air, at 37 °C. Cell confluents were split at 1:4 

twice a week. 

The A549 cells were seeded in 96-well plates at 5 ×103 cells per well overnight. Cells were 

incubated with Cu(DDC)2, NC-Cu(DDC)2  or equivalent concentrations of blank NC in complete 

medium for 24 hours, 72 hours. MTT assay was applied to determine the viability of treated 

cells. At the end of each incubation period, the supernatant of each well was removed and 

replaced with 120 L of MTT solution prepared by 1:6 dilution of 5 mg/mL in PBS in complete 

media. Cells were incubated for 3 hours at 5% CO2 and 95% air at 37°C. Next, 200 L of DMSO 

was added to solubilise the formazan and was incubated for 5 mins at 37°C. The absorbance was 

read using an FLUO star OPTIMA plate reader (BMG Labtech) at 570 nm. Percentage cell 

viability was calculated using the equation below and expressed as mean ± standard deviation 

(SD).  
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3.3.8. Statistical Analysis 

All results are presented as mean ± standard deviation (SD). Paired sample T-tests were 

performed, and the one-way analysis of variance (ANOVA), as appropriate. The two-tailed 

significance (p-value) was determined. Statistical significance was considered as p-value≤ 0.05. 
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4.1. Preparation and Characterisations of Cu(DDC)2 

The obtained brittle powder of Cu(DDC)2, has a dark brown colour and high stability; as it has 

no reactivity with air or water, it can be saved easily. The FTIR study was done by preparing a 

semi-transparent, light brown disk of KBr-Cu(DDC)2. As Cu(DDC)2 has low solubility in water, 

the UV study was done by dissolving the prepared sample in DMSO to several concentrations. 

The surface of produced N.P.s was modified with two biocompatible nontoxic polymers PEG 

and PCL, which can degrade in vivo easily [6]. PEG that has the ability to increase the drug 

delivery system stability, hydrophilicity, and prolong circulation lifetime of N.P.s system;  as it 

cannot be recognized by immune system monocytes and macrophages[187,188]. 

4.1.1. FT-IR Study 

FT-IR spectrum was obtained using Perkin-Elmer, Spectrum Two, FT-IR spectrometer that has 

a range of (4000–400 cm-1). A small amount of Cu(DDC)2 was mixed with potassium bromide 

(KBr) and grinded. Then using KBr Quick Press Accessory a small disc was made, and placed 

in the spectrometer. 

The FT-IR spectrum of Cu(DDC)2 is shown in fig.10, it shows a strong absorption band at 1507 

cm-1  referring to C-N bond [189]. This peak emphasises the resonance stabilisation between 

carbon and nitrogen atoms; where the C-N single bond absorption is between 1342-1266 cm-1, 

and C-N double bond absorption is between 1690-1640 cm-1. The weak absorption band at 2981 

cm-1 refers to the C-H stretching[190]. 
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Figure 10. FT-IR spectrum of Cu(DDC)2. 

4.1.2. UV-Vis Spectrophotometer 

Fig. 11 shows the absorption spectrum of Cu(DDC)2 at different concentrations. As shown in 

fig. 11, the strong peak appears at 271 nm, and the broad peak around 435 nm which indicate 

the copper ions in the complex [175,191]. Cu(DDC)2 was dissolved in DMSO to different 

concentration, ranges from 0.5 to 12 ppm, λmax at 271 nm for these concentration has shown a 

linear relationship in the calibration curve represented in fig.12, with a regression coefficient 

(R2 = 0.9761). 
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Figure 11. UV-Vis spectra for Cu(DDC)2 concentration between 0.5 mg/l and 12.0 mg/l. 
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Figure 12. The calibration curve of Cu(DDC)2. 

4.2. Physicochemical Characterisation 

Using zetasizer, thre of the affecting factors that influence the stability of NP are characterized, 

which are size, PDI, and zeta potential. All the three values for the different PEG:PCL ratios are 

summarized in Table 2. Among the three ratios of PEG and PCL that were studied, the 25:75 

ratio has the most preferable readings, where the particle size ranges around 88.7 nm when 

freshly characterized, and 92.3 nm after 14 days of storage, with a PDI of 0.11 and zeta potential 

equal -35.7 mV. The other two ratios have shown a wide range between the size reading of 

freshly prepared and stored samples; indicating lower stability. 50:50 ratio has a size of 97.8 nm 

for the freshly prepared sample, and 127.9 nm for the stored one, with a PDI of 0.21 and a zeta 

potential equal to -36.4 mV. Size of 75:25 ratio for fresh sample equals 128.2 nm, while after 

storage the size becomes 179.8 nm, with a PDI equals 0.42 and zeta potential equal -37.5 mV. 
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System F2 and F3 are not desired as the observed particle size measured for F2 and F3 

nanoparticle, and their higher PDI values indicate lower stability and dispersed particle size 

Table 2. Average particle size, PDI, and zeta potential for different PEG:PCL ratios of N.P.s. 

PEG:PCL N.P.s Average particle size (nm)          PDI Zeta potential 

Fresh After 14 days 

25:75 88.7 92.3          0.11 -35.7 

50:50 97.8 127.9          0.21 -36.4 

75:25 128.2 179.8          0.42 -37.5 

 

 

Figure 13. The particle size of Cu(DDC)2 N.P.s at PEG:PCL different concentration, F1 

(25:75),F2 (50:50), and F3 (75:25). The blue column indicates the particle size for the fresh 

sample, while the red one is for the stored one for 14 days. 
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Figure 14. Polydispersity index of Cu(DDC)2 N.P.s for the three different concentration of 

PEG:PCL , F1 (25:75),F2 (50:50), and F3 (75:25). 

 

 

Figure 15. Zeta potential of Cu(DDC)2 N.P.s for the three different concentration of PEG:PCL 

, F1 (25:75),F2 (50:50), and F3 (75:25). 
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4.3. Serum Stability 

A graph and a table showing the stability of each form, encapsulated Cu(DDC)2 (NC), and free 

drug (FD) in FBS at the various time points is in fig.16 and table 3 below, according to it,  the 

big difference between serum stability  in FBS can be observed. Where after 4 hours (240 min) 

the remaining ratio of FD is 14%, while NC is 65%, relating to the higher stability and solubility 

of NC; according to the encapsulation and conjugation of the drug with polymers. 

Table 3. The remaining % of free Cu(DDC)2 (FD) and encapsulated Cu(DDC)2 (NC) N.P.s in 

FBS at various time. 

Time 0 min 15 min 30 min 60 min 120 min 240 min 

FD Remaining % 100% 74% 61% 42% 28% 14% 

NC Remaining % 100% 94% 92% 88% 75% 65% 

 

 

Figure 16. The stability of free Cu(DDC)2 (FD) and encapsulated Cu(DDC)2 (NC) N.P.s in 

FBS. The measurement was taken at 0 min, 15 min, 30 min, 60 min, 120 min, and 240 min. 
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4.4. Drug Release Studies 

Drug release study (fig.17) shows a burst release phase till 24 hours, where 48.63% of the drug 

is released. A constant slow release is observed for two weeks, where after one week, the 

percentage release reaches 65.3%, while after two weeks the released drug goes up to 97.6%. 

Thereafter, extremely slow and negligible drug release is obtained. The drug release study is 

summarized in Table 4. 

Table 4. Drug release percentage of 25:75 PEG:PCL nanocapsules at time. 

Time Release% 

0 hour 0% 

0.5 hour 0% 

1 hour 1.12% 

2 hour 2.1% 

4 hour 18.6% 

12 hour 24.6% 

24 hour 48.63% 

48 hour 54.12% 

168 hour 65.3% 

336 hour 97.6% 

672 hour 98.3% 
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Figure 17. Drug release of 25:75 PEG:PCL nanocapsules at 10 different time points: 0.5 hour, 

1 hour, 2 hours, 4 hours, 12 hours, 24 hours, 2 days, 7 days, 14 days, and 24 days. 

 

4.5. Cytotoxicity Study 

A549 cells have been treated with three different concentrations of empty NC, NC, and FD, the 

result of this statistic is given in fig. 18. The empty NC X has shown no cytotoxic effect where 

the cell viability remains around 99% after 72 h. As the concentration of empty NC increases to 

4X the cell viability decreases, indicating a toxic effect; due to the increment in the viscosity of 

cell media, and the decrement of nutrients in cells lowering the cell survival rate. The 

cytotoxicity gained from empty NC is not desired as it can harm the patient. The cell viability 

after 72 h for The empty NC 4X reaches 81.66%. The FD and NC show a gradual decrease in 
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concentrations of NC 50 µg, NC 100 µg, and NC 200 µg, NC100 µg has shown similar results, 

which are better than NC 50 µg, although the influence of NC 200 µg is the better, we can't 

ignore the effect of the high concentration of empty NC. So, to gain the desired cytotoxicity with 

no harm to natural cells, NC 100 µg would be the most efficient dose to treat patients.  

 

Figure 18. In vitro cytotoxicity assay of free Cu(DDC)2 and encapsulated Cu(DDC)2 (NC) in 

A549 cells. Cell viability of A549 cells incubated with free Cu(DDC)2 (FD) and encapsulated 

Cu(DDC)2 (NC) for 24 hours and 72  hours. Cells viability was examined by MTT assay and 

expressed as a percentage of untreated controls. Results are expressed as mean ± standard 

deviation (SD). 4X, 2X, and X denote for empty NC equivalent to NCs containing 200 µg, 100 

µg, and 50 µg. 
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Conclusion 

In this study, we repurposed DSF as an anti-cancer drug, prepared nanoemulsion capsules to 

carry poorly soluble Cu(DDC)2 in the body and modify the system with PEG and PCL. Out of 

the three different ratios of PEG:PCL used ''25:75, 50:50, 75:25'', the ratio that has given us the 

best particle size with the lowest PDI and good zeta potential was 25:75. So, the rest of the study 

adopted this ratio, and complete serum stability, drug release, and cytotoxicity study on it. The 

prepared nanocapsules have shown a notable difference between the stability of the free drug 

and the capsulated one in FBS, where the %remained concentration of NC after 4 h was higher 

than the %remained concentration of FD around 5 times more, indicating the enhancement in 

the circulation lifetime of the drug when capsulated. The observation of the drug release has 

given an extended-release time, where the release percentage within the first 24 h was around 

50%, and in one week it reaches 65.3%, and completing release to reach 97.6% after two weeks, 

indicating a sustained-release capsule. Finally, the cytotoxicity study of NC has shown an 

incremental decrease in cell viability with time as the percentage of drug released increases. in 

consideration of empty nanocapsules cytotoxicity observation, NC 100 mg is the recommended 

dosage. Although the cytotoxicity effect of FD has the best influence, it cannot be ignored that 

the use of FD is impossible inside the body as it is poorly soluble in aqueous media, and its 

serum stability is compromised 
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 الملخّص

 

لمخصصة لمرض ما لعلاج أمراض اخرى طريقة فعالة لعلاج الأمراض؛ حيث أنها تعتمد على أصبح إعادة استخدام العقاقير ا

ِّيسلفيرام   الد  استخدامها.  مخاطر  مقللاً  الانسان مسبقاً،  على جسم  والسمية  الفعالية    Disulfiramاستخدام مركبات مدروسة 

(DSF،)  ( دواء معروف لعلاج إدمان الكحول بموافقة إدارة الغذاء والدواءFDA  منذ عام )وجد أن له تأثير مضاد 1951 ،

   (bis (N, N-diethyldithiocarbamate) Cu (II)مركب )مشكلاً  الثنائيةأيونات النحاس  عللسرطان عند اتحاده م

(2Cu(DDC)   تتمثل القيود لاستخدام هذا المركب في قابلية ذوبانه الضعيفة في الأوساط المائية وعدم استقراره في مصل .)

تم استخدام   حيث  ،نانويعن طريق تصنيع مستحلب  الدم. في هذه الدراسة، تم توظيف تقنية النانو لتحسين إيصال هذا الدواء  

المبلمرات هما   لتحسين استقرار Polycaprolactone  ((PCLو  Polyethylene glycol  ((PEGنوعين مختلفين من   ,

  وزيادة فترة أطول في الدورة الدموية    ابقاءه  وبالتالي  للماء،  اكرهه  وتقليلالحيوي    اتوافقه  وزيادةجزيئات المستحلب النانوية  

 كفاءة العلاج.  

، للكشف عن أنسب الخصائص للجسيمات  75:25و  50:50و  25:75بثلاث نسب مختلفة بما في ذلك    PCLو  PEGتم استخدام  

المصنعة من    ، حيثالدواء( لإيصال  NPالنانوية ) العينة  مطيافية الأشعة تحت   باستخدام جهاز  2Cu(DDC)    تم دراسة 

. تم دراسة كفاءة التغليف  UV-vis spectroscopyو الطيف المرئي "فوق البنفسجي"    spectroscopy    FT-IRالحمراء

النانوية   للجسيمات  الخلوية  والسمية  المصل  في  الكبسولات  وثبات  الدواء  وإطلاق  الجسيمات  وحجم  المحضرة  للكبسولات 

 المحضرة.

 


