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ABSTRACT 

Objective: Compatibility study is an important element that should be performed at the early development stage of stable and effective solid dosage 
form.  

Methods: The compatibility studies of drug with different polymers and surfactant were investigated by using different methods Fourier Transform 
Infrared Spectroscopy (FTIR), Differential Scanning Calorimetry (DSC) and Isothermal Stress Testing (IST). The compatibility study of Rasagiline 
mesylate was performed with Chitosan, Stearic acid and Poloxamer 407. Drug and polymer mixtures were prepared in 1:1 ratio and the 
compatibility study was performed at25°C±2/60%±5RHand 40°C±2/75%±5RHfor one month. The resulting compatible drug and excipients were 
used in the formulation of solid lipid nanoparticles by Microemulsion method. 

Results: FTIR Spectroscopy results suggest that there is good compatibility between the drug and polymers. DSCresults showed that interaction 
between Rasagiline mesylate and Chitosan,the other excipients were compatible with RM and the IST study results clearly indicate the stable nature 
of the Rasagiline mesylate. The prepared RM-SLNs formulation shows a mean particle size within the nanometre range. SEM confirmed the size and 
shape of RM-SLNs. The results of zeta potential indicates a narrow size distribution. The RM-SLNs were found to be with acceptable morphometric 
properties, narrow size distribution, high entrapment efficiencyand good stability after 3 months of storage at different conditions 
(25°C±2/60%±5RH and 40°C±2/75%±5RH). 

Conclusion: The FTIR, DSC and IST results shown that Stearic acid and Poloxamer 407were found to be compatible with Rasagilinemesylate. The 
Rasagiline mesylate loaded nanoscale solid lipid particles was successfully formulated with compatible excipients and it was found to be stable after 
accelerated stabilitystudies. 

Keywords: Solid lipid nanoparticles, Rasagiline mesylate, Compatibility studies, Isothermal stress testing, Scanning electron microscopy. 

 

INTRODUCTION 

Compatibility study is an important element that should be 
performed at the early development stage of stable and effective 
solid dosage form. The design of successful formulation of 
nanoparticles depends on the selection of polymers and surfactant1. 
These polymers and surfactant can be selected on the basis of its 
compatibility and functionality with the drug2

The compatibility testing is agreeable to computerization and high-
throughput techniques that may contribute to the time consuming 
and reduction of cost [7,8]. Compatibility between drug and 
polymers can be thoroughly investigated and characterized by 
Fourier Transform Infrared Spectroscopy (FTIR), Differential 
Scanning Calorimetry (DSC), Isothermal Stress Testing (IST), 
Scanning Electron Microscopy (SEM),X-ray Powder Diffraction 
(XRD) and High Performance Liquid Chromatography (HPLC). 
Among these techniques FTIR and DSC are widely being used to 
evaluate the drug-polymer interactions. FTIR Spectroscopy is a 
simple technique, based on the vibrations of the atoms of a molecule. 
Disappearance of an absorption peak or reduction of the peak 
intensity combined with the appearance of new peak provides a 
clear indication for interaction between the drug and excipients

. Drug and polymers 
incompatibility can alter the physicochemical properties, stability 
and bioavailability of drugs, and subsequently affect its safety and 
therapeutic efficacy [3-6].  

9

 

. 
DSC is a rapid analytical technique allows for the evaluation of 
possible interactions among the formulation components according 
to appearance, shift or disappearance of endothermic or exothermic 
peaks and/or variations in the relevant enthalpy values in thermal 
curves of drug-excipients mixtures [10-13]. IST is a commonly used 
method for evaluation of compatibility and involves storage of the 
drug-excipients mixtures with or without moisture at elevated 

temperature for a specific period of time and the drug content is 
determined by suitable method [9,14]. 

Fig. 1: Chemical structure of Rasagiline mesylate 
 

The Anti-parkinsonism drug Rasagiline mesylate is a selective, 
second generation, irreversible monoamine oxidase B inhibitor, for 
the treatment ofidiopathic Parkinson’s disease [15-18]. Rasagiline 
mesylate was approved by European drug regulatory authorities in 
2005 and by the US FDA in 2006[19]. Rasagiline is a secondary cyclic 
benzylamine and indane derivatives with the chemical structure of 
N-propyl-1-(R)-aminoindan, the most potent propargylamine, 
which, although structurally related to selegiline [20]. The purpose 
of this work was to evaluate the compatibility between Rasagiline 
mesylate with various polymers and surfactant by FTIR, DSC and 
IST. The result of drug and compatible excipients use to prepare the 
solid lipid nanoparticle formulations and to evaluate the 
nanoparticles morphometric properties by photon correlation 
microscopy (PCS) and scanning electron microscopy (SEM).  

MATERIALS AND METHODS 

Materials  

Rasagiline mesylate was kindly gifted from Orchid health care Pvt 
Ltd, Chennai, India. Chitosan was obtained commercially from 
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Central Marine Fisheries Research Institute, Cochin, India. Stearic 
acid and Tween 80 were purchased from SD Fine Chem Ltd, Mumbai, 
India. Lutrol (Poloxamer 407) was a gift sample from Signet 
Chemicals Lab, India. Acetonitrile (HPLC grade) were purchased 
from Sigma Aldrich, Mumbai, India. All other chemicals and reagents 
used were of analytical grade. Double distilled water was filtered 
through a 0.45 µm membrane (cellulose acetate) before use. 

Methods 

Preparation of samples 

The mixture of Rasagiline mesylate with selected polymers 
(Chitosan and Stearic acid) and surfactant (Poloxamer 407) was 
prepared in 1:1 w/w ratio by the simple blending of the components 
in a mortar with pestle for 10 min at room temperature. The drug 
and polymers individually weighed in glass vials, each vial was 
sealed with Teflon-lined screw cap and the mixture of drug and 
polymers were stored in two different conditions at 25°C±2/60%±5 
RH and 40°C±2/75%±5 RH for one month. 

FTIR spectrophotometric analysis  

Generally, the sample concentration in potassium bromide should be 
in the range between 0.2% and 1%. The dried potassium bromide 
was placed into a mortar 1% w/w of the drug sample was accurately 
weighed and mixed with the KBr powder, subsequently ground the 
mixture for 3-5 minutes. The powder mixtures were pressed 
through a mechanical press to form translucent pellets. These pellets 
were scanned by FTIR (Perkin-Elmer model 1600) in the 4000-400 
cm-1

Differential scanning calorimetric analysis 

 spectral range [21]. 

Compatibility studies of the mixtures of the drug and excipients 
were performed by using differential scanning calorimetry (DSC, 
Shimadzu, Japan). 2-10mg of the drug and excipients mixture as 
individual samples and mixtures of drug and excipients were 
accurately directly weighed directly into standard aluminum pans 
and placed in the equipment under room temperature and it was 
scanned in temperature from 50-300°C. The heating rate was 20°C 
per min in nitrogen atmosphere (Flow rate: 20 ml/min) and the 
interactions were observed from obtained thermograms[22]. 

Isothermal stress testing 

In Isothermal stress testing (IST) studies, drug with selected 
polymers and surfactant weighed in glass vials (n=3) and mixed with 
mortar for 3 mins, with 10% distilled water. Each glass vial sealed by 
Teflon lined screw cap and stored at 50°C in hot air oven (Technico, 
India). Samples without water were used as control and stored in 
refrigerator. These samples were regularly examined for any 
unusual colour change. After 4 weeks these samples were analyzed 
quantitatively at 272 nm by using UV spectrophotometer (1601, 
Shimadzu, Japan) [23]. 

Preparation of Rasagiline mesylate loaded solid lipid 
nanoparticles 

Rasagiline mesylate (RM) loaded solid lipid nanoparticles were 
prepared from O/W microemulsion technique [24-26] containing 
Stearic acid as lipid phase, poloxamer 407 as surfactant and Tween 
80 as co-surfactant. Briefly, the lipid phase (stearic acid) was heated 
5-10°C above its melting point (69-70°C), to which Rasagiline 
mesylate was added.  

The aqueous phase containing surfactant (poloxamer 407) and co-
surfactant (Tween 80) were heated at 50°C and added to the melted 
lipid phase under magnetic stirrer (Remi, India.) at 500rpm for 10-
15 min, resulting in O/W emulsion. The resulted emulsion was 
immediately added drop wise into cold distilled water under probe 
sonicator for 20 min (Lark, India) to solidify the nanoparticles. 

Characterization of nanoparticles 

Determination of process yield 

The process yield of Rasagiline mesylate solid lipid nanoparticles 
were determined using the following formula: [26, 27] 

Process yield = (Practical yield/Theoretical yield) × 100. 

Determination of particle size and poldispersity index (PdI) 

The particle size and poldispersity index (PdI) for the Rasagiline 
mesylate loaded solid lipid nanoparticles was carried out by photon 
correlation spectroscopy (PCS) using Malvern Mastersizer 2000 
(Malvern Instruments Inc, Worcestershire, UK.) and the samples 
were measured in the range from 0.02 µm to 2000 µm. 

Polydispersity index, a parameter 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. 
[26, 28]. 

Zeta potential measurements 

Zeta potential of Rasagiline mesylate loaded SLNs formulation was 
determined by laser Doppler electrophoresis (Zetasizer Nano ZS, 
Malvern, UK). The samples were diluted with deionized distilled 
water with a conductivity adjusted to 50µS/cm with sodium 
chloride. Helmholtz–Smoluchowski equation was used to convert 
the measured electrophoretic mobility to zeta potential. [26,29] 

Scanning electron microscopy (SEM) 

The morphology of RM loaded SLNs characterized by scanning 
electron microscopy (Carl Zeiss EVO-MA25, Germany). The samples 
were frozen at -80°C and lyophilized (Lark, Penguin Classic Plus, 
India) by freeze-drying method. 10 mg of freeze-dried samples were 
suspended in 1 ml deionized distilled water and one droplet of the 
suspension was placed on a glass surface. After drying the latex 
particles, coated with gold using an Ion Sputter coater and scanned 
at an accelerating voltage of 20 kV. [30] 

Determination of entrapment efficiency  

The entrapment efficiency (EE) of the RM loaded SLNs was 
determined by measuring the concentration of free drug inthe 
supernatant obtained after centrifuging at 16,000rpm for 30 mins at 
0°C (Remi C 24, Mumbai, India). The amount of free drug was 
detected by HPLC (Thermoscientific, spectra system P-4000, USA) 
and the incorporated drug was calculated by subtracting free drug 
from total amount of drug in the formulation. The EE was calculated 
by using the following equation,[26,31] 

Entrapment efficiency (%) =
(W1(assay)− W2))

W1
× 100 

Where, W1 -the total amount of drug in the formulation,  

W2 -amount of drug in the supernatant. 

Determination of drug content  

Rasagiline mesylate loaded SLNs (2 ml) were diluted to 10 ml with 
acetonitrile: water (5:95, v/v) andfiltered through 0.45 µm nylon 
Millipore membranes (Millipore, USA). The drug content was 
determined by using HPLCsystem (Thermoscientific, spectra system 
P-4000, USA) with UV detector (Kromosil 100) and C18 column 
(particle size 5 µm, 250 mm×4 mm). The absorbance was examined 
at 265 nm [26,32]. 

Stability studies  

The purpose of the stability testing is to illustrate how the quality of 
a drug substance varies with time under the influence of a variety of 
environmental factors like temperature, humidity and light. The 
Rasagiline mesylate formulation was stored up to 3 months for 
stability studies at two different storage condition like 
(25°C±2/60°±5RH) and an accelerated condition 
(40°C±2/75%±5RH)[33,34]. The stored formulation was evaluated 
at 0, 1, 2 and 3 months for their particle size, polydispersity index, 
zeta potential, drug contentand drug entrapment. 

RESULTS AND DISCUSSION 

FTIR spectra of pure drug and a mixture of drug and selected 
excipients studies were performed in two different storage 
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conditions like 25°C±2/60%±5RH and 40°C±2/75%±5RH for one 
month.  
 

 

Fig. 2: FTIR spectra of pure Rasagiline mesylate 
(25°C±2/60%±5RH) FTIR spectra of pure Rasagiline mesylate 

are presented in each fig. together with single excipients 
spectrum is shown in the Fig. 3-5.  

 

 

Fig. 3: FITR spectra of (A) pure Rasagiline mesylate (B) chitosan 
(C) mixtures of Rasagiline mesylate with chitosan 

(25°C±2/60%±5RH). 

Data acquired from FTIR Spectrophotometric studies of drug-
excipients mixtures stored at 25°C±2/60%±5RH, indicates no 
significant changes in the spectra. The pure Rasagiline mesylate 
characteristic spectra were shown, a band of 2934 cm-1and 2849 cm-

1owing to Aromatic C-H stretching and Aliphatic C-H stretching 
groups. The other bands Peaks at 3219 cm-1 (Secondary amine N-H) 
and 1192 cm-1

FTIR spectra of Rasagiline mesylate, Chitosan and mixture of 
Rasagiline mesylate with Chitosan are shown in Fig. 3. Chitosan 
exhibits a band at 3421 cm

(Aliphatic amino C-N) respectively. The pure 
Rasagiline mesylate spectrum is shown in Fig. 2. 

-1 corresponds to the combine peaks of 
the stretching vibration of NH2 and OH group. A characteristic 
broadband at 1157 cm-1 associated with the stretching of C-O. The 
band at 2920 cm-1

 

 is attributed to the Aromatic C-H stretching (Table 
1). The binary mixture of Rasagiline mesylate and Chitosan shows no 
significant changes in the peaks of Primary and Secondary amine, 
Aromatic C-H stretching, Aliphatic C-H stretching and aliphatic 
amine C-N, in reference to the observed value of Rasagiline mesylate 
and Chitosan. 

 

Fig. 4: FITR spectra of (A) pure Rasagiline mesylate (B) stearic 
acid (C) mixtures of Rasagiline mesylate with stearic acid 

(25°C±2/60%±5RH) 
 

Table 1: FTIR spectroscopy data of RM and chitosan in (25°C±2/60%±5RH) storage condition 

S. No. F. G Rasagiline mesylate F. G 
 

chitosan F. G RM+ 
chitosan cm-1 standard  

cm
RM cm

-1 
standard  -1 
cm

chitosan  
-1 cm-1 

1 Ar C-H 2850-3000 2934 Ar C-H 2850-3000 2920 1° NH /Sec NH 3421/3219 
2 Ali C-H 2800-2900 2798 1° NH 3400-3500 3421 Ar C-H 2933 
3 Sec N-H 3300-3400 3219 O-H 3200-3600 3421 Ali C-H 2800 
4 Ali C-N 1000-1350 1192 C-O 1100 1157 Ali C-N 1191 
F. G: Functional groups / RM: Rasagiline mesylate 

 

Table 2: FTIR spectroscopy data of RM and stearic acid in (25°C±2/60%±5RH) storage condition 

S. no F. G Rasagiline mesylate F. G stearic acid F. G RM + 
stearic acid cm-1 standard 

cm
RM 

-1 cm
standard 

-1 cm-1 
stearic 
acid cm-1 

1 Ar C-H 2850-3000 2934 Ali C-H 2800-2900 2849 Imide 1701 
2 Ali C-H 2800-2900 2798 C=O 1720-1740 1702 Ar C-H 2917 
3 Sec N-H 3300-3400 3219 O-H 2500-3300 2674 Ali C-H 2805 
4 Ali C-N 1000-1350 1192 CH2 1100 bend 1463 Ali C-N 1191 
F. G: Functional groups / RM: Rasagiline mesylate 
 

Table 3: FTIR spectroscopy data of RM and poloxamer 407 in (25°C±2/60%±5RH) storage condition 

S. No. F. G Rasagiline mesylate F. G poloxamer 407 F. G RM + poloxamer 407 cm-1 
standard cm RM cm-

1 
standard -1 
cm

poloxamer 407 cm
-1 

-

1 
1 Ar C-H 2850-3000 2934 NH OH 3400-3500 3447 Sec NH/NH OH 3119/3447 
2 Ali C-H 2800-2900 2798 Ali C-H 2800-2900 2896 Ar C-H 2917 
3 Sec N-H 3300-3400 3219 C-O 1100 1109 Ali C-H 2804 
4 Ali C-N 1000-1350 1192 - - - Ali C-N 1190 
F. G: Functional groups / RM: Rasagiline mesylate 

Data acquired from FTIR spectra of Rasagiline mesylate-excipients stored at 40°C±2/75%±5RH condition is shown in the Fig. 6-9. 
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Fig. 4 show the FTIR spectra of Rasagiline mesylate, Stearic acid and 
mixtures of Rasagiline mesylate and Stearic acid. The characteristic 
band Peaks at around 2849 cm-1 and 1702 cm-1 in Stearic acid are 
assigned to the Aromatic C-H stretching and C=O Asymmetric 
stretching, respectively.  

The peaks present at 2674 cm-1 and 1463 cm-1 owing to Carboxylic 
O-H and CH2 bending. Mixtures of Rasagiline mesylate and Stearic 
acid spectra showed no change in the positions of the bands at 1701 
cm-1 (Imide), 2917 cm-1(Aromatic C-H stretching), 2805 cm-1 
(Aliphatic C-H stretching) and 1191 cm-1

 

Fig. 5: FITR spectra of (A) pure Rasagiline mesylate (B) 
poloxamer 407 (C) mixtures of Rasagiline mesylate with 

poloxamer 407 (25°C±2/60%±5RH) 

 

The Poloxamer 407 FTIR spectrum is characterized by principal 
absorption band peaks at 3447 cm

(Aliphatic amine C-N) in 
Rasagiline mesylate (Table 2). 

 

-1 (NH OH), 2896 cm-1(O-H 
bending) and 1109 cm-1(C-O stretching) (Table 3). The Rasagiline 
mesylate-Poloxamer 407 mixtures showed the respective 
characteristic bands peaks at 3119 cm-1, 3447 cm-1, 2917 cm-1, 2804 
cm-1 and 1190 cm-1

 

 shown in Fig. 5. The results confirm there is no 
change in the positions of the bands peaks in the mixtures Rasagiline 
mesylate and Poloxamer 407 spectra. 

 

Fig. 6: FTIR spectra of pure Rasagiline mesylate 
(40°C±2˚/75°±5%RH) 

 

FTIR spectra are usually analysis in a range between 4000 and 400 
cm-1 with 4 cm-1 resolution. Spectra obtained from pure Rasagiline 
mesylate were found 2934 cm-1and 2805 cm-1 for Aromatic C-H 
stretching and Aliphatic C-H stretching respectively. The other 
characteristic bands Peaks at 3219 cm-1 and 1192 cm-1

 

assigned for 
to Secondary amine N-H and Aliphatic amine C-N respectively. The 
pure Rasagiline mesylate spectrum is shown in Fig. 6. 

 

Fig. 7: FITR spectra of (A) pure Rasagiline mesylate (B) chitosan 
(C) mixtures of Rasagiline mesylate with chitosan 

(40°C±2/75%±5RH)

Table 4: FTIR spectroscopy data of RM and chitosan in (40°C±2/75%±5RH) storage condition 

S. No. F. G Rasagiline mesylate F. G chitosan F. G RM + 
chitosan cm-1 standard cm RM cm-1 standard cm-1 chitosan cm-1 -1 

1 Ar C-H 2850-3000 2934 Ar C-H 2850-3000 2917 1° NH /Sec NH 3430/3219 
2 Ali C-H 2800-2900 2805 1° NH 3400-3500 3430 Ar C-H 2917 
3 Sec N-H 3300-3400 3219 O-H 3200-3600 3430 Ali C-H 2866 
4 Ali C-N 1000-1350 1192 C-O 1100 1032 Ali C-N 1103 
F. G: Functional groups / RM: Rasagiline mesylate 
 

Table 5: FTIR spectroscopy data of RM and stearic acid in (40°C±2/75%±5RH) storage 

S. No. F. G Rasagiline Mesylate F. G stearic acid F. G RM + 
stearic acid cm-1 standard 

cm
RM 

-1 cm
standard 

-1 cm
stearic 

-1 acid cm-1 
1 Ar C-H 2850-3000 2934 Ali C-H 2800-2900 2849 Imide 1701 
2 Ali C-H 2800-2900 2805 C=O 1720-1740 1702 Ar C-H 2917 
3 Sec N-H 3300-3400 3219 O-H 2500-3300 2917 Ali C-H 2804 
4 Ali C-N 1000-1350 1192 CH2 1100 bend 1099 Ali C-N 1191 
F. G: Functional groups / RM: Rasagiline mesylate 

 

Table 6: FTIR spectroscopy data of RM and poloxamer 407 in (40°C±2/75%±5RH) storage condition 

S. No. F. G Rasagiline Mesylate F. G poloxamer 407 F. G RM + 
poloxamer  
407 cm-1 

standard cm RM cm-1 standard -1 
cm

poloxamer 
-1 407 cm-1 

1 Ar C-H 2850-3000 2934 NH OH 3400-3500 3446 Sec NH/NH OH 3119/3448 
2 Ali C-H 2800-2900 2798 Ali C-H 2800-2900 2891 Ar C-H 2934 
3 Sec N-H 3300-3400 3219 C-O 1100 1113 Ali C-H 2800 
4 Ali C-N 1000-1350 1192 - - - Ali C-N 1191 
F. G: Functional groups / RM: Rasagiline mesylate 
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The data obtained from the FTIR spectra of Rasagiline mesylate, 
Chitosan and mixture of Rasagiline mesylate-Chitosan are shown in 
Fig.7. Characteristic bands of Chitosan were observed at 3430 cm-

1represents to the combine peak of NH2 and OH groups stretching 
vibration [35]. The peaks at 1032 cm-1 and 2917 cm-1 were assigned 
to the presence of stretching of C-O and Aromatic C-H stretching. 
Spectrograph of both the Rasagiline mesylate and Chitosan physical 
mixture shows at 3430 cm-1 (Primary amine), 3219 cm-1 (Secondary 
amine), 2917 cm-1(Aromatic C-H stretching), 2866 cm-1 (Aliphatic C-
H stretching) and 1103 cm-1

 

 (Alkane C-N) respectively (Table 4). 
These results signify that the mixture of Rasagiline mesylate-
Chitosan is compatible. 

 

Fig. 8: FITR spectra of (A) pure Rasagiline mesylate (B) stearic 
acid (C) mixtures of Rasagiline mesylate with stearic acid 

(40°C±2/75%±5RH) 
 

The Rasagiline mesylate-Stearic acid mixtures are subjected to FTIR 
spectra studies and its spectrum is compared with the Rasagiline 
mesylate and Stearic acid bands peaks are shown in Fig. 8. The 
characteristic bands of Stearic acid were observed at 2849 cm-1 
(Aliphatic C-H stretching), 1702 cm-1 (C=O Asymmetric stretching), 
2917 cm-1 (Carboxylic O-H) and 1099 cm-1(CH2 bending). The FTIR 
spectrum of the Rasagiline mesylate-Stearic acid mixture shows the 
band peaks at 1701 cm-1 (Imide), 2917 cm-1(Aromatic C-H 
stretching), 2804 cm-1 (Aliphatic C-H stretching) and 1191 cm-

1

 

(Aliphatic amine C-N) in (Table 5). These results showed, bands 
peaks were not altered in binary mixtures, it represents no 
interactions between Rasagiline mesylate and Stearic acid. 

 

Fig. 9: FITR spectra of (A) Pure Rasagiline mesylate (B) 
poloxamer 407 (C) mixtures of Rasagiline mesylate with 

poloxamer (40°C±2/75%±5RH) 
 

The FTIR spectra study of Poloxamer 407 reveals that characteristic 
band peaks appeared at 3446 cm-1 (NH OH), 2891 cm-1(O-H bending) 
and 1113 cm-1 (C-O stretching) in Fig. 9. The binary mixture of 
Rasagiline mesylate and Poloxamer 407 shows the respective 
characteristic peaks at 3119 cm-1 (Secondary amine), 3447 cm-1 (NH 
OH), 2934 cm-1 (Aromatic C-H stretching), 2800 cm-1 (Aliphatic C-H 
stretching) and 1191 cm-1

DSCthermoanalytical curves of drug and drug-excipients mixtures 
are illustrated in Fig.10-13 and the drug and mixtures of drug-
excipients thermal behaviour was compared.  

 (Aliphatic amine C-N) (Table 6), which is 
similar to that in individual spectrum. It represents that there were 
no changes in the characteristic band peaks. 

 

Fig. 10: DSC thermogram of Rasagiline mesylate 

 

 

Fig. 11: DSC thermogram of Rasagiline mesylate and stearic acid 

 

The DSC thermogram of Rasagiline mesylate showed an 
endothermic peak at 131.49°C (It represents the dehydration of 
bound water) and 155.56°C (melting point). Rasagiline mesylate-
Stearic acid mixtures showed the endothermic peak at 63.63°C and 
153.97°C (Fig.11). The melting endothermic peak of Rasagiline 
mesylate at 155.56°C in Rasagiline mesylate-Stearic acid mixture 
confirms there is no interaction between Stearic acid and Rasagiline 
mesylate. 
 

 

Fig. 12: DSC thermogram of Rasagiline mesylate and chitosan 

 

DSC thermogram of Rasagiline mesylate and Chitosan can be 
observed in Fig.12 and it showed the endothermic peak at 120.45°C. 
There was no peak appears in the range of Rasagiline mesylate 
melting peak. The thermogram of Rasagiline mesylate and Chitosan 
mixture confirm that Chitosan was incompatible with Rasagiline 
mesylate.  

The DSC curve of Rasagiline mesylate and Poloxamer 407 showed 
endothermic peaks at 55.91°C and 155.53°C in fig. 13. In this 
Rasagiline mesylate melting peak appears at the same value of 
temperature (155.55 °C). The binary mixtures of thermogram 
indicate no interaction between these substances. 
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Fig. 13: DSC thermogram of Rasagiline mesylate and poloxamer 
407 

 

In the Isothermal stress testing, drug and mixtures of drug-
excipients results were confirmed there is no change in physical 
appearance at ambient temperature. The mixtures also 

predominantly examined for physical stable, liquefaction or gas 
formation and drug degradation with any type of excipients. The 
percentage of drug remaining at the end of the study at 50°C was 
shown in the Table-7. The Rasagiline mesylate loaded solid lipid 
nanoparticles were prepared by Microemulsion technique. The 
process yield, mean particle size, polydispersity index, zeta potential, 
drug content and entrapment efficiency of Rasagiline mesylate 
loaded SLNs results were shown in Fig. 14, 15 and table 8. The 
prepared RM loaded solid lipid nanoparticles process yield was 88.6 
% and the mean particle size range of 165 to 210 nm Fig.14. The 
polydispersity index (PdI) ratio provides the information about the 
homogenicity of particle size distribution and it should be <0.3 
(Pathak et al., 2009), the PdI values of RM-loaded SLNs was 0.226, 
which represents that the SLNs had a narrow size distribution and 
signifying SLNs monodispersity. The Zeta potential (surface charge) 
is a factor for evaluation of the stability in colloidal dispersion 
through the electrostatic repulsion between particles. The particles 
are electrochemically stable, when the zeta potential value of the 
nanoparticles is more than ±30mV. The zeta potential value of RM-
SLNs was -36.2 mV Fig.15. 

 

Table 7: Results of UV analysis of the samples, under Isothermal stress testing after 4 weeks. 

Sample Ratio 
(Drug-excipient) 

% Drug remaining changes in physical appearance a 
control sample stress sampleb c 

Rasagiline mesylate (RM) - 100.32±1.11 99.03±1.46 No 
RM+Chitosan 1:1 97.77 ±0.54 100.64±0.55 No 
RM+Stearic acid 1:1 99.35 ±1.46 99.35±1.66 No 
RM+Poloxamer 407 1:1 101.61±0.56 100.32±0.55 No 
aMean ± standard deviation (n=3) 
bDrug-excipients blendswithout added water and stored in refrigerator (2° to 8°C) 
cDrug-excipients blends with 10% added water and stored at 50° C for 4 weeks 
 

Table 8: Process yield, particle size polydispersity index and zeta potential for RM-loaded solid lipid nanoparticles 

Evaluation parameters Formulations code 
RMSLN 

Process yield (%) 86.1 
Mean particle size (nm) 165-210 
Polydispersity Index 0.226 
Zeta potential (mV) -36.2 
Drug content* (%) 97.85±0.08 
Drug entrapment (%) 82.92 
*(n=3±S. D.)  
 

Table 9: Stability studies of Rasagiline loaded solid lipid nanoparticles formulation 

Temperature Evaluation parameter Observation (month) 
0 1 2 3 

25°C±2/60%±5RH Mean particle size (nm) 165-210 165-215 170-210 165-215 
Polydispersity index (PdI) 0.226 0.222 0.219 0.224 
Zeta potential (mV) -36.2 -35.9 -36.0 -36.3 
Drug content*(%) 97.85 

±0.08 
97.91 
±0.28 

97.41 
±0.22 

97.40 
±0.13 

Drug entrapment (%) 82.92 82.80 82.59 82.61 
40°C±2/75%±5RH Mean particle size (nm) 165-210 167-215 165-210 170-215 

Polydispersity index (PdI) 0.226 0.223 0.226 0.220 
Zeta potential (mV) -36.2 -36.4 -36.0 -36.1 
Drug content* (%) 97.85 

±0.08 
97.89 
±0.18 

97.83 
±0.07 

97.24 
±0.41 

Drug entrapment (%) 82.92 82.81 82.52 82.45 
*(n=3±S. D.) 

 

The morphology of RM loaded SLNs was examined using scanning 
electron microscopy. The photographic result shows a fine spherical 
shape, smooth surface, and particle size was within the nanometric 
range Fig.16.  

The entrapment efficacy and drug content of the prepared Rasagiline 
mesylate loaded solid lipid nanoparticles was 82.92% and. 
97.85±0.08%.  

The results of Rasagiline mesylate loaded nanoparticles (RMSLN) 
formulation stability studies indicate there is no significance change 
in particle size, polydispersity index, zeta potential, drug content and 
drug entrapment before and after 1, 2 and 3 months and these 
values are shown Table 9. 
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Fig. 14: Particles size of Rasagiline loaded solid lipid 
nanoparticles 

 

 

Fig. 15: Zeta potential value of Rasagiline loaded solid lipid 
nanoparticles 

 

 

Fig. 16: SEM image of Rasagiline mesylate loaded solid lipid 
nanoparticles 

 

CONCLUSION 

The compatibility studies of Rasagiline mesylate with various 
polymers and surfactant were investigated using different analytical 
methods. FTIR and DSC were used as rapid methods to evaluate 
possible incompatibilities of drug and excipients. FTIR spectra 
results confirmed the absence of physical or chemical interactions 
between Rasagiline mesylate and the corresponding excipients. The 
results of thermoanalytical studies (DSC) have shown an 
incompatibility between Rasagiline mesylate and Chitosan. The 
presence of Chitosan is responsible for degradation of the binary 
mixtures at different w/w ratio. There is no significant change in the 
thermogram of Rasagiline mesylate with other excipients.  

The results of Isothermal stress testing showed that there is no 
change in colour and drug content after 4 weeks of storage under 
stressed conditions. It clearly indicates the stable nature of 
Rasagiline mesylate with other excipients used in the present study. 
The compatibility studies conclude that Rasagiline mesylate is 
compatible with the excipients like stearic acid and poloxamer 407. 
The RM loaded SLNs formulations developed using these compatible 
excipients was found to be acceptable morphotmetric properties, 
narrow size distribution, high entrapment efficiency and good 
stability after 3 months of storage at different conditions 
(25°C±2/60%±5RH and 40°C±2/75%±5RH). 
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