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Abstract: Radiation sterilization has now become a commonly used method for sterilization of several active ingredients in drugs or drug 

delivery systems containing these substances. In this context, many applications have been performed on the human products that are required 

to be sterile, as well as on pharmaceutical products prepared to be developed. The new drug delivery systems designed to deliver the medication 

to the target tissue or organ, such as microspheres, nanospheres, microemulsion, and liposomal systems, have been sterilized by gamma (γ) and 

beta (β) rays, and more recently, by e-beam sterilization. In this review, the sterilization of new drug delivery systems was discussed other than 

conventional drug delivery systems by γ irradiation.
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Introduction

The method of sterilization by gamma (γ) radiation is 

preferred due to the special nature of the active and 

auxiliary substances prepared or designed to apply in 

humans and its advantages over other methods. Ster-

ilization by γ radiation is used for the sterilization of 

active substances as well as drug delivery systems. The 

new studies on radiation sterilization of new drug deliv-

ery systems have especially focused on the protection of 

the system designed to carry the active substance as well 

as the protection of the structure of the active ingre-

dient after irradiation, determining the suitable irradia-

tion (sterilization) dose and analyzing the changes as a 

result of the irradiation through appropriate methods. 

According to the source of radioactivity used in the ra-

diation sterilization, e-beam, γ rays, or beta (β) rays may 

be used.

The new drug delivery systems that most studies have 

focused on include microspheres, nanospheres, various 

carrier polymers, gels, liposomes, niosomes, gelosomes, 

nanoparticles, and microparticles. Radiation steriliza-

tion is also used in the development and sterilization of 

vaccine formulations.

Microspheres (Microparticles)

One of the new drug delivery systems which is the focus 

of the research is microspheres. Examples of this study 

are summarized below.

Polyester microspheres with diff erent biodegrad-

ability and which have a general structure of poly d,l-

lactide-co-glycolide (PLG) including captopril as active 

ingredient were examined. Prepared by a spray drying 

technique, captopril microspheres, active substance, and 

polymers were irradiated with γ irradiation at the doses 

of 6.9, 15.0, 27.7, and 34.8 kGy, using a 60Co source. 

While captopril showed no oxidation after irradiation 

process, diff erential scanning calorimetry (DSC) and in 
vitro release studies demonstrated that interactions be-

tween drug and polymer during γ irradiation are of criti-

cal importance. Microspheres prepared from polymers 

with various polymer weights (such as 16.500, 51.500, 

and 66.000 kDa) showed diff erent properties depend-

ing on the applied dose. The researchers suggested that 

sterilization of parenteral delivery systems from biode-

gradable polyesters was not a straightforward process 

but required careful optimization of PLG molecular 

weights. In the study, it was observed that the stabil-
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ity of the drug against high energy radiation was also 

infl uenced by polymer properties and the distribution 

of drug in the device. The authors concluded that solid 

solution type microspheres were exceptionally sensitive 

towards γ irradiation [1].

The in vitro properties of poly lactide-co-glycolic acid 

(PLGA) (at the ratio of 50:50; molecular weight 34,000 

or 88,000 kDa) microspheres incorporating naproxen 

sodium (NS) and diclofenac sodium were investigated. 

These microspheres were irradiated at the doses of 5, 

15, and 25 kGy using a 60Co source. Drug loading of 

irradiated and nonirradiated microspheres with diff erent 

molecular weight were found to be similar. The most 

signifi cant diff erence was found in the particle sizes of 

the irradiated as compared to the nonirradiated formula-

tions. The in vitro release studies demonstrated that the 

amount of active substance released from PLGA micro-

spheres increased with the increasing radiation dose. The 

DSC studies detected that the glass transition tempera-

tures (Tg) were slowly infl uenced by the increasing radia-

tion dose [2].

In another study carried out on the PLGA micro-

spheres loaded with clonazepam as active ingredient, 

the microspheres were prepared by means of a spray-

drying method at 15% (v/v) ratio. Gamma irradiation 

was carried out either under vacuum or in air, at a dose 

of 25 kGy, by using a 60Co source. The drug-loaded mi-

crospheres were evaluated over a 6-month period on the 

basis of drug content and dissolution profi le. Radiolysis 

mechanisms were investigated by using electronic para-

magnetic resonance (EPR) studies. The microspheres 

irradiated under vacuum remained stable longer than 

expected. After irradiation in air, active ingredient re-

lease rate increased by approximately 10% and did not 

change further in the storage period. The EPR analysis 

showed some radicals arising from both the polymeric 

matrix and the active ingredient. It was found that, in 

the loaded microspheres, the intensity in time of radical 

signal is suffi  cient for use as irradiation marker [3].

An injectable system of levonorgestrel (LNG) was 

prepared using biodegradable polymer of natural origin. 

The microparticular system prepared with microsphere 

formulation was optimized for particle size and drug 

loading. For the microparticulate system tests such as 

scanning electron microscopy, encapsulation effi  ciency, 

moisture content, infrared (IR), DSC, X-ray diff raction 

(X-RD), residual solvent content, sterility, toxicity, and 

pyrogenity were performed. The microparticles were 

sterilized by γ irradiation of 25 kGy, and then it was in-

jected intramuscularly in rabbits, and the blood levels of 

LNG were determined by radioimmunoassay method. 

An optimized drug to polymer ratio of 0.3–1.0 (w/w 

ratio) gave improved drug loading of about 52%. In vivo 

studies in rabbits showed that the drug was released in 

a controlled manner for 1 month. It was found that, in 

the preparation of microspheres as progestin, only long-

term contraceptive was a better alternative with im-

proved user compliance for the synthetic and expensive 

polymeric carriers [4].

In another study examining the infl uence of γ irradia-

tion on the characteristics of chitosan microparticles, the 

active ingredient of diclofenac sodium was incorporated 

into chitosan microparticles by spray-drying method. 

The placebo and drug-loaded microspheres were irradi-

ated at doses of 5, 15, and 25 kGy using a 60Co source. 

The microparticles were characterized by Fourier trans-

form infrared (FTIR) spectroscopy, EPR, X-RD, DSC, 

scanning electron microscopy (SEM), and atomic force 

microscopy (AFM). Furthermore, microparticles were 

also investigated in terms of their sizes, drug content, 

swelling, and drug release behavior. Drug encapsulation 

effi  ciency of placebo and drug-loaded microparticles was 

found to be the same. Especially, surface roughness of 

placebo microparticles decreased signifi cantly after γ ir-
radiation when compared with nonirradiated placebo 

microparticles. The γ-irradiated microspheres showed a 

signifi cantly higher drug release rate and lower swelling 

capacity than the nonirradiated microspheres [5].

The PLGA microspheres including acyclovir were 

added to gelatin (with a 2:2:10 acyclovir–gelatin–poly-

mer ratio) and sterilized by γ irradiation at the dose of 

25 kGy. While loading effi  ciency and morphology were 

characterized by studies including particle size, SEM, 

physicochemistry, IR, DSC, X-RD, and gel permeation 

chromatography (GPC), in vitro release assays for 73 days 

were performed to evaluate the sterilization eff ect on 

microsphere characteristics. After irradiation, no surface 

changes were observed by SEM and GPC measurements 

showed a decrease in molecular weight of the polymer. 

The sterilization method was found to be suitable as no 

change in microspheres was seen after γ irradiation. It 

was concluded that considering the favorable properties 

of the acyclovir-loaded microspheres sterilization by γ ir-
radiation was a suitable system for the intravitreal treat-

ment of herpes virus infections in an animal model [6].

Seventeen β-estradiol-loaded PLG microspheres were 

prepared by spray-drying method and sterilized by γ ir-
radiation at the doses ranging from 5.1 to 26.6 kGy. The 

active drug substance showed excellent stability against 

γ irradiation in the investigated dose range, whereas mi-

croencapsulated estradiol seemed to be converted to 

conjugation products with PLG and, to a lesser extent, 

to the degradation product 9,11-dehydroestradiol. The 

weight-average molecular weight of the PLG polymers 

decreased with increasing irradiation dose. As a result, 

the effi  cacy of γ irradiation as terminal sterilization meth-

od for PLG microspheres was demonstrated and it was 

concluded that the sterilization conditions should be ad-

justed for the fi nal dosage form [7].

In another study conducted on double-walled reser-

voir type microspheres with etanidazole solid crystals, 

the characterization, in vitro release, and the eff ects of 
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irradiation on this class of microspheres were investigat-

ed. This highly water-soluble active ingredient was also 

examined for the suitability in the double-walled micro-

sphere system. Release profi les of irradiated and nonir-

radiated microspheres were compared, and the dosage of 

50 kGy was found to have noticeable eff ects on the poly-

mer and its release profi les, while sterilization dosages 

of 25 kGy lowered the glass transition temperatures and 

crystalline melting point, indirectly indicating a decrease 

in molecular weight [8].

In the study carried out on the tetracycline-HCl-

loaded microspheres prepared from PLGA by spray 

drying, the eff ects of γ irradiation on the formation of 

free radicals in polymer and drug and the mechanism of 

chain scission after sterilization were examined. Gamma 

irradiation was performed at 26.9 and 54.9 kGy using 

a 60Co source. The EPR studies conducted on placebo 

and drug-loaded microspheres characterized the forma-

tion of free radicals after irradiation. It was concluded 

that EPR spectroscopy in combination with GPC, DSC, 

and high-performance liquid chromatography (HPLC) 

could allow a detailed characterization of the impact of 

γ sterilization on biodegradable parenteral drug delivery 

systems [9].

Gamma irradiation was used for controlling the drug 

release from poly(d.l-lactide) microspheres. The rela-

tionship between the polymer decomposition caused by 

the γ irradiation to adjust the Tg and the drug release rate 

was examined. The initial release rate of progesterone mi-

crospheres decreased as Tg increased. It was reported that 

the release rate can be controlled by irradiation dose. A 

slower initial release followed by a rapid release occurred 

after the Tg was lowered to 37 °C. It was concluded that 

the time period before the start of rapid release could be 

controlled by altering the irradiation dose [10].

The study by Faisant et al. examined the eff ect of dif-

ferent γ-irradiation doses on the release kinetics from 

5-fl uorouracil (5-FU)-loaded PLGA microspheres, ana-

lyzing the obtained experimental data with a new math-

ematical model. Drug release was found to depend sig-

nifi cantly on the applied γ-irradiation dose. Interestingly, 

the obtained release profi les were all biphasic (a rapid 

initial drug release phase followed by a slower) constant 

drug release phase. Naturally, only the initial rapid drug 

release was accelerated by γ irradiation; the subsequent 

zero-order phase was almost unaff ected. In addition, the 

γ-irradiation dose and quantitatively calculated drug re-

lease rate were aff ected. It was concluded that diff usion 

was the dominating release rate controlling mechanism 

in all cases, with a signifi cant contribution of the polymer 

degradation process [11].

In another study investigating the eff ects of steril-

ization by ionizing radiation on hydroxyethylcellulose–

trehalose microspheres containing vancomycin, it was 

found that γ rays did not modify the active substance, 

producing no toxic products, and did not aff ect the ki-

netic behavior of drug release from microspheres. More-

over, no signifi cant changes in the shape and in the size 

distribution of microspheres were found after irradiation. 

The experimental results showed that the therapeutic ap-

plication of the pharmacological system investigated was 

not compromised by irradiation, and the authors con-

cluded that ESR spectroscopy could be used to distin-

guish irradiated from nonirradiated products [12].

In the study which carried out the collagen–PLGA 

microspheres containing gentamicin as active ingredi-

ent, various sterilization methods were compared using 

β and γ irradiation. All methods resulted in a decrease 

of molecular weight and glass transition temperature of 

polymer raw material and microparticles. Free radicals, 

which could only be detected in gentamicin drug sub-

stance and at marginal level in gentamicin-loaded micro-

spheres, disappeared within 4 weeks. Additional micro-

biological testing verifi ed the microbiological activity of 

gentamicin liberated from β-sterilized composites. The 

pearls and pitfalls of all sterilization techniques were de-

termined, but based on drug release profi le and chemical 

changes of gentamicin, it was concluded that irradiation 

treatment was more suitable for collagen–gentamicin-

loaded PLGA microspheres [13].

Controlled drug release systems

In their literature review regarding the use of radiation 

sterilization in controlled drug delivery and controlled 

drug release systems, the Razems pointed out that the 

research of radiation eff ects on drugs over the past 60 

years has mainly dealt with radiation sterilization of in-

dividual active pharmaceutical ingredients or injectable 

solutions. The use of irradiation in controlled drug de-

livery systems has increased with the manufacturing and 

modifi cation of a number of polymeric carriers with an 

added advantage of reducing the microbial load of prod-

ucts at the same time. The authors emphasizing the de-

velopments over the past 15 years discussed the radiation 

sterilization, crosslinking, and degradation of the princi-

pal forms of drug carrier systems. They also accentuated 

the need for regulatory aspects pertaining to radiation 

sterilization of drugs summarizing the relevant results in 

tabular form (Figs 1–5) [14].

Ocular minitablets

In one study on the properties of a bioadhesive powder 

mixture containing ciprofl oxacin and its corresponding 

ocular minitablets, the infl uence of γ irradiation and dry 

heat sterilization was compared. The molecular weight 

characteristics, the rheological properties of the bioad-

hesive polymers, and the microbial activity of ciprofl ox-

acin were studied, while the infl uence of the diff erent 



Abuhanoğlu and Özer

  ISSN 2061-1617 © 2014 Akadémiai Kiadó, Budapest   Interventional Medicine & Applied Science54

Fig. 1. Total annual number of pages of journals dedicated to controlled drug delivery (CDD)/controlled drug release (CDR) systems [14]

Fig. 2. Distribution of papers on radiation eff ects on controlled drug delivery (CDD)/controlled drug release (CDR) systems with respect 

to publication outlets (the uppermost bar represents the total number of 42 diff erent journals) [14]

Fig. 3. Distribution of papers on radiation eff ects on controlled drug delivery (CDD)/controlled drug release (CDR) systems with respect to 

therapeutic classes of drugs (the uppermost bar represents the total number of antineoplastic agents, 5-FU being shown separately) [14]
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sterilization methods on the characteristics of the ocular 

minitablets was investigated by measuring the crushing 

strength, the friability, and the in vitro release of cipro-

fl oxacin from the minitablets. As it did not aff ect the 

physical properties of the minitablets much, γ irradiation 

was concluded to be a more suitable method for the ster-

ilization ocular minitablets [15].

Nanospheres (Nanoparticles)

Polymeric carriers and especially poly(ε-caprolactone) 

nanoparticles have already shown promising results 

in the optimization of the ophthalmic bioavailability 

of drugs. Any formulation instilled in the eye must be 

sterile and, preferentially, isotonic. Nanoparticles were 

formulated with Synperonic PE/F68, Synperonic PE/

F127, or Cremophor RH40. A tonicity agent, a preser-

vative, and, in some cases, a viscosifi ant were then added. 

The pH was fi nally adjusted to pH 4 or buff ered to pH 

7. The infl uence of diff erent sterilization processes on 

the physicochemical characteristics of carriers was stud-

ied. Autoclaving did not induce any modifi cation on 

polymer molecular weight or synperonic nanospheres 

diameter but catalyzed some reactions with surfactants 

and tonicity agents. In γ sterilization, this interaction was 

diminished. In conclusion, it was reported that sterile 

fi ltration was a process that ensured the conservation of 

physicochemical integrity of nanoparticles, and it could 

be successfully applied on nonviscosifi ed carriers with a 

suffi  ciently small diameter [16].

Various drug-loaded PLGA nanoparticles were pre-

pared using an emulsifi cation–solvent evaporation tech-

nique, and diff erent emulsion systems were employed for 

Fig. 4. Distribution of papers on radiation eff ects on controlled drug delivery (CDD)/controlled drug release (CDR) systems with respect 

to synthetic polymer carriers [14]

Fig. 5. Distribution of papers on radiation eff ects on controlled drug delivery (CDD)/controlled drug release (CDR) systems with respect 

to natural polymer carriers [14]
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a variety of model compounds. Sterilization of the drug-

loaded nanoparticles was performed by γ irradiation at 

the dose of 25 kGy, and it showed no adverse eff ect on 

particle size, drug release behavior, as well as ex vivo arte-

rial uptake of the nanoparticles. In conclusion, this study 

demonstrated that a wide variety of water soluble and in-

soluble bioactive agents can be incorporated into PLGA 

nanoparticles with a high effi  ciency and adjustable drug 

loadings. It was found that the drug release kinetics from 

the nanoparticles could be controlled by choosing the 

composition and the molecular weight of the polymeric 

matrix. Drug-loaded PLGA nanoparticles showed great 

potential in intravascular local drug delivery [17].

Another study investigating the use of nanoparticles 

for therapeutic purposes is the study by Kreuter and 

Gelperina, which used nanoparticles in the treatment 

of cerebral cancer. Radiation sterilization is the method 

of choice for the sterilization of nanoparticles. For both 

types of irradiation, the nanoparticles showed an excel-

lent stability in the investigated dose range of 10 to 35 

kGy. The irradiation did not infl uence the physicochemi-

cal parameters of the drug-loaded and empty nanoparti-

cles and did not lead to the radiolysis of the doxorubicin 

[18].

In another study, sterilization of doxorubicin-loaded 

poly butyl cyanoacrylate (PBCA) nanoparticles using 

either γ irradiation or electron beam irradiation was in-

vestigated. The irradiation doses ranged from 10 to 35 

kGy. It was found that the irradiation dose of 15 kGy 

was suffi  cient for sterilization of the nanoparticles and 

the irradiation did not infl uence the physicochemical pa-

rameters of the nanoparticles [19].

Hydrogels

In the study examining a series of pH-responsive hydro-

gels, for the protection of insulin from the acidic envi-

ronments, hydrogels based on poly(vinyl alcohol) net-

works grafted with acrylic acid or methacrylic acid were 

prepared and then sterilized by γ irradiation at the doses 

of 5–20 kGy. The graft hydrogels showed pH-sensitive 

swelling behavior and were used as carriers for the con-

trolled release of insulin. The release behavior of insulin 

in vivo in a rat model confi rmed the eff ectiveness of the 

oral delivery of insulin to control the level of glucose 

[20].

The researchers prepared hydrogel sponges using hy-

droxyethyl methacrylate (HEMA) and ethylene glycol 

dimethacrylate (EGDMA) for iontophoretic drug deliv-

ery, and the optimal sterilization process was chosen by 

evaluating three sterilization methods: γ irradiation, eth-

ylene oxide, and autoclave sterilizations. Sterilization by 

γ irradiation was found to be the most suitable method 

as it caused minimal alteration of hydrogel properties 

[21].

In another study on hydrogels, the infl uence of dif-

ferent sterilization methods on the thermo-gelation and 

structural properties of xyloglucan hydrogels was inves-

tigated. Xyloglucan samples were treated by either 70% 

ethanol, 70% isopropanol, γ irradiation at the dose of 

10 kGy at room temperature, γ irradiation at the dose 

of 10 kGy in dry ice, or autoclaving. According to the 

sterility test results on these samples, xyloglucan hydro-

gels could only be sterilized by autoclaving or by γ irra-

diation either at room temperature or in dry ice. When 

rheology measurements of hydrogels were analyzed, it 

was seen that γ irradiation at room temperature signifi -

cantly changed the polymer structure, preventing ther-

mogelation. Only autoclaving and γ irradiation in dry ice 

preserved the rheological properties of the polymer. The 

solution–gel transition as a function of the temperature 

was found to be similar for these samples and the control 

sample [22].

Topical Drug Delivery Systems

In their study, Bosela and El-Bagory investigated the 

sensitivity of hydrocortisone to γ radiation in aqueous 

and organic solvents to predict the feasibility of steriliz-

ing the topical preparations by radiation. The hydrocor-

tisone showed a higher sensitivity to radiation in aque-

ous solutions. They determined that adding diff erent 

types of surfactants resulted in a considerable protective 

eff ect (sodium lauryl sulfate, cetomagrogol 11000, cetyl 

trimethyl ammonium bromide). It was found that the 

stability of the drug in the formulated ointments was 

considerably aff ected by the propylene glycol content 

and slightly protected by cetyl alcohol [23].

Bosela et al., in a similar study, investigated the re-

activity of prednisolone to γ radiation in aqueous and 

organic solutions using radiation doses of 0.25, 0.5, 1.0, 

2.0, 3.0, 4.5, 6, and 9 KGy. The role of adding diff erent 

types of surfactants such as sodium lauryl sulfate, Tween 

80, and benzalkonium chloride was also examined. The 

study revealed that prednisolone was signifi cantly more 

sensitive to γ radiation in aqueous solutions than organic 

solvents. The degradation occurred consistent with ze-

ro-order kinetic. The protective eff ect of added surfac-

tants was found to be in the descending order: Tween 

80, sodium lauryl sulfate, benzalkonium chloride [24].

Certain drug carrier systems other than new drug de-

livery systems have also been sterilized by γ irradiation. 

One of these techniques is called cryo-irradiation, which 

is irradiation of drugs in frozen aqueous solution. The 

frozen aqueous solutions of metoclopramide and meto-

prolol were sterilized by γ irradiation, and the resulting 

changes and radiolysis products were quantifi ed by vari-

ous methods. For both drugs, radiation sterilization of 

frozen solutions, even at high doses (25 kGy) was found 

to be possible [25].
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In another study investigating cryo-irradiation, it was 

emphasized that this method was especially important 

for the sterilization of protein systems which could be 

infected by dangerous viruses (hepatitis B, etc.), blood 

plasma, and protein preparations manufactured from do-

nor’s blood [26].

While γ radiation is widely used in more and more 

areas, researchers have been publishing detailed infor-

mation regarding its use in various fi elds such as medical 

materials, polymers forming them, human tissue grafts, 

food, and the impact they have created so far [27–29].

In the studies on sterilization by γ radiation of drug 

delivery systems, diff erent methods such as e-beam ra-

diation are also investigated [30–33].

In this context, a study conducted a comparative 

evaluation of advantages and disadvantages of e-beam 

sterilization and γ sterilization methods [34–36]. Al-

though γ irradiation has been used for many years in 

sterilization process, e-beam sterilization is a relatively 

new process for the sterilization of products, materials, 

and some pharmaceuticals. Since e-beam was commer-

cialized over 40 years ago, a great deal of research has 

been performed on its eff ects on pharmaceuticals. The 

products of the process can be detected and evaluated 

for safety by using some instruments in analytical chem-

istry. As a result, it was concluded that sterilization by 

radiation was a better alternative for several complex 

pharmaceutical products that are not suitable for heat or 

steam sterilization [34].

In one of the sterilization studies using new radiation 

types, poly l-lactide (PLLA) nanoparticles loaded with 

dirhenium decacarbonyl (Re2(CO10)) were neutron-irra-

diated (450 kGy), and in vivo degradation characteristics 

were examined via targeted multitherapy (TMT) tech-

nique. It was concluded that these nanoparticles were a 

novel interesting candidate for local intratumoral radio-

therapy [37].

Liposomes–Niosomes and Lipogelosomes–

Niogelosomes

Özer’s review [38] discussing γ radiation, described ap-

plications of γ irradiation in the fi eld of healthcare, main-

ly focusing on its use in pharmaceuticals, cosmetics, and 

medical equipment industry.

Pharmaceutical dosage forms that can be sterilized by 

γ radiation are as follows:

 – Ophthalmic ointments, whose sterile active in-

gredients and excipients are mixed aseptically and 

packaged in sterile containers;

 – Sterile injectable powders that are unstable in aque-

ous solutions, dissolved prior to use or dispersed to 

produce a suspension;

 – Aerosols, whose sterile active ingredients and ad-

ditional excipients are fi lled under pressure;

 – Injectable liposomal, nanospheric, and micro-

spheric controlled drug delivery systems;

 – Polymeric drug delivery systems that can be ap-

plied by implantation.

By stating “In general, as the presence of moisture 

in the environment reduces the radiation stability of the 

drug, solid dosage forms or nonaqueous formulations 

are more stable than the aqueous ones,” Özer concluded 

that new drug delivery systems could be sterilized by γ 
irradiation [38].

In some of the studies, the structure forming the 

new drug delivery systems, active ingredient, or its 

components were exposed to γ irradiation and the re-

sulting changes were monitored and evaluated to devel-

op new formulations or create a drug delivery system. 

The study investigating the eff ects of γ radiation is an 

example of liposomal phospholipids [39]. In this study, 

solid phospholipids were irradiated at doses lower than 

25  kGy prior to liposome production, which did not 

cause any signifi cant changes in the structure of the 

phospholipids.

Another study conducted on niosomes containing 

nystatin demonstrated that the 25-kGy γ-irradiation 

dose was suffi  cient for the sterilization and niosomal 

encapsulation provided means for parenteral adminis-

tration of nystatin and reduced its toxicity, making it a 

more effi  cient agent [40].

The study investigating the eff ects of γ irradiation 

on diclofenac sodium-loaded liposomes–niosomes and 

lipogelosomes–niogelosomes for the treatment of rheu-

matoid arthritis, concluded that sterilization using an ir-

radiation dose of 25 kGy did not aff ect the effi  cacy of the 

treatment [41].

Vaccines prepared by the new drug delivery systems

Today, new drug delivery systems have been widely used 

for various purposes such as to increase stability of the 

vaccines, to protect the active ingredients, to provide 

targeted delivery, to enhance their properties, and to en-

sure controlled drug release, while sterilization of these 

systems by γ irradiation has been gaining popularity in 

the recent years.

In this context, several studies have been conduct-

ed on microspheres [42] and liposomes [43]. In their 

study, Mohammed et al. investigated techniques for the 

lyophilization, cryoprotection, and sterilization of lipo-

somal vaccines used as delivery systems for peptide, pro-

tein, and DNA vaccines. For the sterilization process, γ 
irradiation was used and then the liposomes were moni-

tored for the changes caused by γ sterilization (Figs 6 
and 7 ). The eff ects of sterilization process were evalu-

ated by analyzing the physicochemical parameters such 

as particle size of liposomes, zeta potential, dynamic vis-
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Fig. 6. Physicochemical characterization of DDA–TDB MLV liposomes incorporating mycobacterial fusion protein 

Ag85B-ESAT-6 (H1; 10 μg) in the absence and presence of sucrose (8:1 mol/mol), maltose (4:1 mol/mol), 

or trehalose (10:1). (a) Measurement of mean volume diameter of liposomal suspension prior to and post-

sterilization. (b) Surface charge measurements of liposomal suspension before and after exposure to γ steriliza-

tion. (c) Dynamic viscosity measurements were recorded to study the infl uence of γ sterilization. The hydrated 

liposomal solutions were fi lled into the glass capillary tube, and the measurements recorded at an angle tilt of 

50° and –50°. The measurements were carried out at 20 °C. (d) The infl uence of γ sterilization on pH measure-

ments. The hydrated liposomal samples were measured for the pH after calibration with the known standard 

pH solutions. All values reported are the average values from at least three independent samples ± standard 

deviation [43]
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cosity, and pH, while these parameters were examined 

before or after sterilization [43]. It was concluded that 

the values obtained before or after sterilization showed 

sterilization by γ irradiation did not alter the properties 

of the liposomes (Fig. 6). In the same study, it was found 

that the sugars added to the formulation did not change 

any changes in the physicochemical characteristics of the 

liposomes. According to the thermogravimetric studies, 

the loss of moisture increased for sucrose and malt-

ose after sterilization, while it decreased for trehalose 

(Fig. 7).
The number of research carried out regarding the 

new drug delivery systems using diff erent types of ra-

diation sterilization indicates that radiation sterilization 

methods, especially sterilization by γ irradiation, has 

gained importance over the recent years. In parallel with 

the development of new drug delivery systems, the ster-

ilization of these systems has become equally important. 

Therefore, we have concluded that the research into ra-

diation sterilization of active ingredients, structures car-

ried in a system, or polymer components, etc. will be 

a preliminary step for implementation in drug delivery 

systems. The studies (from 1990 to 2013) included in 

this paper, which investigated the eff ects of various radia-

tion types on drug delivery systems, suggest that there is 

still plenty of room for improvement in this subject and 

it will clearly gain more importance with every future 

study on the drug delivery systems.
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