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6. INTRODUCTION 

Stringent requirements have been laid forward by regulatory authorities for stability of 

nanoparticulate drug delivery systems like liposomes. Hence, it is crucial to determine stability 

of all nanoparticulate systems designed for delivery of therapeutics. Additionally, developed 

liposomal formulation being a carrier for hydrophilic drug, there are chances that equilibrium 

may get shifted and formulation may get destabilized over time on exposure to humidity and 

temperature. Liposome systems have been reported to show various physicochemical changes 

on storage. Such changes include liposomal aggregation, fusion, loss of drug, etc. (1-4). These 

parameters will affect the in vivo performance of the formulation (8, 9). Additionally, 

phospholipids may undergo hydrolysis reaction forming fatty acids and lysophospholipids (5, 

6). However, under dried state, there is least possibility for such degradation, but, there are 

still chances of hydrolysis due to residual water content remaining in lyophilized cakes and 

also under humid conditions and temperature. Another aspect of stability of liposomes is 

oxidation of lipids (7). These changes may lead to structural integrity problems in liposomes 

and this might cause release of entrapped drug. Thus these effects induce time dependent 

changes in desired properties of formulation during storage, therefore real time stability 

studies are potential tools to get an idea of any such possibility. 

Optimized liposomal formulation was lyophilized for better stability. However, the lyophilized 

formulations should retain their original characteristics on stability. Hence, stability studies 

were performed on lyophilized liposomal formulations containing drug by entrapment 

efficiency, particle size and change in water content of the formulation. Stability studies were 

performed at two conditions i.e. 2-8°C and 25°C as specified by ICH guidelines for products to 

be stored in refrigerator.  

6.1 Method 

Liposomal formulation was evaluated for long term stability for 3 months at accelerated 

conditions of 25°C ± 2°C, 60% RH ± 5% RH and at 5°C ± 3°C. Liposomal formulations were 

filled into type-1 tubular glass vials, purged with nitrogen, sealed and stored at the above 

mentioned condition [11-17]. At each sampling time different vial was used for the stability 

testing. Lyophilized formulation was examined visually for any discoloration or 

shrinkage/collapse of lyophilized cake. The content of the vial were examined for moisture 

content using Karl-Fischer titration. Weighed quantity of formulation was reconstituted 
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appropriately with water for injection and used for analysis of entrapment efficiency, particle 

size and zeta potential as described in previous sections. The stability results are summarized 

in Table 6.1. 

6.3 Results and Discussion 

The physical stability of liposomes is one of the biggest obstacles in formulation commercially 

viable product [19]. Liposomes should be stable for 1-2 years preferably at room temperature 

or refrigerated condition, whichever is storage temperature, to be pharmaceutically acceptable 

with high entrapment retention within liposome and the particle size should be maintained 

during storage time, hence the drug leakage, particle size growth and change in zeta-potential 

were studied at accelerated condition (25°C ± 2°C, 60% RH ± 5% RH) for three months and at 

long-term conditions (2-8°C) up to three months. No significant differences (p>0.05) were 

found in all above mentioned parameters at refrigerated condition. 

6.3.1 Stability Testing of RGD-grafted optimized Liposomes  

The stability testing of prepared RGD- grafted optimized liposomes (3%) was performed at 

accelerated condition (25°C ± 2°C, 60% RH ± 5% RH) for three months and at long-term 

conditions (2-8°C) up to three months and the effect on various parameters was studied. 

Results of the study are reported below (Table 6.1). At both accelerated and refrigerated 

conditions, Assay and drug entrapment values were found to be within range (90-110% of 

initial) and change was non-significant (p>0.05). There was no significant increase (p>0.05) in 

particle size after three month at both conditions and same results were shown by zeta 

potential values. Water content was increased to a significant extent (p<0.05) at accelerated 

condition while refrigerated condition maintained the water content value even after three 

months of storage. Thus, formulation is stable at both conditions after three months. 

Visual examination of the formulations stored at both stability conditions showed no evidence 

of any physical instability. There was no significant particle size increase on storage either at 

accelerated condition or at refrigerator condition. However, there was a marginal increase in 

the polydispersity index at accelerated stability condition. Our results conform to the results 

obtained by other authors who have attributed to the retained particle size characteristics with 

the lyophilization of the formulations with suitable cryoprotectant (10). Zeta potential was also 

recorded to see whether there was change in surface charge properties as well as to have idea 

about the stability of reconstituted formulations. Studies revealed that, zeta potential was 
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maintained close to initial zeta potential at both storage conditions and this depicts that there 

was no drastic changes happened in the formulation during the stability.  

Table 6 1Stability Testing Data of RGD-grafted optimized Liposomes (3%) 

Sampling 

time  

(Month)  

Description  Assay 

(%)  

GEM 

entrapment  

(%)  

Water 

content  

(%)  

Particle 

size 

(d.nm)  

Particle 

distribution  

Index  

Zeta 

potential  

(mV)  

Initial 

White 

lyophilized 

cake  

101.27 

± 2.14 

62.06 

±1.54 

1.79 

±0.20 
147 ±2 0.155 

-55.26 

±0.55 

 Accelerated condition (25°C ± 2°C, 60% RH ± 5% RH)  

1 

White 

lyophilized 

cake  

101.05 

± 1.25 

61.83 

±2.10 

1.96  

±0.15 
149 ±2 0.170 

-55.16  

±0.52 

2 

White 

lyophilized 

cake  

99.02 ± 

2.18 

59.73 

±1.52 

2.71  

±0.34 
156 ±3 0.201 

-54.88  

±1.13 

3 

White 

lyophilized 

cake  

98.13 ± 

1.04 

57.91 

±1.45 

3.19  

±0.54 
171 ±4 0.186 

-53.98  

±1.11 

 Long-term conditions (2-8°C)  

1 

White 

lyophilized 

cake  

101.12 

± 2.63 

63.06 

±1.49 

1.81 

±0.15 
148 ±2 0.169 

-55.73  

±1.01 

2 

White 

lyophilized 

cake  

100.24 

± 2.02 

62.05 

±1.50 

1.91 

±0.32 
152 ±4 0.172 

-54.85 

±1.62 

3 

White 

lyophilized 

cake  

102.15 

± 1.20 

61.32 

±1.75 

2.09 

±0.50 
164 ±2 0.161 

-55.48 

±1.01 

Moisture content is one of the important parameters that can affect the stability of dry 

powders. Residual moisture below 1% in lyophilized powders is considered better for storage 

stability (11). However, higher moisture content can lead to aggregation in lyophilized 

formulations during storage (12). Such aggregation of particles can lead to increased particle 

size which can result in suboptimal and inconsistent dose delivery, injectability and 

syringeability issues upon formulation delivery. It has also been reported that moisture 

content can lead to destabilization of nano systems due to water induced crystallization of 

carbohydrates when they are held above Tg of the system (13, 14). Water induces shift in the 

Tg of the system below the temperature of storage augmenting the crystallization processes 

(14). Hence, moisture content analysis was performed using Karl-Fisher titration. The analysis 

showed that moisture contents were significantly increased for all formulations at accelerated 
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conditions reaching more than 2% level; however, on storage at refrigerated conditions 

lyophilized cakes maintained moisture content comparable to initial. Higher moisture contents 

at accelerated conditions were in concordance with other studies (15, 16). Decrease in 

entrapment efficiency of all formulations at accelerated conditions can be ascribed to leakage 

of drug due to increase in water content.  

Based on the results of the stability studies, RGD-grafted optimized Liposomal 

formulation was found to be stable under accelerated as well as long term storage condition. 

However, to ensure reduction in the moisture content relative to long term storage condition 

formulation should be stored in refrigerator as water content may change the physical stability 

on aging at accelerated condition (25°C ± 2°C, 60% RH ± 5% RH). 
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