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ABSTRACT

Obijective: The aim of our study was to formulatel amaluate the liposomal carrier system for thealdceatment
for mixed vaginal infections. The combination ofismnazole and metronidazole were selected as nuirdejs for
mixed vaginal infections.Methods:Multi lamellar digomescomposed phosphatidylcholine and cholesédooly
with combination of drugs was prepared by the tfilm hydration method. The prepared liposome were
characterized for fourier transform infrared, sizistribution, entrapment efficiency, in vitroretea study in
simulated vaginal fluid and stability studies.Thgosomes were loaded to carbopol gel. The liposolbaded
carbopol gels were evaluated for in vitrodrugs ede study and compared with control gel. ResulldRFstudy
indicated that there is no significant chemical eirtction between the components.The cumulativeeperc
releasefrom liposomal gels FL1 was found to be @%.9or metronidazole and 56.02 % for voriconazaolevitro
release studies of liposomes incorporated in thebaaol gel have shown a prolonged release of emteap
metronidazole and voriconazole compared to congrell Stability studies showed that the vesiclesevatable
inrefrigerated temperature (4 °C) for 60 days withaignificant differences in drug entrapment.Cos@n:From
the results it was evident that the liposomes agpmble to efficiently deliver entrapped drug foe tixtended period
of time within a bioadhesive gel. The bioadheseldrgcombination of these two drugs is effectivenbre than one
type of vaginal infections.
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INTRODUCTION

Vaginitis due to infection of two or more pathogeasermed as mixed vaginal infection[1].The thmmsmmon
infections associated with vaginal discharge in #dlt woman are bacterial vaginosis, trichomosiaaind
candidiasis. These infections are associated bina&hdischarge, irritation in vagina or foul vagdiraour and are
diagnosed by vaginal pH measurement, vaginal digehar microscopic examination[2,3]. In case offsutixed
vaginal infections, it's difficult for a single dguto complete the treatment. The combination therapy provide
immediate and effective treatment for mixed vagimdections[4]. Thus in the present study, comboratof
metronidazole and voriconazole is selected as théeindrugs for the treatment of mixed vaginal itifats. The
voriconazole has a wide spectrum activity agairestsy (including fluconazole susceptible and resistandida
species). voriconazole is indicated for vulvo vagircandidiasis treatméh¥. Metronidazoleis classified
therapeutically as an antibacterial, antiprotozivatf'®which is used in the treatment of trichomoniasi®al
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The vagina provides a promising site for local atif@ns[5].There are many vaginal dosage forms are
availablewhich include tablets, films,ointments,sgries, douches, suppositories and vaginal ring$[6he
residence time of these dosage form is less toigeosomplete therapeutic effect.Thus, the bioadieepblymer
like carbopol is used in vaginal formulation thelhares to vaginal mucosa for long time. [8 9]

The incorporation of liposomes in Carbopol gels riowes their stability and the applicability[10].lapomal gels

can act as a novel vaginal delivery system, ablepriavide controlled and sustained release of epadp
drug.Liposomes are studied extensively in topiggligations for skin, oral and vaginal diseasekigmes act as
“drug localizers”, with low systemic absorptiontbe drugs. They also provide sustained drug relebdeugs. [11-

14]

The objective of our study was to prepare liposshgethin film hydration method and to incorpordpmsomes to
carbopol 934 P gels.The liposomal suspension auddimes loaded carbopol gels were characterizedifferent
parameters.

MATERIALS AND METHODS

Metronidazole was the gift sample obtained from KA@angalore).Voriconazole was the gift sample from
Ranbaxy. Soyalecithin(Phosphatidylcholine) was pased from himedia,Cholesterol from SD fine
chemicals,Carbopol 934P from loba chemie(Mumbali)tié¢ other chemicals and solvents used in ther@rpats
were of analytical grade.

Preparation of liposomes:

The liposomes were prepared using the lipid filndragion technique using rotary flash evaporator[16]the
appropriate volume of chloroform, the differentiosabf the phospholipids, cholesterol and drugs fgme
metronidazole and the voriconazolewere dissolvée. mixture was then transferred into a round bottiask and

the solvent was removed using a rotary flash ewwporat 40°C under vacuum at 20 RPM.The process was
continued until the formation of a very thin lipitksyer on the inner side of the round bottom flaBken the flask
was kept overnight under vacuum to ensure the aeteplemoval of residual solvent. The dry lipid fikvas
hydrated with phosphate buffersolution(PBS). Thepsasion was left undisturbed at room temperatur@-8 hr to
allow complete swelling of the lipid film.

Preparation of the Simulated Vaginal Fluid

Simulated vaginal fluid (SVF) was prepared from13d3l NaCl, 1.40 g/l KOH, and 0.222 g/l Ca (OH)®018 g/l
bovine serum albumin, 2 g/l lactic acid, 1 g/l &eicid, 0.16 g/l glycerol, 0.4 g/l urea, 5 g/l ghse. The pH of the
mixture was adjusted to 4.2 using 0.1M HCI[13].

Simultaneous Estimation of metronidazole and voricoazole by UV Spectroscopy method:

For the simultaneous equation method, aliquotsariconazoleand metronidazole (§@/ml) in SVF were scanned

in the range of 200-400 nm. The 256 nm and 320 nemewselected as the two sampling wavelengths for
voriconazoleand metronidazole respectively. Therfglrepresents the overlain UV spectra of vorizole and
metronidazole.Voriconazole and metronidazole didublinearity in the range of 8-3gg/ml and 2-14ug/ml
respectively at their respective selected wavelengt

FT-IR Analysis

The FT-IR analysis was conducted to study the ptessiteraction between drugs and the other excipi€he FT-
IR spectra of the samples were obtained using Fiiared Spectrophotometer by KBr pellet method. The@es
were diluted with KBr pellet and then compressdd mtabletusing a manual tablet presser. Theiposif peak in
FT-IR spectra of pure voriconazole and metronida&ere compared with those in FT-IR spectra of dwigs the
excipients.

Size distribution

Mean vesicle size and size distribution profildipbsome was determined by using Malvern particte snalyzer
model SM 200[L6].The liposome suspension was added to the samgerdisn unit containing stirrer and stirred
at 2000 rpm in order to reduce the interparticlgragation. The average particle size was measuited a
performing the experiment.
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Entrapment efficiency

The entrapment efficiency of liposomes were studigdcentrifugationtechniq(i&7].The drug loaded liposomes
were centrifuged at 20000 rpm for 1hr at the terajpee of 4°C. Supernatant containing unentrappadsiwere
withdrawn and analyzed by simultaneous estimatpl/¥s spectrophotometrically at 320 nm for metrorziole and
256 nm for voriconazole against simulated vagiraidfas blank. The entrapment efficiency was caltad
separately for both the drugs. The experiment vaadger out in triplicate and the values were exgedsas mean
standard deviation.

Amount of drug in sediment
% Drug Entrapped (EE) = X100
Total amount of drug
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Figure No.1:Overlain Spectra of voriconazole and nteonidazole

In vitro release of liposomes:

The prepared liposomes were separated from ung@etagrug by centrifugation method andresuspenddeBi&

pH (7.4), filled in a dialysis tube to which a sigrdialysis sac was attached to one end[18]. Thegsigatube was
suspended in Simulated Vaginal Fluid (SVF) pH (4s®yred with a magnetic stirrer and samples weitbdrawn

at specific time intervals and analyzed using U¥cipphotometer. To maintain a constant volumegranunt of
medium equivalent to the volume of sample withdravas added immediately.

Stability studies
The drug retentive behaviour was assessed by gtthie formulationF6 liposomal suspensions and tpos
loaded gels at two different temperature conditiores, 4-8 °C (Refrigerator; RF), 25+2 °C (Roonmpeerature;

RT), for a period of 60 daj&9]. Samples were withdrawn periodically and analyzadukaneously for the
entrapment efficiency studies.

Gel preparation

The gels were prepared by dispersing the Carbd@dP 41 g) in distilled water by continuous stirriwgh the help
of glass rod, in which glycerol (10g) was previguatided allowed to soak for 2 hr. The Mixture wasnt and
neutralized by drop wise addition triethanolamiixing was continued until the formation of a trpasent
gel[20]. Control gel (gel containing pure drugs)svedso prepared in the similar manner.Liposomegaaaing drugs
was mixed into the 1 % (w/w) Carbopol 934P gel hyekectrical mixer (25 rpm, 2 min) to gel.
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In vitro release from gel:

Thein vitroreslease from the gel was studied from modifiechagiéfusion cell[21]. The semi permeable membrane
was used to study. The donor compartment contdimedyel and receptor compartment was filled withFSVhe
temperature was maintained at 37°C and stirred apgh. The samples were withdrawn at one hour fiterval
and analyzed for drugs using UV spectrophotomeganist SVF as blank.

RESULTS

The FTIR studies:

The FTIR study report is presented in figure 2-4heTIR stretching of puremetronidazoleshowed
3364,3024,2855,1517 and 720 bwave number as major peaks.Thevoriconazole sho@@d,3829,1181 and 1534
cm* wave number as major peaks. the results reveaemmsiderable changes in their peaks of metronldaand
voriconazole when mixed with excipients compareduce metronidazole and voriconazole.

FigureNo.2: FT-IR Spectra of Metronidazole pure drwg
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Figure No.3:FTIR Spectrum of Voriconazolepure drug
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Figure No.4:FTIR Spectrum of Combination of drugs and excipients
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Discussion: It was found that the drugs in the omtwas found be intact. The results indicates tihette was no
interaction between the pure drug and the polymieture. It was observed that there was no majoit éhithe
wave length of functional groups of metronidazald &oriconazole.

Entrapment efficiency:

The entarapment efficiency was shown in table Nté&.entrapment efficiency of voriconazole was foumde
from the range of 48.4+ 0.19 to 63.0 £0.18 andnf@tronidazoleit was found to be in the range of43f.10 to
49.0 + 0.11.

Discussion: A positive correlation was observedhvilte concentration of phosphatidylcholine cholesteand
entrapment efficiency. Thus, as the concentratiblipals increases, the entrapment efficiency wasnfl to be
increased. This may be due to the cholesterol whidknown to impact rigidity to the bilayer membearThis
prevents the drug leakage from bilayer membranthabthe retention of the drug is enhanced. Theapnient
efficiency of voriconazole is slightly greater thdre metronidazole. This may be due to more lipgphature of
voriconazole.

The entrapment efficiency of liposomes was foundoéoincreased with increase in lipidsconcentrabionthe
effective drug-lipid ratio decreased.This may bee dio increase in total amount of lipids in the
formulation.Thedrug:lipid ratio for F1 was 42.6:dr fmetronidazole and 53.7:1 for voriconazole andH® it was
37:1 for metronidazole and 48.4:1 for voriconazole.

Mean Patrticle size

The mean particle size was shown in table No.1rban particle size liposomes was found to be ftemrange of
755 nm to 1104 nm forformulation F1 to F6.lt wasserved that as the concentration of soyalecitind a
cholesterol increases the mean particle size vgasfauind to be increased.
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Figure No.5:Size distribution curve of F1
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Table No.1:Table showing entrapment efficiency, Drg-lipid ratio and Patrticle size in nm
Formul Phosphatidy! Drug entrapped Entrapment efficiency Drug-lipid ratio Parti
ation choline : (mg+ SD) (ng: mg) cle
Code Cholesterol VORICONA | METRONID VORICONA | METRONID VORICONA | METRONID size
in mg ZOLE AZOLE ZOLE AZOLE ZOLE AZOLE in
nm
Fl 80:10 4.84+0.19 3.84 +0.10 48.4 38.4 53.7:1 2.64 791.6
F2 80:20 4.99+0.11 3.83+£0.17 49.9 38.3 49.9:1 8.33 946.9
F3 80:30 5.37+0.13 4.19+0.18 52.2 41.9 48.8:1 .0:38 1036
F4 100:10 5.71+£0.18 4.52+0.12 57.1 45.2 51.0:1 1.04 802.0
F5 100: 20 6.12+0.14 4.75 +0.14 60.2 47.5 50.1:1 9.53 971.1
F6 100: 30 6.30+0.14 4.90+0.11 63.0 49.0 48.4:1 .6:37 1104

In vitro drug release studies and kinetic studies:

Thein vitro release studies from liposome suspension fohalfarmulations F1 to Féwere shown in figure 6 @nd
The in vitro drug release from formulation F1 was found to BE9% for metronidazole and 71.0% for
voriconazoleand for formulation F6 itwas foundbe 69.90% for metronidazole and 61.7% for voricotaz
respectivelyat the end of I@our.The liposomalgel formulation FL1 showed rek=#69.90% for metronidazole
and 60.02% for voriconazole and forformulation FL#he 61.70% for metronidazole and 47.90% for
voriconazolerespectively at the end of'h@urs. The control gel(containing drugs) showedréhease of 60.4% for
metronidazole and 46.8% for voriconazole respelgtiard didn’t show much further release at the ehtid" hour.

It was found that in all the formulation the R valaf model was close to zero order release. THasildin co-
efficient values indicated that the release frohthed formulation follows diffusion mechanism.

Discussion: The liposomal gel showed good sust&lgase compared to liposomal suspendioritro drug release
of liposomes loaded gel was found to be much slawenpared with liposomal suspension. Slow relees@ the
gel may be attributed due to diffusion of drugsrrthe gel matrix.

The release of the drugs from the control gel(ptshwith drugs) was found to be much greater thaniposomes
suspension and liposomes loaded carbopol gel. Theata@el released upto 60 % of metronidazole a®datof
voriconazoleat the end of #thour and further there was no much release toakepThe liposomes loaded gels
provided controlled release of drugs for more th@rours.(Figure 8 and 9)

Thein vitro studies revealed that as the concentration af lipcreases, the release of the drug was foundto b
decreased. This may be due to the increased sigiflicholesterol so that, the release of the drogfthe bilayer
membrane decreases.
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Stability studies:

The results of stability studies are shown in tahistability studies were conducted for the forrtiala F6. The
stability studies were performed at room tempegeatigr 25°C and 60%RH and 4°C to 8°C for periodaip@ days.
The liposomal gels were analyzed for % entrapm#itiency of voriconazole and metronidazoleat adimterval
of 30 days till a period of 60 days.

Discussion:The stability studies revealed thatdheas slight decrease in the entrapment efficievitgn stored in
room temperature. Formulations showed no much ti@amiain % entrapment efficiency when stored at 4-
8°C.Therefore, the formulations were supposed tstbeed at 4-8°C to retain its efficacy. These Itesadicated
that all the formulations were stable for a pewd®0 days when stored in refrigerated condition.

Figure No.6. In vitro release of Metronidazole from F1 to F6
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Figure No.81n vitro release of Metronidazole from FL1 and Control gel
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Figure No.91n vitro release of Voriconazole from FL1 and Control gel
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Table No.2.:Stability studies of F6

The liposomes are prepared by thin film lipid evapion method successfully.The liposomes providedain drug
release, which is one of the desired charactesistic local vaginal infection. Liposomes loadeddaulbesive gel
provided an extended period of drug delivery forrentihan 10 hours and was also found to be staldeipiays.
These gels are safer over the vaginal cavity asd hhs the desired viscosity and bioadhesive piiep€hus,
liposomes loaded with drugs in a carbopol gel éswvtell suited approach for mixed vaginal infectiomproving the

patient compliance.

Entrapment efficiency
SI. No. | Number of days Metronidazole Voriconazole
4-8°C | Room Temp. | 4-8°C | Room Temp.
1. 0 49.0 48.3 63.0 62.2
2. 30 48.2 46.9 62.3 60.3
3. 60 46.8 45.5 61.9 59.2
CONCLUSION
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