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ABSTRACT

The aim of study was water insoluble amphoterici(ABIB) to be converted into highly water soluble @table
form of solution or micronized suspension formriebulization. Amphotericin B (AmB) is the drug bbice for
most commonly used to treat life-threatening coowst such as cryptococcosis, histoplasmosis, andsine
pulmonary aspergillosis. AmB in lipid drug carrie(SDCS, SC, SDC, KC and KDC) were used to prepare
reconstituted dry power formulations by lyophilipat process (freeze drying). Among five lipid carsi KC and
KDC were successfully synthesized in a laboratongl @haracterized by FTIR. AmB-lipid derivatives ever
reconstituted with distilled water to obtain 5mg/ailAmB. Their physicochemical parameters (partgile, zeta
potential and UV spectroscopy) were monitored.hiese formulations all particles were quite stablesize range
17.2 to 73.9 nm during one week after reconstitutiteta potential values were found in range betwe@9.17 to
—45.53 mV. The nebulizer flow rate was 8 L/mir2fonin and air flow rate in ACI was 28.3 L/ min wagserated by
vacuum pump suction. The MMADs of all AmB-lipichfolations were obtained between 1.70-2.05 um wgh h
FPF (70-80%) were characterized by using jet nedmrliWest med) and Andersen Cascade Impactor (stage7)
(ACI) in vitro study. The results suggest that/aihB-lipid formulations are uniform and stable withthe storage
period of six months in the air tight opaque conéaiin a refrigerator condition (2-8°C). The drugrtent and
assay was carried out by HPLC method. An assalie@fmB showed that the all AmB-lipid formulationstents
were closed to 100%. Among different lipid derivasi, sodium deoxycholate sulfate (SDCS) gave tjieesii
particle size and zeta potential value. UV speetee recorded between 300 to 450 nm, it was coafirthat no
markedly visible shifted spectra were observedndyfirst and seven days of reconstituted samples.

Keyword: Nebulizer, Size Characterization, Lipid derivatiymphotericin B, and MMAD.

INTRODUCTION

Lung fungal infections caused MWspergillusspecies, which is the prime cause of morbidity amaftality for
immunocompromised patients [1]. It is commonly fdun the patients who are severely immunocomproanisel
categorized as nosocomial infection [2]. Poor Ifumgction coupled with immune suppression resulfimgm lung
transplantation can predispose patients to infestaused byspergillus[3]. Mortality among infected patients is
high death rate in excess of 90% has been showstudy [4] Most of these invasive mould infections are acqlire
through the respiratory tract [5]. AmB is the dmigchoice for the treatment of lung fungal infeasocaused by
cryptococcosis, candidiasis, histoplamosisd invasivaspergillosig6]. It is a natural polyene macrolide antibiotic
that consists of seven conjugated double bondsjtamal ester, a free carboxyl group and a gh@mside chain
with a primary amino group [1] and originally syattized fromStreptomyces nodosugllow colored product [7].
It is insoluble in water, alcohol and soluble irywdew organic solvents: dimethylsulphoxide (30#@/ml) and
dimethylformamide (4 mg/ml) [6]ts water solubility at physiological pH (6-7) isss than 1 pg/ml but it increases
at pH < 2 or pH >11. However, in these extremecpHditions AmB is not stable and AmB may form saltth
better solubility but its antimycotic activity ieds than the basic forms [8]. It is sensitive gbitli high temperature
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above 8C and should be protected from them. Oral dosagen fof AmB has not been absorbed from
gastrointestinal tract and poor bioavailabilitychese of that it has been administered by intravelgpcan cause
fever, chills, hemolysis, vomiting and nephrotoiiciThese adverse effects are manifested due t@reowm
therapeutic window of AmB [9]. AmB exerts its antifgal activity on the cell membrane binding to stgool, the
most abundant sterol found in the cell membranseoisitive fungi, creating channels or pores. Thesequent
increase in cell membrane permeability leads tdghkage of sodium, potassium, hydrogen ions aedteally cell
death [2, 10] . The conventional dosage form FumgZ consists of mixed micelles of AmB with sodium
deoxycholate. The newer formulations are formulatedrporating AmB to lipids which reduce the negbxicity
and possible to be given higher doses of AmB [§id_formulations have been reported to have eroelsafety
and efficacy but cost of treatment is very expemsiag compared to AmB-deoxycholate [11]. At preséemt
different types of formulations are available inrket, first one is a micellar solution of AmBD (Fginon€’),
which is still widely used in developing countrigge to its low cost though it has been severe mégkicity and
hemolysis. The second one is less toxic but higst pooducts are lipid based formulation such as sothé’,
Amphocil® and Abelcét [12]. To reduce the drug toxicity, nebulizer isalternative and attractive option, as high
local drug concentrations are achieved with minieyatemic exposure [13]. Air—jet nebulizers arelwstablished
in pulmonary drug delivery [14]. Nebulizer admin&ton delivers drug directly to the lungs to alloancentration
of AmB at the site of infection and equally impartareduces systemic exposure. As a result, neduliz
administration of AmB maximizes efficacy and limftsicities associated with AmB [15]. The physipabperties
of AmB formulations, one of the most important fast determining deposition into the small airwagd alveoli
are the particle size or mass median aerodynaraineter (MMAD). The optimal size for aerosol drudiday is 1

to 5um. Particles that areim or less are likely to be eliminated during extiatga whereas particles that argis

or greater are deposited into the oropharynx andllswed [16]. The main advantages of jet nebulizars
inexpensive, disposable, do not require specialipewggnt and trained personnel as well as can be fmed
emergency management [17]. These formulations speatally designed for nebulization with improvefticacy
and tolerability, inhalation of AmB can be used girglactically againstAspergillusinfection following lung
transplantation [18]. To achieve best result obaelization, small aerosolized particle sizes WitRlAD ranging
from 0.90 to 2.4Bm are required [19]. Unlike the oral route of dadministration, pulmonary inhalation is also not
subjected to first pass metabolism. However, stitytand stability are important physicochemicabtdcteristics
that affect absorption of the drug and its thergipeaffectiveness. The consequences of poor aqusmubility can
lead to failure in the development of suitable fatations. AmB is amphoteric and can form saltsditia or basic
media, both of which are more water soluble, butehimwer antifungal activity than the parent driitpwever,
sodium deoxycholate forms only a weak micelle andhas poor stability after reconstitution. Therefahe
reconstituted preparation has to be used immegliateshortly after formation. Therefore, in the ggat work, we
hypothesized that lipid derivatives could be adretbmpound to improve the solubility and stabitfyAmB as a
nanoparticulate colloid after reconstitution frontyaphilized dry powder. The physicochemical chéedstics of
the reconstituted powder such as its pH, partizie and zeta potential were evaluated. The stalwfitAmB in the
reconstituted colloid was determined by a UV abSonpspectrometer. The content and assay was asdlys
HPLC method. After nebulization, the particle sigé both formulations was determined by mass median
aerodynamic diameter (MMAD). Our AmB-lipid basedrfwlations were suitable for pulmonary drug delwver
system via nebulization, preparing particle sizggnag from 1.70- 2.05 um, drug can be depositeglgenside the
lung for treatment of lung fungal infections.

EXPERIMENTAL SECTION

Materials

AmB was obtained from Ambalal Sharabhai Enterpri®es Ltd., Vadodara, India. Deoxycholic acid, ¢balcid,
sodium cholate and sodium deoxycholate were puechasom Sigma-Aldrich, St. Louis, USA. Sodium
deoxycholate sulfate, potassium cholate and patasdieoxycholate were synthesized in a laboratoogtdnitrile
and methanol were purchased from Labscan Asia, lBdkngrhailand. Dimethylsulfoxide was purchased from
Riedel-de Haén, Seelze, Germany. All chemicals wesed as received without further purification eptce
tetrahydrofuran (THF). All other reagents and cleais are analytical grade.

Synthesis of potassium cholate (KC)

The distilled water 20 mL was taken in a beakerrfiQ and 0.207 g potassium hydroxide and 1.513diclacid
(CA) were added to this solution with constantrstg (500 rpm) in a magnetic stirrer Heidolph MRiHiéix L
(Helodolph Instruent, Schwabach, Germany) for oiggntn Cholic acid was insoluble in water but afteaction,
potassium cholate was water soluble. After compfetif reaction (Fig. 1), the solution was pourdd i separating
funnel and left overnight for sedimentation andaclgolution portion was filtered 0.45 um size afidd into 10 mL
each vial for lyophilization by a freeze dryer (Bubry™ MP, FTS Systems Inc., NY, USA). The white amorghou
powder was formed.
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Figure 1 Synthesis of potassium cholate from cholicid [20] (Morrison and Boyd, 1987)

Synthesis of potassium deoxycholate (KDC)

The distilled water 20 mL was taken in beaker (30 and 0.197 g potassium hydroxide and 1.379 g yiegmic
acid (DCA) were added to this solution with constaagnetic stirring (500 rpm) in a magnetic stitdsidolph MR
Hei-Mix L (Helodolph Instruent, Schwabach, Germafor) overnight. Deoxycholic acid was insoluble iater but
after reaction, potassium deoxycholate was watkibtm After completion of reaction (Fig. 2), thelgion was
poured into a separating funnel and left overnfghtsedimentation and clear solution portion witered 0.45 um

size and filled into 10 mL each vial for lyophiltian by a freeze dryer ((Dura D MP, FTS Systems Inc., NY,
USA). The white amorphous powder was formed.

H H
Deoxycholic acid Potassium deoxycholate

Figure 2 Synthesis of potassium deoxycholate from deoxycholacid [20] (Morrison and Boyd, 1987)

Characterization of synthesized lipid derivatives dy powder (KC and KDC) by FTIR.

FT-IR technique was used to determine the intewaciind complex formation between drug and lipidvagives
carrier. FT-IR graph provides the useful informatebout the presence of functional groups in cormhifts of
wave number or intensity change in the charactemgtsubstance indicating the complex existen@ehEspectrum
was recorded in the frequency range of 4000-400 andl 16 scans were obtained at 4'aesolution by using
PerkinElmer precisely (PerkinElmer Inc., Herculés,, USA). One mg of AmB, lipid derivatives dry poamdwas
mixed with dry KBr (10 mg). The KBr disc was prepdrby compressing the KBr-KC and KBr-KDC mixture of
powder under hydraulic press of 10 tons. The mépellet was taken for FT-IR spectrum instrument.

Preparation of AmB-lipid dry powder formulations (A mB-KC, AmB-KDC, AmB-SC, AmB-SDC and AmB-
SDCS)

Sodium deoxycholate (SDCS, 245 mg) was taken ilkdre@d 00 mL) containing 30 mL distilled water anddad
sodium hydroxide (2.7 mL, 0.2M) to this solutiontRviconstant stirring (500 rpm) in a magnetic stiftreidolph
MR Hei-Mix L (Helodolph Instruent, Schwabach, Genyp After obtained clear solution, then amphoferie
powder was slowly added (AmB, 250 mg) in part wisdhen AmB was dissolved completely, then it wased a
clear yellowish color solution at room temperatiMew the pH of the solution was adjusted by adgihgsphoric
acid (0.2 M) to obtain a pH of 7.4 for an situ phosphate buffer using pH meter (Precisa pH 906tikon,
Switzerland). The final volume of the solution waade to 50 mL by adding distilled water. The solutias filled
into 10 mL on each vial and lyophilization by adre dryer (Dura DiY' MP, FTS Systems Inc., NY, USA). The
yellowish caked powder was formed. A similar metblody was employed to prepare the sodium deoxythola
(AmB-SDC), potassium deoxycholate (AmB-KDC), potass cholate (AmB-KC) and sodium cholate (AmB-SC)
formulation as that of deoxycholic acid as welthslic acid and AmB.

Determination of particle size and zeta potential fier reconstituted of dry powder AmB-lipid derivati ves:
Five formulations of lipid derivatives of AmB dryopders were taken in five test tubes and addestditt distilled
water at concentration 5 mg/ml to each test tutbenTmeasured particle size and zeta potentialeobttution by

Zetasizer, Nano-ZS instruments (Malvern, WorcebtersNR14 1XZ, U. K.) at 25°C. Each experiment wagied
out triplicate.
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Stability of AmB-lipid derivatives powder formulati ons with UV spectrum:

In order to determine the predominant aggregattate of AmB, five lipid derivatives of lyophilizedry powers
AmB were reconstituted with distilled water. Thedi drug concentration was made 10 pug/ml of AmBe TN
spectrum was measured using Thermo Genesys 6 Ull/Spectrophotometer between 300 to 450 nm.

Aerosol properties of the reconstituted AmB-lipid dy powders

Around 60 mg of AmB-lipid derivatives (AmB-KC, AmMEBDC, AmB-SC, AmB-SDC and AmB-SDCS)
lyophilized dry powder (i.e., equivalent to &g of AmB) was reconstituted with 6 mL filtered tilled water (5
mg/mL of AmB) for nebulization. The 6 mL solutioraw poured into a reservoir of a jet-nebulizer (\West Inc.,
Arizona, USA) and connected to a compressed nitrggs cylinder and the gas flow was adjusted tin@in. Then
the mouthpiece of the jet nebulizer was conneatednt eight stage Andersen Cascade Impactor (ABtharta,
GA, USA). The ACI was operated at a vacuum floveraf 28.3 L/min. First, the nebulizer was operdtadone
min and the aerosol generated was directed intoree fhood. Following this nebulization period, thebulizer was
operated for a 2 min period to the ACI. The masdiareaerodynamic diameter (MMAD) was calculatedmyithe
1 to 3 min nebulization time interval. The fine fige fraction was calculated from the AmB depaditen each
stage from 1 to stage 7. All the nebulization wasied out at room temperature to avoid any tentpezaeffects on
the deposition of the particles. Five experimengsarconducted on each formulation. The drug depasih each of
the stages (0 to 7 stages) and the metal inléteoACI was extracted by rinsing with 25 mL of DM&@d methanol
(1:9 ratios v/v) solution. The drug deposited orclesstage was determined by high-performance liquid
chromatography (HPLC). For the HPLC conditions tateebuffer (20 mM, pH at 7.2) and acetonitrile:@Dv/v) at
a flow rate of 1 mL/min is used as the mobile phd$ee microbondapak gcolumn (Phenomen&xUSA) (150 x
4.6 mm i.d., 5 um) was the stationary phase. U¥di&n was at a wavelength of 405 nm.

Stability Studies on storage of AmB-lipid formulations.

Five reconstituted dry powder AmB-lipid formulai® (AmB-KC, AmB-KDC, AmB-SC, AmB-SDC and AmB-
SDCS) were prepared by (freeze drying) lyophlizapiwocess. Theese products are very light, fregifip powder
and hygroscopic in nature. So, they should be kefite airtight amber vials, protection from ligintd store at 2-
8°C in refrigerator. The stability on storage untler following conditions was assessed:

I. 2-8°C for 6 months in refrigerator
[I. 30°C+3°C for 6 months in desiccator at normal rademperature

The samples were withdrawn at initial period anddhths intervals from the condition | storage ctindiand drug
was not stable in room temperature so conditiostdtage samples test was not conducted. The proeere
reconstituted in distilled water at a concentraiong/mL of AmB and accessed in particle size, petential, and
drug content.

Statistical analysis

Data were presented as meastandard deviation (SD) from at least three sasnpidess indicated. The data were
compared using Studentstest for independent samples and by analysis oamee (ANOVA). All statistical
comparisons were calculated using the SPSS softveaston 16.0 (SPSS Inc., Chicago, IL). A significa of level

of p-value < 0.05 was considered statistically gigant.

RESULTS AND DISCUSSION

Synthesis of potassium deoxycholate (KDC) and potassium cholate(KC)

The two synthesized lipid carriers, potassium dieo{(C) and potassium deoxycholate (KDC) were aigtdifrom
cholic acid and deoxycholic acid as the startingemal in a simple acid base reaction in the presesf base
potassium hydroxide, respectively. The chemicalcstire in Figure 1 and 2 associated with the comgsuvas
invested by using infrared spectral analysis. Timalfcompound (KC) was confirmed by the FTIR, where
carboxylic acid group of cholic acid{ 1715 crit) was replaced by carbonyl group in the spectra, (1640 crit)

( Fig. 3). Similarly, The final compound (KDC) waenfirmed by the FTIR, where carboxylic acid groop
deoxycholic acid (ya 1716 cni) was replaced by carbonyl group in the spectra,(1641cnt) (Fig. 4). Similarly
third synthesized lipid carrier sodium deoxycholatéfate (SDCS) was obtained from deoxycholic d@nidhree
steps of reaction process known as esterificat@dyction and sulfation, it was reported [21] .

The yields of KC and KDC were obtained 80 and 82%pectively. These compounds were white amorphous
powders and highly water soluble. AmB-lipid forntidas were prepared from lyophilization processjclwhwere
yellowish powders very light and free flowing. Thgsoducts were highly water soluble and stabkolation form
as shown in Figure 5. These are hygroscopic inreand sensitive to light. Therefore, they shouddstored in
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airtight amber bottles below 8 °C in a refrigerathmB has amphiphilic behavior due to the apolat palar sides
of the lactone ring. The presence of ionizable @gyband amine groups as a consequence of its gumitibj
zwitterionic nature, the asymmetrical distributioihhydrophobic and hydrophilic groups, AmB is pgosbluble in
many organic solvents. During the AmB-lipid formiidas, AmB and lipid carriers mole ratio were 1r1dagour
moles of AmB combined with eight moles of lipid gars formed complex compound AmB was solubilized b
lipid carrier due to the formation of micelle ardst micelle stabilized the AmB to prevent the aggteon of AmB
in water and existed in monomeric form, which wassl toxic than dimeric or tetramer or hexamer forins
between AmB and lipid carriers such as SDCS, KD@ K6 were formed hydrogen bonding interaction défe
types of cations and anions make into potentiah wationale design of lipids. Therefore, these miateare chosen
as carrier to formulate AmB micro-particulate povalef reconstituted of nebulization for the treattef lung

fungal infections.
Fig.3 FTIR of potassium cholate (KC)
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Fig. 4 FTIR spectra of potassium deoxycholate (KDC)
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Physical stability

Amphotericin B (AmB) in lipid drug carriers were at to prepare reconstituted dry power formulatitys
lyophilization process (Freeze drying). AmB-lipidrifnulations (AmB-KC, AmB-KDC, AmB-SC AmB-SDC and
AmB-SDCS) formed solid caked, which was a verytlidree flowing, hygroscopic in nature as showrrig. 5 (A,
B, C). AmB-lipid dry powders are highly water solebThe amount (around 100 mg) of AmB-lipid dry mew (i.e.
equivalent to 50 mg of AmB) was dissolved in 10 ofldistilled water. All reconstituted AmB-lipid drnyowders
were completely soluble within 1 min as shown ig.FH D AmB-lipid derivatives were reconstituted with diletdl
water to obtain 5mg/mL of AmB. Their physicochenhiparameters (pH, particle size, zeta potential bhd

942



Kajiram Adhikari J. Chem. Pharm. Res,, 2016, 8(3):938-947

spectroscopy) were monitored. In these formulatialhparticles were quite stable in size range 1@.23.9 nm
during one week after reconstitution as shown i Bi A. Zeta potential values were found in range between —
29.17 to — 45.53 mV as shown in Fig. 6 B and thegeaof pH was 7.4 to 7.8. Among these five AmBdipi
formulations, sodium deoxycholate sulfate was tighdst particle size and zeta potential value. p¥ctra were
recorded between 300 to 450 nm, it was confirmed mo markedly visible shifted spectra were obsgmyaring

first and seven days of reconstituted samples @srsin Fig. 7 A and 7 B, respectively.

The particle size and particle distributions angc@l parameters for pulmonary applications to eehihigh efficacy
and a targeted administration by inhalation [22je Obtained mean particle size of five formulatioras uniform
and stable because an electrical double layer deedl and they repelled similar charges so there meas
agglomeration of particles. Nanoparticles with ghhzeta potential (i.e., either positive or negatihiarges) are one
of the important parameters that could play a §icanit role either for a targeted therapy or thab#ity of the drug
formulations required for its effectiveness as aamaedicing23]. If the particle had a low zeta potential abhen
there would be no force to prevent the particlesfflocculating or aggregating due to Van Der Waatlsr-particle
attractions. In our results, five formulations #tmB-SDCS, AmB-KDC, AmB-KC, AmB-SC and the AmB-SDC
nanoparticulate preparations had a high zeta patdr30 mV) resulting in a highly stable systenheTmagnitude
of the zeta potential provided an indication of fhatential stability of the colloidal system [ZBhe high zeta
potential of the AmB-SDCS formulation was not itdyosatisfactory property but also the particlegendistributed
homogenously in the solutig@5], which was supported by the low polydispersity indel) of the AmB-SDCS,
AmB-SDC, AmB-KDC, AmB-KC and AmB-SC (0.34 + 0.06,38 + 0.06, 0.68 + 0.06, 0.57 + 0.03, and 0.26 +
0.05, n=3, respectively). It was also found that AmB-SDCS was more stable than that of the AmB-SP@B-
KDC, AmB-KC, and AmB-SC. In the aqueous dispersizedium of 59 mM phosphate buffer over the pH rasfge
7.4-7.8 (i.e., physiological pH).

Figure 5. Reconstituted AmB-lipid dry powder cakedformed (A), after breaking caked and formed powderB), stored in the container
(C), reconstituted dry powder into distilled water (D)
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Figure 6. Particle size and the zeta potential ohe reconstituted AmB-SDCS, AmB-SDC, AmB-KDC, AmB-KCand AmB-SC dry
powder in distilled water during 7 day at a conc. @ mg/mL of amphotericin B

Chemical stability

The aggregation of AmB was dependent on variousmaters involved in the stability of AmB such as it
concentration, pH, temperature, ionic strengthhef &queous phase and excipients used in the farondd26].
The molecular state of AmB in an aqueous medium b&athe result of self-aggregation. AmB itself & water
soluble and requires organic solvents such as mellwet dimethyl sulfoxide to dissolve [27, 28]he monomeric-
AmB is less toxic than the dimeric-AmB [29%owever the water soluble aggregated state of timerdc—AmB
seems to be the more stable f¢&®]. The UV absorption spectrum of the AmB-SDCS nandpadte solution was
similar to that of the AmB-SDC. The state of agatémn of the AmB was directly related to its tokyci The
predominant aggregation state of the AmB formutatian be detected by the size of the particles@F#g and UV
spectrophotometry as shown in Fig. 7. The UV speactof AmB in the aqueous phosphate buffers pH Xhibéed

an absorption maximum (Fig. 7). Therefore, AmB iatev formed a mixture of water soluble monomers and
aggregates. It is important to note that the phatphuffer was formeih situ by reconstitution of the formulations
with water. Some AmB molecules were present indineeric forms that were characterized by a pead28t331
nm. The other smaller intensity bands at 360-3@3-335 and 408-410 nm were from the monomeric form.
Although some aggregation of AmB was observed sfieztra did not change from th&tt the 7' day. From the
UV spectra, there was a decrease in the intensitingl the first few days (3 day and % day) but there was no
markedly visible shift of the spectra. The AmB @it of reconstituted dry powder formulations of A{8BCS,
AmB-SDC, AmB-KDC, AmB-KC and AmB-SC at initial wer0.2 + 0.61, 98.0 £ 0.20, 94.3 £ 0.3, 96.9 +dnd
93.4% + 0.4% respectively. Whereas on day 7, tmtectt of AmB-SDCS, AmB-SDC, AmB-KDC, AmB-KC and
AmB-SC decreased significantly (90.2 + 0.37, 85@.36, 83.3 £ 2.4, 85.7 £ 0.9, and 85.3% + 1.3%peetively).
This revealed that the longer storage of 7 daysedigsome degree of AmB degradation. These resalysom used

to predict the stability of the AmB formulationgtef reconstitution. It was found that all lipid foulations (AmB-
KC, AmB-KDC, AmB-SC, AmB-SDC and AmB-SDCS) were tafdle without any shift of the spectra. A
comparison of the all formulations showed that hy @, the intensity of the AmB-SDCS had decreased than
that of the AmB-SDC, AmB-KDC, AmB-KC and AmB-SC. tée spectra were not shifted and slightly decreased
intensity. Therefore, all AmB-lipid formulations veeunstable after reconstitution and should be idiately used
after dilution of solution.

1 A
----- AmB-SDCSI1
o , AmB-SDC7
08 /_':.‘ ceemeeres AMB-KC1 0.9 o B AmB-SDC7
0.7 i \ A — ++ AmB-KDC1 0.8 4 — « AMBKCT
o £ \
206 / N - = —AmB-SCl g 074 /N e AmMBKDCT
2 . 2 0.6
——AmB-SDCI & e —— AnB-SDCS7
Z 04 =+ = AMB-SC7
R
0

300 325 350 375 400 425 450
‘Wavelength (nm)

300 325 350 375 400 425 450
Wavelength (nm)

Figure 7. UV measurement of reconstituted AmB-lipidderivatives dry powders after reconstituted into dkstilled water at conc. 10 pg/mL
AmB at day 1 (A) and at day 7 (B).
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The reconstituted dry powder AmB-lipid formulatiossowed no significant change in drug content,iglarsize
and zeta potential at initial period and after 6nthe storage at refrigerator conditions as showhalble 1. There
was no apparent difference in physical charactesisuch as color of the dry powders remained sasnaitial
period yellowish and free flowing powder in natufEhe content uniformity of AmB-lipid formulations as
obtained range between 93.4 + 2.9 to 98.5 * 3.8fiictwwas determined by HPLC. The results of acouead
system precision tests performed on each concemtrat AmB is shown in Table 2. The accuracy andcjgion
were presented as % recovery and % RSD, respactivel accuracy, both intra-day and inter-day rawegthe
values of % recovery varied between 97-103% whiab lined in the acceptable range. In the same theysystem
precision was considered to be satisfactory sihee2é RSD values were less than 2% for both intsaathal inter-
day run [31] The analytical method showed a good correlatiorfficient (> > 0.9994) in the concentration range
of between 2.0-10.0 pg/mL of AmB. The percentagevery of the AmB was more than 97% for all concagitn
from 2.0-10.0 pg/mL (Table 2). The limit of detexcti(LOD) and limit of quantification (LOQ) of thimethod were
0.10 and 0.40 pg/mL, respectively.

At the end of 6 months, this content of AmB wasestsd by slow rate of degradation of drug on refragion. Our
result was similar to Darole et al. and Butaraleteported on (2008) and (2014¢spectively [32, 33]. AmB was
maintained over 87% for at least six months inf@inulations. Among these five formulations, AmB-SB was
more stable (97.4 = 4.2%, after 6 months) than rofeemulations. In addition, the physical propestief
reconstituted lipid dry power formulations remaingthltered. Thus, AmB-lipid formulations in dry pders state
are likely to be stable. However, these AmB-lipainfiulations could be further developed to obtaie good
physicochemical properties of dry powder inhalet][3

Table 1 Results of Stability of freeze dried reconstituted powder AmB-lipid formulations at initial time period and after 6 months at control

temperature (2-8 °C) in refrigerator (mean = SD. n = 3, n=3 for size, zeta potential and n=10 for drug content).

Formulations mole ratio (1:1)

1 o m Lk v
Characteristics AmB-SDCS AmB-5DC AmE-FDC AmB-EC AmB-5C
Initial & months Inifial & months Tnimal & months Inrfial 6 momths Initial 6 momths
28°C 24 C 2g°C & C 24°C 28°C 12 C 2g°C 2&c 18°C
Paracle size (om) T3.0=04 T3T=02 13.4=012 237=0. 210=05 114202 432=102 475= 06 3ll=04 316=02
Zets potentis]l (mV] -H0=06 -45.6=04 -380=10 -377=07 -308=05 -3835=03 -334 =05 -329=04 -312=03 il4=10
Drug content (%) 85=31 GT4=42 06E=40 05=54 843=30 H0=31 063=30 B03=34 G34=210 873=32

Table 2 Percent recovery and B.SD for accuracy and precision of AmB (n=5).

Conc. Accuracy (% Recovery =5D) Precision(% R5DY)

pg'ml Inter-day Intra- day Inter-day Imtra-day
2 97.1+£1.19 102.9+ 0.51 124 054
4 28.7:0.20 1032:0.71 020 072
8 98.8-1.68 99 6= 034 1.70 033
8 101=0.88 102 5= 0.65 087 067
10 98 =122 1005+ 0.53 126 054

Aerosol properties of reconstituted AmB-lipid formulations after nebulization

The in-vitro deposition of AmB-lipid derivatives in the Andens€ascade Impactor (ACI) using a reconstituted
solution and jet nebulization as described in traemials and method section. The properties ofav@solized
AmB-lipid derivatives (AmB-KC, AmB-KDC, AmB-SC, AmEDC and AmB-SDCS,) are presented in Table 3.
Part of this research related to the aerosol ptgparthe two formulations, AmB-SDCS and AmB-SDC sva
previously reported by [21]The physical properties of the AmB-lipid formulai®are the most important factors
that determine their deposition in the small airgvaf/the lung for targeting the alveolar macroplsadée FPF was
the amount of AmB smaller than 4ui. To achieve the best result of aerosolizatiordfivery of the drug into a
diseased lung, small aerosolized particle sizeb e MMADs that range from 1 to 5 um are requiff].
MMADs of all the AmB-lipid formulations used in thistudy were between 1.70 to 2.05 um (Table 3). The
percentages of the FPF of the AmB-lipid formulasomere found to be between 70-80%. However, thedposv
had very poor flow properties, so they were notadé for use in a dry powder inhalation. For n&dagion, the dry
powder was reconstituted with distilled water andrfd to be in a highly soluble and stable formttss solution
was suitable for jet nebulization. It revealed tiese formulations were stable without degradadionB during the
nebulization process.
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Table 3 Aerosol properties of reconstituted AmB-lijid dry powders with distilled water (Mean + SD, n=§

Material % content  MMAD (um) % FPF (< 4.7 pm)

AmB-SDC 100.8+1.8 1.70£0.3 70+ 3.9

AmB-SDCS 101.9+34 1.74+04 80+2.3

AmB-KDC 100.4£0.3 1.81+0.3 71+49

AmB-KC 100.2+£0.5 1.89+04 72+4.2

AmB-SC 99.5+0.4 2.05+0.3 74+3.3
CONCLUSION

Five lipid derivatives such as KC, KDC, SC, SDC &@idCS, were chosen as lipid drug carriers. Amorgnth
SDCS, KDC and KC were synthesized successfullylabaratory and their yields were obtained 78 (aeda taken
from previously reported [21], 82 and 80%, respetyi. SDC and SC were purchased from the markets@h
carriers were applied to develop as lipid drugieesrsystem as a reconstituted dry powder AmB-lipidhulations.
AmB-lipid formulations were successfully preparey lyophilization process (freeze drying) in mokgio 1:2
(AmB:lipid carrier), formed solid caked, which wasvery light, free flowing, hygroscopic in natur€hese
formulations were highly water soluble and stableselution form with negatively charge developetie particle
sizes were found between 17 to 74 nm and zeta fateras above -30 mV for all formulations and amdhese,
AmB-SDCS was the highest -45 mV. The products vetable for six months on storage of refrigerato2-&t °C.
The contents of AmB were determined during thisquerThey were obtained above 87% for AmB-SC arstl oé
four AmB-lipid formulations were 90% over. Amongete four formulations, AmB-SDCS was the best stable
product found; its content of AmB was 97% over. fditmulated dry powders were dissolved completeihiw 1
min with pH ranges were 7.4-7.8 (data was not showerosolization characteristics such as MMADs aver
obtained ranges 1.70- 2.05 pm with high FPF 70-8B#hough, these lipid drug carriers are vital rglay to
dissolve the poorly soluble AmB into highly solulaled stable solution form. Among five AmB-lipid foulations,

it can be concluded that SDCS was the best lipid) drarrier in terms of its physical, chemical pnties and
aerosol property for the treatment of lung fungétctions by nebulization.

Acknowledgements

This work was financially supported by the NatioRalsearch University Project Grant for PhD ReseBrcgrams
at the Prince of Songkla Universifyaculty of Pharmaceutical Sciences, Thailartte author would like to thanks
the Drug Delivery System Excellence Centre for afséneir facilities. | would like to thanks my sup@or Assoc.
Prof. Dr. Teerapol Srichana, under his superviditvad successfully completed my PhD program.

REFERENCES

[1] TJ Walsh; EJ Anaissie; DW Denninglin. Infect. Dis., 2008 46, 327-360.

[2] M KirchgessnerJ. Exot. Pet. Med2008 17(1), 54-56.

[3] RA Mohammad; KC KleinAnn. Pharmacothe2006 40, 2148-2154.

[4] MD RichardsonJ. Antimicrob. Chemother2005 56 (suppl 1), i5-i11.

[5] MD Richardson; DW Warnock. Fungal infection gisis and management® dn. Oxford: Blackwell
Publishing,2003

[6] A Bryskier. Antimicrobial agents: Antibactersabnd Antifungals. Washington DC: ASM Pre2805 pp 1288-
13109.

[7] A Lemke; AF Kinder; O KayseAppl. Microbial. Biotechno| 2005 68, 151-162

[8] JE Bennett. Goodman & Gillmanghe pharmacological basis of therapeutic® #8n. New York: McGraw—
Hill, 2011, pp 1571-1591.

[9] R Chuealee; P Aramwit; K Noipha ; T SrichaRar. J. Pharm. Sci2011 43, 308-317.

[10] MD Moen; KA Lyseng-Williamson; LJ Scotbrugs.,2009 69, 361-392.

[11] R Herbrecht et aExpert Opin. Pharmacother2003 4, 1277-1287.

[12] A Antoniadou; B Dupont]. Mycol. Med.2005 15, 230-238.

[13] J Lee; DS SchillertCurrent Fungal Infect Ref201Q 4:96-102.

[14] A Elhissi et af Int. J. of Pharm2013

http://dx.doi.org/10.1016/j.ijpharm.2012.12.040

[15] JR Wingard; H LeatheBiology of Blood and Marrow Transplantatio2004,10, 73-90.

[16] DE Geller.Pediatr. Pulmonal 2008,43,S5-S17.

[17] GC Khilnani; A BangaJIACM 2004 vol.5 (2), 114-123.

[18] V Monforte et al.,J. Heart Lung Transplan2013,32, 313-319.

[19] GC Wood; BA Boucheharmacotherapy?2000,20, 166—181.

[20] RT Morrison; RN BoydOrganic Chemistry5" Ed, Boston: Allyn and Bacon Inc., USA, 1987, pfy<BE6.
[21] KN Gangadhar; K Adhikari; T Srichanimt. J. Pharm, 2014 471, 430-438.

946



Kajiram Adhikari J. Chem. Pharm. Res., 2016, 8(3):938-947

[22] S Das; PK Suresh; R Desmulanomedicing201Q Vol .6: 318-323.

[23] S Honary; F ZahirTrop. J. Pharm. Re2013 12, 255-264.

[24] A Gharib; Z Faeizadesh; AH MohammadARU, 2011, Vol. 19(5): 351-355.

[25] R Espada et allnt. J. Pharm.2008 361, 64-69.

[26] P Legand et aAntimicrob. Agents. Chemothgt992 Vol. 36:2518-2522.

[27] J Barwicz; S Christian; | Grudantimcrob. Agents Chemothet992 36, 2310-2315.
[28] KK Nishi et al., Pharm. Res2007, 24, 971-980.

[29] J Mazerski; E BorowskBiophys. Chem1996 57, 205-217.

[30] R Mehta et al.Biochem. Biophys. Actal984 770, 230-234.

[31] ICH. Validation of analytical procedures: tetid methodology Q2 (R13005,current step 4 version.
http://www.lch.org/cache/compo/363-272-1.html#Q2dccessed December®)09.

[32] PD Darole; DD Hedge; HA NaiAAPS PharmSciTecBP08 9, 122-128.

[33] D Butani ; C Yewale ; A MisraColloids Surf. B2014 116, 351-358.

[34] V Sanna et alAPPS PharmaSciTecR003 5, 1-7.

947



