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Abstract  
Invasomes are innovative vesicular structures that exhibit enhanced transdermal permeation in comparison 

with traditional liposomes. The structure of these vesicles consists of phospholipids, ethanol, and terpene. These 

components provide soft invasome vesicles that can penetrate the skin easily. Disulfiram (DSF) is a thiocarbamate 

derivative that has been employed for the treatment of alcoholism and can also be utilized for the treatment of 

tumors. The objective of this study is to develop a Disulfiram invasome as a vesicular carrier and evaluate the 

effect of various formulation variables, such as the type and quantity of terpenes (limonene, citral, and carvacrol), 

on the particle size, entrapment efficiency (EE), and polydispersity index (PDI) of the invasomes which are 

prepared. The optimized invasomal dispersion with EE > 70 % was chosen for the in vitro release study. DSF-

loaded invasomes were successfully prepared by the thin film hydration technique. Nine invasome formulations 

were developed to prepare DSF invasomal dispersion. The selected invasomal dispersion (DSF-IV8) that has a 

higher % of DSF release was further analyzed for its zeta potential, compatibility study by Fourier transforms 

infrared spectroscopy (FTIR), and morphology by Transmission electron microscopy (TEM). The DSF-IV8 

invasome, which is composed of DSF, soya phosphatidylcholine (2%), carvacrol (1% w/v), and ethanol (40% 

v/v), demonstrated optimal characteristics, including spherical vesicles having a particle size of 119.2±2.2 nm, a 

PDI of 0.18±0.05, and an EE of 95.3±0.8% and 96.32% of DSF release from invasomal dispersion after 24 hours, 

the zeta potential value was measured to be -33.6±1.6 mV, (FTIR) analysis showed the compatibility between the 

drug and other excipients in the formula. TEM image as intact, spherical vesicles with a distinct shape and core, 

free of any clumping, and exhibiting well-defined internal characteristics. Eventually, the thin film hydration 

approach was shown to be effective in formulating invasomal dispersion. 
Keywords: Transdermal delivery, Invasome, Disulfiram, Terpenes, carvacrol 

Introduction  
Transdermal delivery involves the 

application of a drug formulation onto the skin to 

allow for its absorption into the bloodstream. The 

process is completely painless and involves the 

penetration of drugs from the outermost layer of the 

skin (stratum corneum) into the underlying layers, 

the epidermis and dermis, where they can be 

absorbed into the bloodstream (1). The transdermal 

drug delivery system provides numerous benefits, 

such as the ability to self-administer the drug and 

achieve a consistent and sustained release. This 

results in steady levels of the drug in the 

bloodstream throughout the entire administration 

period. Additionally, it avoids enzymatic 

degradation in the gastrointestinal tract, thereby 

preventing any side effects associated with the 

gastrointestinal tract. Moreover, it serves as an 

alternative route for patients unable to take oral 

medication. Lastly, the administration of the 

medication concludes when the formula is removed  

 

from the skin surface (2). One of the current 

approaches is to overcome the barrier function of SC 

by using various delivery systems for drugs, 

including nanodrug delivery systems such as 

nanoemulsions, liposomes, solid lipid nanoparticles, 

and nanostructured lipid carriers (3). Novel nano drug 

delivery systems have been adopted recently as 

promising delivery systems to enhance drug 

penetration through the skin, such as niosome 

(prepared mostly by non-ionic surfactant and 

cholesterol) and ethosome (containing high amounts 

of ethanol in their structure) (4). Invasomes are 

innovative vesicular systems that play an important 

role in improving transdermal penetration of active 

drug molecules as compared to other conventional 

vesicles. These vesicles are composed of 

phospholipids, ethanol, and terpene or a mixture of 

terpenes in their structures. These components 

worked as suitable transdermal penetrators with 

good penetration properties. Invasomes are bilayer 
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vesicles, comprised of soya phosphatidylcholine 

(SPC), lysophosphatidylcholine (flexibility 

substances), terpenes, and ethanol (permeation 

enhancer). The invasome's composition is 

represented in deeper skin medication levels, 

achieving synergistic alterations and allowing 

invasomes to possess soft and flexible properties in 

all components (i.e., unsaturated phospholipids, 

terpenes, and ethanol) than in the case of traditional 

liposomes or a drug solution (5,6).  

Terpenes, a main component of invasomes, 

can promote skin penetration. They are used in 

pharmaceutical formulations to give a transdermal 

release, the mechanism of terpenes as penetration 

enhancers, breaking the lipid sealing of the SC 

(stratum corneum) and boosting transepidermal 

osmotic concentration through the hair follicles (7). 

Disulfiram (DSF) is a thiocarbamate derivative that 

has been employed for the treatment of alcoholism 

and can also be utilized for the treatment of tumors. 

DSF can serve as a modulator to effectively 

counteract multidrug resistance (8).  Although DSF 

offers specific benefits in the treatment of tumors, it 

is also accompanied by notable limitations such as 

poor solubility in biological fluids, a short half-life 

in the bloodstream, and the absence of any cytotoxic 

effects on cancer cells when metabolized by hepatic 

enzymes (9,10). Oral DSF is associated with several 

gastrointestinal side effects, such as nausea and 

vomiting. In the case of the poor stability of DSF in 

the gastric environment and its side effects, the 

development of more effective drug delivery 

systems is necessary. DSF is a lipophilic drug with 

a molecular weight of approximately 296.54, an oil-

water partition coefficient of 3.9, and a melting point 

range from 70 -74 °C, so it meets the conditions of 

established transdermal preparations (11).  

Previous studies showed that various 

nanocarriers for DSF have been explored, including 

DSF/nanomicelles (12,13), DSF/ nanosuspensions (14), 

DSF / Lactoferrin nanoparticles (15), DSF/PEGylated 

liposomes (16), DSF/micelle microneedles (17), and 

DSF/niosome (18). 

The objective of the present study is to 

produce invasomes vesicles containing DSF, which 

is a crucial first stage in the development of 

transdermal dosage forms. The invasomal 

dispersion was primarily evaluated for their vesicle 

size, polydispersity index, entrapment efficiency of 

DSF in the vesicles, and in vitro drug release. The 

dispersions that exhibited greater entrapment of 

DSF and possessed vesicle sizes within the nano-

size range, as well as higher percentages of DSF 

release, were selected for further investigation.   
 

Materials and Methods 
 

 Materials  

Disulfiram was obtained from Hyper Chem 

for Chemicals, China. Absolute ethanol, methanol, 

KH2PO4, and NaOH were purchased from Chem-

Lab, Belgium. Chloroform, limonene, and carvacrol 

were purchased from Bide Pharmaceutical Ltd. 

(China), and the citral was obtained from Jiangxi 

Yisenyuan Plant Spice Co., Ltd. (China). Soybean 

phosphatidylcholine with a purity of >90% and 

mannitol (China) was used. All other chemicals and 

solvents used in this study were of analytical grade. 
 

 

Preparation of DSF-Loaded Invasomes  

Disulfiram nanoinvasome formulations are 

produced using the traditional thin film hydration 

method (19). Accurately weighted amounts of (2% 

w/v) Soybean phosphatidylcholine (SPC90), DSF (5 

mg/mL), and different types and % of terpenes 

(limonene, citral, or carvacrol), were dissolved in a 

mixture of 8:4 ml methanol: chloroform, which was 

thereafter placed into a dry, clean 100 mL round-

bottom flask and completely mixed. The organic 

solvent was evaporated by a rotatory evaporator 

(Buchi rotary evaporator, Germany), rotating at 90 

rpm at 40 ºC for 30 min under low pressure to obtain 

a clear film on the walls of the flask. The deposited 

lipid film was then hydrated by phosphate buffer 

(pH 7.4)- ethanolic solution (6:4) ml mixture by 

rotation at 120 rpm for 1 h at 50 ºC (20). For particle 

size reduction and homogenization, the suspension 

was probe sonicated at 4 ºC at 20% output frequency 

for 5 min. Table 1 shows the nine distinct 

formulations prepared and stored at 4 ºC for later 

use (21). 
  

Table 1. The Composition of different DSF-loaded invasomes formulations 

Code Drug 

mg/ml 

 SPC 

90(w/v) 

% 

Terpene 

type 

 Terpene 

concentration 

(%w/v) 

Ethanol 

Ml 

PB (7.4) ml 

  

Hydration 

Volume (ml) 

DSF-IV1 5 2 Limonene 0.5 4 6 10 

DSF-IV2 5 2 Limonene 1 4 6 10 

DSF-IV3 5 2 Limonene 1.5 4 6 10 

DSF-IV4 5 2 Citral 0.5 4 6 10 

DSF-IV5 5 2 Citral 1 4 6 10 

DSF-IV6 5 2 Citral 1.5 4 6 10 

DSF-IV7 5 2 Carvacrol 0.5 4 6 10 

DSF-IV8 5 2 Carvacrol 1 4 6 10 

DSF-IV9 5 2 Carvacrol 1.5 4 6 10 
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Determination of the particle size and 

polydispersity index  

  The size and distribution of prepared 

invasomes were measured using dynamic light 

scattering (DLS) by Malvern Zetasizer (Malvern 

Zetasizer, Ultra rate Company, UK) at a temperature 

of 25 ± 2ºC. After a suitable dilution with deionized 

water, the invasomal dispersion was measured to 

ensure that the light scattering intensity was within 

the instrument’s sensitivity range. The 

measurements involve particle size (PS) and 

polydispersity index (PDI); all of the measurements 

were performed in triplicate, and the mean values 

obtained were reported (22,23). 

Determination of Entrapment Efficiency (EE%) 

The EE% of DSF in the invasomal dispersion 

was determined using the direct methods. A volume 

of one ml of the invasomal dispersion was placed in 

a cooling centrifuge and subjected to centrifugation 

for one hour at a speed of 15,000 rpm at a 

temperature of 4 ºC. The DSF-loaded invasomes 

were lysed and solubilized by sonication with 

ethanol. The resulting solution was subsequently 

diluted and analyzed using spectroscopy at λmax 

217 nm. Measurements were taken in triplicate, and 

a percentage of the encapsulation efficiency (EE%) 

was calculated according to (24,25). 

𝑬𝑬%

=
𝑬𝒏𝒕𝒓𝒂𝒑𝒑𝒆𝒅 𝒂𝒎𝒐𝒖𝒏𝒕 𝒐𝒇 𝑫𝑺𝑭 (𝒎𝒈)

𝑻𝒐𝒕𝒂𝒍 𝒂𝒎𝒐𝒖𝒏𝒕 𝒐𝒇 𝑫𝑺𝑭 (𝒎𝒈)
𝒙 𝟏𝟎𝟎 

In vitro drug release  
Optimized invasomes dispersions with 

higher entrapment efficiency (≥70%) were 

evaluated for the in vitro release study of DSF. The 

release was done to three invasomal dispersions that 

contain higher EE% of DSF (DSF-IV7, DSF-IV8, 

and DSF-IV9), which contain carvacrol (0.5,1 and 

1.5%) respectively, and pure DSF using a dialysis 

membrane with a molecular weight cutoff range of 

12,000-14,000 Da, obtained from Sigma, Aldrich in 

St. Louis, MO, USA (18). The membrane was soaked 

in the release media overnight before the study, and 

the release was examined using the type II 

dissolution devices. The dialysis bags were 

immersed in 250 mL of buffer solution with a pH of 

7.4 at 37 ºC. At fixed time intervals of 0.25, 0.5, 1, 

2, 4, 8, 12, 16, 20, and 24 hours, 3 mL samples of 

the medium were obtained and substituted with an 

equivalent volume of fresh medium to maintain a 

constant sink condition. The amount of drugs 

released into the buffer was calculated using a UV-

vis spectrophotometer (UV-1900i, Shimadzu, 

Japan) at a wavelength of 217 nm. (26,27).  
 

Optimum formula selection   
The optimum formula was chosen based on 

the results of the following tests: lower particle size 

analysis, good polydispersity index (PDI), higher 

encapsulation efficiency (EE%), and the highest % 

DSF released after 24 h. The optimized formulation 

was found to be DSF-IV8 with carvacrol as the 

terpene in a concentration of 1%. Therefore, DSF-

IV8 was selected and was further evaluated for zeta 

potential Z.P., Differential scanning calorimetry 

(DSC) analysis, compatibility study by Fourier-

transform infrared spectroscopy (FTIR) analysis, 

and morphology by the transmission electron 

microscope (TEM).  
 

Measurement of zeta potential for the selected 

formulas  

 Zeta potential (ZP) was used to determine 

whether the charged particles were repelling or 

attracting one another, and the surface charge of the 

produced vesicles was measured in terms of zeta 

potential by the measurement of the electrophoretic 

mobility of the particles. The measurement of DSF-

IV8 was performed via the Zetasizer ZS90 apparatus 

supplied by Malvern, UK. According to 

requirements, the samples were diluted using 

deionized water as the solvent, and scanning was 

conducted at a temperature of 25 ºC with an angle of 

scattering at 90º (28). 
 

Lyophilization of optimized formulation   

Lyophilization of optimized formulation 

(DSF-IV8) was performed using 5% (w/v) mannitol 

as a cryoprotectant and then lyophilized for 48 h. 

The pressure was set at 0.4 bar in the Labconco Free 

Zone Benchtop freeze dryer (USA) (29). 

Differential scanning calorimetry (DSC) analysis 

The DSF formulation performed thermal 

examination using a Differential Scanning 

Calorimeter (DSC-60 plus, Shimadzu, Japan) to 

determine the presence of any interactions between 

the DSF and the excipients. A study was carried out 

to assess the thermal properties of four substances: 

pure DSF, SPC90, a physical blend of DSF, and the 

lyophilized optimized formulation (DSF-IV8). 

Meticulously measured and preserved each sample 

in aluminium pans while being shielded by a layer 

of nitrogen gas. Afterwards, we exposed the samples 

to a controlled heating rate of 10 ºC per minute and 

a cooling rate of 40 ºC per minute in the temperature 

range of 0-300 ºC. The reference object was a blank 

aluminium pan (30,31). 
 
 

 Fourier-transform infrared spectroscopy (FTIR) 

analysis 

 The DSF compatibility with the invasomal 

components was assessed by Fourier-transform 

infrared spectroscopy (FTIR). Analyzed using a 

PerkinElmer FT-NIR spectrometer from the USA, 

the spectra of DSF, SPC90, and a physical mixture 

of DSF: SPC90 with a weight ratio of 1:1 were 

obtained and examined with FTIR. After 

compression, each specimen was inserted into a disc 

and underwent scanning from 4000 cm-1 to 500 cm-

1. The selected liquid formula was placed directly, 

and the FTIR spectrum of it was obtained using the 

same device (32).  
 

Examination of the morphology using the 

transmission electron microscope (TEM)               
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The morphology of the optimal formulations 

was analyzed using a Philips EM208 transmission 

electron microscope (TEM). The carrier dispersion 

was deposited as a thin film onto a copper grid that 

had been coated with carbon. The film was then 

stained using a 1% phosphotungstic acid solution 

and subsequently observed and captured (33). 
 

Statistical analysis 

The study's results were subjected to rigorous 

statistical and scientific analysis using GraphPad 

Prism version 10.1.0(316). Several statistical 

approaches, such as paired sample t-tests and 

ANOVA (analysis of variance), were used for 

analyzing and interpreting the results. To qualify for 

the results to be considered statistically significant, 

the p-values must be less than 5% (p < 0.05). 

Results and Discussion 
 

Determination of particle size 

According to a recent study, lipid-based 

vesicles with a diameter of 300 nm or smaller can 

transport their contents to the deeper layers of the 

skin, particularly when flexible (34). Table 2 displays 

the estimated PS (particle size) and PDI 

(polydispersity index) values for the nine 

nanoinvasomes formulas that were developed 

throughout an optimization process. All produced 

vesicles possess a diameter that constantly falls 

within the nanometres range, which is essential to 

effectively penetrate the skin and enter the 

bloodstream. The nanovesicles ranged in size from 

105.8±7.6 nm to 283.9±12.7 nm, with the smallest 

and largest sizes observed (35); among all 

formulations, DSF-IV8 displayed particle size 

(119.2±2.2nm). The particle size and amount of 

drug present in nanovesicles are influenced by 

several factors, including the chemical structure, 

quantity and nature of the drug, lipid composition, 

and experimental procedures (36). The effect of 

terpene on invasome size was significant (p< 0.05), 

as shown in Fig.1. Increasing the concentration of 

limonene and citral in the formulation resulted in an 

enlargement of the particle size. Elevated levels of 

terpenes would lead to an excessive fluidity of the 

cell membrane, promoting the merging of vesicles 

and subsequently causing an enlargement of the 

vesicles (37).   

Since the size of the vesicles is closely 

proportional to the molecular size of terpenes, this 

observation may be explained by the structural 

dependence of invasome particle size. The 

molecular sizes of limonene and citral are 136.24 

g/mol and 152.24 g/mol, respectively. As a result, 

there are noticeable variations in particle size among 

invasomal vesicles that contain the same 

concentration of any of these terpenes (20). Also, the 

concentration of carvacrol has a direct relation with 

particle size, with significant (p <0.05), carvacrol 

molecular sizes (150.217 g/ mole) containing soft 

nanovesicles displayed the smallest vesicle sizes 

compared to limonene and citral containing the same 

concentration (38).  For both terpenes’ concentration 

and terpenes type, the factors had a significant effect 

(p <0.05) (39). The reduction in size resulting from 

the carvacrol concentration is linked with changes in 

molecular interactions inside the membrane induced 

by phenolic compounds. These facilitated changes 

in the structure of the membrane, resulting in 

modifications in the size of the vesicles and the 

polydispersity index (PDI). The size fluctuations 

were determined by the molecular configuration 

(size and shape), polarity, and chemical attraction of 

the phenolic substances being loaded. Phenolic 

compounds that include phenolic hydroxyl groups 

can interact synergistically with the polar heads of 

lipids, resulting in changes in the structure of the 

membranes (40).  

At higher concentrations of terpene, an 

increase in particle size was found, indicating a 

correlation between the concentration of penetration 

enhancer and particle size (41). This phenomenon 

may be attributed to the inclusion of terpenes in the 

lipid bilayer membrane of the invasomes, which 

disrupts its cohesive arrangement. Greater 

concentrations of terpenes necessitate a bigger 

surface area of the membrane to accommodate them, 

resulting in the production of larger invasomes. This 

suggests that the size of the vesicles increases as the 

amount of terpenes within them rises (42). The 

measured polydispersity index (PDI) values for the 

analyzed DSF-invasomal formulations varied from 

0.09±0.06 to 0.37±0.09, as shown in Figure 2. The 

results confirmed that all the DSF-invasomal 

vesicles produced exhibit an appropriate 

homogeneity in size distribution with a significant 

effect (p < 0.05) for both terpene type and 

concentration (43,44). 
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Table 2. Particle size, polydispersity index, and Entrapment efficiency measurements of DSF-loaded 

invasomes (mean ± SD, n=3) 
 

 

 
Figure 1. The effect of different types of penetration enhancers (Limonene, Citral, Carvacrol) on the 

particle size of invasomes.    

                                                             

 
Figure 2. The effect of different types of penetration enhancers (Limonene, Citral, Carvacrol) on the 

polydispersity index.     

                                                  

 Entrapment efficiency (EE%) 

 The drug's capacity to incorporate lipid 

content and form stable vesicles, as well as the 

dependency on penetration enhancers, primarily 

determines the percentage of drug entrapped in the 

vesicles. This dependence is largely influenced by 

the physical and chemical characteristics of the 

drug. The entrapment efficiency of DSF in various 

invasomal formulations varied between 31.6±0.43% 

and 38.3±0.8% for limonene, 42±1.08% and 

52±0.7% for citral, and 77±0.71% and 86.3±0.83% 

for carvacrol, as shown in Figure 3. The formulation 

DSF-IV8, which consisted of 2% PC90, 40% 

ethanol, and 1% carvacrol, had the highest 

efficiency in terms of %EE, with a maximum value 

of 95.3±0.8%. The significant trapping of DSF 

within the invasomal formula (DSF-IV8) can be 

attributed to its multi-lamellarity and the effect of 

ethyl alcohol with SPC90 concentration (43). The 

effect of terpene concentration on entrapment 

efficiency was statistically significant (p<0.05). 

Concerning the influence of terpene concentration 
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DSF-IV2 133.4±9.15 0.28±0.05 35±0.7 

DSF-IV3 155 ±8.31 0.28±0.04 31.6±0.43 

DSF-IV4 146.1±4.1 0.31±0.1 52±0.7 
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DSF-IV7 274±33.7 0.37±0.09 86.3±0.83 

DSF-IV8 119.2±2.2 0.18±0.05 95.3±0.8 

DSF-IV9 283.9±12.7 0.37±0.07 77±0.71 
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on the entrapment efficiency percentage, it was 

shown that higher concentrations of terpenes had an 

adverse impact on the entrapment efficiency of DSF. 

The decrease in the entrapment of DSF may be 

attributed to the competition between lipophilic 

drugs and terpenes for incorporation into the lipid 

bilayer of the vesicle (45). The variation in carvacrol 

terpene types is attributed to their distinct 

characteristics, including structural differences, 

molecular weight variations, and differences in 

lipophilicity. These distinctions facilitate the 

investigation of the impact of terpene characteristics 
(41).  

The EE% of all invasomes is correlated with 

the logarithm of the partition coefficient (log P) 

value, which includes carvacrol (log P = 3.52), citral 

(log P = 3.17), and limonene (log P = 4.83). 

Carvacrol exhibited a higher percentage of 

encapsulation efficiency (%EE) compared to DSF 

due to its log P value being close to that of DSF. The 

%EE values for carvacrol were 86.3±0.83% (DSF-

IV7), 95.3±0.8% (DSF-IV8), and 77±0.71% (DSF-

IV9) respectively (29). Citral and limonene followed 

carvacrol in terms of %EE as shown in Table 2. The 

observed result could be attributed to the solubility 

of DSF within the lipid bilayers. Given that the 

logarithm of the partition coefficient (log P) of DSF 

is 3.88, it is likely to be soluble in a composition 

with a similar value. (38,39). Regarding the 

concentration of terpenes, there were significant 

reductions in the DSF EE% as the terpene 

concentration increased from 0.5% w/v to 1.5% w/v 

for limonene and citral. As the terpene concentration 

increases, the invasomes become more fluid, 

resulting in a decrease in the drug's EE%. In 

addition, enhancing the quantity of terpenes could 

lead to the creation of holes that might destabilize 

the lipid bilayers of invasome thus lowering the 

values of EE% (25).  

 
 

Figure 3. Effect of Penetration Enhancer concentration on entrapment efficiency of invasomes. 
 

In vitro release studies  

The release profiles of DSF from different 

DSF-loaded invasomes are presented in Fig. 4. 

Results of the ANOVA analysis show that carvacrol 

concentration had a significant impact (p-value 

<0.05) on the % DSF release after 24 hrs. The rapid 

initial release within the first two hours, 

(15.1%,24.3%, and 12.3%) may be attributed to the 

DSF being absorbed onto the surface of 

nanovesicles, facilitated by their high surface-to-

volume ratio, following the initial rapid release 

phase, a regular and gradual release of the drug was 

observed over the next 24 hours (77.2%,96.3%, and 

73.1%) for formula (DSF-IV7, DSF-IV8, and DSF-

IV9 respectively). This indicates a continuing and 

prolonged release of the drug, which can be 

attributable to the mechanisms of drug diffusion and 

matrix erosion (18). Data showed that all invasomal  

 

dispersions exhibited an extended-release behaviour 

over 24 hours, and all invasomal dispersions had a 

higher % of DSF release in comparison with the pure 

drug due to the solubilizing effect of invasomes, 

leading to enhanced drug release and the aqueous 

solubility.  

The order of drug release from a lower % 

of DSF release to higher (DSF-IV8, DSF-IV7, and 

DSF-IV9), the invasomal dispersion DSF-IV8 

having a higher % of DSF release likely explanation 

might be due to the smaller particle size of the 

invasomes (46). Increased concentration of carvacrol 

up to 1% leads to increased drug release for 

invasome dispersion DSF-IV7 and DSF-IV9, but 

very high concentrations of carvacrol, 1.5% may 

also destabilize the invasome structure and lead to 

premature drug release (47,48,49). 
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Figure 4. In Vitro, the release profile of DSF from DSF-loaded invasomes was prepared using carvacrol at 

different % and pure disulfiram. 

Optimization of DSF invasomal dispersion 

The optimized DSF-invasomes formulation 

was obtained from DSF-IV8 with the 119.2 ± 2.2 nm 

vesicle size, 0.18±0.05 PDI, and 95.3 % ± 0.8% 

EE% and 96.32% of DSF was released with 

sustained over 24 hours, also includes a high 

concentration with penetration enhancers (1% 

carvacrol), which is required for optimum 

transdermal delivery. 

Zeta potential    

Invasomes are vesicular systems 

characterized by their negatively charged surfaces, 

which are attributed to the presence of ethanol and 

phosphatidylcholine. The zeta potential of the 

optimum formulation, as shown in Figure 5, was 

measured and found to be -33.6±1.6 mV. This high 

negative charge is attributed to the presence of 

ethanol, which provides a net negative surface 

charge and prevents vesicle aggregation due to 

electrostatic repulsion. These results ensure the 

stability of invasomal dispersion and the avoidance 

of aggregation of the nanovesicles (50). 

 

 

  
 

Figure 5. A) Zeta potential, B) Vesicle size distribution, for DSF-IV8                  
  

Differential scanning calorimetry (DSC)  

           The thermograms showing the pure drug, the 

physical mixing of the drug and other components, 

and the lyophilized DSF-IV8 may be observed in 

Figure 6. The thermogram of the pure DSF sample 

exhibited a distinct and intense endothermic peak at 

a temperature of 74.21 ºC. (Figure 6A) The observed 

peak may correspond to the melting point of DSF, 

demonstrating its crystalline state. On the other 

hand, the peak measured at around 195 ºC 

corresponds to its thermal degradation. However, 

the absence of a distinct peak (at 74.21 ºC) for the 

"guest" molecule (DSF) in thermograms of the 

lyophilized DSF-IV8 could be due to indicating that 

the crystalline form has been converted to the 

amorphous form (51,52). 
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Figure 6. DSC thermogram (A) pure DSF (B) PC90 (C) physical mixture (C)Lyophilized (DSF-IV8). 
 

 

Fourier transform infrared spectroscopy (FTIR) 

(Figure 7) shown the FTIR spectra of DSF, 

SPC90, the physical mixture, and DSF-IV8. The 

DSF spectra displayed distinct peaks at 2975 cm-1 

(associated with the stretching vibration of C–H 

bonds), 1496 cm-1 (representing the N–C = S bond), 

554 cm-1 (indicating the S-S bond), and 1273 cm-1 

(referring to the C-S bond). The FTIR spectrum of 

DSF-IV8 shows the absence of the distinctive C–H 

bands, indicating a transformation from DSF bulk 

medication to DSF-IV8. The presence of molecular 

interactions, specifically hydrogen bonds, between 

DSF and SPC90 is evident in the synthesis of DSF-

IV8. Nevertheless, the fingerprint region of the 

DSF-IV8 exhibits all the distinctive peaks 

associated with DSF, indicating that its chemical 

structure remained identical during the production 

of the DSF-IV8 and retained its original chemical 

composition with SPC90 (53,54).  
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Figure 7. FTIR spectrum (A) Pure DSF (B)Phosphatidylcholine 90(C) Physical mixture (D) DSF-IV8.  
 

 

Transmission electron microscopy of DSF-

invasomes (TEM)  

Microscopy images were obtained using a 

transmission electron microscope (TEM) as seen in 

Figure 8 at different magnification powers. The 

DSF-IV8 were observed in the TEM image as intact, 

spherical vesicles with a distinct shape and core, free  
 

 

of any clumping, and exhibiting well-defined 

internal characteristics. The DSF-loaded invasomes 

appear to be within the nanometric size range, as 

confirmed by TEM observations, which matches the 

size measurements by dynamic light scattering (55).  
 

 
Figure 8.  TEM image of optimized DSF-loaded invasomes formulation at different    magnification power, 

DSF (Disulfiram) 
 

Conclusion  
 Based on the data obtained from the present 

study, the study may draw the following 

conclusions: The disulfiram (DSF) can be 

effectively formulated as a nanoinvasome by thin 

film hydration method using carvacrol in 1% and 

SPC90 2%.DSF-IV8 exhibits superior entrapment 

efficacy and best release profile compared to pure 

disulfiram (DSF). The transmission electron 

microscopy (TEM) analysis showed that the 

particles had an almost perfect spherical shape with 

a distinct shape and core, free of any clumping, and 

exhibiting well-defined internal characteristics. The 

Fourier Transform Infrared (FTIR) analysis of the 

DSF-IV8 formula, established as a nanoinvasome, 

showed the compatibility between the drug and 

other excipients in the formula.  
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في حويصلات الانفاسوم للتويصل    سلفيرام المحملايأنواع مختلفة من التيربينات على تحضير الدتأثير 

 تحضير وتقييم خارج الجسم  عبر الجلد
 2*، حنان جلال كساب و 1ورود حميد الزهيري 

 1فرع ال صيدلانيات، كلية الصيدلة، جامعة الاسراء ، بغداد ، العراق.

 2فرع ال صيدلانيات، كلية ال صيدلة، جامعة بغداد،  بغداد، االعراق. 
 

 الخلاصة 
الإنفاسومات هي أنظمة حويصلية جديدة تظهر قدرة محسنة على اختراق الجلد مقارنة بالليبوسومات التقليدية. تحتوي هذه الحويصلات على  

( هو  DSFيسلفيرام )الاختراق الجلد للحويصلات الرقيقة. الدفسفوليبيدات وإيثانول وتيربين في هياكلها؛ حيث تمنح هذه المكونات خصائص مناسبة  

إنفاس تطوير  الدراسة هو  من هذه  الهدف  الأورام.  لعلاج  أيضًا  استخدامه  ويمكن  الكحول  الإدمان على  لعلاج  استخدامه  تم  ثيوكاربامات  وم  مشتق 

المختلفة، مثل نوع وكم تأثير متغيرات التركيب  ية التيربينات )الليمونين والسيترال والكارفاكرول(، على حجم ديسلفيرام كحامل حويصلي وتقييم 

ر من  الجسيمات وكفاءة الاحتجاز ومؤشر التشتت للإنفاسومات المحضرة. تم اختيار تشتت الإنفاسوم المُحسَّن الذي يحتوي على كفاءة احتجاز أكث

استخدام تقنية الترطيب بالغشاء الرقيق. تم تطوير تسع صيغ لإنفاسومات  لفيرام بنجاح بايسلدراسة الإطلاق في المختبر. تم تحضير إنفاسومات د  70%

فعالية أكبر، وقد تم تحليله    DSF( الذي يظهر نسبة أعلى من إطلاق  DSF-IV8يسلفيرام. أظهر تشتت الإنفاسوم المُختار )الإعداد تشتت إنفاسوم د

ب بما في ذلك حويصلات كروية  إلى ذلك لخصائصه الأمثل،  ، وكفاءة  0.05±0.18نانومتر، ومؤشر تشتت    2.2±119.2حجم جسيم  بالإضافة 

  1.6±33.6-ساعة، وقد تم قياس قيمة الجهد الكهربائي زيتا لتكون    24من تشتت الإنفاسوم بعد    DSFمن إطلاق    %96.32، و% 0.8±95.3احتجاز  

،  شكل ثابت  DSF-IV8حويصلات    TEM. أظهرت صور  التوافق بين الدواء والمكونات الأخرى في التركيبة  FTIRمللي فولت، وأظهر تحليل  

غة  شكل كروي ، خالية من أية تجمعات، وتظهر خصائص داخلية جيدة التعريف. في النهاية، أظهرت تقنية الترطيب بالغشاء الرقيق فعالية في صياو

 تشتت إنفاسوم. 
 . الكارفاكرول,التربين  , م,انفاسوم ,الدايسلفيرا طريقة الاعطاء عن طريق الجلد  -الكلمات المفتاحية :


