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ABSTRACT
Background: The objective of this investigation was to design and optimize the fabrication of Rasagiline mesylate loaded 
nanoscale solid lipid particles composed with stearic acid as lipid matrix by microemulsion technique. Rasagiline (N-propargyl-
1-R-aminoindan) mesylate (RM) is a potent, selective, irreversible inhibitors of monoamine oxidase-B, propargylamine-
based drug. It has been explored in the treatment of Parkinson disease. Nanoscale solid lipid particles are the exploited 
carrier system for targeted drug delivery in a controlled manner. Method: The Plackett-Burman design was successfully 
employed for the optimization of nanoscale solid lipid particles containing Rasagiline mesylate. The influence of independent 
variables studied were lipid, surfactant and co-surfactant concentration, volume of aqueous phase, magnetic stirring rate, 
probe sonicator duration, volume of beaker used and volume of cold aqueous phase. The dependent variables, namely 
average particle size, span, surface area and polydispersity index of the formulated Rasagiline mesylate loaded solid 
lipid nanoparticles. Results: The experiments were carried out according to 12 runs involving 8 independent variables 
(higher and lower levels) employing Plackett-Burman design. The Rasagiline mesylate-loaded solid lipid nanoparticles 
were characterized by average mean particle size, span, surface area and polydispersity index and it results were 169 nm, 
0.821, 52.4 m2g-1 and 0.310, respectively. The morphological evaluation of optimal Rasagiline mesylate loaded solid lipid 
nanoparticles was found to be monodisperse, uniform size and quasispherical shape with smooth surface by transmission 
electron microscopy (TEM). The selected area electron diffraction (SAED) indicated the formulation was not in an amorphous 
form but in a crystalline state. Conclusion: The experimental results were good correlated with predicted data analysed 
by Plackett-Burman statistical method.
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INTRODUCTION

Rasagiline (N-propargyl-1-R-aminoindan) mesylate 
(RM) is a potent, selective, irreversible inhibitors of  
monoamine oxidase-B, propargylamine-based drug. It 

has been explored in the treatment of  Parkinson disease.1 
The existing research of  Rasagiline mesylate and its 
analogues are under investigation for Alzheimer disease. 
Despite its rapid absorption and reaching peak plasma 
concentration in approximately 1 hour, the bioavailability 
after oral administration is 36% with short elimination 
half-life (0.6-2 hrs).2 RM is metabolized to its major 
metabolite aminoindan.3 Parkinson disease (PD) is the 
second most common progressive neurodegenerative 
disorders in the world and it manifested clinically by 
motor symptoms, including rigidity, resting tremor and 
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bradykinesia in the limbs followed by postural instability.4 
PD is characterized by selective loss of  melanin-containing 
dopaminergic neurons within the substantia nigra (pars 
compacta) of  the ventral midbrain region.5 The resulting 
of  dopamine deficiency in the striatum causes disinhibition 
and overactivity of  the subthalamic nucleus (STN).6 
The treatment of  Parkinson disease is limited by the 
insufficiency in delivering therapeutic drugs into the brain. 
The major problem with delivery of  drugs into the brain is 
the presence of  the blood brain barrier (BBB). Only small 
molecules with high lipophilic and low molecular weight 
(400-500 Da) drugs able to across the blood brain barrier.7 
A variety of  novel approaches have been implemented to 
over come this problem which includes blood-brain barrier 

disruption, biological drug delivery, chemical drug delivery 
systems, magnetic drug targeting, liposomes, polymeric 
nanoparticles and solid lipid nanoparticles. Among these 
nanoscale solid lipid particles become an important area 
of  research in the field of  drug delivery into brain in a 
sustained period of  time.7,8 Nanoscale solid lipid particles 
are the exploited carrier system for targeted drug delivery 
in a controlled manner of  the pharmaceutical research. In 
recent years, this colloidal carrier system possesses distinct 
advantages and excellent tolerability compared liposomes 
and other polymeric nanoparticles.9 Moreover, the 
fabrication of  procedure can be modulated for desired drug 
release, protection of  drug degradation and avoidance of  
organic solvents.10 Numerous techniques for nanoscale solid 
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lipid particle fabrications exist. The common approaches 
consist in high pressure homogenization, hot/cold 
homogenization, microemulsion, solvent emulsification, 
solvent evaporation, solvent diffusion, double emulsion, 
ultrasonication technique, solvent emulsification-diffusion 
method, supercritical fluid technology, spray drying and 
solvent injection technique.11-13 However, we have selected 
microemulsion technique, as it the thermodynamically 
stable, most expedient and economical technique to 
fabricate nanoscale solid lipid particles.14-16

The objective of  this study was to fabricate the nanoscale 
lipid particles by microemulsion technique and evaluate the 
effects of  different formulation and processing parameters 
on the characteristics RM-SLNs. A statistical model viz. 
Plackett-Burman design was used for identification of  
important components influential in the fabrication of  
nanoscale lipid particle characteristics such as particle size, 
span, surface area and poly dispersity index.

MATERIALS AND METHODS

Materials

Rasagiline mesylate was obtained from Orchid health 
care Pvt Ltd, Chennai, India as gift sample. Stearic acid, 
Poloxamer 407 and Tween 80 were purchased from Sigma 
Chemical Labs, Bangalore, India. The analytic grade 
chemicals and reagents were used for all the experiments. 
Double distilled water was used after filtration through a 
0.45 µm membrane (cellulose acetate).

Methods

Plackett-Burman experimental design

The development of  RM-SLNs process includes, many 
preparation variables appear to have a noticeable influence 
on the formulation characteristics (average particle 
size, span, surface area and poly dispersity index). The 
formulation characteristic can be acceptance limits with 
proper optimized preparation variables. Evaluating the 
effect of  many preparation variables usually requires 
many experiments, which are often expensive and time 
consuming. Consequently, prudent to minimize the total 
number of  experiments done in the optimization process, 
without sacrificing the quality of  prepared RM-SLNs.17 
The process and formulation can be understood by using 
numerous statistical designs of  experiments. However, we 
have preferred Plackett-Burman design (PBD), which has 
been frequently used for screening the large number of  

factors and identifying the critical one in a minimal number 
of  runs with good degree of  accuracy. In PBD, the main 
effect of  each variable was calculated as.18,19

Exi= 2 (ΣHxi − ΣLxi) / N

Where, Exi is the particular variable main effect, ΣHxi is the 
summation of  response value at the higher level, ΣLxi is the 
summation of  response value at the lower level and N is 
the number of  trials. A main effect figure with a negative 
sign indicates an inverse relationship between that particular 
variable, while a positive sign indicates the effect that favors 
the optimization. The linear equation of  Plackett-Burman 
design is as follows.20-23

Y= b0 + b1 X1 + b2 X2 + b3 X3 + b4 X4 + b5 X5 +···+ bn Xn

Where, Y is the response, b0 is the constant and b1, b2...bn 
are the coefficient of  variables X1, 

X2...Xn (representing the effect of  each variable ordered 
within −1, +1).

Optimization and statistical analysis

Based on preliminary experiments and on literature, the 
influence of  independent variable parameters selected 
were lipid (X1), surfactant (X2), and co-surfactant 
concentration (X3), aqueous phase volume (X4), magnetic 
stirrer rate (X5), probe sonication duration (X6), volume 
of  beaker used for sonication (X7), volume of  cold 
aqueous phase (X8) on the dependent variables such as 
average particle size (Y1), span (Y2), surface area (Y3) and 
polydispersity index (Y4) of  the formulated Rasagiline 
mesylate loaded solid lipid nanoparticles (Table 1). 
Other parameters, i.e., magnetic stirrer rate and probe 
sonicator duration were not having a significant impact 
on particle size and their levels were kept constant for all 
the experiments. Magnetic stirrer rate has an impact on 
particle size and was included in the design. 

Table 1: Experimental factors and their values
Factor Factor significance Level (-) Level (+)

X1 Lipid concentration (mg) 50 150
X2 Surfactant Concentration (mg) 25 75
X3 Co-surfactant Concentration (ml) 0.25 0.75
X4 Volume of aqueous phase (ml) 5 15
X5 Magnetic Stirrer rate (rpm) 200 400
X6 Probe sonicator duration (min) 10 30

X7

Volume of beaker used probe 
sonication (ml) 125 250

X8

Volume of clod aqueous phase 
(ml) 30 50



Kunasekaran and Krishnamoorthy, et al.: Optimization of Nanoscale Solid Lipid Particles Containing Rasagiline

288  Journal of Young Pharmacists Vol 7 ● Issue 4 ● Oct-Dec 2015

Preparation of RM loaded SLNs

RM loaded solid lipid nanoparticles were fabricated by 
microemulsion technique. Briefly, the lipid phase containing 
stearic acid was melted above its melting point. Rasagiline 
mesylate was added in the melted lipid. The surfactant 
(Poloxamer 407) and Co-surfactant (Tween 80) were 
dissolved in 10 ml of  aqueous phase. The lipid phase was 
added drop-wise to aqueous phase and then subjected to 
magnetic stirring at 300 rpm for 15 mins. The obtained o/w 
microemulsion was dispersed in cold water under probe 
sonicator for 20 mins.15,16

Evaluation of RM loaded SLNs

The fabricated Rasagiline mesylate solid lipid nanoparticles 
particle size, span and surface area were carried by dynamic 
light scattering (DLS), also known as photon correlation 
spectroscopy (PCS) or quasi-elastic light scattering (QELS), 
which records the variation in the intensity of  scattered 
light on the microsecond time scale by using Malvern 
Mastersizer 2000 MS device (Malvern Instruments, 
Worcestershire, UK) and laser diffraction with a beam 
length of  2.40 mm, range lens of  300 RF mm, at 10.14% 
obscuration. The sample was diluted with double distilled 
water and then the sample was added drop by drop into 
sample holder for measurement.

Polydispersity index was calculated from the width of  the 
particle size of  distribution by using the equation = D(0.9)-
D(0.1)/D(0.5). Where, D(0.9), D(0.5) and D(0.1) are 
corresponding to particle size immediately above 90%, 
50% and 10% of  the sample. The measuring range of  the 
Malvern Mastersizer is from 0.02 µm to 2000 µm.24,25

Polydispersity index value below 0.3 shows the narrow sized 
distribution, which is the most significant parameter that 
decides the uniformity of  nanoparticle performance such as 
solubility, drug release, dissolution, cellular uptake. However, 
the higher Polydispersity index value (<0.3) indicates a higher 
heterogeneity in particle size distribution.21,26

Transmission electron microscopy (TEM)

The surface morphology of  Rasagiline mesylate loaded 
solid lipid nanoparticles was examined by transmission 
electron microscopy (TEM) using JEOL JEM-2000 EXII 
TEM (Tokyo, Japan). The samples were negatively stained 
with 0.5% (w/v) phosphotungstic acid solution for 30 
and fixing on coated copper grids with carbon film and 
dried under vacuum pressure. Furthermore, a selected 
area electron diffraction (SAED) pattern is recorded to 
determine the nature of  the particles.

RESULT AND DISCUSSION

Mechanism of a microemulsion method to produce solid 
lipid nanoscale particles

The fabrication of  Rasagiline mesylate loaded solid lipid 
nanoparticles intended was tailored as per the microemulsion 
technique described in the previously published literature.15 
This experiment pacts with the mechanism of  solid lipid 
nanoparticles fabrication by microemulsion technique and 
the principle behind with the incorporation of  Rasagiline 
mesylate into these nanoparticulate systems. Based on the 
preliminary studies, stearic acid, tween 80 (polyethoxylated 
sorbitan) and poloxamer 407 (polypropylene glycol and 
polyethylene glycol) were chosen as lipid, surfactant and 
co-surfactant respectively. A molten stearic acid (lipid), 
which contain drug (Rasagiline mesylate), is contacted with 
a mixture consisting water, a surfactant and co-surfactant. 
The obtained o/w microemulsion is dispersed in water 
of  2 to 10°C. The hydrophilic surfactant will require a co-
surfactant to form an o/w microemulsion. Co-surfactant 
plays an important role in the formation of  microemulsion 
and it helps the surfactant to reduce the interfacial tension 
to very low values to achieve the thermodynamic stability. 
When the surfactant and co-surfactant are mixed together 
the micelle is formed (Figure 1). The micelles consist of  
a hydrophilic core compartmentalized by the hydrophilic 
head group in aqueous phase and the hydrophobic tail 
group has dissolved in lipid phase. Consequently, when the 
lipid phase was introduced in aqueous phase, a number of  
possible loci were available in the spherical micelles and 
the drug might be located either in the palisade layer or in 
the inner core of  the micelle.

Screening of parameters using Plackett-Burman design

Plackett-Burman design was applied to screen out the 
positive factors contributing to the fabrication of  Rasagiline 
mesylate loaded solid lipid nanoparticles. This experiment 
was conducted in twelve runs involving seven independent 
variables were generated by Design-Expert® (Version 7.1.5; 
Stat-Ease, Inc. USA). The experimental design results 
revealed that this system was highly inclined by the amount 
of  lipid and lipid/surfactant concentration, which resulted in 
maximum surface area and small particle sizes for fabrication 
of  Rasagiline mesylate loaded solid lipid nanoparticles. 

Effect of preparation variables on formulation 
characteristics

By using the microemulsion technique, several experimental 
responses were assessed in order to achieve the optimal 
fabrication conditions, including particle size, span, 
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surface area and poly dispersity index. The results of  these 
experiments were compared using analysis of  variance 
(ANOVA), which was able to determine if  the factors and 
the interactions between factors were significant.

Effect of Formulation Variables on Particle Size

Solid lipid nanoparticles have been extensively investigated 
in the field of  pharmaceutical research and the particle 
size of  SLNs can play an important role as it can 
instantly influence the physical stability, cellular uptake, 
biodistribution and the drug release. Be contingent on the 
desired administration route, the size of  the particle should 
be optimized. The Particle size range 10 to 1000 nm is 
acceptable for intravenous administration.27-30 Following 
linear model equation can describe the Y1. [Average particle 
size =+480.83+283.00 *A-138.33 *B-35.33 *C+23.17 
*D+69.83 *E-26.67 *F+70.17 *H] (Table 2). The F-value 
of  the model 560.10 implies that the model is significant 
and the Values of  “Prob > F” less than 0.0500 indicate 

model terms are significant. The predicted R2 (0.9633) 
and adjusted R2 (0.9980) values implied a good correlation 
between the obtained and predicted value and those of  
the fitted models (Table 3). The Particle size distribution 
of  Rasagiline mesylate loaded solid lipid nanoparticles 
was revealed in (Figure 2). The small particle size of  169 
nm could be achieved by working the experiment under 
following experimental conditions, lipid concentration of  
50 mg, surfactant concentration of  75 mg, Co-surfactant 
concentration of  0.75 ml, aqueous phase volume of  5 
ml, magnetic stirring speed of  400 rpm, probe soniation 
duration 30 mins, volume of  beaker used for sonication 
500 ml and volume of  cold aqueous phase 30 ml. Increase 
in particle size (Y1) was observed to increase in lipid 
concentration (X1) and as well decrease the probe sonicator 
duration (X2). The value of  the coefficient of  variation 
(CV) is 3.84% and indicates the precision and reliability of  
the model. The half  normal plot results indiactes (Figure 
3), the lipid concentration, volume of  the aqueous phase, 
magnetic stirring rate and volume of  cold aqueous phase 

Figure 1: Schematic diagram of formulation of Rasagiline mesylate loaded solid lipid nanoparticles prepared by microemulsion method
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Table 2: Design of Independent and dependent variables chart

Trials

Independent variables Dependent variables

X1 (mg) X2 (mg) X3 (ml) X4 (ml) X5 (rpm) X6 (min) X7 (ml) X8 (ml)

Average 
Particles 

size 
(nm)

Span
Surface 

Area 
(m2g-1)

Poly 
dispersity 

index

1 50 25 0.25 5 200 10 125 30 239 1.325 32.9 0.478
2 50 25 0.25 15 200 30 250 30 224 1.128 34.1 0.408
3 150 75 0.75 5 200 10 125 30 248 1.341 30.2 0.438
4 50 75 0.75 5 400 30 250 30 169 0.821 52.4 0.31
5 50 75 0.75 15 200 10 250 50 175 0.834 50.7 0.225
6 50 75 0.25 15 400 10 250 50 184 0.983 47.5 0.198
7 150 75 0.25 15 400 30 250 30 556 1.625 21.3 0.853
8 150 25 0.75 15 200 30 250 50 857 1.853 14.6 1.504
9 150 75 0.25 5 200 30 125 50 723 1.924 17.1 1.619

10 150 25 0.25 5 400 10 125 50 1171 2.947 14.7 1.974
11 50 25 0.75 5 400 30 125 50 196 0.993 46.2 0.251
12 150 25 0.75 15 400 10 125 30 1028 2.821 15.4 1.906

X1: lipid concentration, X2: surfactant concentration, X3: co-surfactant concentration, X4: volume of aqueous phase, X5: magnetic stirrer rate, X6: probe sonication 
duration, X7: volume of beaker used for sonication, X8: volume of cold aqueous phase

Table 3: Statistical analysis of Plackett-Burman design of each variables

Variables

Analysis of variance

f-Value p-Value
R

square

Adjusted

R squared

Predicted

R Squared
Coefficient of 

variance

Average particle 
size 560.10 0.0325 0.9997 0.9980 0.9633 3.84

Span 782.22 0.0275 0.9998 0.9985 0.9737 1.99
Surface area 202.56 0.0541 0.9993 0.9944 0.8985 4.13

Poly dispersity 
index 516.82 0.0339 0.9997 0.9978 0.9602 4.27

Figure 2: Particle size distribution of Rasagiline mesylate loaded solid lipid nanoparticles fabricated by microemulsion technique 
with lipid concentration of 50 mg, surfactant concentration of 75 mg, Co-surfactant concentration of 0.75 ml, aqueous phase volume 

of 5 ml, magnetic stirring speed of 400 rpm, probe soniation duration 30 mins, volume of beaker used for sonication 500 ml and 
volume of cold aqueous phase 30 ml.
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give a positive effect on the average particle size while 
surfactant concentration, co-surfactant concentration and 
magnetic stirrer rate give negative effect. The parameter 
(X7) volume of  beaker used for sonication dose not have 
singnificant influence on average particle size.

Effect of Formulation Variables on Span

Span is a measurement of  distribution width. The fitted 
model describing the influence of  variables on the mean 
span value Y2 is [Span =+1.55+0.54 *A-0.29 *B-0.11 
*C+0.15 *E-0.16 *F-0.037 *G+0.039 *H] (Table 2). 
Where Y2 is the response=Span, A, B, C, E, F, G and H 
are concentration of  lipid, concentration of  surfactant, 
concentration of  co-surfactant, magentic stirrer, probe 
sonicator duration, volume of  beaker used probe sonication 

and volume of  cold aqueous phase respectively with 
their coefficient. The obtained F-value of  the model had 
a significant effect. The significance of  F-value and R2 
(0.9998) indicated that there was a good linearity between 
the predicted and the observed values. The predicted R2 
(0.9737) and adjusted R2 (0.9985) values implied a good 
correlation between the obtained and predicted value 
and those of  the fitted models (Table 3). The adequate 
precision was defined as a signal to noise ratio or S/N 
ratio is greater than four. Subsequently, the obtained ratio 
shows an adequate signal. The value of  the coefficient of  
variation (CV) is 1.99% and indicates the precision and 
reliability of  the model. The main effect analysis shows, 
the lipid concentration, magnetic stirrer rate and volume 
of  cold aqueous phase give positive effect on span while 
surfactant concentration, co-surfactant concentration, 

Figure 3: Plackett-Burman half normal plot for average particle size

Figure 4: Plackett-Burman half normal plot for span



Kunasekaran and Krishnamoorthy, et al.: Optimization of Nanoscale Solid Lipid Particles Containing Rasagiline

292  Journal of Young Pharmacists Vol 7 ● Issue 4 ● Oct-Dec 2015

probe sonication duration and volume of  beaker used for 
sonication give negative effect. The volume of  aqueous 
phase (X4) parameter doesn’t have significant effect on 
span (Figure 4).

Effect of Formulation Variables on Surface area

The effect could be explained by following linear model 
equation Y3, [Surface area=+31.43-12.54 *A+5.11 *B+3.49 
*C-0.82* D+1.49 *E-0.47 *F+0.82 *G] (Table 2). Where 
Y3 is the predicted response of  surface area and A, B, C, D, 
E, F and G are the coded values of  concentration of  lipid, 
concentration of  surfactant, contration of  co-surfactant, 
volume of  aqueous phase, magentic stirrer rate, probe 
sonicator duration and volume of  beaker used probe 
sonication respectively with their co-effeiceint. F-value of  
the model 202.56 implies that the model is not significant 
and the Values of  “Prob > F” less than 0.0500 indicate 
model terms are significant (Table 3). The predicted R2 
(0.9944) and adjusted R2 (0.8985) values implied a good 
correlation between the obtained and predicted value and 
those of  the fitted models. The value of  the coefficient 
of  variation (CV) is 4.13% and indicates the precision and 
reliability of  the model. (Figure 5) shows the half  normal 
plot results, the surfactant concentration, co-surfactant 
concentration, magnetic stirrer rate and probe sonication 
duration give positive effect on surface area while the lipid 
aqueous phase volume and probe sonication duration give 
negative effect. The independent variable of  volume of  
beaker used for sonication (X7) dose not have singnificant 
influence on surface area.

Effect of Formulation Variables on Poly dispersity index

The fabricated nanoparticles, size population commonly 
follows a multimodal distribution. The polydispersity is a 
significant parameter, which can provide the information 
about the homogeneity of  the particle size and it should 
be (<0.3). The below 0.3 of  polydispersity index shows 
narrow size distribution and it suggest the particles are 
monodispersity. Following linear model equation can 
explain the effect of  factors levelsY4, [Poly dispersity 
index=+ 0.84+0.54 *A-.25* B-0.083 *C+0.060 *E-0.031 
*F-0.050 *G+0.12 *H] (Table 2). Where Y2 is the response 
of  poly dispersity index and A, B, C, E, F, G and H are 
concentration of  lipid, concentration of  surfactant, 
contration of  co-surfactant, magentic stirrer rate, probe 
sonicator duration, volume of  beaker used probe sonication 
and volume of  cold aqueous phase respevtively with their 
coeffeicent. The value of  the coefficient of  variation (CV) 
is 4.27% and indicates the precision and reliability of  the 
model (Table 3). The main effect analysis indicates lipid 
concentration, magnetic stirrer rate and volume of  cold 
aqueous phase positive effect on polydispersity index while 
surfactant concentration, co-surfactant concentration, 
probe sonication duration and volume of  beaker used for 
sonication give negative effect and the volume of  aqueous 
phase parameters does not have significant effect on poly 
dispersity index (Figure 6).

The morphological photomicrograph of  Rasagiline 
mesylate loaded solid lipid nanoparticles was evaluated 
by transmission electron microscopy (Figure 7a). The 

Figure 5: Plackett-Burman half normal plot for surface area
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observation of  TEM shows that the RM-SLNs formulation 
was monodisperse, uniform size and quasispherical shape 
with smooth surface. (Figure 7b) shows the corresponding 
selected area electron diffraction (SAED) of  Rasagiline 
mesylate loaded solid lipid nanoparticles. It obtained using 
the smallest selected-area aperture. The result indicates 
that the formulation was not in an amorphous form, it is 
polycrystalline structure.31

CONCLUSION

In this study, formulation and process variables on 
particle size, span, surface area and polydispersity index 
of  Rasagiline mesylate loaded solid lipid nanoparticles 
were screened by Plackett-Burman experimental design. 
Based on this study, we found that the processing factor 
of  surface area did not have significant influence on 
Rasagiline mesylate loaded solid lipid nanoparticles 

properties. Least particle size was acquired by increasing 
the surfactant concentration, increasing the sonication 
duration and decreasing the lipid concentration. The 
results shown that the Rasagiline mesylate-loaded solid 
lipid nanoparticles formulation had average mean particle 
size of  169 nm with span of  0.821, surface area of  52.40 
m2g-1 and polydispersity index of  0.310. The morphological 
evaluation by transmission electron microscopy was found 
to be monodisperse, uniform size and quasispherical shape 
with smooth surface by (TEM). The selected area electron 
diffraction (SAED) indicated the formulation was not in an 
amorphous form but in a crystalline state. The experimental 
results were good correlated with predicted data analysed 
by Plackett-Burman statistical method.
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