Available online at www.ijmrhs.com

International Journal of M edical Research &

ISSN No: 2319-5886 Health Sciences, 2016, 5, 11:311-317

Microemulsion Drug Delivery Systems for Radiophar macy Studies

*Emre Ozgenc, Meliha Ekinci, Deryallem Ozdemir, Evren Gundogdu
and Makbule Asikoglu

Ege University, Faculty of Pharmacy, DepartmenRatliopharmacy, 35100 Bornova, Izmir, Turkey

ABSTRACT

Microemulsions have been used increasingly foryasi’s because of ideal properties like favoratileg delivery,

ease of preparation and physical stability. Theyeéndeen improved the solubility and efficacy of dineg and

reduce the side effects. Use of radiolabeled miadsions plays an alternative role in drug delivegstems by
investigating the formation, stability and applicat of microemulsions in radiopharmacy. Gama sgiraphic

method is well recognized for developing and datgdhe biodistribution of newly developed drugfamulation.

This review will focus on how radionuclides areeald play role with characterization studies of re@mulsion

drug delivery systems.
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INTRODUCTION

The definition of microemulsion was stated by Psste, Jack H. Shulman at Columbia University in9.9% The
concept of microemulsion has shown changes over éind accepted that of a system of water, oil amohéphile
which is a isotropic and thermodynamically stalidgid solution. Surfactant is localized at a parée boundary
between the aqueous and oily phase in the micrcaom!

Depending on the proportion between constituentshé two extremes the microstructure of the migralsions
range from dispersed in the oil phase with a vemglswater droplets (w/o microemulsion) to dispersd droplets
in the water phase (o/w microemulsion). The micradtre of the mixture changes continuously froepherical to
cylindrical tubular and interdependent the oil amadter phases are separated by a very thin laysuidéctant
molecules that defined as bicontinues microemulsi®nMicroemulsions consist of oil, water, surfactamida
cosurfactant. They are isotropic and thermodynalgicsiable systems. The droplet size of microenausiis
usually in the range of 10-100 nm. These homogensgstems are low viscose fluids and are preparedawide
range of surfactant concentration and oil to waatio. ®! In w/o microemulsion, water droplets are disperised
the continuous oil phase while o/w microemulsiortdsnposed when oil droplets are dispersed in tiiraoous
aqueous phase. When equel amounts of water anmicoitinuous microemulsion is occured. In all thtgees of
microemulsions, the interface is stabilized by #aktle combination of surfactants and/or co-sudgatd. The
flexibility of the surfactant film is a significarfiactor. A flexible film of surfactant will allowhe presence of various
structures such as droplet size, aggregates amthtliioous structures, and therefore it increashwy range of
microemulsion formation. A very tough surfactaifinfwill not allow presence of bicontinuous struas in this
case will prevent the range of microemulsion foioratThe internal structure of a microemulsion ésywimportant
for the diffusivity of the phases, moreover thesgpective phases is important for drug diffusioeasé&archers have
been trying to understand the complex phase behavand the various microstructures encounteredhan t
microemulsion system§!

The characterizations of microemulsions are evatlaising ternary phase diagrams. Ternary phaseadisgare
triangular. These edges are the components of memuwilsion that oil, water and surfactant/co-suefat

The favorable drug delivery, solvent propertieseeaf preparations and the physical stability @sthoil-water-
surfactant mixtures, makes microemulsions very gow vehicles for future formulations. In pharmaieal
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fields, microemulsions interest is increasing andhey are implemented in various administratiomes. The aim
of this review is to demonstrate the recent litgnatwith respect to use of microemulsions for ddefivery and to
investigate the formation, stability and applicataf microemulsions in radiopharmacy.

Affecting Factorsfor Microemulsion Drug Delivery System

Microemulsion systems in drug delivery systems #ikw for sustained or controlled release haveeapgd as a
new tool for transdermal, topical, oral, nasalyamenous, ocular, parenteral and other administratoutes of
drugs. Furthermore microemulsion is a drug deliveygtem that is used to increasing specific tamgetind
therapeutic activity and reducing toxic effectslofigs.”®! Due to the lipids increase the absorption of drabs, oil-
in-water (o/w) microemulsions are promising as ddetjvery system§" *%. Also, o/w microemulsions protect the
advantages of traditional colloidal systems thaprioning physical stability, protection of drug moldes from
degradation in the body, controlled drug releageciic targeting, biocompatibility**** Microemulsions have
very low surface tension and small droplet sizeetfoze they have high absorption and permeation.

Advantages of microemulsion as delivery system: Thermodynamically stable, increasing the solupibtif the
drug, enhances the percutaneous uptake of the idnpgove the efficacy of the drug by allowing thesd reduction
and side effect minimization, prevention of hydsityand oxidation of the drug.

Disadvantages of microemulsion as delivery system: In many cases high concentration of surfactant emd
surfactants which required formulating a stablerogenulsion can be caused cytotoxiclfy'>8!

The affecting factors for microemulsion drug detiveystems are described below:

Property of Surfactant: Surfactant contains lipophilic and hydrophilic gpsuHydrophilic single chain surfactants
such as cetylethyl ammonium bromide dissociate detely in dilute solution and have a tendency torfa/w
microemulsion. When the surfactant is in presericalb or when high concentration of surfactantsed, degree of
dissociation of polar groups becomes lesser andtires system may be w/o type. Chosen surfactargtrhave
lower interfacial tension to a very small valueatd dispersion, provide a flexible film that caadédy deform round
small droplets and be of appropriate Hydrophilia dipophilic balance (HLB) character to provide tberrect
curvature at the interfacial region for the desimsidroemulsion type. It is generally accepted that HLB value
surfactants are favored for the formulation of wi@roemulsion, whereas surfactants with high HLBuga(>12)
are preferred for the formation of o/w microemufsi&urfactants with HLB value greater than 20 ofteguire the
presence [%f cosurfactants to reduce their effediilz8 to a value within the range required for mienaulsion
formation.

Property of Oil Phase: Qil phase also influence curvature by its abildypenetrate & swell the tail group region of
the surfactant monolayer, swelling of tail resirte an increased negative curvature to w/o micrasion. 2%

Packing Ratio: HLB of surfactant determines the type of microesian through its influence on packing and film
curvature. The analysis of film curvature for sutfmt association's leading to the formation ofrogenulsion??

Temperature: Temperature is extremely important in determinthg effective head group size of nonionic
surfactants. At low temperature, they are hydraplaihd form normal o/w system. At higher temperatihey are
lipophilic and form w/o systems. At an intermeditgeperature, microemulsion coexists with excesemand oil
phases and forms bicontinuous structlite.

Property of Cosurfactant: Single-chain surfactants alone are unable to redbeeo/w interfacial tension
sufficiently to enable a microemulsion to forffi*?”! The presence of cosurfactants allows the inteafafilim
sufficient flexibility to take up different curvates required to form microemulsion over a wide mraf
composition?® |f a single surfactant film is desired, the lipdjshchains of the surfactant should be sufficigntl
short, or contain fluidizing groups (e.g. unsatedabonds). Short to medium chain length alcohol3-@8) are
commonly added as cosurfactants which further redhe interfacial tension and increase the fluidifythe
interface.

Characterization of Microemulsion Drug Delivery System

Microemulsions are the nano-structured vehiclextiprominently affect the performance of drug defjvsystem;
hence its characterization needs to be completefessed. Microemulsion drug delivery system shdagd
characterized by using ternary components, terramgse diagram, phase behavior, selection of specifi
microemulsion region from phase diagram, identtfa@aand characterization of microemulsion regieftested for
formulation development, dispersed phase droptet and its distribution and rheological behaviSt.Apart from
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these characteristics, the developed microemul&omulation needs to be characterized for physpraberties
such as pH, surface tension and specific grakity”’

pH, viscosity, refractive index, conductivity, gak size, polydispersity index, zeta potential githse inversion
temperature and osmolality of the water phase wesuated by Okur et al. for characterization ofedeped
formulations (Table 1).P® The results of characterization parameters of aeicwilsion formulations, the
formulation with the high oil content, small paktisize and low viscosity was selected as optinft/fn.

Table 1: Characterization of the microemulsion formulations

Parameters Microemulsion{l  Microemulsion(ll  Micragsion Ill | Microemulsion IV
pH 3.787 £0.015 3.797+0.015 4.073+0.012 4.69340.03
Viscosity (cP) 17.793+0.047 11.356 £ 0.016 19.7048. 11.223+0.025
Droplet size (nm) 1.538+0.111 6.239+0.338 1.023#8.0 2.902+0.044
Polydispersity index 0.224+0.088 0.306+0.053 0.78642 0.493+0.161
Zeta potansial (mV) 0.113+0.015 -0.0472+0.028 04860250 0.199+0.021

A cone-plate viscometer (Model LVDV-II, BrookfieEngineering Laboratories, Middleboro, MA, USA) wased

to determine the viscosity of the microemulsionsRiee et al. A photo correlation spectroscope gmapwith
laser light scattering (Zetasizer 3000HSA, Malvamatruments, Malvern, UK) was used to measure tiopldt
sizes in the microemulsions. The droplet size @& thicroemulsions was found 13.2 nm to 38.0 nm. The
polydispersity index was found 0.30 to 0.47. Allararements below 0.5 were indicated narrow devidtiom the
average size. The viscosity of the microemulsi@msyed from 7.08 to 13.07 x €ps at 37°C. Rhee and friends’
results demonstrated that the combinations in thmdlation had a predominant effect on the physieatcal
properties of the microemulsions. All the drug-leddmicroemulsions remained clear during the inovitr
experimental period and at room temperature forertioain one yeal!

Radiolabeling Studies

The behavior of microemulsions can also be obtamerhdioactive studies by incorporating a gamnyaemaitting
radionuclide into the dosage forfif! The role of gamma scintigraphic methods is wetbgmized for developing
and detecting the biodistribution of newly develdmiugs or formulationf>® Although radiolabeled formulations
are widely used in gamma scintigraphy studies (btadution, gastric transit time, etc), their usaig in vitro
release studies is a very innovative approach fog delivery. The benefit of using radiolabeledgirin release
studies is that the radioactivity can simply beicest and measured using liquid scintillation detecf® The
selection of the radioisotope, radiochemical puahd stability, and the specific activity are méators. These
factors can have a result on the metabolic, chépaod radiochemical stability of drug, metabofiteding, and the
recovery of radioactivity”” During the last 20 years, important improvemenasehbeen achieved in drug
development using radiopharmaceuticals as trdé&rsSelection of an appropriate radionuclide for tgiaphic
experiments could be determined by regarding issuels as half-life, cost and availability. The idelaoton energy
for radionuclides is between 100-200 KeV. Half-Igaould impact the length of time that can do expental
studies with radiolabeled formulatioS™Tc is one of the most popular radionuclide in ganstiatigraphy studies
with its good photon energy and suitable half-lifairthermore, it could be easily obtained with s@ortable
generatorg?® 44

In the development of drugs, radionuclides are iagphs signal sources since they can be incorpbiiate the
formulation without any change of their charactérss The main benefit of using radiolabeled commtsuin drug
development is to be sensitive and detectable fiminmal amounts. The development of powerful radiogrs
requires careful consideration in the selectiothefradionuclide!”

Radiolabeling Studies for Microemulsion Drug Delivery Studies
Many radiolabeling studies were carried out witltrmémulsion drug delivery systems. In this pam, éxample of
radiolabeled microemulsions would be given.

Ustundag Okur et al. loaded radiolabeled dfiTic-Aprotinin) into microemulsion formulation for aluated to in
vitro release studie§’® Aprotinin (APT) release from”™Tc-APT loaded microemulsions was evaluated with two
different methods to find out best in vitro releasethod, vertical diffusion cells and dialysis bagthods were
used to compare the release rate$’8fc-APT loaded microemulsion (M-APT) and™Tc-APT solution (SOL-
APT). B Firstly, vertical diffusion cells were used to efehine the in vitro release behavior of aprotini ahe
release performance of aprotinin from M1-APT and-ART formulations showed a slower and continuolsase
for 6h compared to SOL-APT #®.05). Secondly, the in vitro release behaviot’8Fc-APT from microemulsions
(M1-APT and M2-APT) and APT solution was evaluateith dialysis bag method and the release rat&tifc-
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APT from SOL-APT was higher than APT incorporateitnmemulsion formulations and in vitro release d®RA
from M1-APT and M2-APT was found by Ustundag Oktirak Microemulsions have several advantages over
microemulsion formulations when applied parentgraihce they have fine particles and they are ekbanore
slowly than the rough particle emulsions resultiodiave an extended staying time in the body. @datt release
could be advantageous for parenteral formulatiotabse it offers an advantage of decreasing thaidrazy of
injection. Intravenous formulations with prolongedtivity have medical and economic importance ane t
physicians are concerned with keeping therapewitcentrations over long time and decreasing thebeurof
applications. In addition; when considering ecorgaly, only well-educated person can apply intrauen

administration, and if frequency of applicationdiscreased, the cost of treatment is reduced areisimprotected.
[47]

Doxycycline Hyclate (DOX) was radiolabeled by llgdzdemir et al. for asses the permeability of minroksion
and solution with radioactive studié®! DOX is an antibacterial drug which is member af #econd tetracycline
group and the absorption of DOX is reduced abodb 20 the presence of skimmed milk. Therefore newgdr
delivery system can be advisable for DOX to redieefood and drug interaction and improve the bédability.
Permeability of DOX fron?™Tc-DOX solution {°"Tc-DOX-S) and**™Tc-DOX loaded microemulsion®${™c-
DOX-M) was investigated with in vitro cell cultustudies by using human colonic adenocarcinomdinel(Caco-
2). The radioactivity of*"Tc-DOX-M for the apical to basolateral direction,{RA—B)) and basolateral to apical
direction (Rp, (B—A)) were found higher tha™Tc-DOX-S. Based on the in vitro cell culture stigdtee authors
suggest this dosage form as a promising alternégiveral drug delivery of DOX.
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Fig. 1: The permeability amount of *™T¢c-DOX from apical to basolateral direction for microemulsion and solution form !

To evaluate the biodistribution of APT solution (SAnd APT-loaded microemulsion (MA) in rats withuse
pancreatitis, APT was radiolabeled WitATc by Karasulu et al*® Gamma scintigraphy and biodistribution studies
were performed with radiolabeled formulation. Aatiog to the gamma scintigraphy studi€¥Tc-APT-loaded
microemulsion and®™Tc-APT solution have different in vivo behaviortime body. While®™Tc-APT solution had
higher uptake in kidney’*™Tc-APT loaded microemulsion had higher uptake ia #pleen and liver. In mild
pancreatitis *™Tc-APT loaded microemulsion was slowly distribuedspeed compared §™Tc-APT solution.
According to the published paper, gamma scintigyagtindies were indicated th&™Tc-APT solution show two
times higher uptake th&i™Tc-APT loaded microemulsion in kidneys: *°

Risedronate sodium (RSD) was radiolabeled Wiffc by llem-Ozdemir et al. to investigate the perhilitg of
RSD solution and SMEDDS by using human colonic aden carcinoma cell line (Caco-2 ceff! Permeability
studies were performed from apical to basolatekabB) and basolateral to apical {BA) directions.”*™Tc-RSD
included formulations were applied to the cells amdl the permeability of drug was evaluated by aitg the
samples radioactivity. The results of in vitro peshility results indicate that a significant entement of
permeability for’®*™Tc-RSD SMEDDS formulations in Caco-2 cells companétth the®*™Tc-RSD solution in apical
to basolateral and basolateral to apical directions
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In a study, Elitez et al. radiolabeled alendronstelium (ALD) containing microemulsion and evaluafés
permeability using Caco-2 cell®* 3! Permeability studies were performed from apicalb@solateral and
basolateral to apical directions. The cells werulrated with radioactive samples during 120 mirrnfeability
results showed thaf™ c-ALD microemulsion was more permeated from aptcabasolateral when compared to
basolateral to apical directions atitiTc-ALD solution.

CONCLUSION

Information about behavior of microemulsions can digtained with radioactive studies by incorporated
radionuclides into the dosage form. The role of genscintigraphic methods is well recognized foredeping new
drugs and detecting the biodistribution of medisin®adionuclides also use to assess the permgabiit
microemulsion with in vitro cell culture studies.

Obtained from the studies based on the results;oegulsions enhance the solubilization capacity diagolution
efficiency of poorly soluble drugs and drug soligation capacity and dissolution efficiency areiaef on the
microstructure of the microemulsions. Solubilizedgs may influence the boundaries of structuraioregyand the
transition point between different microemulsiorcrostructures.

Microemulsions have been shown to be able to cbrdrog delivery, increase drug solubility, increase
bioavailability and reduce side effects.
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