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Abstract

Enhanced activity of liposomes-encapsulated antibiotics against clinical isola@®teadbmonas aeruginosa has been documented with lipo-
somes of low encapsulation efficiency. We sough to construct liposomes with high yield entrapment of aminoglycoside and macrolide antibiotics a
well as favorable stability in storage and physiological conditions. Liposome-entrapped aminoglycosides (amikacin, gentamicin, tobrdmycin) an
a macrolide (erythromycin) were prepared by a modified dehydration—rehydration vesicles (DRVs) method, and their particle size and entrapmer
efficiency were determined. We studied in vitro stability of these vesicles over a 48 h period at 4°&nith hosphate-buffered saline (PBS) and
in plasma at 37C. The mean particle size of DRVs loaded with antibiotics varied from 168.38.44 to 259.83 11.80 nm with no significant
difference in regard with the type of the antibiotics encapsulated. Encapsulation efficiency of DRVs loaded with amikacin, gentamicin, tobramycin,
and erythromycin were 29.2#1.17, 33t 0.76, 22.33t 1.48 and 32.06- 0.82% of initial amount of the drug, respectively. These vesicles were
stable regardless of the experimental temperature. Indeed, the liposomes retained more than 75% of the initially encapsulated drugs for the stu
period of 48 h. DRVs incubated in plasma however, released more antibiotics than those incubated in PBS. In conclusion, using this modified DR\
method, we obtained small sized vesicles with high yield entrapment for aminoglycoside and macrolide antibiotics. The technique may be utilizec
to overcome the low encapsulation efficiency associated with aminoglycoside and macrolide antibiotics.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction apeutic drugs including anti-microbial and anti-cancer drugs
(Abraham et al., 2005; Bakker-Woudenberg et al., 2005; Salem
Liposomes have been widely considered as potential drugt al., 200%. Hydrophilic drugs can be entrapped in aqueous
delivery systems ever since the published observation of Bangsgompartments of liposomes, whereas hydrophobic drugs are
ham and co-worker&@angham et al., 1965Liposomes are col- incorporated in their lipid bilayersvVbinea and Simionescu,
loidal vesicles ranging from few nanometers to several microm2002. A few liposomal formulations are in clinical prac-
eters in diameter with one or more lipid bilayers surroundingtice and some in preclinical trials. For instance, liposomal
agqueous compartmentggmuri and Rhodes, 1995; Chatterjee amphotericin B known as AmBisome is used to treat systemic
and Banerjee, 2002 They are prepared from natural or syn- fungal infections Yeerareddy and Vobalaboina, 2Q04vhile
thetic phospholipids and cholesterol, however, other lipids otiposome-encapsulated daunorubicin (Doxil) is a first-line cyto-
derivatives can also be incorporated as neeBate{ and Sprott, toxic drug for advanced virus-associated Kaposi sarcoma in
1999; Chatterjee and Banerjee, 2D@2posomes are biodegrad- AIDS patients Theodoulou and Hudis, 20P4Doxil is cur-
able, biocompatible, non-toxic and non-immunogengaifea  rently under clinical investigation for treatment of other types
and Simionescu, 2002They can entrap a wide variety of ther- of malignancies including breast carcinoma, leukemias and
prostate cance~aherty et al., 2004; Theodoulou and Hudis,
2004). Cytotoxicity of these drugs are significantly reduced
* Corresponding author. Tel.: +1 705 675 1151x2190; fax: +1 705 675 4g44When administered in liposome forms because of the shift in
E-mail address: aomri@nickel.laurentian.ca (A. Omri). their biodistribution, pharmacokinetics and therapeutic index
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conferred by the liposomeKim and Lim, 2002; Abraham et 2.2. Organisms
al., 2009.

Aminoglycosides and macrolides are potent antibiotics with We used two laboratory strains Bficillus subtilis (ATCC
bactericidal activity against Gram-negative and Gram-positivé6633) andStaphylococcus aureus (ATCC 29213) as reference
organisms as well as a series of intracellular pathogens. Aminarganisms in microbiological assay. The organisms were stored
glycosides are commonly used in combination vgthactams  at —80°C in Mueller—Hinton broth (Becton Dickinson, Cock-
for treatment of serious bacterial infectiofople, 2005 More  eysville, MD, USA) supplemented with 10% (v/v) glycerol. For
frequently, effective treatment of these infections requires higlexperimentation, an overnight culture in Mueller—Hinton broth
dosage administration of aminoglycosides which often results imvas used to prepare a bacterial solution equivalent to the 0.5
serious toxicity including ototoxicity and nephrotoxicityggai ~ McFarland tube about 1.5 108 bacteria/ml.
and Takano, 2004 Therefore, administration of aminoglyco-
sides are only limited to patients with severe bacterial infections?.3. Normal human pooled plasma
especially in immunocompromised patients with mycobacte-
rial infections {Young, 1993; Aiken and Wetzstein, 2002 A pool of normal citrated human plasma from a minimum
Macrolides, on the other hand, are perceived as safe drugs anéi20 healthy individuals was obtained from Precision-Biologic
are extensively used worldwide. However, macrolides accumu®Dartmouth, NS, Canada). Aliquots of 10 ml/vial were stored at
lation in lysosomes could interfere with phospholipase activity—80°C.
and cause phospholipidosidrn et al., 1996; Van Bambeke
et al., 1998; Montenez et al., 1999n addition, high doses of 2.4. Preparation of dehydration—rehydration vesicles
macrolides cause hepatic injury in humans and in experimendDRVs)
tal animals as well4afrani et al., 1979; Venkateswaran et al.,

1997). Liposomes composed of 1,2-dipalmitayl-glycero-3-

Encapsulation of aminoglycosides and macrolides into lipophosphocholine (DPPC) and cholesterol in a molar ratio of 2:1
somes has been attempted by our group as well as several otl{#pid to cholesterol). We modified the dehydration—-rehydration
investigators as a mean of altering drug biodistribution, reducmethod of Kirby and GregoriadisK{rby and Gregoriadis,
ing their toxicity and increasing their therapeutic ind©agri 19849, as follows. A 5Qumol of DPPC and 2pmol of
et al., 1994; Bakker-Woudenberg et al., 1995; Beaulac et algholesterol were dissolved in 1 ml of chloroform in a 50 mi
1996; Lutwyche et al., 1998; Cordeiro et al., 2000; Schiffelersround-bottomed flask and dried to a lipid film with a rotary
et al., 2001a,b; Marier et al., 2002, 2003; Mugabe et al., 2005 evaporator (R 205, Brinkman) at 3G under controlled vacuum
One of the limitations of liposomes-based aminoglycoside an@v-800, Brinkman). The lipid film was flashed with nitrogen gas
macrolide antibiotics is their low encapsulation efficiency, whichto eliminate traces of chloroform prior to rehydration with 2 ml
results in formulations with low drug-to lipid ratio. This, in turn, of distilled water/sucrose (1:1, w/w, sucrose to lipid). Sucrose
will require high amount of liposomal formulations to achieve was used to stabilize the liposomes during freeze drying. The
desirable therapeutic dose, a feature that defeat the purpose. lipid suspensions were vortexed for 2 min to form multilamellar

We have previously developed various liposomal formula-vesicles (MLVs) and then sonicated for five minutes (cycles
tions containing gentamicin with enhanced antibacterial activityof 40s run and 20s pause) in an ultrasonic dismembrator
against resistant strains @seudomonas aeruginosa isolated  bath (Model 500, Fisher Scientific). The resulting mixtures
from the lungs of cystic fibrosis patients. These formulationswvere centrifuged at low speed (48Q, 10min at £C) to
altered the susceptibility aP. aeruginosa from highly resis- remove large vesicles. The suspension of small unilamellar
tant to either intermediate or susceptible to this diMgdabe et  vesicles (SUVs) was then mixed with 1 ml (40 mg/ml) of
al., 2005. However, encapsulation efficiencies of these formulathe target antibiotic. The mixture was then frozen2Q°C)
tions were limited to only 5%. The present study was undertakeand immediately freeze dried overnight (Freeze Dry System
to evaluate the encapsulation efficiency and in vitro stability ofmodel 77540, Labconco Corporation, Kansas City, MO, USA).
aminoglycoside and macrolide antibiotics entrapped in dehydrarhe powdered formulations were stored atC4 until use.

tion/rehydration vesicles (DRVs) by a modified protocol. For rehydration, we added 200 of distilled water, vortexed,
and incubated for 30 min at 5C. We repeated the step with

2. Materials and methods 200pl phosphate-buffered saline (PBS, pH 7.4) and after
incubation period, 1.6 ml of PBS was added and the mixture

2.1. Chemicals was vortexed and incubated for another 30 min &tGEXcess

unencapsulated drug was removed following three rounds of
Amikacin, gentamicin, tobramycin and erythromycin were pgS wash (18,308 g for 15 min at £C). The pellet was then
obtained from Fisher Scientific (Ottawa, Ont., Canada). ChO'e&esuspended in PBS and encapsu|ation efﬁciency was quanti-
terol and Triton X-100 were purchased from Sigma-Aldrichtated by agar diffusion microbiological assay after lipid vesicles
Canada Ltd. (Oakville, Ont., Canada). 1,2-Dipalmitoyl-  were lysed with 0.2% Triton X-100. We must point out that this
glycero-3-phosphocholine (DPPC) was obtained from Northerfeve| of Triton X-100 (0.2%) has no effect on the performance

Lipids (Vancouver, BC, Canada). All other chemicals were purof the assay and that this is the only experiment where we used a
chased from Sigma—Aldrich. detergent.
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2.5. Particle size of DRV the physiological conditions, normal human pooled plasma was
supplemented with DRVs and incubated at’@7with a mild
The mean diameter of DRVs and the polydispersity indexagitation. After incubation periods of 2, 4, 6, 8, 24 and 48h,
were determined by photon correlation spectroscopy (PCS) witkamples were removed and centrifuged (18,3@0 15 min
the use of Submicron Particle Sizer, Model 270 (Nicomp, Santat 4°C) to remove the leaked drugs. Drugs concentrations in
Barbara, CA, USA). All liposomes preparations were analyzedhe supernatants were determined by agar diffusion assay as
before and after freeze-drying/rehydration (F.D.) and Gaussiadescribed above. We evaluated the DRVs stability by determin-
distribution was chosen based on our facility standard. Polydisng the amount of drug released over a 48 h study period. Drug
persity index of 0.0 represents a homogeneous particle populaelease was expressed as percentage of the concentration of the
tion while 1.0 indicates a heterogeneous size distribution in thentrapped antibiotic measured by agar diffusion assay.
DRV preparations.
2.9. Data analysis
2.6. Encapsulation efficiency of antibiotics loaded into
DRVs The data are expressed as me#h.E.M. of three indepen-
dent experiments. Comparisons were made by paired Student’s
Encapsulation efficiency was determined as the percentage ofest andP <0.05 was considered significant. For multiple
antibiotic incorporated into DRVs relative to initial total amount comparisons within and between groups, ANOVA with the two-
of drug in solution. Encapsulation efficiency was calculatedtailed Dunnett's post-test analysis was used.
using the equation below:
3. Results

. - C
encapsulation efficiency (% ~DRVS

)
sol 3.1. Particle size and polydispersity index of DRVs
where Cprys is concentration of the antibiotic entrapped in

DRVs andCsg is the initial concentration of the antibioticadded  The mean patrticle size of DRVs loaded with target antibiotics

into the mixture. varied from 163.34 38.44 to 259.83 11.80 nm. As shown
in Table 1 although chemical nature of the antibiotics had an
2.7. Quantification of antibiotics impact on the size of DRVS, these differences were not statis-

tically significant ¢ >0.05). Also, the process of freeze-drying

The concentrations of antibiotics incorporated into DRVsdid not affect the particle size of rehydrated liposomes as there
were measured by agar diffusion assay using laboratory straingas no significant difference in particle size before and after
of S. aureus (ATCC 29213) as indicator organism for gen- freeze-drying £ >0.05). The polydispersity index ranged from
tamicin and tobramycin an8fl. subtilis (ATCC 6633) as indi- 0.60+0.01 to 0.74£ 0.01, indicating the presence of a hetero-
cator organism for amikacin and erythromycin. Briefly, we geneous DRVs populatiofgble ).
used an overnight culture of the organisms in Mueller—Hinton
broth to prepare a bacterial solution equivalent to a McFar3.2. Encapsulation efficiency of antibiotics loaded into
land 0.5 (1.5« 108 bacterial/ml). The bacterial suspension in DRVs
warm (50°C) Muller—Hinton agar was then poured into a ster-
ile steel plate (440 mm 340 mm) and left to solidify for 1 h at The encapsulation efficiency of aminoglycoside and
room temperature. Wells of 5mm diameter, made with a wellmacrolide antibiotics that represents the amount of antibiotic
puncher, were filled with 2l of samples or standard solu- incorporated into DRVs relative to the initial concentration of
tions. The plate was covered and incubated for 18 h &C37 drugs used in preparation of liposomes is showrTable 1
We then measured the inhibition zones and, the average &h general, the encapsulation efficiency for each of the tar-
duplicate measures was used in data analysis. A standard curget antibiotics was more than 20% of the initial amount of
was constructed with known concentrations of free gentamicithe drug. Differences in the encapsulation rates of amikacin
(0.0039-8 mg/ml) and was utilized to calculate concentrations 0f29.27+ 1.17%), gentamicin (3% 0.76%) and erythromycin
the entrapped antibiotics that were released from the liposomég82.064 0.82%) were not remarkabl® ¢ 0.05). Whereas, the
by 0.2% Tritonx 100. The minimum detection limit of the assay encapsulation rate of tobramycin (22:83.48%) was signifi-
for amikacin, gentamicin, tobramycin and erythromycin wascantly lower than that of amikacin, erythromycif< 0.01) and
15.6, 7.8, 3.9 and 31.2 ng/ml, respectively. gentamicin £<0.001).

2.8. Stability of DRVs loaded with antibiotics 3.3. Stability of DRVs loaded with antibiotics

The stability of DRVs loaded with antibiotics was evaluated The stability of DRVs loaded with aminoglycoside and
in PBS and in normal human pooled plasma as we previouslyacrolide antibiotics was evaluated in PBS aiC4(storage
describedlugabe et al., 2005Briefly, appropriate amount of temperature), 37C (body temperature), as well as in normal
liposomes was suspended in PBS (pH 7.4) and incubated athliman pooled plasma (physiological condition) for a period of
or 37°C with a mild agitation (100 rpm). Likewise, to mimic study of 48-h. Collectively, the DRVs stored at@ were more
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Table 1

Particle size, polydispersity index (P.l.) and encapsulation efficiency of aminoglycoside and macrolide antibiotics into dehydrationenefegicids (DRVS)

Liposome composition Average diameter (nm) P.I. Encapsulation efficiency (%)
Before F.D. After F.D.

DPPC-CHOL-AMK 159.7Gt 39.82 163.3# 38.44 0.6G: 0.01 29.2A41.17

DPPC-CHOL-GEN 171.7313.32 205.4@:28.13 0.74:0.01 33.06t0.76

DPPC-CHOL-TOB 240.63 16.85 259.8311.80 0.69:0.02 22.33t1.48

DPPC-CHOL-ERT 155.8% 25.08 194.83:42.74 0.67-0.02 32.06t0.82

Particle size and polydispersity index (P.l.) of liposomes were determined by PCS with the use of Submicron Particle Sizer. All liposomesprepaegatizalyzed
before and after freeze-drying/rehydration (F.D.) and Gaussian distributions were recorded. P.I, gives the measurement of homogeneibnpfatigjegsrom

0.0 (homogenous) to 1.0 (heterogeneous). The concentrations of antibiotics incorporated into DRVs were measured by agar diffusion assegtaisirsgréabs
of S. aureus (ATCC 29213) as indicator organism for gentamicin (GEN) and tobramycin (TOBBandrilis (ATCC 6633) for amikacin (AMK) and erythromycin
(ERT). Encapsulation efficiency was determined as the percentage of antibiotic incorporated into DRVs relative to initial total amount of dtiggirReslults

are given as meaf S.E.M. of three separated experiments.

stable than those incubated at°&7, regardless of their antibi- — 100

otic contents or the solvents. For instance, DRVs containing & [

amikacin retained 99.15 0.85% of the drug at 4C compared 8 A

t0 79.78+ 2.50% (° < 0.001) at 37C at the end of a 48-h study £ 9 "%\

period. On the other hand, DRVs carrying various antibiotics E‘ T .

behaved differently when they stored in different medium, i.e., £ » b =i '”“*-.ﬁ_ﬁ____ )

PBS or serum, at 3T. For example, as shown Fig. 1, the g 80 B TTTr~yPBs a7C
DRVs incubated in PBS retained significanti<0.001) more £ .

amikacin than those incubated in plasma (797850% versus & f et fPiasma
51.97+ 2.08%). In case of gentamicin and tobramycin, however, 700 > 2 . 5 o 26

DRVs were equally stable in both environments. Furthermore,
as shown inFigs. 2 and 3the DRVs retained more of these
antibiotics than amikacin (80% versus 52%).We evaluated thEig-tz- '_”_Vi”E,Stab””y Ofdft’hydragon—rfhyqr_aﬁon Ve?“:'es (?iys)sggtpzd
o . . .\ .. gentamicin. Liposomes-entrapped gentamicin were incubated in

stability Of DRVs contal_nlng amacrolide (eryth_romycm) In Simi- ?<>), 37°C (O) ffl)nd plasma4) VSIFt)h a?‘nild agitation. At times indicated, sam-

lar conditions as described above. As showhig 4, the DRVs ples were centrifuged at 18,360 for 15 min and gentamicin concentrations in
containing erythromycin retained 100% of the entrapped erythe supernatants were determined by the agar diffusion microbiological assay.
thromycin at #C (the release kinetics of these vesicles wereResults are given as mearS5.E.M. of three separated experiments. DRVs
under the detection limit which was 31u2/ml). At 37°C, how- entrap_ped gentamicin retained s_ignificantly more antibiotics than thosg incu-
ever, the DRVs in serum environment lost about 50% of theif@¢d In PBS at37C (P<0.05) orin plasmai{<0.01) at the end of the period

. . o f study. However, DRVs incubated at 32 or plasma retained comparable
contentin 2 h, after which the drug release was stabilized througfinount of gentamicin through out the period of study.

Time (h)

_100%

1004 — X 20
o ‘\-:'\ c N
e § | ‘
p = ] = o iy . i
oS 80| - ' = ERC 3 PBS, 37°C g M1  Feeel -"5""|‘—""4‘PBS'37°C
- - i 1 - b - -~ 1
c © “]l '
2 70 = K % % «}x Plasma
é) . € . e
c 60 i 2 80 {%{
S ) £
a 50 ; ...... 5. ..--Plasma ©
X .. LA B
E . oy o _g

40 3
< F 7

30 0 2 4 6 8 24 48

0 2 4 6 8 24 48 Time (h)

Time () Fig. 3. In vitro stability of dehydration—rehydration vesicles (DRVs) entrapped
Fig. 1. In vitro stability of dehydration-rehydration vesicles (DRVs) entrappedtobramycin. Liposomes-entrapped tobramycin were incubated in PBSCat 4
amikacin. Liposomes-entrapped amikacin were incubated in PBSGi(@), (0), 37°C (O) and plasma4) with a mild agitation. At times indicated, sam-
37°C ([O) and plasmaz ) with a mild agitation. Attimes indicated, samples were ples were centrifuged (18,300g for 15 min) and tobramycin concentrations in
centrifuged at 18,308 g for 15 min and amikacin concentrations in the super- the supematants were determined by the agar diffusion microbiological assay.
natants were determined by the agar diffusion microbiological assay. Results aResults are given as mear.E.M. of three separated experiments. DRVs stored
given as meag: S.E.M. of three separated experiments. DRVs stored’@t 4 at 4°C retained 99.08 0.48% of initial encapsulated tobramycin at the end of
retained significantly more antibiotics (99.49.85%) than those incubated @ 48-h period of study. DRVs incubated in PBS at@7retained significantly
either 37 C (79.78+ 2.50%,P <0.001). On the other hand, DRVs incubated at more antibiotics £ <0.01) than those in plasma after 4-h incubation, after this
37°C retained significantly® < 0.001) more amikacin than those incubated in period the release kinetics of both these DRVs were simiar@.05) until the
plasma (51.9% 2.08%) at the end of a 48-h period of study. end of the period of study.
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_ 1004 the presence or absence of sugar and found that the liposomes
£ ool without sugar were significantly larger than those prepared with
é s ".“-\‘ sugar (1000 nm versus 400 nm). Others have reported similar
8 LR iy CTSRE SERPASREE TR (o, observations on various liposomal drug formulatiafadi and
® M b ' Gregoriadis, 2000; Komatsu et al., 2001; Aso and Yoshioka,
£ 60 2005; Glavas-Dodov et al., 20p5he ability of sugars to pre-
£ 50 f SRR Aarana | R [z ,{ _______ % B vent vesicle fusion has been attributed to their formation of a
E - ) stable glassy state as well as a direct interaction between sugars
= and the polar head of phospholipidsréwe and Crowe, 1988;

300 P 2 M M 24 48 Crowe et al., 2003; Wolkers et al., 2004a As such, disaccha-

Time (h) rides such as sucrose are better liposome stabilizer than either

mono-or polysaccharide€fowe and Crowe, 1988; Hincha et
Fig. 4. In vitro stability of dehydration—rehydration vesicles (DRVs) entrappeda|_ 2002: Kawano et al.. 2003 Ricker et al.. 2003: Wolkers

erythromycin. Liposomes-entrapped erythromycin were incubated in PBS g . i .
4°C (0), 37°C () and plasma4) with a mild agitation. At times indicated, ét al., 2004p Our modified dehydration-rehydration method

samples were centrifuged (18,30 for 15 min) and erythromycin concentra- &|SO im_proves.e.nc.apsulation efficiency of amin()glyc.OSide.and
tions in the supernatants were determined by the agar diffusion microbiologicamacrolide antibiotics. Our group as well as other investiga-
assay. Results are given as meia8.E.M. of three separated experiments. DRVs tors reported much lower encapsulation efficiency (4-5% ver-
store at 4C retained 100% of the initial entrapped erythromycin. DRVs incu- ;5 22-33% in this study) for similar formulations that were
bat tin PBS at tained signifi tl tibioti 0.05) th . .

ated at in PBS at 3 retained significantly more antibiotics ¢ 0.05) than prepared by sonication method8gjal et al., 1992; Mugabe
those in plasma for the entire period of study. . . i

et al.,, 200%. Likewise, Frezard et al. have reported higher

] ] encapsulation efficiency of meglumine antimoniate (antiproto-
out the study period of 48 h. The drug release in PBS was alsgy s agent to treat leishmaniasis) in DRVs 442%) than in

stable after a modest drop of about 20% in the first 2 h. MLVs (12.5-+ 1%) and freeze-dried empty Hposomes (FDELS;
31+ 3%) methodsKrezard et al., 2000 The ability of high-
4. Discussion and conclusion yield entrapment of drugs into DRVs is attributed to the fact

that during the dehydration process, the lipids (or SUVSs) inter-

We sought to construct liposomes with high yield entrap-act intimately with the drugs due to the reduced hydropho-
ment of aminoglycoside and macrolide antibiotics as well adic forces. This allows the entrapment of a relatively large
a favorable stability. In this study, we have demonstrated thgproportion of the drugs in the agueous compartments of the
aminoglycoside and macrolide antibiotics could be efficientlyDRVs following the controlled rehydration proces&afli and
encapsulated in liposomes composed of DPPC-cholester@regoriadis, 2000 Whereas, there is no such intimate inter-
(molar ratio 2:1) prepared by a modified method that produceactions between lipids and the drugs in the sonication method.
dehydration-rehydration vesicles termed DRVs. The choices dhstead, anhydrous lipid becomes hydrated and round off into
lipid composition as well as the lipid—cholesterol ratio used tovesicles, hence encapsulating a small portion of aqueous phase.
prepare DRVs were based on our previous stidiygabe etal., Other investigators have attempted to optimize the encapsu-
2005. lation of drugs in liposomes using different techniques with

The DRVs loaded with aminoglycoside and macrolideno success. For instance, Ruijgrok et al. have attempted to
antibiotics produced in this study, however, were smallelincrease the encapsulation efficiency of gentamicin into lipo-
(163.37+ 38.44 to 259.83 11.80 nm) than those we reported somes (composed of PEG-DSPE/PHEPC and cholesterol) by
in the previous study (408 28 to 418+ 21 nm) (P<0.05). The using various techniques such as passive and active loading
difference in size of these formulations is due to the protocolsand the highest encapsulation efficiency of gentamicin reported
i.e., sonication versus freeze/dry methods, which we utilized tevas only 4.0+ 0.4%, obtained by passive loading technique
prepare these liposomes. The sonication technique producegRuijgrok et al., 1999 Although, the encapsulation efficien-
mixture of small unilamellar vesicles (SUVs) and multilamel- cies reported here are significantly higher than those reported
lar vesicles (MLVs). The freeze/dry method utilized in this previously Omri et al., 1995; Lutwyche et al., 1998; Ruijgrok
study, however, eliminates the large vesicles and results in et al., 1999; Mugabe et al., 200%ven higher encapsulation
uniform suspension of SUVs. In addition, we used sucrose tefficiencies of aminoglycosides have been reported by other
prevent the conversion of the SUVs to MLVs during dehy-investigators Cajal et al., 1992; Beaulac et al., 1999; Zhang
dration processZadi and Gregoriadis, 2000; Kawano et al., and Zhu, 1999 For instance, Zhang et al. have reported encap-
2003. As demonstrated imable 1 the process of freeze- sulation efficiency of amikacin up to 95430.6% in liposomes
drying had no significant effect on the particle size of rehy-composed by soybean lecithin and cholestetbbjng and Zhu,
drated liposomes, indicating the absence of vesicle fusion. Thi999. Their method of liposome preparation, however, differ
may be due to the presence of sucrose in our formulatiofrom ours in that, they used a combination of proliposomes
as it has been well documented that sugar has the ability ttechnique with freeze-drying. The potential draw back with
prevent vesicle fusion during freeze-drying of liposomes. Fotthis method is the large vesicles ranging in microns, which
instance Kawano et al. (2003prepared pirarubicin (an anti- are pharmacologically unfavorable due to their fast elimina-
cancer agent derived from doxorubicin) loaded into DRVs intion by the reticuloendothelial systeriuranek et al., 1997
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Higher encapsulation efficiency (57.412.06%) for gentamicin  References
has also been reported in liposomes composed of egg phos- _
phatides and cholesterol (2:1, w/iw) prepared by the DRV methogbraham, S.A., Waterhouse, D.N., Mayer, L.D., Cullis, P.R., Madden, T.D.,

(Cajal etal., 1992 However, this formulation lacks a stabilizing Bally, M.B., 2005. The liposomal formulation of doxorubicin. Meth.
Enzymol. 391, 71-97.

sugar such as sucrose which prevents liposomes fusion dur”lg&en, S.K., Wetzstein, G.A., 2002. Once-daily aminoglycosides in patients
freeze-drying. Sucrose, on the other hand, is known to reduce with neutropenic fever. Cancer Contr. 9, 426-431.
encapsulation rate of drugs in DRVs, if present at high ratio (i.eAso, Y., Yoshioka, S., 2005. Effect of freezing rate on physical stability of
sucrose/lipid 5:1, w/w)Zadi and Gregoriadis, 2090rherefore, lyophilized cationicliposomes. Chem. Pharm. Bull. 53, 301-304.
we chose to use a low ratio of sucrose to lipid in our formulation>2kker-Woudenberg, LA, Schifielers, R.M., Storm, G., Becker, M.J., Guo,
L . . L., 2005. Long-circulating sterically stabilized liposomes in the treatment
(1:1, wiw). In preliminary study, this concentration of sucrose s infections. Meth. Enzymol. 391, 228-260.
prevented vesicle fusion during dehydration/rehydration prosakker-Woudenberg, I.A., ten Kate, M.T., Stearne-Cullen, L.E., Woodle,
cess without affecting the encapsulation rates of the drugs in M.C., 1995. Efficacy of gentamicin or ceftazidime entrapped in lipo-
DRVs. somes with prolonged blood circulation and enhanced localization in
The stability of Iiposomes is another important factor in the Klebsiella pneumoniae-infected lung tissue. J. Infect. Dis. 171, 938—
develOpment of an effective druQ del'very system. ThereforeBangham, A.D., Standish, M.M., Watkins, J.C., 1965. Diffusion of univa-
we evaluated the stability of our liposomal formulations under lent ions across the lamellae of swollen phospholipids. J. Mol. Biol. 13,
different environment to mimic physiological conditions. Our ~ 238-252.
data indicate that these vesicles are stable regardless of tg@aulac, C., Clement-Major, S., Hawari, J., Lagace, J., 1996. Eradication
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