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ABSTRACT 

Objective: The objective of the selected study was to design and formulate simvastatin-loaded pharmacosomes and then incorporate into a 
transdermal patch by solvent evaporation technique to enhance the solubility, bioavailability, and half-life of simvastatin. 

Methods: Simvastatin comes under the BCS-II class, which has low solubility and high permeability. Simvastain loaded pharmacosomes of six 
different formulations were prepared by taking simvastatin and soya lecithin in varying ratios and dissolved in a high polarity solvent 
dichloromethane and then subjected to the solvent evaporation method. 

Results: Formulated simvastatin-loaded pharmacosomes (SLP) were subjected to evaluation; out of six formulations, optimized formulation (F3) 
shown in vitro drug release of 86.88%; particle size of 151.6 nm with zeta potential of-16.5mV, which indicates good stability. SEM studies 
confirmed their smooth, porous structure with a number of nano-channels. The FT-IR spectra and DSC showed a stable character of simvastatin in a 
mixture of lipid and solvent shows compatible and revealed the absence of drug polymer interactions. The SLP was loaded into a transdermal patch 
by solvent evaporation method and evaluated for physical characteristics and results were found to be patch surface pH 6.15±0.08, thickness 
0.146±0.0096 mm, weight uniformity 1.12±1.73, % swell-ability 13.50±0.028 for best patch formulation (F3). 

Conclusion: This research paper gives an outline on the significance of simvastatin-loaded Pharmacosomes as a transdermal patch for enhancing 
trans-permeation through the skin and its characterization and results. Through obtained results, it is concluded that pharmacosomes is a 
promising carrier to enhance the permeation of the selected drug through skin. 
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INTRODUCTION 

Pharmacosomes are defined as amphiphilic lipid-based vesicular 
systems that possess drug-phospholipid complexes, which help to 
improve the bioavailability and impart better biopharmaceutical 
properties to the drug [1-3]. Pharmacosomes are part of the novel 
drug delivery system and are emerging as one of the potential 
vesicular carriers, because of their better stability aspects, increased 
entrapment efficiency, no drug leakage and drug-lipid conjugation 
[4-6]. Pharmacosomes indicate pharmakon means a “drug” and 
soma means “carrier”. When compared with other vesicular carriers, 
pharmacosomes are one of the emerging lipid-based vesicular 
amphiphilic carriers that have a capability of encapsulating both 
poorly soluble hydrophilic and lipophilic drugs. Due to its 
amphiphilic nature, it helps to reduce interfacial tension, thereby 
increasing the contact surface area and bioavailability of drugs and 
has the ability to efficiently pass through the biomembranes and 
thereby improve the pharmacokinetic and pharmacodynamic 
properties of various drugs [7-9]. So far, pharmacosomes act as 
good carriers for encapsulating various classes of drugs, like non-
steroidal anti-inflammatory drugs, cardiovascular, antineoplastic 
drugs and proteins and this can be administrated through various 
routes, like oral, topical extra or intravascular. Pharmacosomes aid 
in drug targeting and controlled release of drugs to get the desired 
dose [10]. 

Vesicular drug delivery has more benefits over conventional 
therapies due to its limited permeation into membranes and is 
considered to be one of the systems that have the capability to 
improve the bioavailability and helps to reduce the toxicity effects 
by targeting drug to the specific site [11, 12]. Transdermal drug 
delivery is a method of painless drug delivery where drugs are 
delivered systematically by applying a drug formulation onto the 
intact and healthy skin [13]. It is an attractive alternative to oral 
drug delivery and acts as a substitute to hypodermic injection. The 

benefits of preferring transdermal deliverysystem includes the 
avoidance of first pass metabolism, consistent and controlled 
absorption, reduced side effects, self-administration, enhanced 
therapeutic efficacy, and easy drug withdrawal in case of any 
occurrence of adverse reactions [14-17].  

The aim of the present study has been focused on topical 
administration i. e, penetration through skin via stratum corneum 
through pharmacosomes loaded simvastatin followed by the 
incorporation of the optimised formulation into a transdermal patch 
using combinations of HPMCand EC for controlled release of drug. 

MATERIALS AND METHODS 

Simvastatin, a gift sample, soya lecithin (Phosphatidylcholine) was 
obtained from SD Fine Chem India. Dichloromethane was obtained 
from Sigma Aldrich. All other reagents and solvents used were of 
analytical grade unless stated otherwise. Double distilled water 
(DDW) was used throughout the study. 

Formulation of simvastatin-loaded pharmacosomes 

Simvastatin-loaded pharmacosomes were prepared by taking 
simvastatin (Drug) and soya lecithin (Lipid) in varying ratios and 
dissolved in a suitable solvent which has a high polarity nature. The 
accurately weighed drug and lipid were placed in a round bottom 
flask (100 ml) and then the mixture was mixed and refluxed for a 
time period of one hour and then lyophilized. After lyophilization; 
the dried residue is collected and placed in a vacuum dessicator for 
overnight and then subjected to characterization [18]. 

Characterization of simvastatin-loaded pharmacosomes 

Pharmacosomes are characterized by different parameters like; 
Particle size, Zeta Potential, surface morphology, Drug-lipid 
compatibility (FT-IR and DSC), solubility studies, in vitro drug 
release studies. 
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Table 1: Composition chart of simvastatin loaded pharmacosomes 

Formulation code Drug (mg) Drug: lipid Solvent (ml) 
F1 40 mg 1:0.5 20 
F2 40 mg 1:1 20 
F3 40 mg 1:1.5 20 
F4 40 mg 1:2 20 
F5 40 mg 1:2.5 20 
F6 40 mg 1:3 20 

 

Solubility studies 

Solubility of the drug, phospholipids and their physical mixture 
composition of prepared pharmacosomes can be determined by 
using the shake flask method. In this method, equal volumes of 
buffer solutions with different pH 4.5, 6.8, 7.4 containing 
phospholipids complex are mixed properly in the screw-capped 
bottles and equilibrated under constant stirring or shaking at 37 °C 
for 24 h. After separating, the aqueous phase is determined by 
selected methods or procedures of UV spectrophotometry [19]. 

Surface morphology 

Scanning electron microscopy (SEM) and transmission electron 
microscopy (TEM) to detect the surface morphology, i.e., shape and 
size of the Pharmacosomes, which depends on the purity and nature 
of phospholipids used, method of preparation, speed of rotation, etc. 
Pharmacosomes which are prepared from low purity phospholipids 
tend to be greasy and form sticky aggregates. On the other hand, 
pharmacosomes which are prepared from very high purity grades 
(>90%) phospholipids may undergo oxidative degradation and 
hence form poorly stable complexes. Thus, phospholipids having 
around 80% purity should be selected. 

Complex determination 

The formation of the complex can be determined by IR spectroscopy 
by comparing the spectrum of the complex or conjugate of a drug 
with the spectrum of each individual component and its mechanical 
mixture. Stability of pharmacosomescan is characterized by 
comparing the spectrum of its microdispersion in water after 
lyophilisation at different time intervals [20]. 

Drug-lipid compatibility 

Differential scanning calorimetry (DSC) is a thermo-analytical 
technique utilised to determine drug-lipid compatibility and their 
interactions. The thermal response is studied using separate 

samples and heating them in a sample pan which is closed. The 
nitrogen gas is purged, and the temperature is maintained in a 
definite range with a specific heating rate [21]. 

In vitro drug release studies 

Based upon the resultant therapeutic activity of biological active 
components, models of in vivo and in vitro evaluation have been 
carried out. In vitro dissolution studies of the drug-
Phosphatidylcholine complex as well as pure drug with media of 
different pH in standard dissolution apparatus used to determine 
the pH-dependent dissolution profile [22]. 

Drug release kinetics 

To study the release kinetics, data obtained from in vitro studies 
were fitted into various kinetic models such as Zero Order, First 
Order, Higuchi model and Korsmeyer-Peppas model. 

To know the order of release the % drug release data was fitted to 
zero-order and first-order plots. To know the drug release 
mechanism the % drug release data was fitted to the Higuchi model. 
To confirm the drug release mechanism % drug release data was 
fitted to the Korsmeyer-Peppas model [23-26]. 

Zero-order model: Q t = Q 0+K 0 t 

First order model: log C = log C 0 n K t/2.303 

Higuchi model: f t = Q = K H x t 1/2 

Korsmeyer-Peppas model: M t/M ∞ = Kt. 

RESULTS AND DISCUSSSION 

Standard plot of simvastatin 

Calibration curve is obtained with the regression coefficient equal to 
0.993 which is equal to unity and this plot is used for estimation of 
simvastatin in further studies. 

 

Table 2: Standard plot of simvastatin (238 nm) 

S. No. Concentration (µg/ml) *Absorbance mean±SD 
1 1 0.024±0.00 
2 2 0.034±0.002 
3 3 0.052±0.001 
4 4 0.064±0.002 
5 5 0.082±0.001 
6 6 0.102±0.003 
7 7 0.108±0.002 
8 8 0.124±0.001 

(Where *n = 3) 

 

Particle size and zeta potential 

The particle size and zeta potential was determined for all the 
prepared simvastatin pharmacosome formulations. The mean particle 
sizes of various formulations (F1-F6) were found to be in the range of 
79.9 to 620.2 nm for (F1-F6). The mean particle size of F3 was found 
to be optimal in size range of i.e., 151.6 nm with zeta potential of-
16.5mVwhichindicatesgood stability. Increase in particle size may 
partially be related to the viscosity of the samples and increase in lipid 
concentration. At higher lipid contents, the efficiency of 
homogenization decreases due to higher viscosity of the sample, 

resulting in larger particles. Also, increases the probability of particle-
particle contact and subsequent aggregation at high lipid contents. 

Determination of solubility 

Weighed quantity of drug (25 mg) was added to 25 ml of purified 
water, 0.1 N HCl, buffer with pH 4.5, 6.8 and 7.4, respectively. 
Solutions were taken in a series of 50 ml stoppered conical flasks 
and the mixtures were shaken for 48 h at 37 °C on a rotary flask 
shaker. After 48 h of shaking to achieve equilibrium, 2 ml aliquots 
were withdrawn at a 4 h interval and filtered immediately. The 
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sample was then filtered through the whattman filter paper, suitably 
diluted, and analysed visually in a UV spectrophotometer at a 

wavelength of 238 nm. The solubility values (mg/ml) of drug in 
different solvents are shown in table 3. 

 

 

Fig. 1: Standard plot of simvastatin 

 

 

Fig. 2: Particle size of best formulation (F3) 

 

 

Fig. 3: Zeta potential of best formulation (F3) 
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Table 3: Solubility studies of simvastatin pure drug 

Solutions mg/ml (mean±SD)  
0.1N HCl 0.0197±0.19 
pH 4.5 0.0122±0.15 
pH 6.8 0.05893±0.16 
pH 7.4 0.05592±0.21 

(n = 3) 
 

In vitro drug release 

The in vitro drug release studies were performed using the USP 
paddle method. The dissolution study was carried out in dissolution 
media; consisting of phosphate buffer pH 7.2 and the entire system 
was kept at 37±0.5° with continuous agitation speed of 50rpm. At 
appropriate time intervals (0th h, 1st h to 24 h) 5 ml of release 
medium was removed and 5 ml fresh medium was added into the 
system to maintain sink condition. The amount of simvastatin in the 
release medium was evaluated by U. V Spectrophotometer at 238 
nm. The concentration of drug release in test samples was corrected 
and calculated by using the regression equation of the calibration 
curve. All the 6 formulation subjected to in vitro release shows % 

release in the range of 57.32 to 86.88% is shown in table 4. The F3 
formulation shown highest release of 86.88%, considered to be best 
and optimized. 

Drug release kinetic models  

Release data was analyzed by zero-order, first-order, Higuchi and 
Peppas equation models, their plots and ‘r’ values were shown in fig. 
5-7 and table 5. When the release data were analyzed as per zero 
and first-order models, the ‘r’ values were relatively higher in the 
first-order model with all the formulations of pharmacosomes, 
indicating that the drug release from all these formulations followed 
first-order kinetics. Drug release data also obeyed Higuchi and 
Peppas equation models with ‘r’ values greater than 0.943. When 
percent release was plotted against √time, linear regressions with 
‘r’>0.943 were observed with all the formulations prepared, 
indicating that the drug release from all these formulations was 
diffusion controlled from the pores on the particle surface. When the 
release data were analyzed as per the Peppas equation, the release 
exponent ‘n’ was found in the range 0.4693 to 0.8801, indicating 
non-Fickian diffusion as the release mechanism for all the 
formulations. 

 

Table 4: In vitro dissolution profile of simvastatin loadedpharmacosomes 

Time (h) *F1 mean±SD *F2 mean±SD *F3 mean±SD *F4 mean±SD *F5 mean±SD *F6 mean±SD 
% drug release 

0  0  0  0  0  0  0 
1 3.62±0.54 10.64±0.58 15.34±0.25 9.05±1.24 12.24±0.09 15.4±0.45 
2 10.34±0.79 21.43±0.47 28.73±0.58 19.94±0.74 24.32±0.86 23.43±0.62 
3 16.42±0.55 29.53±0.84 43.87±0.43 25.38±0.18 39.41±0.41 29.37±0.69 
4 20.65±0.82 34.48±1.97 48.14±0.79 29.11±0.56 45.68±0.59 31.51±0.15 
5 27.14±0.91 41.27±0.28 53.15±0.83 38.56±0.75 50.01±0.67 38.43±0.48 
6 34.49±0.34 46.21±0.68 60.24±0.53 47.34±0.19 54.85±0.34 45.04±1.05 
7 36.04±0.19 50.79±0.91 69.12±0.05 53.14±0.54 58.04±0.22 51.16±0.29 
8 42.35±0.16 57.89±0.33 73.98±0.45 60.45±0.16 63.44±0.49 54.09±0.47 
24 57.32±0.59 66.12±0.84 86.88±0.26 76.09±0.54 68.14±0.94 72.43±0.93 

(Where n = 3), *n  3 observations, SD  Standard deviation value 

 

 

Fig. 4: In vitro dissolution profile of formulation (F1-F6), (Where n = 3, mean±SD) 

 

Table 5: Kinetics of drug release (F1-F6) 

Formulations 
code 

Zero order 
R2 value 

First order 
R2 value 

Higuchi’s 
R2 value 

Korsmeyer Peppas 
R2 value n value 

F1 0.7769 0.9977 0.9656 0.9598 0.5875 
F2 0.8068 0.9955 0.9653 0.9572 0.6497 
F3 0.7850 0.9940 0.9630 0.9590 0.5578 
F4 0.9070 0.9857 0.9641 0.9693 0.8801 
F5 0.7728 0.9918 0.9432 0.9383 0.4693 
F6 0.8649 0.9948 0.9668 0.9549 0.6141 
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Fig. 5: First order plots (F1-F6) 

 

 

Fig. 6: Higuchi plots (F1-F6) 
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Fig. 7: Korsmeyer peppas plots (F1-F6) 

 

 

Fig. 8: SEM of optimised formulation (F3) 

 

Determination of particle surface morphology by SEM 

The shape and surface morphology of Optimized formulation (F3) 
was studied by SEM. The microphotographs in fig. 8, revealed that 
the particles roughly spherical in shape. 

Attenuated total reflectance–fourier transform infrared (ATR-
FT-IR) 

The possible interactions between the drug and the excipients were 
studied by IR spectroscopy. From the FT-IR study, the characteristic 
peaks of drugs such as free O-H stretch (γ-aromatic ring) 3544, 
Methyl C-H symmetric stretch; Methylene C-H asymmetric stretch, 
(2924), Ester C=O stretch (1704), Lactone-C-O-C bend (1264), Ester-
C-O-C-bend(1164), Secondary alcohol C-O stretch(1060)appeared 
for pure drug simvastatin in fig. 9. For optimized formulation (F3) of 
pharmacosomes of all peaks which have been obtained for the pure 
drug were available at near wavelength for free O-H stretch (γ-
aromatic ring) (3539), Methyl C-H symmetric stretch; Methylene C-H 
asymmetric stretch (2924), Ester C=O stretch (1709), Methylene C-H 
symmetric bend; Methyl C-H asymmetric bend (1456), Secondary 
alcohol C-O stretch(1055), Alcohol, OH out-of-plane bend(578), 
remaining peaks also either shifted or replaced in the IR spectrum. 
The FT-IR spectra of polymer and their physical mixtures with drug 
were shown in fig. 10. From the physical mixtures of drug, lipid, and 
polymer, there was no major shifting as well as loss of any functional 
peaks between the spectra of drug and physical mixtures as shown 
in the tablets. Hence, it was confirmed that there are no interactions 

between the drug and the polymer. This finding was further 
supported by DSC studies. 

 

Table 6: Shows FTIR spectra of pure drug simvastatin 

Wave No(cm-1) Functional group 
3544 Free OH-stretch (γ-aromatic ring) 
2924 Methyl C-H symmetric stretch; 

Methylene C-H asymmetric stretch  
1704 Ester C=O stretch  
1264 Lactone-C-O-C bend  
1164 Ester-C-O-C-bend  
1060 Secondary alcohol C-O stretch  

 

Table 7: Shows FTIR spectra of optimised formulation (F3) 

Wave No(cm-1) Functional group 
3539 Free OH-stretch (γ-aromatic ring) 
2924 Methyl C-H symmetric stretch; 

Methylene C-H asymmetric stretch  
1709  Ester C=O stretch 
1456 Methylene C-H symmetric bend; Methyl 

C-H asymmetric bend 
1055 Secondary alcohol C-O stretch 
578 Alcohol, OH out-of-plane bend 
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Fig. 9: FT-IR spectra peaks of pure drug (Simvastatin) 
 

 

Fig. 10: FT-IR spectra peaks of optimized formulation (F3) 
 

Differential scanning calorimeter (DSC) 

The differential scanning calorimetry was carried out for the 
simvastatin loaded pharmacosomes, to study the compatibility or 
any interaction between drug and lipid and selected solvent is 
shown in fig. 11 and 12. DSC thermogram of pure drug exhibited a 
sharp endothermic peak at 140.2 °C corresponding to its melting 

point and the peak obtained for the optimized formulation is at 
136.9 °C. Thus there was no significant change in the position of 
peak of the drug in the simvastatin pharmacosomes, but there is 
change in the relative intensities of the peak. It may be due to 
reduced drug crystallinity and also indicates that the drug is only 
physically entrapped in the polymer matrix and there is no 
interaction between drug and lipid. 

 

 

Fig. 11: DSC of simvastatin (Pure drug) 
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Fig. 12: DSC of Optimised formulation (F3) 
 

Formulation of simvastain pharmacosomes loaded transdermal 
patch 

Pharmacosomes loaded transdermal drug delivery system 
administered through the transdermal route will increase the 
therapeutic effect of the loaded drug and reduce the dose frequency 
to achieve the same therapeutic effects. It acts as a suitable dosage 
form for the category of low soluble and permeable drug by 
improving their bioavailability [27]. 

The pharmacokinetic data of pure simvastatin has low 
bioavailability of 5%, High protein binding capacity of 95%, and it 
undergoes hepatic metabolism (CYP3A4) with biological half-life of 
less than 2 h paves the way to formulate it into carrier system [28]. 

Pharmacosomes loaded transdermal patch was prepared by the 
solvent evaporation method. Four pharmacosome loaded 

transdermal formulations was formulated by changing the 
concentration of polymer proportion HPMC, dibutylpthalate, and 
concentration of permeation enhancers DMSO as shown in table 8. 
Weighed quantity of polymer was dispersed in 10 ml of chloroform 
and stirred well in a magnetic stirrer at 1000 rpm until it gets a 
uniform semi-transparent thickened solution. Then add the required 
volume of permeation enhancers. Continuously stir the above 
solution until it gets a uniform viscous solution. With the solution 
obtained, add pharmacosomes loaded equivalent to 10 mg of the 
drug until it gets a uniformly dispersed solution. Then take a 
lubricated glass slide and keep it in a horizontally uniform substrate 
and pour the above solution uniformly in it. Care should be taken, 
i.e., air entrapment or avoid bubble formation and overflow of the 
solution. Allow the solvent to evaporate in room temperature, until 
it dries and remove the patch from the substrate and store it in a 
desiccators for further evaluation studies [29, 30]. 

 

Table 8: Formulation chart of pharmacosome transdermal patch 

Formulation 
code 

Simvastain 
pharmacosomes 

HPMC 15 Ethyl 
cellulose 

Dibutyl 
phthalate 

DMSO Methanol:  
dicholromethane (1:1) 

S3 10 mg 450 mg 130 mg 0.4 ml 0.1 ml 10 ml 
S4 10 mg 460 mg 230 mg 0.4 ml 0.1 ml 10 ml 
S6 10 mg 400 mg 270 mg 0.4 ml 0.1 ml 10 ml 

 

Table 9: Physico-chemical characterization of pharmacosomes loaded transdermal patches of simvastatin 

Formulation code *Surface pH *Weight uniformity (gm) *Thickness  *% swellabiliy  *Drug content  
S3 6.15±0.08 1.12±1.73 0.146±0.0096 13.50±0.028  68.36±0.284  
S4 6.35±0.072 1.18±2.23 0.232±0.0094 11.57±0.02 58.36±0.056 
S6 5.65±0.037 0.75±1.72 0.174±0.0071  11.68±0.03 46.35±0.025 

(Where n = 3, mean±SD) 

 

Table: 10 Comparison of in vitro studies of pharmacosomes (F3) with, pure drug solution (PDS), and pharmacosome loaded patch (S3) 

Time (h) Simvastain pharmacosomes (F3) Pure drug  Pharmacosomepatch (S3) 
0 0 0 0 
1 15.34±0.25 4.61±0.214 6.25±0.152 
2 28.73±0.58 6.25±0.325 18.17±0.985 
3 43.87±0.43 9.42±0.365 24.6±0.452 
4 48.14±0.79 10.28±0.958 28.9±0.524 
5 53.15±0.83 12.3±0.125 39.6±0.365 
6 60.24±0.53 14.51±0.698 42.6±0.258 
7 69.12±0.05 17.68±0.625 54.5±0.457 
8 73.98±0.45 19.51±1.025 60.4±0.635 
24 86.88±0.26 33.25±0.368 92.65±0.128 

(Where n = 3, mean±SD) 
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Fig. 13: %drug release of formulations (Pure drug, F3 optimised formulation), (Where n = 3 and data is given as mean) 

 

 

Fig. 14: SEM analysis of pharmacosome transdermal patch (F3) 

 

CONCLUSION 

A satisfactory attempt was made to develop simvastatin 
pharmacosomes by selecting varying ratios of drug and lipid in 
suitable solvent. Optimised formulation was obtained by subjecting to 
characterization and then best formulation is incorporated into 
transdermal patch subjected to evaluation studies for surface pH, 
thickness, % swellability, and weight uniformity. Studies revealed that 
simvastain pharmacosomes formulation (F3) has shown 86.88 % drug 
release and patch (S3) shown 92% release rate compared to other 
formulations and other parameters like; patch surface pH 6.15±0.08, 
thickness 0.146±0.0096 mm, weight uniformity 1.12±1.73, % swell-
ability 13.50±0.028, obtained values are within the standard limits for 
optimised patch. It is concluded through the results that simvastatin 
pharmacosomes and pharmacosome transdermal patch are promising 
control release vehicle for effective percutaneous drug delivery 
compared to pure simvastatin drug. 
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