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Gamma-irradiated liposome/niosome
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Abstract: Treatment of rheumatoid arthritis by intraarticular administration of anti-inflammatory drugs encapsulated in drug delivery
systems, such as liposomes/niosomes and lipogelosomes/niogelosomes, prolongs the residence time of the drugs in the joint. It was therefore
anticipated that liposome/niosome entrapment would enhance the efficacy of drugs in the inflammatory sides. Liposomes are good candidates
for the local delivery of therapeutic agents, such as diclofenac sodium (DFNa), for intraarticular delivery. Drugs for parenteral delivery must be
sterile, and radiation sterilization is a method recognized by pharmacopoeias to achieve sterility of drugs. However, irradiation might also affect
the performance of drug delivery systems. One of the most critical points is irradiation dose, because certain undesirable chemical and physical
changes may accompany with the treatment, especially with the traditionally applied dose of 25 kGy. The present study aims to determine the
effects of gamma irradiation on DFNa-loaded liposomes/niosomes and lipogelosomes/niogelosomes for the treatment of rheumatoid arthritis.
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Introduction

Liposomes are phospholipid bilayer membrane-bound
vesicles that can encapsulate a wide variety of substances
either within their lipid membranes or their central aque-
ous cores [1]. Gamma irradiation is an approved steril-
ization technique for some pharmaceuticals [2—-10] and
has turned out to be an interesting and promising tech-
nique also for the sterilization of liposomes. Zuidam et
al. [11] have published a review of the different steriliza-
tion techniques for liposomes, and they concluded that
gamma irradiation can be accepted as a safe and con-
venient sterilization technique for liposomes, and more
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studies are necessary. The use of gamma rays for the
sterilization of pharmaceutical raw materials and dos-
age forms is an alternative method for sterilization [12].
Currently, gamma irradiation includes high penetrating
power, low chemical reactivity, low measurable residues,
and small tempereature rise. A minimum absorbed dose
of 25 kGy is regarded as adequate for the purpose of
sterilizing pharmaceutical products without provid-
ing any biological validation [13]. However, chemical
degradation of the phospholipids may take place during
gamma irradiation, and production of new radiolytic
products during the irradiation process is one of the
major problem of the radiosterilization. Therefore, the
principal problem in radiosterilization is to determine
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and to characterize these physical and chemical changes
originating from high-energy radiation [12]. Stark [14]
and Albertini and Rustichelli [15] presented reviews
summarizing the effects of gamma irradiation on lipids
and liposomal structure. In some studies, peroxidation
of unsaturated phospholipids and formation of lysophos-
pholipids, free fatty acids, phosphatidic acid, and differ-
ent hydrocarbon compounds have been observed [16].
Efforts have been done to reduce the degradation by ad-
dition of radical scavengers or by freezing and lyophiliza-
tion [17, 18]. The physical properties of gamma-irradiat-
ed liposomes (size, bilayer rigidity, and permeability) are
less sensitive to changes than the chemical structure [17,
19]. Furthermore, there has been a reported increased
physical stability due to a resulting increased electro-
static repulsion between the liposomes preventing espe-
cially the neutral liposomes from aggregation and fusion
[17,20]. In this study, the effects of gamma irradiation
liposome /niosome and lipogelosome /niogelosome for-
mulations prepared for the purpose of RA treatment are
investigated in more detail. Physical/chemical analyses
(organoleptic controls, pH, particle size, viscosity,
vitro release, and electron spin rezonance [ESR] analy-
sis) of the formulations are followed by microbiologi-
cal characterization (sterility, apyrogenicity, and sterility
assurance level [SAL] determination) of the subsequent
produced formulations. Furthermore, stability tests were
carried out under normal (60% relative humidity and 25
°C temperature) and accelerated (75% relative humidity
and 40 °C temperature) test conditions for 3 months.

This work complies information about the studies de-
veloped in order to find out if gamma radiation could be
applied as a sterilization method of liposome/niosome
and lipogelosome /niogelosome formulations contain-
ing diclofenac sodium (DFNa).

Materials and Methods

Dimyristoyl phosphatidilcholine (DMPC), diclofenac
sodium (DFNa), and SUR I (hegza decyl 3-polyglyc-
erole) (L’Oreal) were kindly provided by Nattermann
Phospholipids (Ko6ln, Gemany), Deva (Istanbul, Tur-
key), L’oreal (France), respectively. Dicethyl phosphate
(DCP) and cholesterol (CHOL) were obtained from
Sigma Chemical Co. (St. Louis, USA). Chloroform was
purchased from Merck (Germany). All other chemicals
were of analytical grade.

Gamma-irradiated all liposomal systems

TableI
Formulation Composition
Liposome (DMPC-CHOL-DCP)
Niosome (SURI-CHOL-DCP)
Lipogelosome (DMPC-CHOL-DCP) + C-940
Niogelosome (SURI-CHOL-DCP)+ C-940
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All investigations including (organoleptic properties,
TLC, pH, viscosity, i vitro release, ESR studies, and
microbiological tests) were performed on formulations
irradiated at four different dose levels (5, 10, 25, and 50
kGy). Unirradiated samples were used as controls to de-
tect physicochemical, and antimicrobial activity changes
resulting from the action of ionizing radiation on stud-
ied samples.

Irvadiation procedure

All irradiations were performed under normal condi-
tions (25 °C, 60% relative humidity) in dark using a ®°Co
gamma cell (4523 Ci, Hungary) supplying a dose rate
of 1.28 kGy-h™! as an ionizing radiation source at the
Saraykoy Gamma Irradiation Facility of Turkish Atomic
Energy Agency in Ankara.

Preparation of liposomes/niosomes

Liposome and niosome dispersions were prepared by
film technique [21]. Briefly, liposomes and niosomes
were prepared by dissolving 40 pmol-mL™" of phospho-
lipids and/or the surfactant in 30-mL chloroform in a
round-bottom flask. The chloroform was removed us-
ing a rotary evaporator (Buchi 461, Switzerland) under
reduced pressure to form a thin film (7:1:2 molar ratio)
over the wall of the flask. The dried film was then hy-
drated over a water bath with 10 mM HEPES (pH 7.4)
containing 10 mg-mL™" DFNa [8].

Preparation of lipogelosomes/niogelosomes

Lipogelosome and niogelosome formulations were pre-
pared by incorpoation of liposomes and niosomes in
structured vehicles. Carbopol 940 (C 940) at the con-
centration of 1% (w/») in distilled water [22] and CMC-
Na (carboxymethylcellulose sodium) at the concentra-
tion of 2.5% (w/v) [23] were used as gel-forming agents
because of their good bioadhesive properties. For the
preparation of lipogelosomes/niogelosomes, gel formu-
lations of C 940 and CMC-Na and liposomal /niosomal
DFNa were mixed in 1:1 ratio on weight basis (1able I)

[8].

I Summary of the liposome /niosome and lipogelosome /niogelosome formulations

Ratio Code
(7:1:2) L
(7:1:2) N
(7:1:2) + (1:1) (w/w) L
(7:1:2) + (1:1) (w/w) NJ
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The summary of DFNa-loaded lipogelosome and
niogelosome formulations are given in Table I.

Organoleptic properties

Organoleptic properties (odor, apperance, clearity, and
color) of all formulations were performed before and af-
ter gamma irradiation.

TLC studies

Samples of 20 pg-mL™ liposome, niosome, lipogelo-
some, or niogelosome dispersions were dropped to the
GF 254 silikagel plates which were activated at 110 °C
for 60 min in an oven. The plates were dried and devel-
oped in chloroform-methanol-water (65:25:4) solvent
system. Formulations were made visible by immersing
the plates into lodine tank, the spots were determined
under UV lamp at 254 nm before and after gamma ir-
radiation.

PH measurements

pH measurements of the control (unirradiated) and ir-
radiated formulations were performed using pH-meter
(Inolab, Germany) before and after irradiation.

Particle size measurement

Mean particle size and size distributions of the liposome
and niosome dispersions were measured by dynamic
light scattering method (Malvern Mastersizer 2000,
UK) before and after irradiation.

Determination of encapsulation efficiency

The preperation of liposome/niosome formulations
containing DFNa was described in Section 2.2. After
the hydration of dried film with 10-mM HEPES (pH
7.4) containing 10 mg-mL™" DFNa, free DFNa was re-
moved by centrifugation three times at 17,500 rpm for
45 min in each. The pellets that were obtained after
the centrifugations were treated with detergent (Triton
X-100 in 10 mM HEPES [pH 7.4] buffer), and then
final clear solutions were analyzed for drug content
spectrophotometrically at A = 303 nm. Encapsulation
efficiency was calculated as a fraction of drug in the li-
posome/niosome pellets expressed as the percentage
of the total drug content. The iz vitro characterization
and #n vitro release studies are given in our previous
studies [8].
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Determination of liposomal phospholipid

Determination of lipid content gives an idea about the
efficiency of the method of preparation of liposomes. Li-
posomal phospholipid content was determined by the
colorimetric method of Rouser et al. [24].

In vitro release of DFNa from liposome
and niosome formulations

In vitro release of DFNa from liposome and niosome
formulations was measured spectrophotometrically
(Schimadzu UV 160A, Japan) at A = 275 nm by incuba-
tion of 0.1 mL of liposome and niosome formulations
in 10 mL 10 mM HEPES (pH 7.4) buffer at 37 °C in
mild shaking water bath, before and after irradiation.
Samples were withdrawn at fixed time intervals, and no
interference of the empty formulations was detected at
this wavelength.

In vitro release of DFNa from lipogelosome
and niggelosome formulations

In vitro release properties of liposome and niosome dis-
persions were evaluated by using Franz-type diffusion
cell before and after irradiation. About 0.5 g of sample
was introduced into a donor compartment separated
by a cellophane membrane (Thomas Sci. Comp., USA)
from the receptor compartment, 20 mL of HEPES buf-
ter (pH 7.4). The whole assembly was placed in a water
bath, maintained at 37 °C and continuously well stirred.
Care was paid to remove any air bubble from the un-
der side of the membrane and the receiving solution.
One-milliliter samples were removed from the receiver
compartment at specified time intervals, i.e., partial sam-
pling and refilled with an equal volume fresh buffer. All
samples were analyzed for DFNa content spectrophoto-
metrically at the A = 275 nm.

Viscosity measurements

Viscosity measurements of lipogelosomes and niogelo-
somes were performed by using rheometer (Brookfield,
USA) at 25 °C and 37 °C. The shear rate increased from
0 to 100 rpm. The viscosity was determined from the
flow curve obtained at different values of shear rate.

ESR measurements
ESR measurements of DFNa-loaded formulations were

carried out using Bruker EMX 113 spectrometer op-
crating at 9.5 Ghz. The spectrophotometer operating
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Table IT I ESR spectrometer operating conditions adopted through-
out the experiments

Central field 350.0 mT
Sweep width 20 mT
Microwave frequency 9.85 GHz
Microwave power 1 mW
Modulation frequency 100 kHz
Modulation amplitude 0.1 mT
Receiver gain 6.3x103
Sweep time 83.89 s
Time constant 327.68 s
Conversion time 81.92s

Temperature RT (room temperature)

conditions adapted during the experiments are given in
Table 11.

Sterility test

For the sterility test, two media were used [fluid thiogly-
colate medium (FTM) and soybean-casein digest medi-
um (SCDM)]. One hundred microliters of the formula-
tions was inoculated to FTM and SCDM medium. They
were incubated for 14 days at 35 °C, respectively. After
14 days, the tubes that are turbite were considered as
non-sterile, and the tubes that are clear were considered
as sterile.

Pyrogen (LAL) test

The gel-clot method for assay of bacterial endotoxins
(the most common pyrogens) was examined for the
above-mentioned formulations.

SAL determinations

The formulations were infected with Bacillus pumilus
spore suspension [6x 10° colony-forming unit (cfu-mL™)]
and irradiated with various radiation dose levels (1, 5,
10, 25, and 50 kGy) and incubated in TSB (tryptic soy
broth) plates at 35-37 °C for 2 weeks. About 1 kGy ir-

Gamma-irradiated all liposomal systems

radiation dose was added to SAL determination experi-
ments for obtaining the microorganism death graphics.
Bacillus pumilus colonies were enumerated, and cfu in
1 mL were calculated. SAL 107° dose was calculated
from the logaritmic microorganism death graphics.

Stability tests

For stability testing, irradiatiated samples (5, 10, 25, and
50 kGy) were stored at accelerated (60% relative humid-
ity, 25 °C temperature) and normal (4-8 °C) conditions
protected from light and in well-sealed containers for 3
months. Particle size, encapsulation efficiency, and phos-
pholipid content were monitored under stability test
conditions.

Results and Discussion

Liposomes are currently under investigation in various
fields of science and technology, being used as a model
system of membrane structure and function and in nu-
merous applications in agriculture, food industry, drug
delivery systems, and DNA transfection [19]. The DF-
Na-loaded formulations coaded L, N, L], and NJ are for-
mulated for the purpose of intraarticular delivery, which
requires sterile and apyrogenic injection. Irradiation is
an established method of sterilization for pharmaceuti-
cal products. Gamma radiation, characterized by deep
penetration and low dose rates, effectively kills micro-
organisms throughout the pharmaceutical formulations,
products, and their packaging. However, sterilization of
these systems has been problematic, with degradation
of the liposomes being reported after sterilization using
the various techniques available [25, 26]. This study de-
scribes the investigation of the effects of ionizing radia-
tion to liposome/niosome and lipogelosome/niogelo-
some formulations containing DFNa following gamma
irradiation.

Color change in the irradiated substances is the sim-
plest and most helpful observation to get information
about possible radiolytic intermediates produced in
these substances upon irradiation. As no color change
was observed in the irradiated formulations in the ap-
plied dose region of 5-50 kGy, it can be concluded that

Table ITI | TLC results of formulations before and after gamma irradation

R
Formulation Dose rate (kGy)
0 5 10 25 50
L 0.327 £0.045 0.333+0.051 0.334+0.048 0.340+0.053 0.343 £ 0.045
N 0.412+0.036 0.424 +0.055 0.427 £0.043 0.433+0.035 0.437 £0.039
L 0.311+0.019 0.323+£0.021 0.329+£0.023 0.331+£0.031 0.335+0.041
NJ 0.407 £0.032 0.411+0.019 0.417+0.013 0.421+0.023 0427 +0.024
. Interventional Medicine & Applied Science 63 ISSN 2061-1617 © 2013 Akadémiai Kiadd, Budapest .
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Table IV | Measured pH values for control and irradiated formulations (7: 6)

pH
Formulation Dose rate (kGy)
0 5 10 25 50
L 7.45+0.01 7.40+0.02 7.38+0.02 7.24+0.02 7.22+0.01
7.40+0.03 7.40+0.03 7.39+0.01 7.23+0.01 7.22+0.02
Ly 7.42+0.01 7.40+0.02 7.40+0.03 7.30+0.03 7.23+0.02
NJ 7.39+0.04 7.41+0.02 7.37+0.02 7.31+0.02 7.29+0.01

either radiolytic intermediates were not produced by
irradiation in studied samples or formed intermediates
do not exhibit any absorption in the visible region. The
negative result in color change of the present work was
consistent with the results reported in the literature for
similar compounds [12]. With regard to the physical
characteristics, there were no significant changes in the
organoleptic properties of the formulations before or af-
ter irradiation. These results are in agreement with the
previous studies [25].

R values determined by TLC method of control and
irradiated samples were found to be significantly differ-
ent (p < 0.05) and are given in Table II1I. Ry values of
formulation changed with the increasing radiation dose
levels, which might be due to the presence of degrada-
tion products originating from phospholipids and other
components in the formulations. The degradation prod-
ucts cannot be identified with TLC analysis, further an-

alytical methods, such as HPLC, might be studied to
identify the degradation products.

Experimental results showed that pH of all the for-
mulations decreased siginificantly (p < 0.05) (Table 1V).
The lower pH measured after irradiation of the formula-
tions might be caused by the degradation of the phos-
pholipids and the formation of acidic degradation prod-
ucts, such as distearoylphosphatidic acid (DSPA) and
fatty acids [17].

The size of the liposome and niosome formulations
was not affected by gamma irradiation as determined by
dynamic light scattering. The particle size of irradiated
and non-irradiated formulations was essentially the same
(Tnble V).

The encapsulation efficiency of L and N formulations
did not change as shown in Tible VI; however, phospho-
lipid content of L formulation was decreased with gam-
ma irradiation (7ble VII). That change in phospholipid

TableV | Particle size and distribution results for control and irradiated formulations (7: 6)

Particle size (nm)*

Formulation Dose rate (kGy)

0 5 10 25 50
L 239+0.011 235+0.010 237+0.014 241+0.017 240+0.015
N 279£0.012 276+0.012 281+0.010 273+0.009 277 £0.008

‘L and N formulations were dispersed in gel formulations that is why the L] and NJ results were the same with the

L and N formulations

Table VI | Encapsulation efficiency results for control and irradiated formulations (7: 6)

Encapsulation efficiency (%)*

Formulation Dose rate (kGy)

0 5 10 25 50
L 10.8+0.1 10.9+0.1 10.5+0.5 109+0.4 10.8+0.2
N 9.6+0.1 9.7+0.2 9.6+0.1 9.9+0.2 9.3+0.1

‘Land N formulations were dispersed in gel formulations that is why the L] and NJ results were the same with the

Land N formulations

Table VII [ Phospholipid contents of control and irradiated formulations (7: 6)

Phospholipid content (%)*

Formulation Dose rate (kGy)
0 5 10 25 50
L 97.3£2.2 95.3+3.1 945+0.5 929+2.4 88.8+1.3

'L formulation was dispersed in gel that is why the L] results were the same with the L formulations
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content might be a sign of the onion peeling effect. All
results were in agreement with each other.

The drug release profiles of DFNa from the formu-
lations were examined in 10 mM HEPES (pH = 7.4)
buffer. The total amount of DFNa was released in 48
h from the formulations. As is expected, liposome and
niosome formulations showed higher release of DFNa
than lipogelosome and niogelosome formulations.
The lipogelosome and niogelosome formulations sig-
nificantly (p < 0.05) prolonged the DFNa release com-
pared with the unirradiated and irradiated formulations
(Figs 1 and 2). The release of DFNa from the lipogelo-
some and niogelosome formulations is a combination
of the release of free, surface-bound, and encapsulated

| In vitro release of DFNa from LJ (A) and NJ (B) formulations

drug through the micellar network channel structures
of the gel. Also, the release rate of a drug dissolved
in the liquid phase of lipogelosome and niogelosome
formulations may be affected by the type and concen-
tration of the gelling agent and by the processing con-
ditions [27]. Release profiles of the L, N, L], and NJ
formulations were altered after irradiation. The release
rates were significantly increased with the irradiation
process. These results might imply radiation-induced
decrease in bilayer fluidity. The changes in permeability
and fluidity in the bilayer were found to be dependent
on the radiation dose in a biphasic fashion in previous
studies, and our results are in agreement with the lit-
erature [25].
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Fig. 3. | Rhelogical behavior (viscosity) of DFNa-loaded LJ formulation before and after gamma irradiation at (A) 25 °C and (B) 37 °C

. Interventional Medicine & Applied Science

ISSN 2061-1617 © 2013 Akadémiai Kiadd, Budapest .




Turker et al.

1200 000+

1000 0004

800 000+

600 000 4

mPa.s

400 000 1

200 000+

o

NJ (Unird)  NJ (5 kGy) NJ (10 kGy)

Shear rate (rpm)

NJ(25kGy)  NJ(50KGy)

| |:|0.5lpm || pm DZ.Slpm DSrpm .10lpm.20lpm .SOrpm E‘lDOrpml

12000004

1000 000

800 0004

600 0004

mPas

400 000

200000

NJ (Unird)  NJ (5 kGy) NJ (10 kGy)

Shear rate (rpm)

NJ(25kGy)  NJ (50 kGy)

I Oos rpm 1 rpm DE.Slpm DSlprn .lOlprn.ZOrprn .SOrprnlODrpml

Fig. 4.

Lipogelosome and niogelosome formulations showed
a higher dynamic viscosity than liposome and niosome
formulations due to the presence of the miceller network
structure of gel in lipogelosomes and niogelosomes. As
the shear rate increased, the viscosity of the lipogelosome
and niogelosome formulations decreased. All the for-
mulations displayed a non-Newtonian behavior at both
25 °C and 37 °C [8]. The difference between the vis-
cosities of lipogelosome and niogelosome formulations
was found to be statistically significant (p < 0.05). The
dynamic viscosity of the lipogelosome and niogelosome
formulations was significantly lowered upon irradiation
process (Figs 3 and 4). These changes might be respon-
sible for the shortening of polymer chains and structural
degradion, depending upon the irradiation dose levels.

I Rhelogical behavior (viscosity) of DFNa-loaded NJ formulation before and after gamma irradiation at (A) 25 °C and (B) 37 °C

As is expected, unirradiated and irradiated formula-
tions (liposome, niosome, lipogelosome, and niogelo-
some) were observed to be not exhibiting ESR signals. It
is likely due to the unstable natures of the radical species

Table VIII || Results of sterility test of liposomes,/niosomes and li-
pogelosomes/niogelosomes
Formulation Microbiological growth
FTM (37°C) SCDM (25°C)

L ) )
N =) =)
1) =) =)
NJ =) -)

(-):no growth

A B
1
;
z o ] ¢ 6 8 10 12 o] - T T .
g 1 3. 8 10 12
§ -2 Radiation dose (kGy) gﬂ" -2 Radiation dose (kGy)
= -3 g -3
-4 -4
- y="04357x + 04404 - y=-0.5057x + 0.4893
R =09802 R= 09981
C D
1
o -I L T T T 1 1
5 ; ; B oo~
2 5 v 8 To 12
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=2 Radiation dose (kGy) % 5 Radiation dose (kGy)
3 £
-4 §‘ -3
-5 -4 +
6 y=-0.5729x + 0.5593 -5 y=-0.5109x +0.7773
R* = 0.9887 R =09788
Fig. 5. | Microorganism death graphics (SAL). (A) L, (B) N, (C) LJ, (D) NJ
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produced upon gamma irradiation in solutions where
radical-radical recombination is very fast.

According to the sterility test results, the negative con-
trol showed no growth, denoting sterility of the culture
medium. The positive control showed bacterial growth
signifying suitability of the medium for growth of aero-
bic and anaerobic bacteria. According to the sterilitiy test
results, there was no microbial growth observed within
2 weeks with both of the media (Table VIII).

Pyrogen test results which indicate that the bacterial
endotoxins (most common pyrogens) showed there was
no clothing for all raw materials.

SAL of L, N, L], and NJ were found as 13.8, 15.2,
14.3, and 14.9 kGy, respectively (Fig. 5).

Those results showed that the coded formulations
might be sterilized with the lower radiation doses after the
validation of gamma irradiation, in comparison with the
recommended radiation dose of 25 kGy in pharmacopeias.

According to the stability studies performed at room
(25 °C) and refrigerator (4 °C) temperatures, the par-
ticle size distribution of L and N formulations did not
change with gamma irradiation and stability test condi-
tions (Table IX). Encapsulation of unirradited L formu-
lations did not change as the irradiated ones in both of

Gamma-irradiated all liposomal systems

the stability conditions up to 1 month. However, the
encapsulation efficiency of L formulation significantly
decreased at room temperature in comparison with the
formulations which were kept at 4 °C (1able X). The
reason for those results might be the effect of gamma
irradiation which might be more intensive at higher
temperatures. According to the encapsulation efficiency
results of N formulation, gamma irradiation effect on N
formulation was higher than L formulation, the encap-
sulation efficiency results were significantly lower. The
phospholipid content of the unirradiated formulations
did not change at 4 °C; however, the phospholipid con-
tent of the irradiated formulations decreased (p < 0.05)
over 3 months (Table XI). The stability test might be
useful for the determination of optimum sterilization
conditions with gamma irradiation for DFNa-loaded
formulations.

Conclusions

In this study, the effectiveness of gamma irradiation on
DFNa-loaded formulations, L, N, L], and NJ, was inves-
tigated. Our results indicated that organoleptic proper-

TableIX [ Stability test results for particle size distribution of unirradiated and irradiated formulations

Particle size (nm)*

Refrigerator (4 °C)

Room temperature (25 °C)

Formulation

Formulation

@ &~ Time (month)

IL
235+0.013
234+0.010
230+0.011

L (5kGy)
233+0.015
228+0.010
232+0.014

L(10kGy)
235+0.011
231 £0.010
231+0.010

L (25 kGy)
231+0.011
227+0.010
229+0.012

L (50 kGy)
230+0.014
232:0.016
235+0.010

L L (5kGy)

238+0.013
233+0.010
235+0.014

230+0.011
234+0.012
233+0.011

L(10kGy)
229+0.010
233+0.014
237+0.015

L (25 kGy)
234+0.013
237+0.012
230+0.011

L (50 kGy)
235+0.016
234:0.014
2350.012

N

N (5 kGy)

N (10kGy)

N (25 kGy)

N (50 kGy)

N

N (5 kGy)

N (10kGy)

N (25 kGy)

N (50 kGy)

2
3

272+£0.015
275+0.012
271+0.014

271+0.011
270+0.013
275+0.014

270+0.010
275 £0.011
277 +£0.015

271+0.013
273+0.012
279+0.010

266+0.010
273+0.015
279+0.012

275+0.010
269+0.012
271+0.018

276+0.011
271+0.012
273+0.015

271+0.010
269+0.012
272+0.016

275+0.010
274+0.013
271+0.010

277+0.011
272+0.017
275+0.011

*Land N formulations were dispersed in gel formulations that is why the L] and NJ results were the same with the L and N formulations

Table X [ Stability test results for encapsulation efficiency of unirradiated and irradiated formulations

= Encapsulation efficiency (%)*

é Refrigerator (4 °C) Room temperature (25 °C)

5 Formulation Formulation

E IL, L(5kGy) L(10kGy) L(25kGy) L(50kGy) L, L(5kGy) L(10kGy) L(25kGy) L(50kGy)

1 10.8+0.3 10701 10.7+0.5 105+04 10.6+0.2 | 10.6+0.1 10.5+0.3 105+0.1 104+04 10.6+0.3

2 10705 10.0+08 10503 10.1+0.6 102+0.1 | 10.3+0.2 8.9+0.2 10.1+0.3 99+0.1 10.2+0.1

3 107+04 9.3+04 10.0+0.5 99+0.2 9.8+0.1 10.4+0.2 8.1+0.1 95+0.5 8.6+0.2 8.8+0.4
N N(5kGy) N(10kGy) N(25kGy) N(50kGy) N N(5kGy) N(10kGy) N(25kGy) N(50kGy)

1 9.6+0.1 9.5+0.1 9.6+0.1 9.7+0.2 9.4+0.1 9.6+0.2 9.7+0.2 9.5+0.3 9.3+04 9.1+0.1

2 95:05 9.3+0.1 9.4 +0.6 92+04 9.1+0.5 9.6+0.2 9.3+0.3 9.1+01 9.0+£0.2 9.0+0.1

3 95+0.3 9.1+0.3 9.0+0.1 9.0+£0.4 9.0+0.2 9.0+0.2 8.7+0.2 8.7+0.1 8.6+0.2 8.7+0.4

‘Land N formulations were dispersed in gel formulations that is why the L] and NJ results were the same with the L and N formulations
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Table XTI | Stability test results for phospholipid content of unirradiated and irradiated formulations

1 9847+126 9547+1.53 9347+1.22 91.47+1.81 90.63+1.14
2 9528+1.17 94.13+1.08 90.01 +1.12 91.22+1.19 86.14+1.22
3 9445+1.42 93.27+1.55 91.45+1.71 90.45+1.38 83.11+1.29

=) Phospholipid content (%)*

é Refrigerator (4 °C) Room temperature (25 °C)

5 Formulation Formulation

E IL, L(5kGy) L(10kGy) L(25kGy) L(50kGy) L, L(5kGy) L(10kGy) L(25kGy) L(50kGy)

88.92+1.88 87.15+£1.19 85.11+1.52 83.27+1.59 82.33+1.87
86.92+1.61 84.90+1.43 83.75+1.38 80.62+1.90 77.26+1.29
7717 +1.34 7528+1.41 74.43+1.55 71.26+1.82 68.46+1.15

‘L formulation was dispersed in gel that is why the LJ results were the same with the L formulation

ties did not change after gamma irradiation. TLC analy-
sis indicated that the Ry values of the DFNa-loaded for-
mulations were significantly changed upon irradiation,
which might indicate the degradation products. Those
products might be analyzed with more sophisticated an-
alytical methods, such as HPLC. pH of all formulations
were significantly lowered upon irradiation process.
Particle size distribution and encapsulation efficiency
of L and N formulations were not affected by gamma
irradiation. However, the phospholipid content of L
formulations decreased which might be an indication
for the damage of lipid bilayers. DFNa is entrapped in
the liposomal core, that is why encapsulation efficiency
was not affected while phospholipid content decreased.
Release profiles of the L, N, L], and NJ formulations
were altered, and the release rates were significantly
increased with the irradiation process. The damage in
lipid bilayers might facilitate the release of DFNa which
is entrapped in the aqueous core in liposome/niosome
and dispersed in lipogelosome /niogelosome formula-
tions. Dynamic viscosity of the lipogelosome and nioge-
lesome formulations were significantly lowered upon ir-
radiation process. According to the sterility and pyrogen
test results, there was no bacterial growth observed for
all of the formulations. SAL of L, N, L], and NJ were
found as 13.8, 15.2, 14.3, and 14.9 kGy, respectively,
and all the SAL results were under the pharmacopeial
obligatory dose rate which is 25 kGy. Stability test re-
sults indicated that the average particle size of the for-
mulations did not change during the stability test condi-
tions. Encapsulation efficiency of control and irradiated
formulations were decreased both at room temperature
and refrigerator temperature after 1 month. Gamma ir-
radiation affects some of the physicochemical properties
of DFNa-loaded formulations especially over 25 kGy.
However, formulations can be sterilized safely by gam-
ma irradiation method at predetermined SAL doses with
minimum physical and chemical changes. The most im-
portant issue in radiation sterilization is to provide the
optimum sterilization conditions. Further studies are
needed to investigate the stability of the formulation up-
on gamma irradiation, like HPLC determinations, and
improvement studies, like cryopreservation with difter-
ent types of cryoprotectants.
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