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ABSTRACT 

 

Rizatriptan, a potent antimigraine agent, suffers from low bioavailability (45-47%) due to extensive 

hepatic first-pass metabolism when administered orally. To overcome this limitation, this study aimed to 

develop and evaluate brain-targeted liposomal formulations of rizatriptan for nasal transmucosal 

delivery. Glutathione (GSH)-conjugated liposomes were designed to enhance brain delivery by bypassing 

the blood-brain barrier (BBB) and leveraging the olfactory pathway. Liposomes were prepared using the 

thin-film hydration method and characterized for particle size, zeta potential, entrapment efficiency, and 

in-vitro drug release. The optimized formulations were evaluated for in-vivo pharmacokinetics and brain 

targeting efficiency in rats. Results demonstrated that GSH-conjugated liposomes significantly improved 

brain delivery of rizatriptan, with enhanced pharmacokinetic parameters and stability over 12 months. 

The nasal route, combined with liposomal delivery, offers a promising alternative to oral administration 

for the treatment of migraines and other CNS disorders. 

 

 

INTRODUCTION 

 

Migraine is a debilitating neurological disorder affecting millions worldwide. Rizatriptan, a selective 5-HT1D 

receptor agonist, is commonly used for migraine treatment. However, its oral administration is limited by low 

bioavailability (45-47%) due to extensive hepatic first-pass metabolism. Nasal transmucosal drug delivery offers 

a promising alternative, providing non-invasive, rapid drug absorption and direct delivery to the brain via the 

olfactory pathway, bypassing the BBB. 

 

Liposomes, lipid-based vesicles, have shown potential in crossing biological membranes, including the BBB. 

Cholesterol, an integral component of liposomes, provides rigidity and stability. Conjugation of cholesterol with 

glutathione (GSH), a natural antioxidant abundant in the brain, enhances brain targeting. This study aimed to 

develop and evaluate GSH-conjugated liposomal formulations of rizatriptan for nasal delivery, focusing on 

overcoming the limitations of oral administration and enhancing brain delivery. 

 

MATERIALS AND METHODS 

 

Rizatriptan, cholesterol, Lipoid S 100, glutathione, and other excipients were procured from Sigma-Aldrich. All 

solvents and reagents were of analytical grade. 

 

Synthesis of Cholesterol-GSH Conjugate: 

Cholesterol acrylate was synthesized and conjugated with glutathione using a chemical reaction scheme. The 

conjugate was characterized using FTIR and H1NMR. 

 

Preparation of Liposomes: 

Liposomes were prepared using the thin-film hydration method. Two types of liposomes were prepared: non-

conjugated (F1-F9) and GSH-conjugated (G1-G9). 
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Formulation Table: 

 

Table 1 : Formulation Table 

 

Formula

tion code 

Rizatripta

n (mg) 

CHL 

(mg) 

CHL-GSH 

conjugate 

(mg) 

Lipoid S 100 

(mg) 

PEG 

400 

(ml) 

Benzalkoniu

m chloride 

(ml) 

Phosphate 

buffer 

q.s. 

(ml) 

F1 10 150 - 75 2 0.1 10 

F2 10 150 - 100 2 0.1 10 

F3 10 150 - 125 2 0.1 10 

F4 10 300 - 75 2 0.1 10 

F5 10 300 - 100 2 0.1 10 

F6 10 300 - 125 2 0.1 10 

F7 10 450 - 75 2 0.1 10 

F8 10 450 - 100 2 0.1 10 

F9 10 450 - 125 2 0.1 10 

G1 10 - 75 75 2 0.1 10 

G2 10 - 100 100 2 0.1 10 

G3 10 - 125 125 2 0.1 10 

G4 10 - 75 75 2 0.1 10 

G5 10 - 100 100 2 0.1 10 

G6 10 - 125 125 2 0.1 10 

G7 10 - 75 75 2 0.1 10 

G8 10 - 100 100 2 0.1 10 

G9 10 - 125 125 2 0.1 10 

 

RESULTS AND DISCUSSIONS 

 

Characterization of drug 

Melting point 

Melting point of rizatriptan was found to be 1790C which matches with the reference value. 

 

UV-Vis spectrophotometry 

 

 
 

Figure 1: Calibration curve of rizatriptan in phosphate buffer pH 6.6. 
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FTIR studies 

 

 

 

Figure 2: FTIR spectrum of rizatriptan. 

 

Differential Scanning Calorimetry 

 

 
 

Figure 3 DSC thermogram of Rizatriptan 

 

HPLC 

 

 
 

Figure 4: Calibration Curve For Rizatriptan By HPLC 
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Figure 5 : FTIR spectrum of cholesterol           Figure 6 : FTIR spectrum of cholesterol Acrylate 

  

 
 

Figure 9 : DSC thermogram of cholesterol                     Figure 1 0 : DSC thermogram of cholesterol acrylate 

 

Characterization of cholesterol-GSH conjugate 

 

 
 

Figure 1 1 : FTIR spectrum of Glutathione 
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Figure 12: FTIR spectrum of cholesterol-glutathione conjugate 

 

Evaluation of liposomes 

 

Table 2: Evaluation of liposomes formulations 

 

Formulation 
Zeta Potential 

mV 

Particle size 

Nm 
PDI 

Entrapment 

efficiency % 

In-vitro drug 

release % 

F1 40.34 290 0.31 81.5 75.3 

F2 34.54 380 0.36 85.2 66.1 

F3 42.9 181 0.45 88.1 90.2 

F4 41.51 245 0.42 76.3 87.3 

F5 36.53 355 0.4 82.4 69 

F6 44.6 470 0.34 92.1 61.1 

F7 49.04 195 0.37 70.7 80.2 

F8 47.09 280 0.5 78 70 

F9 36.54 540 0.4 80.6 59.3 

G1 48.34 305 0.43 78.2 72 

G2 39.54 402 0.36 82.3 62 

G3 45.9 194 0.5 84.9 86.4 

G4 37.51 272 0.35 72.4 83.4 

G5 46.53 370 0.3 79.2 66.2 

G6 47.6 490 0.38 88 57.1 

G7 36.04 220 0.49 66 78.1 

G8 45.09 291 0.46 75.2 66.4 

G9 39.54 590 0.32 77.5 56.2 
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Particle size, zeta potential and PDI 

Figure 1 4 : Response surface and contour diagram for effect of Lipoid S 100 and cholesterol on particle size 

for non conjugated liposome formulations. 

 

 

 
 

Figure 1 5 : Response surface and contour diagram for effect of Lipoid S 100 and GSH conjugated 

cholesterol on particle size of liposome. 

 

 
 

Figure 1 6 : Response surface and contour diagram for effect of Lipoid S 100 and cholesterol on 

entrapment efficiency for non conjugated liposomes. 
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Figure 1 7 : Response surface and contour diagram for effect of Lipoid S 100 and GSH conjugated 

cholesterol on entrapment efficiency of liposomes. 

 

In-vitro drug releas 

 

 

Figure 18: In vitro drug release for non conjugated liposomes 

 

 
 

Figure 19: In vitro drug release for glutathone conjugated liposomes formulations. 
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Figure 1 9 : Response surface and contour diagram for effect of Lipoid S 100 and cholesterol on drug 

release for non conjugated liposomes. 

 

 
 

Figure 20: Response surface and contour plots for effects of GSH conjugated cholesterol and Lipoid 

S100 on drug release. 

 

STATISTICAL ANALYSIS 

 

Liposomes with non conjugated cholesterol 

 

Table 4: ANOVA for non conjugated liposome formulation. 

 

Models R2 
Adeq 

 

Precision 

Model 

 

F Value 

p Value 

Particle size     

Cubic 0.993 39.74 129.41 0.001 

In vitro drug release 

Cubic 0.984 21.35 125.36 0.001 

Entrapment efficiency 

Cubic 0.978 35.35 122.98 0.001 
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Mathematical Models 

 

Particle size = 

359.27+50A+112.5B+113.5AB+39.96A2-12.46B2-53.5A2B+116AB2 

In vitro drug release = 

68.58-1.95A-13.1B-8.95AB+0.49A2+6.64B2- 8.45AB2 

 

Entrapment efficiency = 

82.83-3.6A+7.9B+0.825AB-2.33A2+0.26B2-3.77A2B-0.07AB2 

 

Where A= cholesterol, B= Lipoid S100 

 

Table 5 : Evaluation of optimized formulation 

 

Particle size nm Entrapment efficiency % In-vitro drug release % 

Predicted Observed Predicted Observed Predicted Observed 

187.76 181 88.9 88.1 88.8 86.4 

 

ANOVA 

 

Table 6 : ANOVA for CHL-GSH conjugated liposomes 

 

Models R2  

Adeq 

 

Precision 

Model 

 

F Value 

p Value 

 Particle size 

Cubic 0.989  40.2 135.2 0.001 

 In vitro drug release 

Cubic 0.979  23.6 140.3 0.001 

 Entrapment efficiency 

Cubic 0.992  38.2 150.3 0.001 

 

Regression equations of the fitted model 

Particle size = 298.66+44.5A+139B+14.75AB+36.21A2+67.71B2+28.75A2B+ 

89.25AB2 

In vitro drug release = 

66.83-3.51A-9.5B-2.25AB+3.1A2+1.1B2+3.75A2B-2.75AB2 

Entrapment efficiency = 

80.28-4.5A+4B+6AB+0.5345A2+0.0345B2+1.5A2B-1.5AB2 

Where A= glutathione conjugated cholesterol, B= Lipoid S100 

 

Optimization of liposomes with glutathione conjugated cholesterol 

 

Table 7 : Evaluation of optimized formulation 

 

Particle size Nm Entrapment efficiency % In-vitro drug release % 

Predicted Observed Predicted Observed Predicted Observed 

204.81 194 86.34 84.9 86.78 90.2 
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Scanning electron microscopy: 

 

(a)                                                                          (b) 

 

Figure 21: Scanning electron microscopic image of (a) non- conjugated liposomes and (b) CHL-GSH 

conjugated liposomes. 

 

Stability studies 

 

Table 8 : Stability studies for GSH conjugated liposome formulation of rizatriptan 

 

Testing 

Period 

(month( 

Entrapped 

Drug Content 

(%) 

Particle Size 

(nm) 

Zeta Potential 

(mV) 

Invitro drug 

release 

(%) 

pH 

0 86.5±0.81 196±2.1 5.9±0.1 88.3±0.92 6.4±0.08 

1 86.1±0.84 197±2.3 5.4±0.3 87.6±0.73 6.3±0.03 

3 84.6±0.78 199±1.9 5.6±0.2 87.1±0.54 6.5±0.07 

6 84.1±0.68 202±2.4 5.5±0.1 85.2±0.84 6.2±0.05 

12 83.3±0.92 203±2.5 5.7±0.4 84.1±0.89 6.3±0.04 

 

CONCLUSION 

 

The study successfully demonstrated that GSH-conjugated liposomes significantly enhance the brain delivery of Rizatriptan 

via the nasal route. The optimized liposomal formulations showed improved pharmacokinetic parameters, higher brain 

concentrations, and excellent stability. The use of GSH as a targeting ligand proved effective in enhancing brain targeting 

efficiency, making it a promising approach for the treatment of migraines and other CNS disorders. The nasal route, 

combined with liposomal delivery, offers a viable alternative to oral administration, bypassing first-pass metabolism and 

achieving faster and higher drug concentrations in the brain. 
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