Available online at www.sciencedirect.com

sclENOE(CﬁDIHECT@ INTERNATIONAL JOURNAL OF

PHARMACEUTICS

ELSEVIER International Journal of Pharmaceutics 311 (2006) 203—208

www.elsevier.com/locate/ijpharm

Pharmaceutical Nanotechnology

Sterile, injectable cyclodextrin nanoparticles: Effects
of gamma irradiation and autoclaving

Erem Memisoglu-Bilensoy, A. Atilla Hincal

Hacettepe University Faculty of Pharmacy, Department of Pharmaceutical Technology, 06100 Ankara, Turkey

Received 3 August 2005; received in revised form 30 November 2005; accepted 5 December 2005
Available online 18 January 2006

Abstract

Sterility is required as stated by compendial requirements and registration authorities worldwide for an injectable drug carrier system. In t
study, injectable nanospheres and nanocapsules prepared from ampRiggyitilodextrin,3-CDC6, were assessed for their in vitro properties
such as particle size distribution, zeta potential, nanoparticle yield (%), drug entrapment efficiency and in vitro drug release profiles. Differe
sterilization techniques such as gamma irradiation and autoclaving were evaluated for their feasibility regarding the maintenance of the ab
mentioned nanoparticle properties after sterilization. It was found that amount these techniques, sterilization with gamma irradiationteeemed t
the most appropriate technique with no effect on particle size, drug loading and drug release properties. Gamma irradiation causes some che
changes of8-CDC6 observed as changes in zeta potential but this does not lead to any significant changes for nanoparticle properties. Autoclay
caused massive aggregation for the nanoparticles followed by precipitation, which led to the conclusion that excessive heat disrupteé&nanopal
integrity. Sterile filtration was not feasible since nanoparticle sizes were larger than the filter pore size and the yield after sterilizatiptowas ver
Thus, it can be concluded that blank and drug loggl€eDC6 nanospheres and nanocapsules are capable of being sterilized by gamma irradiation
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction sterilization method since nanoparticles are similar in size to
contaminants and also the filter pore size. Moreover, elastic-

Sterility is a crucial factor for drug delivery systems that ity and size of the nanoparticles could lead to clogging of the

are to be directly injected into the organism. Injectable nanofiltration membranesAllemann et al., 1993; Magenheim and

or microparticles can be sterilized by a number of technique8enita, 199). Adsorption of the nanoparticle material to the fil-

all with considerable advantages and drawbacks. Regarderisanotherdrawback of thistechnique reducing the yield ofthe

ing injectable nanoparticles, alternative sterilization techniquefinished product.

include membrane filtration, gamma irradiation, autoclaving, Heat sterilization by autoclaving is a highly effective tech-

ethylene oxide sterilization and high hydrostatic pressure sterilnique involving high temperatures (120), which may influ-

ization. ence decomposition or degradation of active ingredient as well
Membrane filtration is a safe technique based on physicas the nanoparticle material, i.e., polymer. An increase in size of

removal of present microorganisms that does not require excesanocapsules from 200 to 500 nm was reported after moist heat

sive heat or radiation causing irreversible effects on the nanopasterilization where Miglyol is used as oil phase surrounded by

ticles or the encapsulated drug. However, it is very much limitegboly(isobutylcyanoacrylateRollot et al., 198% This increase

to the size of the particles. Nanoparticles with size exceedin size was attributed to either the swelling of polymeric mem-

ing 200nm are not appropriate for this kind of sterilization. brane or expansion of oily phase. No change in size was observed

Several authors have stated that filtration is not an effectivéor nanospheres.

Sterilization by gamma irradiation is also an effective method
mponding author. Tel.: +90 312 305 43 69/310 15 24x126: af:cepted by European Pharmac_opeia. The main advantage is its
fax: +90 312 305 43 69. high penetration power and the isothermal character of gamma

E-mail address: eremino@hacettepe.edu.tr (E. Memisoglu-Bilensoy). rays that allows suitable treatment for heat-sensitive materials.
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Moreover, gamma irradiation assures homogeneous sterilization [ '\
and is useful for packaged products, thus avoiding further risk of H

microbial contamination. However, gamma irradiation also may
exert serious effects on the drug delivery syst&imtzel et al.,
1997. Energy transfer may induce fragmentation of covalent

6
/—‘O
bonds and production of free radicals that, in turn, are respon- O H 7
sible for the majority of the damage that occurs to irradiated O 3
materials as a consequence of chemical attack, e.g., radiation /) -
— o)
0 Cg

create molecular fragments that may result in a toxicological
hazard Boess and Bgl, 1996; Sintzel et al., 1997; Masson et
al., 1997.

Amphiphilic cyclodextrins have been widely investigated as
excipients for drug delivery systems in the form of nanoparti-
cles since the last decadauchene et al., 1999They have been
reported to give stable nanospheres and nanocapsules without
the presence of surfactants achieving high encapsulation effi-
ciency and reduction of burst effect in drug releddefisoglu \ /
et al., 2002, 2008 These nanoparticles are designed for
injectable carriers mostly for anticancer agents so sterility i$'9- 1- -CDCB, selectively substituted and pure amphipt@licyclodextrin

. . . . er-modified on the secondary face with 6C aliphatic esters.
an important factor in the manufacturing of cyclodextrln-basedp
nanoparticles.

The objective of this study is to assess the feasibility of ster

— /
- . - - 0=——cC
could cause alteration of physicochemical properties, decrease
of the amount of active ingredient by partial decomposition or

7

Eppendorf injector under room temperature at constant stirring

ilization with different techniques employing heat or gamma-to an aqueous phase consisting only of delomzed water. Organ_|c

irradiation for the first time on amphiphilig-CD nanoparticles. S°lvent was evaporated under vacuum to give nanosphere dis-
fpersion of desired volume, which was 2mL in this study. To

Effect of sterilization technique on nanoparticle properties suc X ) X >
as size, zeta potential, drug loading, in vitro drug release, thef2Pt@in nanocapsules, the only difference is the addition pf50

. ® . .
mal behavior and nanoparticle yield was assessed for the firSf Miglyol 812, o the organic phase. Organic/aqueous phase
time for amphiphilicg-cyclodextrin nanoparticles in a compre- ratio was kept at 1:2 (v/v) for nanospheres and nanocapsules.

hensive approach.
2.2.1.2. Preparation of drug loaded nanoparticles. Tamoxifen

2. Material and methods citrate loaded nanoparticles were prepared with a novel tech-
nique reported previouslyMemisoglu et al., 2003 In this
2.1. Materials technique, nanoparticles are prepared directly from pre-formed

drug:amphiphilic 3-CD inclusion complexes. Tamoxifgdx

Amphiphilic B-cyclodextrin modified on the secondary face CDC6 inclusion complexes of 1:1 molar ratio were prepared
with 6C aliphatic ester3-CDC6, was synthesized and puri- by co-lyophilization technique and characterized by DSC, FT
fied as described previously. The chemical structure, purity antR spectroscopy, SEM and MALDI TOF as 1:1 inclusion com-
selective substitution op-CDC6 were previously described Plexes (unpublished results). Fixed amounts of tamoxifen citrate
by different techniques such as H NMR spectrometry, Fouriefnd 3-CDC6 are readily soluble in ethanol were dissolved in
transform infrared spectroscopy, elemental analysis and fag0 mL ethanol. Then 40 mL water is added to obtain a suspen-
atom bombardment mass spectromelfg(nisoglu etal., 2002  sion of drug and cyclodextrin. Suspension is left to equilibrate
(Fig. 1). Miglyol 812° (Condea Chimie, Germany), trigyceride under stirring for 7 days at room temperature and ethanol was
of capryc/caprylic acid was used as oil in the preparation ofvaporated under vacuum to give an agueous suspension which
nanocapsules, Tamoxifen citrate, model drug, was a kind giftvas then lyophilized (HETO Lyolab Freeze Dryer, UK) yielding
of Teva Pharmaceuticals Inc. (Israel). Acetone was extra pur€ complex in powder form.

(Carlo Erba, Italy) for the preparation of nanoparticles. Allother  Nanoparticles were prepared by weighing and dissolving the

reagents were of analytical grade and were used as received. TMX: B-CDC6 complex (1 mg) in acetone and further addition
of drug solution containing 200g TMX in the organic phase

2.2. Methods during preparation. Organic phase was added to aqueous phase
as described in Sectidh2.1.1and nanoparticles were obtained
2.2.1. Nanoparticle preparation after evaporation of organic solvent.

2.2.1.1. Preparation of blank nanoparticles. Nanoprecipita-

tion technique was used-¢ssi et al., 1998to prepare the 2.2.2. Sterilization of nanoparticles

nanoparticles. Briefly3-CDC6 (1 mg) was dissolved in ace- 2.2.2.1. Autoclaving (heat sterilization). Samples were divided
tone (1 mL) to give an organic phase, which was added with amto two groups of equal volume after preparation. They were put
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into glass vials, which were sealed with rubber stoppers and aluinitial ultracentifugation, supernatant was subject to ultracen-
minum caps. One group was sterilized at 1€¥or 20 minwhile  tifugation at 120,00k g for 1 h and the resulting supernatant
the other group (reference) was kept &iC38for comparative  was lyophilized. Powder obtained after lyophilization was dis-
evaluation of physicochemical properties with their sterilizedsolved in alcohol and analyzed for free TMX by UV spectropho-
analogue. tometry. Analytical method of tamoxifen citrate quantification
by UV spectrophotometry was validated (linearify 0.9997,
2.2.2.2. Gamma irradiation. Irradiation was performed at repeatability CV: 0.04%, reproducibility: CV: 0.88%, specifity
room temperature using®4Co irradiator (Gamma 220) avail- confirmed).
able at Turkish Atomic Energy Agency Facility (Saray, Ankara) —Loading capacity was expressed in terms of entrapment effi-
at the dose rate of 1.88kGy/h. Samples in rubber-stopped arfdency. Entrapment efficiency is the amount of drug) asso-
aluminum cap-sealed Type | glass vials were irradiated at a doggated per unit CD (mg) in the nanoparticles.

of 25kGy. Non-irradiated samples were kept as reference for
further comparison. 2.2.3.5. Invitro drug release. Release profiles of tamoxifen cit-

rate from sterile and non-sterile nanosphere and nanocapsule
formulations were determined in 20 mL of isotonic phosphate

2.2.3.1. Nanoparticle yield. Non-sterile and sterile, blank and PUffer solution pH 7.4 containing 1% polysorbate 80 providing

drug-loaded nanoparticle aqueous dispersions were Iyophilizeﬂ”k conditions _in a. thermostated bath system (TMX solubility
using HETO PowerDry PL3000 Freeze Dryer, Denmark. Resultl réléase medium: 2Q0g/mL) (Memmert, Schwabach, Ger-
ing powder was weighed. The ratio of sterile nanoparticle sampl8'@ny) at 37C with a nanoparticle/medium ratio of 1/20 with

to its non-sterile analogue was determined as nanoparticle yiefy? 29itation of 150 rom. Samples were withdrawn at given time
indicating nanoparticle loss during sterilization process usmqntervals and replaced with fresh buffer solution maintained at
the following equation: he same temperature. Samples were ultracentifuged to pre-

cipitate nanoparticles and supernatant was then analyzed for

2.2.3. Evaluation of nanoparticles

o Weight of sterile nanoparticle tamoxifen citrate with UV—-vis spectrophotometry using an ana-
Nanoparticle yield= — . - X . ;
Weight of non-sterile nanoparticle lytically validated method:€: 0.9999, CV < 2%) at 299 nm.
3. Results

2.2.3.2. Particle size evaluation. Particle size distribution of
sterile and non-sterile nanospheres and nanocapsules were meay
sured using a Coulter Nanosizer N4 Submicron Particle Siz
Analyzer (Coulter Langley Ford Instruments, USA) with mean
particle size (diameter, nea S.D.) and polydispersity index (PI)
determined by Photon Correlation Spectroscopy. Measureme
were realized in triplicate at a 9@ngle at 20C. Nanopatrticle
dispersions of intensity between*énd 1¢ cps were analyzed
for 90s.

terilization techniques were evaluated for their effect on
ﬁanoparticle characteristics. The first evaluated property was
nanoparticle yield. As seen ifable 1 gamma irradiation and
autoclaving techniques do not have any significant influence on
nrtrfémoparticle yield. However, filtration directly affects the yield
since nanoparticle size is very close to filter pore size. Yield after
filtration is very low which makes this sterilization technique
inappropriate for amphiphilic cyclodextrin nanoparticles as far
as nanoparticle yield is concerned.
2.2.3.3. Zeta potential analysis. Zeta potential of nanoparti- Particle size of nanospheres and nanocapsules were deter-
cle dispersions was measured by Malvern Zetasizer Nano-Zgined on sterile and non-sterile samplEsble 2summarizes the
(Malvern Instruments, UK) in triplicate among sterile and non-mean diameter and polydispersity index values of nanospheres
sterile batches to assess the surface charge and thus, the stabijiy nanocapsules after autoclaving and gamma sterilization. As
of nanosystem and the effect of different sterilization techniquegeen in table, gammairradiation does not seem to have any effect
on this parameter. Zeta potential of nanospheres and nanocagh particle size and polydispersity index. However, alternative
sules were measured in aqueous dispersion of 1mM NaCl.  technique, autoclaving, has a direct impact on nanoparticle size.
Nanoparticles tend to aggregate at high temperature employed
2.2.3.4. Drug encapsulation efficiency. Loaded drug quantity in autoclaving which leads to increased particle size and poly-
was determined according to the following procedure: unboundispersity index.
drug was separated by centrifugation at 30,2Q0for 10 min Zeta potential values indicate changes in chemical struc-
and the precipitate was discarded. Supernatant was then ultrare of either amphipilic cyclodextrin or active ingredient after
centrifuged at 120,008 g at 25°C for 1 h by a Sorvall RC288
with fix rotor type s20/20 (DuPont, USA) to precipitate the pe 1
nanoparticles and the encapsulated drug. Precipitate was themid (%) of 8-CDC6 nanoparticles after different sterilization techniques cal-
lyophilized and resulting powder containing the loaded nanoparsulated in reference (100%) to non-sterile samplesg, S.D.)
ticles was dissolved in ethanol to obtain a clear solution and ana- Autoclaving Gamma irradiation
lyzed UV spectrophotometrically (Shimadzu UV160A, Bech-
man Instruments, Munchen, Germany). To confirm that n(ﬁ
unbound TMX is left in the nanosphere dispersion after the

anosphere 8% 3 98+ 2
anocapsule 74 6 97+ 1
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Table 2

Mean diameter (nm) and polydispersity index (PI) of blank and drug-loaded 35+
nanospheres and nanocapsules after different sterilization techniguds (

S.D) 30+

Non-sterile Autoclaved Gammairradiated o5

Blank nanosphere 205/0.02 690/0.89 200/0.08

Blank nanocapsule 290/0.1 730/0.76 272/0.12 204 il

Tamoxifen citrate loaded 235/0.10 805/0.80 240/0.04 154 /
nanosphere

Tamoxifen citrate loaded 310/0.09 786/0.66 297/0.03
nanocapsule

10+

sterilization. This is particularly important for the gamma irra-
diation technique since it is known that radiation causes irre-
versible chemical changes in polymer structure and most active
ingredients Boess and Bgl, 1996; Sintzel et al., 199.7Fig. 2
indicates slight changes in zeta potential of both blank an(riig. 3. Entrapped drug quantitiep.d/mL) of nanospheres and nanocapsules
drug-loaded nanospheres and nanocapsules suggesting chegtded with tamoxifen citrate after different sterilization techniques3).

cal changes due to irradiation or heat in the structupe6DC6.

However, these changes are believed to be indicative of a chang~

in physicochemical properties @cCDC6 such as increase in 100
aqueous solubility of-CDC6 due to fragmentation of some of 90 |
the long aliphatic chains aligning the surface of the molecule.
This hypothesis is also confirmed by in vitro release profiles of
B-CDC6 nanoparticles.

Fig. 3 demonstrates that gamma irradiation has no signif- © 60 1
icant effect on entrapped drug quantity for nanospheres ance g |
for nanocapsules. However, autoclaving causes a significanE
reduction in drug entrapment since excessive heat disrupts th o
nanoparticle integrity and causes the loss of considerable amourg 31

Gamma irradiated Autoclaved Non-sterile

|D TMX loaded nanosphere B TMX loaded nanocapsule

80
70 4

X citrate% released

40 1

of active ingredient as observedHhig. 3. g 20/
In vitro release profiles of nanospheres and nanocapsuled 10
were determined as shown Fig. 4. Release profiles are not
significantly different than each other indicating that although 0 ] 2 3 4 5 6
there may be possible chemical changegi68DC6 structure Time (hr)

these changes do not alter the release behavior of the nanosphe
or nanocapsule for the model drug tamoxifen citrate.

—O— Non-sterile NC —8— Sterile NC —aA— Non-sterile NS —&— Sterile NS

Fig. 4. Invitro drug release profiles of sterile (gamma irradiated) and non-sterile
nanoparticlesinisotonic PBS pH 7.4 containing 1% polysorbate 80°&t 8YC:

30+ nanocapsule, NS: nanosphere¥@, S.D.).
20 4. Discussion
1 Effects of each sterilization technique will be further dis-
5 cussed in this section in the light of data obtained. Sterile filtra-
' ' tion through 0.222m membrane filters may be considered as an
10 alternative method for chemically or thermally sensitive mate-
rial since it has no adverse effect on the polymer or the drug. It
201 is merely a physical removal of microorganisms. In fact, many
drug delivery systems in the form of liposomes, microemulsions
-30 - or nanoparticles below 200 nm size have been successfully ster-
Blanic bk Blank NG TMXCINS THCHE ile filtered (Martin, 1990; Lidgate et al., 1992; Zheng and Bosch,

1997; Konan et al., 2002, 20p3However, this technique is not
suitable when the nanoparticle size is larger or close to 220,
Fig. 2. Zeta potential (mV) values of amphiphifiecyclodextrin nanospheres When the size dISt”bUt_lon is not narrow enough, when th_e dr“g
and nanocapsules (NS, nanosphere; NC, nanocapsule; TMX NS, tamoxitd§ adsorbed on the particle surface and when the nanoparticle dis-
loaded nanosphere; TMX NC, tamoxifen loaded nanocapsute}). persion is too viscousAllemann et al., 1993; Magenheim and

O Non-sterile @ Gamma irradiated B Autoclaved
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Benita, 199). These factors lead to membrane clogging andchains surrounding th@-CDC6. The cross-linking and rela-
make filtration of samples impossible. In the cas8aEDC6 tive stabilizing effect of irradiation on polysaccharides including
nanoparticles, sterile filtration was not feasible since nanosphesgtarch are known an@-CDC6 nanoparticles may also be sub-
and nanocapsule sizes were around 280-300 nm. Nanopartigert to these changes which effect mainly the side chains of
yields were very much reduced (more than 95%) and even aftgrolysaccharide derivativedartolotta et al., 2005; Yoshii et
pre-filtering through 0.45.m, the same effects were observed. al., 2003; Wach et al., 2003Zeta potential values indicate a

As far as heat sterilization is concerned, it is known thatcertain change in overall charge of the system. This change
polymeric nanoparticles are prone to degradation at elevated observed both for blank and drug-loaded nanoparticles. If
temperatures due to the generally low glass transition temper#his is the result of chemical degradation of tamoxifen citrate,
ture of polymers and surface modifiers they contéithénasou drug-loading values should be an indicative for this. However,
et al., 1996. Consequently, nanoparticle properties are alteredbading data demonstrate gamma irradiation has no effect on
to cause aggregation and flocculation, which makes heat steriégntrapped drug quantity. Tamoxifen citrate UV spectrum also
ization a difficult approachSommerfeld et al., 1998Although  shows no change after irradiation with gamma rays. Gamma
B-CDC6 nanoparticles are not of polymeric nature, hydrolysidrradiation causes an increased release rate in particles due to the
reactions induced by heat may have caused chemical modificeadiolytic degradation of the polymefdisant etal., 2002How-
tions leading to aggregation and significant increase in particlever, amphiphilig3-cyclodextrin nanoparticles do not undergo
size. It has been reported previously that polyesters are degradids effect and maintain their release properties after gamma
by hydrolysis when autoclavedthanasou et al., 19968uggest- irradiation. Even though zeta potential measurements indicate
ing a possible degradation of ester structur@-@DC6 seenin chemical changes iB-CDC6 structure, these changes are not
Fig. L sufficient to cause alterations in drug release profiles.

On the other hand, surfactants included in nanoparticle for- Other complicated or expensive techniques could also be used
mulations were also reported to have an important effect offior nanoparticle sterilization involving high hydrostatic pres-
particle aggregation after autoclaving. In fact, aggregation uposure Brigger et al., 2008 maintaining nanopatrticle integrity
heating is directly related to the precipitation and/or phase semr chemical sterilization with ethylene oxide which may lead
aration of the surface modifier at a temperature above its cloutb toxic residues and difficulty in redispersion of nanopatrticles
pointwhere this molecule is likely to dissociate from the particle.after sterilization fommerfeld et al., 1998However, the most
Several authors have proposed the use of different substancagpropriate technique for amphiphipecyclodextrin nanoparti-
to increase the cloud point of surfactant above the temperales seemtobe gammairradiation considering the maintaining of
ture required for sterilization (i.e., PEG400, propylene glycolphysicochemical characteristics such as particle size, nanopar-
etc.) Hollister, 1993; Na, 1993 Amphiphilic B-cyclodextrin ticle yield, zeta potential, drug loading and in vitro release.
nanoparticles do not contain additional surfactants in their for-
mulation but the amphiphili@-cyclodextrin itself is a proven 5. Conclusion
surface-active agenR{ngard-Lefebvre et al., 2002vith a cal-
culated HLB value of 8.9, which may be acting similar to other ~ Sterilization of injectable nanoparticles is a major challenge
surfactants and dissociate to destroy nanoparticle integrity. Thi® the designing of appropriate drug delivery systems. Among
may explain the fact that upon autoclaving, massive aggregdlifferent alternatives such as sterile filtration, autoclaving and
tion is observed in nanospheres and nanocapsules. The actg@mma irradiation, the latter seem to be most promising tech-
ingredient is not thermolabile, however, autoclaving cag@ses hique which does not alter nanoparticle characteristics ensuring
CDC6 to behave as a surface-active agent and to dissociaséerility of injectable nanoparticles.
from the nanoparticle at temperatures higher than its cloud
point. The molecule then precipitates or forms larger aggreACkHOWIedgementS
gates. Meanwhile, entrapped drug is liberated to a certain extent

and precipitates, too. This may be the cause of reduced drug Authors wish to thank Hacettepe University Research Fund
entrapment observed after autocla\/ing&aCDCG nanoparti_ PrOJeCt 0202301005 and TUBITAK Turkish Council of Scien-

without altering nanoparticle characteristics in some systemgupportin this study.
(Venkateswarlu and Manjunath, 2004 does not seem to be an
appropriate technique for the sterilization®gCDC6 nanopar-
tICIeGg:':imma irradiation presents an effective alternative as far aAs"em?nn’ E., Gumy, R, Doelker, E., 1993. Drug loaded nanoparticles. Prepa-
. e . ration, methods and drug targeting issues. Eur. J. Pharm. Biopharm. 39,
nanoparticle characteristics such as entrapment efficiency and 173_191.
in vitro drug release are concerned. Particle size is not affectesthanasou, K.A., Niederaurer, G.G., Mauli Agrawal, C., 1996. Steriliza-
by radiation, which suggests physical stability of nanoparti- tion, toxicity and clinical applications of polylactic acid/polyglycolic acid
cles after sterilization. Significant changes are observed for zeta CoPolymers. Biomaterials 17, 93-102. o .

. Bartolotta, A., D'Oca, M.C., Campisi, M., De Caro, V., Giandalia, G., Gian-
pOtentlal values both fOI’ blank and_drUQ'loaded nanOSphe'jeS nola, L.I., Brai, M., Calderaro, E., 2005. Effects of gamma-irradiation on
and nanocapsules. This may be attributed to the fragmentation trehalose-hydroxymethylicellulose microspheres loaded with vancomycin.
of covalent bonds and probably partial breaking up of the acyl Eur. J. Pharm. Biopharm. 59, 139-146.
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