Available online www.jocpr.com

Journal of Chemical and Pharmaceutical Research, 2@, 6(4):1099-1106

ISSN : 0975-7384

Research Article CODEN(USA) : JCPRC5

Solubility and dissolution rate enhancement of efaxenz by inclusion
complexation and liquid anti-solvent precipitationtechnique

Anjan K. Mahapatra™* and P. N. Murthy?

Maharajah’s College of Pharmacy, Vizianagaram, AredRradesh, India
Royal College of Pharmacy and Health Sciences, Begdur, Odisha, India

ABSTRACT

The liquid anti-solvent (LAS) precipitation procdes production of ultra-fine particles has beerdely employed
for enhancing the solubility and dissolution ratepmorly water soluble drugs. In LAS process, ppitation of
solute is achieved by decreasing the solvent pdavethe solute dissolved in a solution. A non-sotvar organic
solvent for the drug is added to a polar or aqueans-solvent. The current research work endeavonsrovide an
account on the application of LAS for precipitatiand stabilization of ultrafine micro or nanopatts of poorly
water soluble drug, Efavirenz, and comparison ®fijueous solubility and dissolution rate witeyclodextrin and
hydroxypropylg-cyclodextrin inclusion complexes of the drug. Besj the key aspects like controlling the particle
size and size distribution, and stabilization dfafine particles using polymers has been studiggplications of
Fourier transform infrared spectroscopy (FTIR), fdiential scanning calorimetry (DSC) and powderega}
diffraction (PXRD) techniques in physico-chemidahmcterization and evaluating the eventual transfation of
solid state characteristics of the drug from crylte to amorphous state has also been conductked.fihdings of
the work corroborated suggested the suitabilityprdpared polymeric drug micro or nano-crystals dadrenz in
enhancing its solubility.

Key words: liquid anti-solvent (LAS) precipitation, efavirennclusion complexation, dissolution, physicocheahi
characterization.

INTRODUCTION

In modern drug development, high throughput screeméchniques aid in identifying new compounds ta
characterized by high lipophilicity, low aqueouduility and poor dissolution. Thus, improving tkelubility of
poorly soluble drugs should increase the conceatraif dissolved drug in the gastrointestinal (@§ct and thus
increase their bioavailability. A higher energettate of the compound, that is, the amorphous, state increase
drug solubility and improve bioavailability. Due their simple manufacture, solid dispersions apgpular means
for enhancing solubility and bioavailability of B&Hass Il drugs [1].

Several strategies and formulation approaches baga employed to overcome their limitations, suslusage of
complexing agents such as cyclodextrins; use ¢élslei polymorphic forms; use of co-solvents, miexefiolutions,
and lipid-based systems for lipophilic drugs [2].

The central objective of a delivery system is thiease of therapeutics at the desired anatomitalasid the
maintenance of the drug concentration within therdapeutic range for a desired duration. One appréacdrug
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delivery is to encapsulate the drug molecule insideacrocyclic host molecule, traditionally a cyt#atrin, thereby
forming discrete host—guest complexes, in whichdihgy molecule is protected from the aqueous enwilent [3].
CDs are cyclic oligosaccharides with hydrophilicerusurface and a somewhat lipophilic central gavit aqueous
solutions CDs are able to solubilize lipophilic gsuthrough formation of hydrophilic inclusion corepés. These
are attractive building blocks for various typesdofig delivery systems due to their favorable tokigical profile
and their inherent ability to partly or completélgst biologically active molecules (e.g., drugs) & protect them
from the external environment. The high affinity ©@Ds for certain drug molecules is passed on toctreer
systems which give them with a particular drug asée mechanism thus helps to improve solubility qonemus
media, dissolution rate, chemical stability andaliilability of various drugs has been extensivelestigated in
recent years [4-6].

Micronization or nanonization produces ultrafinewger either in the micron or nanometer size rang an
exponential increase in the interfacial area oftecnbetween the dissolving particles and the disism medium
thereby enhancing dissolution rate of the drug.

Top-down methods involve breakdown of coarse paedito the required size range while bottom-up dth
involve building particles from solutions by additi of anti-solvent. Mixing a solution with an astivent

generates super saturation that induces nucleatidrsimultaneous growth by condensation and co@gulal he

drug must be soluble in the solvent but practically soluble in the anti-solvent. The solvent antl-solvent must
also be miscible at the operating conditions. Mixi® a critical factor for controlling the final gizle size and size
distribution [7, 8].

The aim of the present study was to prepare natioleagrof Efavirenz by the liquid anti-solvent (LABrecipitation
technique.  Efavirenz is  (4S)-6-chloro-4-(2-cyclagpytethynyl)-4-(trifluoromethyl)-2,  4-dihydro-1H-3,
1lbenzoxazin-2-one. Practically insoluble in watedQug/ml), belongs to BCS Class Il drugs. It is anN
Nucleoside Reverse Transcriptase Inhibitor, wigelyscribed for the treatment of human immunodeiyevirus
type 1 infection. Its pKa and melting point, detared experimentally, were found to be 10.2 and 166°C,
respectively. The structure of Efavirenz is showFigure 1.

EXPERIMENTAL SECTION

Materials
Efavirenz was provided by Aurobindo Pharmaceuticélyderabad.p- Cyclodextrin and Hydroxypropyi-
Cyclodextrin were from Glenmark Ltd., Mumbai. Alhemical and reagents used are of analytical grauiger.

Methodology

Analytical Method

Linear plot for Efavirenz is obtained at absorbam@xima for the drug at 250 nm with a correlatioefticient of
0.9993.

Preparation of Inclusion Complexes

Inclusion complexes of Efavirenz wifCD or HP 3-CD were prepared by kneading technique in theogatif
1:0.25, 1:0.5, 1:1, 1:2 and 1:3 (w/w Drug : Caixidnclusion complexes of drug wip+CD or HP3-CD were
prepared by kneading using 8:2 (v/v) mixture ofevatethanol and dried at 45 to %D. All the complexes were
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prepared in triplicate and were sieved through @&&hmsieve and stored over anhydrous calcium cledrida
desiccator.

ICs by Physical mixing in the same drug to carr&io were prepared by simple mixing under tritimatusing a
ceramic mortar [9].

Anti-solvent Precipitating Technique

Weighed quantity of drug was dissolved in ethamohibeaker. The drug solution was then added teakds
containing water under sonication using an ultraicador, using syringe with a needle (No. 26). Thes beaker
content was dried on water bath to evaporate water.obtained precipitate was then passed throdghekh sieve
and stored in desiccators until further use.

Solubility studies

The phase solubility or saturation solubility studgs conducted by adding excess amount drug orulations to
vial containing 20 mL of distilled water. The systevas agitated on a water bath shaker for 48 hidikeared. The
filtrate was analyzed using UV-Visible spectrophm&ter at 250 nm. The studies were carried outiptidate and
the average value was noted. The Gibbs free errgnsfer AG,Y) of Efavirenz from pure water to the aqueous
solution of carriers was calculated using followkbg. 1.

AG,° =-2.303 RT log 9S, Ee-— (1)

Where %S = the ratio of molar solubility of drug in aquesosolutions of carriers to that of pure water.lSilfree
energyAG,° (J/mol) [9].

In Vitro Drug Release Studies

Dissolution studies of Efavirenz, in pure form, I&sd precipitates by anti solvent technique wendopmed by
using the U.S. Pharmacopoeia (USP) model digitséalution test apparatus Type-2 (Lab India, Mumbai)he
paddle rotation speed of 50 rpm using 900 mL distilvater containing 0.5 % w/v of SLS as dissolutinedium at
37+£0.5 C. The preparations equivalent to 100 mg of thevitdaz was weighed using a digital balance (Sarg)ri
and added to the dissolution medium. At the spatifimes, 10 mL samples were withdrawn by usingngerfilter
(0.45um) (Sepyrane, Mumbai) and then quantitated fordhey release by measuring the absorbance at 290 nm
using the UV-Visible spectrophotometer  (Agilé&rdry 60) and volume was adjusted by fresh mediaimtained
at 37 C after each sampling to maintain its constant m&uhroughout the test. Dissolution studies weréopmed
in triplicate (n=3), calculated mean values of clative drug release and data were used while piptiie release
curves [10].

Fourier-Transform I nfrared Spectroscopy

The FTIR spectra were obtained by using an FTIRtspmeter (Shimazdu, Japan). The samples werequslyi
ground and mixed thoroughly with potassium bromatejnfrared transparent matrix, at 1:100 (Samigigx) ratio
respectively. The KBr discs were prepared by cosging the powders at a pressure of 5 tons for 5imia
hydraulic press. Scans were obtained at a resnlofi@ cm, from 4000 to 400 crh

Differential Scanning Calorimetry

Thermal analysis was performed on a DSC- 6100 (Seiktruments, Japan). All accurately weighed sem2 mg
of Efavirenz or its equivalent) were placed in sdabluminium pans, before heating under nitrogem f(20
mL/min) at a scanning rate of 3G min™ from 30 to 300C. An empty aluminium pan was used as reference.

X-ray Diffraction

The X-ray powder diffraction patterns were recor@g@doom temperature using a PW1710 X-ray difframter
(Philips, Holland) with Cu as anode material andpfpite monochromatic, operated at a voltage of\B5ckirrent
20 mA. The samples were analyzed in tifeafigle range of 5°-70° and the process paramets set as: scan
step size of 0.02° @, scan step time of 0.5 s.
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RESULTS AND DISCUSSION

Solubility Studies

Solubility experiments showed that the concentratid Efavirenz in water is notably affected by fhre@sence of
carriers. Aqueous solubility of Efavirenz was notedbe 13ug /mL; whereas the reported value of its aqueous
solubility is < 10 pg/mL. With increase in concetion of B-CD and HPB-CD the solubility of Efavirenz found
increased significantly. It has been found that rbpbiilic carriers mainly interact with drug moleesl by
electrostatic bonds (ion-to-ion, ion-to-dipole, atidole-to-dipole bonds), even though other typefoces, such as
van der Waals forces and hydrogen bonds, can frelyuglay a role in the drug-carrier interactiorhelvalues of
Gibbs free energy associated with the aqueous iipjuif Efavirenz in presence of carrier, th&,° values were alll
negative for carriers at various concentrationscatthg the spontaneous nature of the drug sohatibn. The

values decreased by increasing carrier concenttatiemonstrates that the reaction became more fablguas
concentration of carrier increased (Table 1).

Table 1: Gibbs’ free energyAG,° (J/mol) values from Solubility studies

In Vitro Dissolution Data

Dissolution Studies of Pure Efavirenz

Polymer Concentration p—CD | HPB-CD | HPMC
2% -3442.6 | -3260.4. | -2332.7¢
4% -4046.3¢ | -4486.2. | -3922.7¢
6% -4092.09| -4697.56 -4291.38

The maximum dissolution for Efavirenz was foundb 43.96% after 60 minute and the dissolution f@dé
shown inFigure 2.

The drug release study from inclusion complexeplbysical mixing and kneading wifh—CD is given inTable 2

Table 2: Drug release from inclusion complexes byhysical mixing and kneading withp —CD

Time (min) % DRUG RELEASE BY PHYSICAL MIXING| % DRUG RELEASBY KNEADING METHOD
1:0.25 1.05 11 1:2 1:3 1:0.25 1:0.§ 1:1 1:7 13
10 31.4¢ 35.0¢ 39.6¢ 44.1¢ 26.6¢ 40.7€ 43.7¢ 40.3¢ 44.0¢ 14.8¢
15 36.7¢ 38.7¢ 40.3¢ 44.4¢ 27.9¢ 44.2¢ 44.4¢ 44.4¢ 50.1( 25.2¢
30 45.28 43.11 52.20 52.34 30.37 47.55 4891 53456.75 24.52
45 51.70 53.03 56.76 60.04 31.00 5141 5551 64,155.93 25.86
60 56.76 60.25 64.13 66.1% 32.86 62.46 6417 67.8168.82 27.69

The drug release study from inclusion complexegbysical mixing and kneading with HP—CD is given in

Table 3

Table 3: Drug release from inclusion complexes byhysical mixing and kneading with HPg- CD

Time (min) %DRUG RELEASE BY PHYSICAL MIXING| %DRUG RELEASE BXNEADING METHOD
1:0.25 1:0.5 1:1 1:2 1:3 1:0.24 1:0.5 1:1 1:2 1:B
10 35.55 39.30 40.39 4455  30.82 43.59 44110 4.48485.69 13.14
15 44.13 40.35| 43.245( 48.57 31.26 44.40 45|80 647|051.77 15.20
30 47.0] | 48.3¢ | 53.844! | 56.3¢ | 33.4¢ 48.1] 50.8¢ 55.4¢ 59.61] 17.2¢
45 53.84 56.84| 61.633 66.16 34.79 55.89 60[96  265|0 69.87 17.39
60 63.71 64.93 67.80 722y 3711 64.13 70{23 7316282.84 17.95

Table 4: Drug Release Studies of Efavirenz from Pmpitates by Anti-solvent Method

Time | % Drug releasq in presence of Different concentrations of HPM[C)
(min) 1:0 1:0.125 1:0.25 1:0.5
10 44.4518 62.5090 42.8645 22.9909
15 49.3036 70.2204 43.0895 31.176
30 60.3654 77.0727 52.3431 35.9631
48 65.605¢ 82.857. 61.531: 43.997
60 70.6663 87.7663 69.1609 57.6368
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The drug release study from preparation by liquidi aolvent precipitation technique in presencediferent
concentration of HPMC is given ifable 4

Figure 2: Release profile of Efavirenz and its opinized formulations with different carriers
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Figure 3: (A) IR spectrum overlay for Efavirenz, (B) Efavirenz with g CD 1:2 ratio (C) Efavirenz with HP g CD 1:2 ratio and (D)
Efavirenz drug precipitated by LAS technique in presence of HPMC at 0.125%
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The drug release profile of Efavirenz and its is@n complexes and Antisolvent precipitation teghei at their
optimum ratio (1:2 rations for both CD and HPB CD by kneading technique and anti solvent preaiijgib with
0.125% HPMC) is shown undEigure 2.

Fourier Transform Infrared Spectroscopy (FTIR):

The IR spectrum overlay for Efavirenz (A), Efaviremith  CD 1:2 ratio (B), Efavirenz with HB CD 1:2 ratio (C)
and Efavirenz drug precipitated by LAS techniqueriesence of HPMC at 0.125% (D) is given urféigure 3.
From the IR interpretation the characteristic frengies in FTIR spectrum of Efavirenz is given untizle 5

Peak value Inference

3180 cm-1 | N-H stretching vibration
3052 cm-1 | Aromatic C-H stretching vibratig
2841 cm-1 | Aliphatic C-H stretching vibratio

=]

=

1691 cm-1 C=0
1589 cn-1 C=C
1217 cm-1 C-F

Differential Scanning Calorimetry

The DSC thermogram overlay for Efavirenz (A), Efewiz withp CD 1:2 ratio (B), Efavirenz with HB CD 1:2
ratio (C) and Efavirenz drug precipitated by LASHrique in presence of HPMC at 0.125% (D) is giveder
Figure 4.

Figure 4: (A) DSC thermogram overlay for Efavirenz,(B) Efavirenz with g CD 1:2 ratio, (C) Efavirenz with HP g CD 1:2 ratio and (D)
Efavirenz drug precipitated by LAS technique in presence of HPMC at 0.125%
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X-ray Diffraction
The X-ray powder diffraction pattern for the opta®il preparation by LAS precipitation technique \whstiowed
the satisfactory solubility enhancement of Efavirenonly given for XRD undédfigure 5
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Figure 5: XRD of Efavirenz with HPMC (LAS)
DISCUSSION

The increase in negative values of Gibbs free gnefdransfer from water to an aqueous solutiomydrophilic

carriers indicated the spontaneity of drug solahbtibn. The solubility and dissolution rate of Hfamz can been
enhanced by the Antisolvent precipitation technigdeEfavirenz in water containing HPMC. The soliil
improvement of precipitated drug may be contribute@ to reduction of particle size i.e., micro @ana sizing,

reduction of aggregation of the drug due to presexiddHPMC, absence of crystallinity, increased €isjbility and

alteration of surface properties of the drug irsitéd dispersion. [11]

Among the various ratios, Efavirenz precipitatetaoied in presence of HPMC at 1:0.125w/w prepangati-
solvent technigque showed satisfactory solubilitgamcement i.e., nearly 90 % in 60 minutes, wheifferggure drug
of Efavirenz it is only 43 % in 60 minutes. Amongriwus ratios of Efavirenz: HB CD prepared by kneading
method, ratio at 1:2w/w showed better enhancemgsblability i.e.,75 % in 60 minutes and it is obsged that
increased polymer weight ratio has no further gigait benefit towards the objective of the stullge IR analysis
indicates shift in peaks for Efavirenz in its inglon complexes or precipitates but retention ofrattristic peaks
for the drug indicates no significant incompattyilbetween the drug and the carriers used. The &&@ysis shows
decrease in peak intensity and homogeneous distibaf drug in the polymer carrier. The XRD an@yshows no

diffraction pattern for the drug carrier precipiandicating conversion of Efavirenz to amorphouspartially
amorphous form.

This enhancement of dissolution of Efavirenz fromglcarrier systems can be ascribed to severariadtack of
crystallinity, i.e. amorphization, increased wettighand dispersibility and particle size reductiare considered to
be important factors for dissolution rate enhang@maAs indicative from dissolution data of physigalxtures,
improvement could be attributed to higher wett&p#ind dispersibility. Physical mixing of drug wighhydrophilic
carrier results in greater wetting and increasefase available for dissolution by reducing inteié tension
between hydrophobic drug and the dissolution mediarthermore, the drug micro crystals are embeddete
water-soluble matrix. Thus the hydrophilic carndrich presents the ability of rapidly dissolvingtire dissolution
medium causes rapid wetting of Efavirenz, leadmgn improvement in its dissolution rate. Moreovsrophilic
carrier encircling the hydrophobic drug decreagggegation and agglomeration of drug particlesvelg a faster
dissolution process.

CONCLUSION

Nano-sizing by liquid anti solvent precipitationchaique is a classical approach to enhance sdhukalnd
dissolution rate of poorly water-soluble drugsthe present work, the micro or nano-crystals wertendl to have
improved solubility and dissolution rate of EfavireThe solubilization effect of-CD or HPB-CD may be due to
the structure of the drug with the phenyl ring tfitinto the cyclodextrin cavity and the complegsaciation,
strengthened by hydrogen bonding between the agpioop of the drug and the OH-groups of CDsaddition,
reduction of particle aggregation of the drug, fatimn of microcrystalline or amorphous drug, inse wettability
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and dispersibility, and altered surface propermiethe drug particles also contribute to the enkdrsolubility and
dissolution rates [12-14].
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