Stability Studies

7.1. Stability Studies of Nanoparticles

Stability is one of the critical aspects in ensuring safety and efficacy of drug products. In
intravenously administered nanosuspensions, for example, formation of larger particles could
lead to capillary blockade and embolism so drug particle size and size distribution need to be
closely monitored during storage.(1) The stability issues of drug nanoparticles could arise during
manufacturing, storage and shipping. For instance, the high pressure or temperature produced
during manufacturing can cause crystallinity change to the drug particles. Storage and shipping
of the drug products may also bring about a variety of stability problems such as sedimentation,
agglomeration and crystal growth. Therefore, stability issues associated with drug nanocrystals
deserve significant attention during pharmaceutical product development.

Comparative stability studies were carried out for the potential Nanoparticle formulations at
accelerated condition (25°C + 2°C, 60% RH + 5% RH) for six months and at long-term
conditions (2-8°C) up to six months. Nanoparticle formulations were filled into type-1 tubular
glass vials, purged with nitrogen, sealed and stored at the above mentioned condition.(2,3) At
each sampling time different vial was used for the stability testing. The Nanoparticle
formulations were examined visually for the evidence of discoloration. The content of the vials

were tested for percentage drug, particle size and zetapotential.
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7.2. Results and Discussion

The physical stability of nanoparticles is one of the biggest obstacles in formulation
commercially viable product.(1) Nanoparticles should be stable for 1-2 years preferably at room
temperature or refrigerated condition. Whichever is storage temperature, to be pharmaceutically
acceptable, with high conjugation retention within nanoparticle surface and the particle size
should be maintained during storage time. Hence the dissociation of antibody from nanoparticles
surface, particle size growth, change in zeta-potential and the chemical stability of cetuximab
were studied at accelerated condition (25°C + 2°C, 60% RH + 5% RH) for six months and at
long-term conditions (2-8°C) up to six months. No significant differences (p> 0.05) were found
in all above mentioned parameters at refrigerated condition. The stability results are summarized
in Table 7.1.

7.2.1 Stability Testing Docetaxel Nanoparticles

The stability testing of prepared Docetaxel Nanoparticles was performed at accelerated condition
(25°C = 2°C, 60% RH + 5% RH) for six months and at long-term conditions (2-8°C) up to six
months and the effect on various parameters was studied. The stability testing of the
formulations were performed in order to study the influence of varying environmental conditions
on the parameters of the formulation influencing the therapeutic response. It was observed that
for unconjugated and antibody conjugated Docetaxel nanoparticles, no significant change

(P>0.05) was observed in particle size, zeta potential and drug content at 5°C + 3°C for 6M.

At both accelerated and refrigerated conditions, Assay values were found to be within range (95-
105% of initial) and change was non-significant (p>0.05). It was observed that for unconjugated
and antibody conjugated Docetaxel nanoparticles, no significant change (P>0.05) was observed

in particle size, zeta potential and drug content at 5°C + 3°C for 6M.



"(€=U) UONJBIADD PIEPELISFUBIUWI SE PAssaIdxXa oIe SINSoY

) N . . . . ) . N . ) . . ) Anpiqisiadsipar 1ood yim
GTFLU- | TOFTYET | LTFISY| OEFTV6 | VTFSLI | 6'SFEVIT| 0TFI9E| TTFEBO | 110 od oyym Sumors Apoog N9

. N . . . ) . ) N . ) . . . Anpiqisiodsipar 1ood yim
VEFOLI- | €SFYITC| €TTEOY | STFELO | 8TFYIT | §LFSIOT| TIFSTE | CTFTO0L | o0 opgm Sumop A100g N €

. . . . . . . ) . . . . ) . ) ) Aniqisiodsipar £sea yim
OIFQIC | I'VFSLOT| VIFIIV | LTFUIOL | LEFOTCC | 6CEFIL6L | 80FOI'E| LTFI66 1opmod M SUIMO[ 901 NT

. ) . . . . . ) . . . . ) . . ) Aiqisiodsipar £sea yim
TTFSVT | T'VFL6SL | 1TF69€| 1'€EF866| STF89T | LSFI8I | T'IFL8T| 80FS66 1opmod oM SUIMO[ 901 W1

HY %S F HY %09/00T F DoST

. ) ) . . ) ) ) . . ) . ) . ) . Aiqisiodsipar £sea yim
CTFEIC | 8LFSIOT STF8OY I'eF986 | I'CFSICT | SYFT8SI CIFISE | LTFT100I 1opmod apym Suimoy 9o1 N9

o . : : . e . : . : . . - Ayiqrsiodsipar Ased yim
8CTFOIT | STFO96L | T1FT6E| €EFS66| SEFLE | I'LFVL8L | €1F8T| 1TF686 1opmod SHM SUIMO[ 901 N €

. ) ) . . ) . ) . . ) . ) . . . Aiqisiodsipar £sea yim
VCFSYE-| €vF9L8I1 LOFLEE | TIFOIOL | ¥EF68C- | SLFIO08I 60FS9C | SOFTO0I 1opmod ajym Suimoy 9o1 W<t

. ) ) . . ) . ) . . ) . ) . . ) Aniqisiodsipar £sea yim
TFTSC-| 6LFLO6LI 61 F85¢ STFL86 | STFTYC-| 6V FTS8I YOF1CT 80F 966 1opmod apym Suimoy 9o1 W1

Do€ F DoS

) . . : : . : ) . : . : . : . : Ayiqrssadsipar Ases yim

LEFT6T | SOFECTOL | TIFIUE| €TFTOOL | 8YFQLL- | TSFIBLI | vOFITT | €1FST01 13pmod SHTM SUIMO] 931 [enug
soppaedoue) [9X€1990( pAresnfuod qewxn)d) sappaedoue) PxedR0q

(Aw) (Auw) sjurog

(wurp) azis JUIU0I (wurp) azis JUNU0I Aqisadsipay
[enudjod Kessy ¢, [enuajoq Kessy o, duury,

dpnaed JABM 2 dpnaed JAJBAA 2, 29 uondrsaq
v)7Z 1357/ Aiqers
xS9pNIedoueN [9Xe)0(T JO BIR( SUNSIL, AN[Iqe)S [°L dqeL

saIpms ANIqe)s




Stability Studies

The storage of the unconjugated and antibody conjugated drug nanoparticles of the drugs at 25°C
+ 2°C/60% + 5% RH, led to an increase in the particle size. The increase in the particle size was
not significant during the first month, however became significant and more prominent after 2, 3
and 6 months. The polydispersity index of the nanoparticle stored at 25°C + 2°C/60% + 5% RH
was found to increase as compared to the initial. The increase in the particle size may be due to
the absorption of the moisture by the nanoparticles resulting in the coalescence of the small
nanoparticles forming particles larger in size. The nanoparticles were also observed for physical
appearance. After 3 and 6 months the physical appearance was also changed, with loss of the free

flowing property followed by the difficulty in redispersibility.(3—6)

Water content was increased at accelerated condition while refrigerated condition maintained the

water content value even after six months of storage.

At 25°C £ 2°C/60% = 5% RH, the zeta potential of the nanoparticles shifted towards zero for
both unconjugated and antibody conjugated drug nanoparticles. This may be due to the acidic
conditions produced due to the degradation of PLGA into lactic and glycolic acid (Sahoo et al
2002). The lowered or increased zeta potential values also might have contributed toward the
aggregation of particles. The drug content of the unconjugated and antibody conjugated drug
nanoparticles was not changed at 6M at 5°C + 3°C and, the drug content was reduced after 6M
storage at 25°C + 2°C/60% RH =+ 5% RH. The drug content for docetaxel nanoparticles was
found to have significant impact, with the drug content reducing below 95% after 6M storage at
25°C + 2°C/60% =+ 5% RH. This impact could be due to the moisture absorbed by the
nanoparticles upon storage at 25°C + 2°C/60% RH =+ 5% RH, possibly resulting in the
degradation of the drug. Thus the unconjugated and antibody conjugated PLGA nanoparticles
when stored at 25°C + 2°C/60% RH + 5% RH for 6M show instability reflected by change in
physical appearance, poor flow and redispersibility and reduction in the drug content. Hence, we
can conclusively specify that both unconjugated and antibody conjugated nanoparticles of the
three drugs were stable and can be stored 5°C + 3°C for 6M retaining its original formulation

characteristics.(1,5,7,8)
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