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ABSTRACT

Nebivolol hydrochloride 4, o’-[iminobis (methylene) bis [6-fluoro-3, 4-dihydi@H-1-benzopyran-2-methanol]
hydrochloride} is a selectivg;- antagonistfalls under class Il biopharmaceutical classificati system. In this
present study liquisolid technique was applied topriove the solubility and dissolution propertieergby
enhancing the oral bioavailability of nebivolol hpdhloride. Different formulations were developeddissolving
the drug in various non-volatile liquid vehicle&di PEG 400, Propylene glycol, Tween 80 and Glyeetising
Avicel PH 102, Lactose Monohydrate and Syloid 2B4ak carriers and Aerosil as coating material. itrav drug
release profiles of liquisolid compacts shown erteghdrug release when compared to pure drug as asll
marketed formulation and the formulation containPigG 400 (25%w/w) as solvent with syloid 244 FP Aedosil
(30:1) shown maximum dissolution rate compared tteeloformulations. The in vivo studies indicateattthe
enhanced bioavailability in case of ligisolid forfations which might be due to increased wettingperties and
more surface of drug available for dissolution. XRBd FTIR studies conformed that there was no attion
between drug and excipients used. From this studycan conclude that liquisolid technique is onetlud
promising alternative techniques to improve thesdlistion rate of class Il drugs.

Key words: Nebivolol hydrochloride, liquisolid compacts, PBGO, Syloid 244 FP, Avicel PH 102.

INTRODUCTION

Solubility is an important parameter for absorptadrdrugs especially for those which are water lmisie or poorly
soluble. Dissolution of such drugs limits their atpgion through oral route. Till to date oral roigea major route of
administration for majority of drugs. Due to poaiubility and limited dissolution rate, class llugis suffer less
bioavailability thereby decreased therapeutic ¢ff&everal techniques have been reported to inepifee solubility
and dissolution properties of poorly soluble drudch intern can improve absorption and bioavalighji1-2].

Nebivolol hydrochloride is a class Il drug thatessively blockspl receptor with therapeutic applications as
antihypertensive and can also used as monothemappifial management of uncomplicated hypertensiorthis
study Nebivolol Hydrochloride was taken as a modemlg and a novel dissolution enhancement technique,
Liquisolid compaction was adopted to improve italdrioavailability. Liquisolid medications are tleog which
liquid lipophilic drugs, drug suspensions or salo8 of water insoluble drugs in suitable non- \ldasolvent
systems were formulated into dry, non volatile adhg free flowing and readily compressible powaémixture by
blending with selective carrier and coating materja].

This technique involves the conversion of watepinlle drugs into immediate release forms by sintgémnding
with suitable carriers and coating materials [4fisTmethod is simple and requires very less tim& dses not
involve any drying or evaporation steps. After awistration of liquisolid compacts, the active dpmgsent in solid
dosage form undergoes dissolution before absorptieas place in the gastrointestinal tract. Theaulsbly is
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enhanced by means of increased aqueous solubilitiyeodrug, improved wetting properties and inceghdrug
surface area [5].

MATERIALS AND METHODS

Materials

Nebivolol hydrochloride( a,0° — [iminobis(methylene)]bis[6-fluoro- 3,4-dihydro— 2H-1-benzopyran-2-
methanol]lhydrochloride was kindly provided by AETals, Hyderabad. Lactose monohydrate, sodium starch
glycolat and colloidal silicon dioxide were provildy Finar Chem. Ltd. PEG400 and Propylene Glycetew
provided by Sd fine chemicals Avicel PH 102and &y44FP were purchased from Qualikems fine chetrl.Rlv

and Grace Divis, India respectively.

Methods

1. Saturation solubility studies

Solubility of Nebivolol hydrochloride in differenbton-volatile solvents was estimated by conductiaturaition
solubility studies. Excess amount of drug was addetD ml of solvent in vial and subjected to contius shaking
using a Rotary shaker for 72h at°25 Then each solution was filtered and the filsateere analyzed for drug
content and solubility using UV- spectrophotomete281nm [6].

2. Micromeritic properties of pure drug’

2.1. Bulk density

The drug powder was weighed and transferred toasurang cylinder and the volume occupied by the gewwas
noted. The bulk density was calculated using thefa

_ Powder mass
" Bulk volume

2.2 Tapped density

The drug was weighed and transferred to a meagwytinder. Then it was tapped on a Bulk densitypded
density apparatus for 500 taps and the final volumas noted. The tapped density of the drug powdas w
calculated usin the formula

Powder mass

- Tapped volume
2.3. Carr's index
The carr’'s index was calculated using the formula

_T.D-B.D

C.I
T.D

x 100

2.4. Hausner's ratio
Bulk density and Tapped density were measured anier’s ratio was calculated using the formula

HR_rD
"7 B.D

2.5. Angle of repose

The angle of repose of the pure drug powder wasradied using fixed funnel method. The powder whswed to
flow through the funnel fixed to a stand at a digdimeight (h) and the radius(r) of the heap forrogdhe powder
was measured. The angle of repose was calculaiteg! tihe formula

tan® = h/r

3. Determination of liquid loading factor (Lf)
The concept extracted from Ajit S. Kulkarni et &Q10 was utilised to caliculate Lf. This gives @weount of

carrier required. Lf was calculated for 3 differeatrier materials in the selected solvent usimgtda
w
Lf =—
/ Q

Where, Lf' is the liquid loading facter W is the weight of the liquid medicament ar@ is the weight of carrier
material [4]
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4. Preparation of liquisolid compacts

Nebivolol hydrochloride liquisolid compacts wereepared by using 3 different carriers (Lactose,rbticystalline
cellulose and Syloid 244FP in three differentasi0,20and 30%w/w) and the drug concentrationg &6 and
50%wi/w in PEG 400. Total number formulations preplawere 18 and the composition for each formulaties
given in table-1. Accurately weighed quantitiesloig and PEG400 were transferred in to a glassdvesaid mixed
well. The resulted liquid medicament was incorpedainto calculated quantities of carrier and captimaterial by
blending in a mortar. The liquid/powder admixtur@snthen evaluated for flow properties, drug contemd
dissolution. Based on the results obtained an aeptiformulation was selected and compressed intetsabsing
6mm single punch tablet compression machine. Baf@e&ompression step, 5% sodium starch glycolate added
to the blend as disintegrating agent [8, 9].

5. Pre-compression Evaluation studies for Nebivoldiydrochloride liquisolid formulations
All the formulations were estimated for the flowoperties, drug content and dissolusion based omdate
procedures.

5.1. Flow properties
Bulk density, Tapped density, Carr's index, Hausneatio and Angle of repose for all the formulatsowere
estimated and calculated as per the proceduresved for the pure drug.

5.2. Drug content
Each formulation was taken in dose equivalent artoahNebivolol hydrochloride and dissolved in n@ibl. The
solutions were filtered and filtrates were analyfmddrug content using UV-spectrophotometer atr2B.l

5.3. Dissolution

Dissolution studies of all the formulations werendousing USP Dissolution apparatus Il and the titiso
medium used was 500ml of 7.4pH phosphate buffee #mperature and speed of rotation maintained were
37+0.8c and 50rpm respectively. 5ml samples were coltkared the equal volumes of fresh dissolution medium
were replaced at predetermined time points and/aedlusing UV-spectrophotometer at 281nm.

6. Post compression evaluation studies for optimiddormulation
Based on the results obtained from precompressiauation tests, optimum formulation was selected a
subjected to evaluation other required paramefdr<l P].

6.1. Hardness
Hardness of the prepared liquisolid compacts waasured using Monsanto hardness tester

6.2. Thickness
Thickness of prepared liquisolid compacts was megbusing Digital micrometer

6.3. Weight variation

20 liquisolid compacts were randomly selected amtlvidual weight was measured using electronic thieig
balance and the total weight there by average weigls calculated. The % weight variation was calt®d using
the formula

. o individual weight — average weight
% weight variation = - x 100
average weight

6.4. Friability
Six liquisolid compacts were randomly selected,ghed and friabilated for 100 revolutions using Rofriabilator
for 4min at 25 rpm. The % friability was calculatesing the formula

initial weight — final weight

. Friabilicy — x 100
% Friability initial weight

6.5. Assay

Six liquisolid compacts were randomly selected gridded to powder. The powder equivalent to doskeijivolol
hydrochloride was dissolved in methanol and fikker€he filtrate was analyzed for drug concentraiosing UV-
spectrophotometer at 281nm.
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6.6. Disintegration time
Six liquisolid compacts were randomly selected pladed in 6 baskets of USP disintegration appamatdsrun the
apparatus for 10 min. Then each liquisolid comped checked for complete disintegration.

6.7.1n vitro drug release

The release of Nebivolol hydrochloride from liuisbtompacts was studied using USP Dissolution agipaidl and
the dissolution medium used was 500 ml of 7.4pHsphate buffer. The temperature and speed of ratatio
maintained was 37+0°6 and 50 rpm respectively. 5ml samples were catbend the equal volumes of fresh
dissolution medium were replaced at predeterminier® tpoints and analyzed using UV-spectrophotomater
281nm [13].

6.8.1n vivo drug release

Animals were fed with standard diet throughoutshely as there was no impact of diet on drug altisord 8 rats
weighing 210-260g were divided in to 3 groups of isi each. Group 1 was administered with pure dogrgup2
was administered with marketed formulation (nebigimg) and the group 3 was administered with optimu
formulation at 2mg/kg dose through oral route. Blosamples were collected from retro orbital vein at
predetermined time points upto 8h and were cegeiduat 5000 rpm for 5 min. Plasma was collectedsamebd at -

20 % until analyzed. The plasma samples were analysing RP-HPLC and plasma drug concentrations were
determined using standard calibration curve. Aglble pharmacokinetic parameters (AMCCrax tmax t2) were
calculated for each formulation and each subjet} [1

6.8.1. Analysis of variance

A two way ANOVA was applied (at 99% confidence vt and 0.01level of significance) to the AUC \eduto
determine whether there is any significant diffeemn the bioavailability between formulations atleen the
subjects.  If the obtained F value is lesser ttfen table value at concerned degree of freedonme tleno
significance difference and vice versa.

7. X - Ray Powder Diffraction (XRD) studies

X-Ray powder diffraction studies were conducted gare drug, Lactose, Avicel pH 102, Syloid 244FRygical
mixture and optimised formulation using Phillips P3¥19, Netherlans. All the samples were exposeduoKa
radiation at a scan rate d¥ 2nin over the 2@ range of 3°C.

8. Fourier Transform Infrared Spectroscopy (FTIR)
FTIR studies were performed on pure drug, excigiamd the optimised formulation using V5300 FT-(TRkyo,
Japan). Samples were analysed between wave nua®@dsand 400 cth

RESULTS AND DISCUSSION

9.1. Saturation solubility studies

Saturation solubility studies of nebivolol hydroatitie in different solvents were performed andrémults obtained
were represented as a bar graph in fig 1. Amonghallsolvents tested, nebivolol hydrochloride wasnfl to be
more soluble in PEG 400.

0.6 -
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*§§ 0.2 -
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Fig 1. Saturation solubility studies of nebivolol gdrochloride in different solvents
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9.2. Micromeritic properties of pure drug

Nebivolol hydrochloride was shown poor flow with Angle of repose >45 Carr’s index of >25% and Hausner’s
ratio of >1.25.

9.3. Determination of liquid loading factor (Ly)

From the saturation solubility studies PEG 400 welkected as solvent of choice and Lf for 3 différearrier
materials was calculated. The values obtained giean in the table 1.

Tablel.Results of Liquid loading factor for different carrier materials

Carrier material Percentage drug dissolved in PEG @0(%) L¢
Lactose 50 0.41
25 0.47
Micro crystalline cellulose 50 0.52
25 0.58
Syloid 244 FP 50 0.6(
25 0.64

9.4. Pre compression studies

Flow properties of all the formulations were ewtd and the results are shown in table 2. Theegadfi Angle of
repose (31.2+ 0.2 - 39.2+0.3), Carr’s Index 13.2+018.4+0.4), and Hausner’s ratio (>1.25) in a# formulations
corresponding to good flow. Flow ability of nebiwblhydrochloride liquisolid formulations was enhadc
compared with pure drug.

Table2. Pre compression evaluation of Nebivolol hydchloride liquisolid formulations

Formulation | Angle of repose(®@)| Carr’s index (%) | Hawner's ratio | Drug content (%)
F1 34.2+0.3 15.6+0.2 1.18 98.4+0.5
F2 35.3+0.5 15.3+0.3 1.18 97.5+0.2
F3 35.5+0.3 15.8+0.4 1.18 98.8+0.1
F4 31.80+0.6 15.12+0.2 1.18 97.2+0.3
F5 35.240.2 16.2+0.22 117 98.5+0.2
F6 35.0+0.8 16.1+0.3 1.19 98.2+0.4
F7 36+0.8 18.4+0.8 1.19 96.8+0.2
F9 34.440.4 17.7+0.01 1.22 99.2+0.5
F11 36.9+0.3 18+0.61 1.21 97.6+0.4
F13 31.2+0.2 13.1+0.2 121 97.2+0.3
F15 33.4+0.2 15.1+0.4 1.17 98.2+0.4
F17 31.8+0.3 14.5+0.3 117 97.2+0.3
F18 32.23+0.1 13.2+0.6 1.15 99.8+0.3

Data represents mean +S.D (n=3)

Table3. In vitro release data of nebivolol hydrochloride liquisolidformulations

Formulation | % drug releasg % drug release (30ming) % drug relegséb drug releasg % drug releass
(15min) (45min) (60mins) (90mins)

F1 28.64+0.4 34.15+3.6 36.92+4.3 39.51+1.09 44,8930

F2 47.64+2.5 50.07+3.2 52.7946.92 54.46+10.2 56259

F3 50.97+1.1 53.33+0.5 55.6+1.3 58.4+0.5 59.51+0.6

F4 30.43 33.53+0.3 37.69+0.27 40.12+0.46 49.61+0.48

F5 50.9+1.1 52.04+0.53 54.64+0.19 55.74+1.27 65680

F6 49.89+3.3 56.46+0.8 59.6+1.51 64.71+2.8 69.565:0.

F7 18.2+0.86 26.48+0.8 30.92+0.39 31.17+0.5 32.58.+0

F8 39.1+1.3 50.04+2.1 50.9+0.76 51.98+1.23 53.2B+3.

F9 42.30+0.51 46.30+2.0 52.21+34 52.43+2.1 55.182+1

F10 25.12+5.4 41.84+4.5 53.82+0.3 55.66+0.69 5807483

F11 40.51+2.4 49.04+2.1 52.15+4.0 56.20+6.8 68.62+1

F12 54.5+0.9 57.2+3.33 62.07+2.3 66.97+1.21 74.2320

F13 37.38+0.70 57.28+4.5 62.07+0.3 66.97+0.69 5081

F14 38.23+3.04 49.02+2.8 52.15+4 56.20+6.8 58.44.+0.

F15 46.61+1.90 41.84+3.3 53.82+2.3 55.66+1.21 6253

F16 34.89+0.6 48.90+0.26 50.09+0.98 51.97+0.76 43

F17 48.58+1.6 60.66+0.23 62.23+1.77 64.15+1.2 ALID

F18 101.02+£3.9 101.28+0.44 101.56+0.5 101.79+0.04 01.8+0.4

9.4.1. Drug content
Drug content was estimated for all the formulatiofis:iebivolol hydrochloride by recording the absaorbe at 281
nm by using UV-Visible spectrophotometer and thsuits were given in table no. It was found that th
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formulations were passed for drug content as tkelt® obtained within the acceptable limits and giren in
table2.

9.4.2. In vitro release studies

Dissolution studies were conducted for the forniofet F1 to F18. The formulations containing 758tid vehicle
(F6, F12 and F18) shown high dissolution rate andray these three formulations F18 showing highissitution
rate within a less time period (<15min). This cobkl achieved because of high surface area prowgesyloid
244FP. Hence F18was selected as optimized forronlathd compressed into tablets using a 6mm singhetp

compression machine after adding 5% sodium stdsaiolgite as disintegrating agent. These compacte fuether
evaluated. The dissolution profile was given inaadb

10. Post compression evaluation of optimised formation F18 as tablet
The mean hardness of optimized formulation wasrdeted and proved that it had acceptable hardiedsivolol
hydrochloride liquisolid tablets and acceptablabiiity as none of the tablet had percentage lngablets weights

that exceed 1% also, no tablet was cracked, spliraken. Results of post compression evaluaticarpaters of
optimized formulation were shown in table4.

Table4. Results of post compression evaluation pargeters

. - N Assay DT %DR %DR
0,
parameter | Hardness (kg/cf | Weight variation| Friability (%) (%) (sec) (15min) (30min)
Result 4.4+0.2 342.5+1.5 0.5+0.07 98.2+0|5 180#5 100.2543.101.29+1.2

Data represents mean +SD (n=3), DT= Disintegrattime, DR= Drug release

10.1. Comparison of optimized formulation with puredrug and marketed product

Comparativein vitro drug release studies were performed to pure drogrketed product and optimised
formulation. F18 as a tablet was showing highestadution rate (100.2%) when compared with maketeoduct
(31.235) within 15 min.In vitro drug release data was given in table5 and dissalptofiles were given Fig 2.

Table5.1n vitro drug release data of pure drug, marketed drug anaptimised formulation

. % drug release % drug release % drug % drug % drug release
Formulations (15min) (30min) release release (90min)
(45min) (60min)
pure drug 15.64+0.29 18.5+0.23 23.60.3 26.280.23 37.70.1
marketed product 31.23+0.2 33.87+0.08 34.0.07 35.20.1 39.40.3
optimized 100.25+1.0 101.140.4 101.840.2 102.08+0.3 102.440.7
formulation(F18)
Data represents mean #SD (n=3)
120 -
100 - £ “h——h—k A
80 -
60 -

—8—Pure drug

—¢— Marketed product

A—F18

Percentage drug release(%)

0 T T T T 1
0 20 40 60 80 100

Time(min)

Fig2. Comparative Dissolution profiles of Pure drug Marketed product and optimized formulation
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10.2.In vivo studies

In vivo studies revealed that the bioavailability of optied formulation is high compared to pure drug and
marketed product. The plasma concentration data gisgen in table6. The pharmacokinetic parametersewe
calculated and listed in table6.1

Table6. Plasma Conc-time data of pure drug, marketproduct and optimised formulation F18

Time(h) Plasma conc of pure | Plasma conc of Marketed | Plasma conc of Optimised
drug (ug/ml) product(ug/ml) formulation(ug/ml)
0.5 5.67+0.4 5.85+1.7 6.64+3.0
1 8.32+2.1 8.55+0.91 9.1+1.2
2 12.1143.72 15.63+1.3 19.93+2.5
4 7.72+1.43 7.9+2.73 8.2+1.2
8 2.65+1.4 2.17+0.5 3.27+0.8

Table6.1. Pharmacokinetic parameters of pure drugmarketed product and optimised formulation( F18)

Pharmacokinetic parameter | Pure drug | Marketed produd | Optimised formulation (F18)
AUC(mcg.hr/ml) 35.05 38 46.1
Cmax 12.11 15.63 19.93
Tmax 2 2 2
25 4
S22 1
= —o—Plasma Conc of Pure
§ 15 - drug(pg/mi)
?
5 10 4 1 T ——Plasma Conc of
g _("e \ Marketed
i X roduct(pg/ml
Q ) Plasma Conc of
0 . . Optimised
formulation(ug/ml)
0 5 10
Time(h)

Fig3. Plasma drug conc-time profile of nebivolol hgirochloride liquisolid compact, pure drug
and marketed product

11. X-Ray Diffraction studies

X Ray Diffraction (XRD) is a technique to recognidiéferent polymorphic forms of a compound and &l o
identify the solvated and unsolvated form of a comql. X-Ray diffraction studies in fig 4(a) showsharp,
distinct peaks at 5.9°, 11.9°, 12.2° 16.3°, 184°4°, 22.4°, and25.67° confirms that the pureydis in the
crystalline state. Whereas the fig4(g) showing abseof nebivolol hydrochloride constructive peakdic¢ating
conversion of nebivolol hydrochloride from crysiadl to amorphous state in optimized formulationnfyabecause
of solubilisation in the liquid vehicle which isrther absorbed in to the carrier, Syloid244FP addorbed onto the
coating material, Aerosil.
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Fig4(a). x-Ray diffracti-d-n of-n-ebivolol hydrochloride
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Fig4 (b). X—hR-a;':j}fhr;tcT:tion of Lactose
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Fig4(c). X-Ray diffraction of Avicel pH 102
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Fig4 (d). X-ray diffraction of Aerosil
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Fig4 (e). X-Ray diffraction of Syloid 244FP
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Fig4 (f). X-ray diffraction of physical mixture
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Lin {Counts)

2-Theta - Scale
Fig4 (g). X-Ray diffraction of optimised formulation (F18)

12. Fourier Transform Infrared Spectroscopy (FTIR)

Chemical interaction between drug and the polymmaderial was studied by using FTIR. FTIR resuftaabivolol
hydrochloride and optimised formulation was showfiig 5(a) and 5(b) respectively. Functional gratygtching of
nebivolol hydrochloride and optimised formulatiomsvshown in table 7. There is no difference betwbenlR
patterns of nebivolol hydrochloride as pure drugl an optimized formulation.
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Fig5(a). FTIR of nebivolol hydrochloride
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Fig5(b). FTIR of optimised formulation (F18)

Table7. Functional group stretching of nebivolol hgrochloride and optimised formulation

Functional group stretching | Nebivolol hydrochloride | Optimised formulation (F18) Inference
N-H 3184.25crit 3015.94crit No change in wave length
C=C 2319.46¢cm 2378cmt No change in wave length
C=0 1536.44cm 1551.15cnt No change in wave length
C-H 1490crt 1519cm’ No change in wave length
C-N 1073cnt 1082cmt No change in wave length
CONCLUSION

Liquisolid technique changes the properties ofrfyowater soluble drugs like nebivolol hydrochlagidimply by
dispersing the drug particles in suitable non vi@diquid vehicle, which in turn increases the tireg property and
surface area of the drug particles. present stadypnoven that the liquisolid technique is oneha promising
alternative technique for improving bioavailalyiliof poorly water soluble drugs. The liquisolid faulation
developed with PEG 400 at drug concentration of @BRowith syloid 244 FP and aerosil (30:1) shownHhagt
dissolution rate and high bioavailability compawith pure drug as well as marketed formulation.
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