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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 therapeutic genes. Additionally,
developed nanoplexes being a complex system stabilized by thermodynamically equilibrated
electrostatic interaction between cationic polymers or lipids with negatively charged nucleic
acids, there are chances that equilibrium may get shifted and complex 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). Similar changes can be expected for polyplex systems, too. 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 siRNA complexation changes. 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.

Both optimized polyplexes and lipoplexes were converted into dry powder form for
pulmonary delivery. However, dry powder formulations should retain their original
characteristics on stability. Hence, stability studies were performed on dry powder formulations
containing polyplexes and lipoplexes by determining siRNA complexation efficiency, particle
size and its distribution characteristics 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.
8.1 Method

Dry powder formulations of nanoplexes were 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. 20 mg of

formulations were filled in hard gelatin capsules and required number of these capsules was
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filled in tightly closed HDPE container. At different time points, required number of capsules of
each formulation kept at each storage condition was removed. Dry powder was examined
visually for any discoloration or shrinkage/collapse of powder. Accurately weighed quantities of
dry powder were examined for moisture content using Karl-Fischer titration. Weighed quantity
of formulation was reconstituted appropriately with nuclease free water and used for analysis of
siRNA integrity using gel electrophoresis, particle size and its distribution (polydispersity index)

and zeta potential.
8.2 Results

Results of stability studies of AAP, AHP, ALP and DL performed at two stability conditions are
shown in Table 8.1, Table 8.2, Table 8.3 and Table 8.4 respectively.

Table 8.1 Stability of PDPI L1

Sampling time Moisture Particle size PDI Zeta potential
(Month) Content (%) (nm) (mV)
Initial 1.83 140.8+4.5 0.12 22.16+2.75

Accelerated conditions (25°C = 2°C, 60% RH + 5% RH)
1 2.25 145.4+3.7 0.14 23.39+0.88

3 2.79 148.8+£2.19 0.14 23.77x1.74

Refrigerated conditions (5°C + 3°C)

1 1.95 143.9+£2.02 0.13 22.09+2.07

3 2.11 153.3 +£1.98 0.14 22.42+2.58
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Table 8.2 Stability of PDPI L2

Sampling Moisture Particle size PDI Zeta potential
time (Month) Content (%) (nm) (mV)
Initial 1.76 159.4+4.5 0.06 14.07+0.32

Accelerated conditions (25°C £ 2°C, 60% RH = 5% RH)
1 2.31 165.12+4.09 0.07 14.44+0.48

3 2.88 169.58 £3.79 0.18 15.25+1.95

Refrigerated conditions (5°C + 3°C)
1 1.91 160.86 +£2.02 0.06 14.01£1.19

3 2.07 158.1 £1.98 0.10 13.96 £2.75

Table 8.3 Stability of PDPI L3

Sampling time Moisture Particle size . Zeta potential
(Month) content (%) (nm) (mV)
Initial 1.73 169.9+£2.7 0.11 14.55+1.47

Accelerated conditions (25°C £ 2°C, 60% RH = 5% RH)
1 2.33 179.7+7.6 0.13 15.02+0.59

3 2.77 193.4 £5.6 0.17 16.20£1.19

Refrigerated conditions (5°C + 3°C)
1 1.87 168.8 £3.2 0.12 14.14+3.36

3 2.09 173.5+€2.2 0.14 15.29 +£1.26
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Table 8.4 Stability study of LDPI

Sampling Moisture content  Particle size ), Zeta potential
time (Month) (%) (nm) (mV)
Initial 1.66 122.3£3.1 0.10 27.43+1.78

Accelerated conditions (25°C = 2°C, 60% RH + 5% RH)

1 2.09 149.6+6.2 0.13 30.29+0.44

3 2.52 201.6 £4.9 0.23 31.63+2.52

Refrigerated conditions (5°C + 3°C)

1 1.83 1224 £1.9 0.11 28.91+0.92
3 1.99 136.9 £2.0 0.12 29.75+1.63
1 2 3 4 5

A B

Figure 8.1 siRNA integrity after 3 months stability as compared to 10 bp ladder at 25°C

+2°C, 60% RH + 5% RH (A) and 5°C + 3°C (B).

Lane 1: 10 bp ladder; Lane 2: PDPI L1, Lane 3: PDPI L2, Lane 4: PDPI L3, Lane 5: LDPI.

Visual examination of the dry powder 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 of all formulations with that of lipoplexes being

higher than that of polyplexes. Our results conform to the results obtained by other authors who

have attributed to the retained particle size characteristics with the lyophilization of the
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formulations with suitable cryoprotectant (10). Zeta potential change 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 maintained close to initial
zeta potential at both storage conditions and this depicts that there was no drastic loss of siRNA

from complex.

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 upon aerosolization. It has also
been reported that moisture content can lead to destabilization of nanoparticulate 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 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 complexation efficiency of all formulations at accelerated conditions can be
ascribed to loss of siRNA due to water content increase. It has been reported that rise in residual
moisture content of lyophilized DPI up to 3% has no detrimental effects on the aerosolization
characteristics of powder (17). This ensures consistent in vivo performance of lyophilized DPIs
on storage too. Additionally, low moisture content proves the better aerosolization of formulated
DPIs ensuring that the DPIs will deliver accurate doses to the lungs in vivo. Dry powder
formulations were also helped to maintain the integrity of siRNA as shown in Figure 8.1. The

results of gel are in line with data of particle size and zeta potential.

From the stability studies, all Dry powder formulations were found to be stable under
accelerated as well as long term storage condition. However, to ensure better retention of siRNA

activity and other characteristics DPIs should be stored in refrigerator.
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