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ABSTRACT

The aim of the study was to prepare dry powder tdation of Ethionamide loaded polymeric micropaei for
pulmonary delivery in effective treatment of mditig resistant tuberculosis (MDR-TB). The micndjotes were
prepared by spray drying method using chitosan apdroxy propyl methyl cellulose (HPMC) as bioconigat
polymers. The microparticles and microparticle lewith lactose (Inhalac 230) were investigated ftw
aerosolization properties like emitted dose, masslian aerodynamic diameter, fine particle fractiggometric
standard deviation. The spray drying method producsugh surfaced microparticles under the size e
8.5um. Mass median aerodynamic diameter obtained fofoaimulation ranged in 2.2&m to 3.33um and fine
particle fraction in between 54.58 +5.16 to 75%8.48. The lowest tapped density value obtaines WA96 g/cth
belong to formulation coded EML1. In vitro depositi&tudies using cascade impactor showed emittee ofos 97%
for all batches. The polymeric microparticles predd by spray drying technique showed promisingigert
characteristics suitable for inhalation with Finanpicle fraction (75.74 £ 3.48) of total emitted sk after blending
with lactose. The blending of the microparticleghwinhalac 230 allowed the fine particle fractiomlwes to
increase by increasing the dispersibility of powdarinspiration.

Key words: Ethionamide, Dry Powder Inhalation, Chitosan, HPM@eractive blend.

INTRODUCTION

Direct drug administration to the lungs via inhalatoffers several theoretical advantages overesyist delivery,
including the possibility of regional drug deliveiythe lungs and airways with lower doses and fesystemic side
effects, avoiding first-pass metabolism of the dirughe liver and the use of a non-invasive “nedtde” delivery
system. The alveolar surface also provides a lsugiace area for rapid systemic absorption of dfligs.

Dry powder inhalers (DPIs) are more sophisticatauhfof dosage form for respiratory drug delivery glay an
important role in delivering medicinal aerosols.eirhmost common application is the transport ofgdrtio the
bronchioles. In the case of respiratory maladied ss asthma, COPD, Tuberculosis the benefitslnfedimg drugs
to the lungs rather than by any other means armo$ysince the drug is targeted directly to the ef illness it can
begin acting much quicker (clearly an importantamtage during an asthma attack) and it avoids figpthe rest
of the body with the drug, which is wasteful andgmbially harmful [5].

The marketed DPI’s are fabricated based on theepiraf the energy produced by the patient duriegitispiration
process to generate an effective drug deliveriigdung. Many number of DPI's devices are availablemarket.

Dry powder inhalers deliver drugs to the lungs.aseis with a mass median aerodynamic diameter (MM&Tb—
10pm are mainly deposited in the oropharynx andelazonducting airways. Particles of 1-5um diameter
deposited in the small airways and alveoli with %b60f 3um diameter particles being deposited inalveolar
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region, therefore aerosol particle size are onth@fmost important determinants of aerosol dosedsstdbution in
the lungs. However, the lung deposition for clahiefficiency is also determined by the inspirattome, inhalation
flow rate, initial inspiration rate and inhaled uole. The performance of DPI depends on the deviddarialation
flow rates through the device. [4]

Micronization or jet-milling is commonly used toquuce DPI's as these methods provides smaller giaditles.
While, the micronized product has high cohesivecdgrbetween particles because of the flat surfpesticles
obtained in this process. [6]

Due to the thermodynamic change; reduction in di@sssition temperature and change in crystalliatess seen in
case of jet milled product [7]. The spray dryingheique is an effective method to produce micraedi spherical
and amorphous particles for inhalation. The amoughuarticles characterized by low area of conwmgller and
more homogenous patrticle distribution can resulbigher particle fraction deposited into lung [§, Bhe spray
drying technique is advantageous in many ways &pgre microparticles for pharmaceutical applicatanit is
reproducible, one step, rapid and easy to scaleéSppmy drying technique can be used to producepduwyders,
granules or agglomerates from drug-excipient smhstiand suspensions. The particle size of the pactizles
prepared by spray drying technique ranged fromanigto several tens of microns and had a relativetyow size
distribution. Spray drying is successfully useddbharmaceutical industry to produce products ofradefiphysical
and chemical properties [10-12].

Pharmaceutical invention and research are incrglgsiiocusing on delivery systems which enhance rdb
therapeutic objectives while minimizing side effect

Multi-drug resistant tuberculosis (MDR-TB) is cadsdue to the resistance Mfycobacterium tuberculos{#1.TB)

strains to at least two first line drugs, isoniaaitd rifampicin. Treatment of MDR-TB involves comhbtion of
second line drugs thioamides (ethionamide and pmmaéimide), aminoglycosides (streptomycin, kanamyanial
amikacin), fluoroquinolones (ciprofloxacin, ofloxack levofloxacin) and pyrazinamide for the prol@wyperiod of
around 21 months. [13]

Mycobacterium tuberculosifiarbor mainly in lung macrophages, which makespilimonary route, a viable option
for therapy of MDR-TB. Inhaled therapy of MDR-TButys can reduce the amount of drug lost due to dagom
before reaching the lungs and also reduce themigstexicity effects associated with drugs. [13]

Ethionamide has been chosen to prepare polymedmoparticles for effective delivery of drug intonly provided
with sustained release properties. Ethionamidedsrsd line anti tubercular drug given orally in donation with
first line drugs to treat TB. The delivery of Ethamide to lung in controlled manner would faciktahe reduction
of dose, dose frequency and toxicity; most impdhyaargeting mycobacterium residing in macrophadie4]

Chitosan, a natural linear biopolyaminosaccharidepbtained by alkaline deacetylation of chitin,iethis the
second abundant polysaccharide next to cellulob@&o$an has been shown to possess mucoadhesiverixsp
Chitosan microspheres are the most widely studied) dlelivery systems for the controlled releasednfgs,
antibiotics, antihypertensive agents, anticancentgy proteins, peptide drugs and vaccines. [1b, 16

Synthetic biodegradable polymers have gained moplprity than natural biodegradable polymers. Tiegor
advantages of synthetic polymers include high pwitthe product, more predictable lot-to-lot umifaty, and free
of concerns of immunogenicity. Hydroxy propyl mdtlegllulose is most commonly used as drug carrige tb
their excellent biocompatibility and biodegradalitind mechanical strength. [17]

In the current study microparticles loaded withi@tmide was prepared with different polymers bsagpdrying
method with the aim to generate low density anddaramically suitable particles for inhalation. Tlaetose
(Inhalac 230), as a carrier material, was employethe formulation to evaluate its influence onefiparticle
fraction for better aerodynamic performance.

MATERIALS AND METHODS

2.1 Materials

Ethionamide was obtained as gift sample from Miatss Itd; chitosan (100cp) and chitosan (10cp) wgergerously
provided by Indian institute of fisheries, CochindaC E Roeper Gmbh, Hamburg, and Germany respéctive
Inhalac 230 was obtained from Meggle, Wasserburdlend Co., Germany as a gift sample. HPMC K100M an
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HPMC E 50 were obtained as gratis sample from colar India. Ascorbic acid was purchased from S i fi
chemicals, Baroda, India. All Other chemicals anldents used were of analytical grade.

2.2 Preparation of microparticles

Ethionamiddoaded microparticles were prepared using sprajngmnethod. Ethionamide solution in 10 ml ethanol
was emulsified with agueous phase containing 0.pd¥ymer with continuous stirring on a magnetic retir
Aqueous phase of HPMC was prepared by dissolvinilEfn boiling water and immediately cooled to gitar
solution. Whereas; aqueous solution of chitosanpvepared by dissolving chitosan in 1 % v/v acati at pH 5.
Ascorbic acid in concentration of 20/ml was added in feed liquid as antioxidant. Thetunes were spray-dried
from a 0.5mm nozzle at a feed rate of 6ml/min ur@l&Kg/cnf pressure. The inlet and outlet temperature were
maintained at 150°C and 95°C, respectively. Thaysdried product was collected by a cyclone separat

2.3 Morphology of microparticles

The shape and surface morphology of obtained miéctimtes were investigated by both optical and soan
electron microscopy. The microparticles were modirie to the metal stud using double sided adhdajye. The
microparticles were examined by SEM operated at\t%acceleration of voltage. The optical microscopgs used
for the determination of the shape of Ethionamiderospheres. A small drop of microspheres suspansias
placed on a clean glass slide and mounted on dlge sif the microscope and observed.

2.4 Patrticle size Determination of microparticles
Prepared microparticles were analysed for partide by laser diffraction. To obtain an obscuratd®m% around
75 mg of powder was used. Results are the meaniplafate experiments.

2.5 Powder blend analyses

The coarse carrier, lactose (Inhalac 230) was geaalty blended with Ethionamide microparticlesprovide the
final ratio of (lactose: microparticles) of 5:1 imtAll the formulation blends were then storedtightly sealed
container. The mixture of microparticles prepared @oarse carrier were coded as EML1, EML2, EML8 an
EMLA4 for microparticles EM1, EM2, EM3 and EM4 resfieely.

2.6 Drug content and determination of homogeneityfalry powder formulations

The Ethionamide content in microparticles was deileed by UV spectroscopy method. 50mg of EM wasalied
in 0.1N HCI containing 200g/ml ascorbic acid. After suitable dilutions drugntent was determined by UV
spectroscopy at wavelength of 274nm.

The homogeneity of Ethionamide microparticle-Inka?30 blends( was determined by analysing the dament
of each dry powder formulation blend (EML1-EML4)nI® 3 sample blends were taken randomly for anslyEhe
mixture was dissolved in 0.1 N HCI containing 260ml of ascorbic acid. The drug content was deteechiby UV
spectrophotometry at wavelength of 274 nm. The 8lehMicroparticles with Inhalac 230 was prepanedtio of
1:5 respectively, where each capsule contains 8frghionamide.

2.7 Determination of powder densities and primary arodynamic diameter

The density of Ethionamide microparticle (EM) anthiBnamide : Inhalac 230(EML) blend was measured by
tapped density measurement. A known mass of EM B were filled into 10ml measuring cylinder and
recorded the volume occupied by the powder. Theeadpdensities of all the formulation were deterrdirey
tapping the measuring cylinder from a constant itedgnd volume of tapped mass was noted until nihéurchange

in the powder volume was observed. Measurementpea®rmed in triplicate (n= 3). Using tapped dengjt)
values theoretical aerodynamic diameter values determined. [18]

dae — d\u‘ ﬂ/ﬂl

The primary aerodynamic diametdg was determined from particle size (d) and tappedithedata (p).

2.8 Aerosol performance and aerodynamic diameter

By using Andersen cascade Impactor (Cl) actual dderamic diameter and the aerosol performance of the
formulations were tested. The CI consists of partseparator, seven stages and a final filter.prseparator was
attached to impactor to prevent large particle eggtion. After assembling the CI stages, the aslyewds then
attached to a vacuum pump, equipped with flow mefde air flow was than adjusted for 60L/min. Cdpsu
(HPMC size, 2) were filled with powder containinm@ of Ethionamide. One capsule was placed intcstmaple
compartment of the aerosolizer device attachedduodtion port. The capsule was pierced and vacuamoperated
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for 10 sec with steady air flow rate of 60 L/min.dll cases, 10 capsules were subjected for digehato apparatus
per determination and each experiment was repéateiplicate (n=3). The powder deposited on plateach stage
depending on the particle aerodynamic diameter. pidveder was collected from each plate and analjaedrug
deposition in each stage. The collected powderdissolved in 0.1 N HCI and drug content was deteethiby UV
spectroscopy at wavelength of 274nm. The effeatieoff diameter obtained for stages 0-6 are 6.5, 3.2, 1.9,
1.2, 0.55 and 0.26m [19]

The fine particle fraction of the total dose of maw less than fum was calculated by dividing the powder mass
recovered from stages of apparatus by the totak remstted. The cumulative mass of powder less tharstated
size of each stage was calculated and plotted gy grobability scale as a % total mass recovered fthe
apparatus against the effective cut of diameteisdMaedian aerodynamic diameter (MMAD) was derivedfthe
graph of cumulative distribution as the particleesat which the line crosses the 50% mark.

RESULTS AND DISCUSSION

Ethionamide microparticles were prepared using dngtatible polymers as carriers to directly tardet &lveolar
macrophages as a novel approach for anti tuberth#aapy to overcome the frequent daily dosing cmmpliance
of patient. Considering the advantages of DPI dher other delivery system Ethionamide microparsickeere
prepared as dry powder formulation.

The microparticle was prepared by spray drying wmethusing chitosan, a natural polysaccharide, and
Hydroxypropyl methyl cellulose as biocompatible rmaforming polymers. Spray drying was chosen ds @ one
step manufacturing process which uses least anodumganic solvent and gives desired particle size.

The drug deposition in the lung is mainly deterrdifiy the powder dispersibility. The powder dispatity of an

good DPI is governed by cohesive forces such asDé&anwaals, electrostatic, capillary or mechaniotgrlocking

exist because of fine particle size. This incredsece will result in poor flowability causing podeposition in the
lung. To avoid these forces of microparticle; Iaetds blended with the microparticles as coarseetail he carrier
selected should be inert and must not cause luitgtion (cough or hoarseness) to improve the ldegosition. The
dose reproducibility, fine particle fraction andited dose further determine the efficient lungasion. [8, 20]

The volume median diameters of the prepared micticfes were determined by laser diffraction andrfd to be in
the range of 3jom to 7.2uam. As observed by optical microscopy and scannifoscopy the larger volume mean
diameter was due to particle aggregation and thghrehape obtaine#jgure 1.

By SEM it is evident that the microparticles obtinwith similar structure and surface propertiesaldo showed
that microparticles were porous, roughly sphereyser surfaced and thin walled structure, Figurlitroparticle
prepared using chitosan formed more aggregatesam@apo microparticle prepared using HPMC.

The drug loading efficiency were determined andnfbdo be in the range of 70% — 97%. Microparticlghw
chitosan as polymer resulted in high loading edficly while that of HPMC E 50 which may be due te imatrix
forming capacity of the polymer.

The flow property, porosity and particle size dimition of the inhalable microparticle can be dedvrom tapped
density data. Tapped density is an important playgimperty of the DPI's and also an indicatorrier particulate
cohesive and adhesive forces. The tapped densitjavbparticle alone was found to be below 0.136Igiwhereas
the microparticle and Inhalac 230 (EML) blend waarfd to be at much higher range of 0.706g/ml t@Bgéml.

The lowest tapped density was obtained with fortmmaEM1 containing chitosan (viscosity 10cp) whishdue to
porous nature and aggregates of microparticles2@1

The flow characteristics can be improved by empigyéoarse carriers. This will overcome the partagdgregation
and dispersion. The drug particles are dispersad fhe surface of the coarse carrier particlesheyetnergy of the
inspired air flow during inhalation. The smalleramdparticles penetrate deep in to the lung wheréhadarger
carrier particles impact in the upper airway. A %:lw/w geometrical blend of Inhalac230: ethionamide
microparticle was prepared and content uniformitgach blend was determined as showhable 1

The tapped density values were increased due tphisical mixture of lactose and microparticle. Tgteysical

mixture of lactose and microparticles caused thasitle values to increase, that is because of tgbehnitapped
density (0.95 g/ml) of Inhalac 230. The Carr's indend Hausner ratio are the indirect measure ofdeow
flowability. Carr’s index values were found to bigler because of the cohesive — adhesive forcesefibbetween
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the particles. The Carr’s index values were in thege of 27 to 35 % indicating of poor flow. Blengiof
microparticle with lactose did not significantlyfedt the flowability as seen by the Carr’s Indekues as shown in
Table 2

The theoretical primary aerodynamic diametiad of each formulation was calculated from geomatrjarticle
diameter and tapped density that ranged betwe@winzo 2.9Qum, indicating particles having favourable size for
lung deposition in alveolar region.

All powder formulation was subjected to in vitrantudeposition studies using Andersen Cascade lmpakil the
formulations showed higher values of dose emisslianing aerosolization. All the formulations batchgwwed
emission of >97 % of total capsule content as shiomtable 3. It was observed that there was higiedlection of
powder at preseparator in case of formulations ¢deléd3, EM4 and EML3. This may be attributed to tamer
particles, shape and/or particle aggregationsaft also found that mixture of microparticles wihtbse resulted in
increase in emission as well as the % FPF values.MMAD values found by the measurement performedCl
were seen to be higher than ttee values calculated theoretically, as shown in t&nd 3. The largest value of
daebelongs to microparticles when processed with HPRAOO M as carrier polymer. Blending of microparis!
with Inhalac 230 resulted in improved dispersigilénd reduction in MMAD values. Among the blendsyést
MMAD value (2.28 £ 0.3um) was seen with the formulation coded EML2.

The fine particle dose was defined as the amouthefirug recovered from the lower stages of ACajdvity of
the particles are found to be deposited on stagbseen stages 2-4 representing the aerodynamiocetéarm the
range of 1.2 — 3.2m. However, the microparticles prepared with HPMCcarrier polymer was found to deposit
more on preseparator and stage 0, representingetwynamic diameter greater thaygmb The Fine Particle
Fraction of the spray dried microparticles rangddb8 + 5.16 to 75.74 + 3.48 of the total loadedejaketails are
shown in table 3. The most significant increasem was found with the formulation coded EMLZ2; ¢teset added
to this formulation as carrier caused the FPF vaise up to 75 % from 54 %. This increase indicatedood
aerodynamic characteristic of the microparticlesemiblended with carrier. In general the GSD valfgrsthe
aerosol particles are reported to be in the rarige3® to 3. [24,25] In this study, the calcula8&D values for
microparticle formulation were found in the randel@7 to 2.20 as shown irable 3.

Table 1: Formulation composition, particle size andidrug content of microparticle and microparticle blends

Content uniformity of

Polymer Drug: Mean Theoretical mass . )
Formulation (0.5% polymer particle size  median aerodynamic Druog content microparticle blend
w/v) ratio (um) diameter (dag (%+SD) Blend Drug content
Formulation (mean£S.D)%
EM1 Chitosan 1:2 3.54+0.25 1.24 ym 92.89+ 2.67 EML1 94.76%1.79
EM2 Chitosan 1:2 4.87+0.19 1.84 pm 94.98+3.04 EML2 97.01+1.46
EM3 KHFO'\(A)I(\:/I 1:2 5.95+0.29 2.02 um 74.95+2.83 EML3 92.45+2.65
EM4 HPMC E50 1:2 7.05+0.34 248 um 70.12+2.12 EML4 96.58+2.15
Table 2: Powder characteristics of microparticle ad microparticle blend
Formulation  Bulk density (g/ml)  Tapped Density(g/ml) % Carr’s Index  Hausner’s ratio
EM1 0.07 0.096 27.08 1.37
EM2 0.089 0.136 34.55 1.53
EM3 0.068 0.097 29.89 1.43
EM4 0.079 0.117 32.47 1.48
EML1 0.468 0.706 33.71 151
EML2 0.414 0.637 35.00 1.54
EML3 0.389 0.545 28.62 1.40
EML4 0.44 0.643 31.57 1.46

Table 3: Aerosol performance of the microparticle érmulations alone and in blend

Formulation  %Emitted dose MMAD GSD FPF
EM1 97.04 + 3.65 240+£0.39 198 5796241
EM2 98.19 + 2.07 258+0.27 187 60.52+2.67
EM3 97.89 £5.19 3.05+048 172 5458+5.16
EM4 98.41 +4.22 3.33+£0.35 195 60.01+3.98
EML1 99.92+2.10 232+0.34 188 65.42+3.02
EML2 99.68 £ 1.55 228+0.31 1.90 75.74+3.48
EML3 98.76 + 2.06 3.01+0.39 200 56.98+3.56
EML4 98.99 + 2.33 3.21+043 220 6252+3.75

(MMAD) Mass median aerodynamic diameter, (GSD) %n@xdc Standard Deviation, (FPF) Fine Particle Ftam
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Figure 1: Scanning electron microscopic images oftkionamide loaded microparticles. a) EM1 b) EM2 {EM3

CONCLUSION

The results reveal that ethionamide DPI microplagican be prepared by using biocompatible polyrogrSpray
drying method. The spray drying technique can befuldo produce powders with a good narrow partiitee
distribution and aerodynamic properties. The MMA&Iues of each microparticle and microparticle blenticated
that the formulation of microparticles were of adarable size for deposition in the alveolar regidthe lung. The
FPF values showed that addition of carrier infleghdhe dispersibility. This drug delivery holds rdqgeutic
advantage to deliver drug for local as well asdygstemic bioavailability for longer period with lodose. This can
further lead to improvement in tuberculosis treattmBy improving the patient compliance. A further vivo
pharmacokinetic study has to be performed for éistahent ofin vitro in vivocorrelation.

Acknowledgments
The authors express their gratitude towards thell@&rsity and JSS College of Pharmacy, Mysorepfoviding
all the obligatory facilities in course of this vkor

REFERENCES

[1] NV Koshkina; JC Waldrep; LE Roberts; E GolunsgiMelton; V Knight.Clin. Cancer Re2001, 7, 3258.

[2] AE Hershey; ID Kurzman; LJ Forres; CA Bohlinlyt Stonerook; ME Placke; AR Imondi; DM VaiClin.
Cancer Resl19995, 2653.

[3] XB. Liu; JX Ye; LH Quan; CY Liu; XL Deng; M Yag; YH Liao.Eur. J. Pharm. Biopharn2008 70, 845.

[4] F Gagnadoux; J Hureaux; L Vecellio; T Urban;L& Pape; | Valo; J Montharu; V Leblond; MB Celle; S
Lerondel; C Majoral; P Diot; JL Racineux; E LemadeAerosol Med(2008,

[5] AR Clark. Aerosol Sci Tegth995 22, 374.

[6] H Schiavone; S Palakodaty; A Clark; P York; $ZannisInt J pharm2004 281, 55.

[7] G Buckton.Adv Drug Del Re1997, 26, 17.

[8] MT Vidgren; PA Vidgren; TP Paronerint J pharm1987, 35,139.

[9] LA Dellmary; TE Tarara; DJ Smith; CH Woelk; Adkactas; ML Castello; H Gill; JG WeeRPharm Res200Q
17, 168.

[10] HY. Li, J Birchall. Pharm Re2006 23, 941.

[11] VR Sinha; AK Singla; S Wadhawan; R KaushikkKBmria; K Bansal; S Dhawaint J pharm 2004 274, 1.
[12] KGH Desai; HJ ParkDrug Dev Res2005 64, 114.

[13] S Choudary; VK Devid. Control. Release015 202, 65.

[14] E Lopes; AR Pohlmann; V Bassani; SS GutefPésrmazie200Q 55(7):527.

[15] P He; SS Davis; L lllumint J pharm 1998 166.

[16] S Kockisch; GD Rees; SA Young; J Tsibouklid; Smart.J Pharm Sci2003 92, 1614.

[17] Y Phalguna; BS Venkateshwarlu; GK Guda; Siah.Int J Pharm and Pharm Sd01Q 2,41.

[18] C Parlati; P Colombo; F Buttini; PM Young; HHA AJ Ammit; D Traini.Pharm Res2009 26, 1084.

[19] SC Nichols; DR Brown; M Smurthwaité@.Aerosol Med 998 11(S1), 133.

[20] JG weerlnnovation pharm tecl200Q 1, 111.

[21] F Esmeeili; M Hosseini-Nasr; M Rad-MallekshaKiSamadi; F Atyabi; R DinarvanBlanomed NanotedBiol
Med, 2007, 3, 161.

[22] CS Jean; JP Danielle; GC Lucila; LV JardodPBvid; AP Charles, JE Kathariana; JH Anthony; AEvida
Pharm Res2009 26, 1847.

[23] A Rawat; QH majumder; F Ahsabrug Del Ind Pharm2008 34, 948.

[24] W Kaialy; GP Martin; MD Ticehurst; MN Momin; Alokhodchi.Int J pharm 201Q 392, 178.

278
Scholar Research Library



Bhavya M. V. et al Der Pharmacia Lettre, 2016, 8 (8):273-279

[25] C Bosquillon; V Preaat; R vanbevdrControl Releas€004 96, 233.

279
Scholar Research Library



