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ABSTRACT

The solubility and dissolution properties of anyglrare vital determinants of its oral bioavailabjli The effect of
hydroxyl propyl beta cyclodextrin, on the dissaluati bioavailability was evaluated using a commdrsigspension
as reference product. Both formulations were oralministered in mice. Plasma samples were taketiffarent
times, and drug concentration was assayed by HR)& to the rapid matabolization of ABZ its main abelite
albendazole-sulphoxide(ABZSO), which also has #mih&c acivity, was assayed. The binary systentainimg
Albendazole and hydroxyl propyl beta cyclodextrinprepared by kneading method and complex formed is
characterized using scanning electron microsco@MPp DTA, FTIR. .And this binary mixture is formigd into
suspension form and optimization of was done lBctrp different concentration of hydroypropyl beyelodextrin
and the formulation is evaluated for sedimentatiotume, redispersibility, pH measurement, viscasigasurement
and drug content estimation at various time intésveor 3months to find out the effect of hydroypytobeta
cyclodextrin on the stability of Albendazole suspem In vitro dissolution study, ex vivo studystbpathological
studies ,in vitro anthelmintic activity, and zetatgntial compared with two marketed formulatio@ental and
noworm and release rate of ABZ:AEBD suspension were markedly higher compared wittketed formulation
due to increase in the wetting properties of thegdrA bioavailability study on Albino wistar rat walone,
bioavailability results shows that ABZ:IAED complexes had faster absorption than a conveaticABZ
formulation.

Keywords: Albendazole-sulphoxide (ABZSO), Bioavailability, HE, In-vivo study, Kneading method, Zeta
potential,

INTRODUCTION

Albendazole (ABZ), methyl [5-(propylthio)-1-H-bemaidazol-2yl] carbamate, is a wide spectrum anthetimidrug
used for human and animal infections. When adnarest orally,aldendazole undergo first pass metsimoknd
quickly bio transformed into its active metabolé#endazole-sulphoxide(ABZSO),which is then oxidide the
inactive form albendazole —sulphone (ABZSO2).Alkerale is the drug of choice for the treatment of
echinococcosis, hydrated cysts and neurocycticircost it is well known that this drug is poodyd erratically
absorbed from gastro-intestinal tract and it loag dral bioavailability, which is related to itswowater solubility.
Its poor water solubility is the major disadvantaige the use of albendazole in the treatment oftesyic
helminthiasis [1]As the albendazole therapy is important in systerestode infections, particularly in inoperable
or disseminated cases of hydatidosis and neurceystsis, different efforts have been made to iwvgpraBZ
solubility. Furthermore lack of water solubility deces flexibility for ABZ formulations and adminiation.
Therefore, the overcome of poor aqueous solubdftyABZ is an important goal. One of the possibleysvdo
overcome this problem is to alter the physical prtips of the drug by forming a complex with hydybgropyl
beta cyclodextrin(HBCD)[2]. Cyclodextrins are structurally related natural pretd they belong to the family of
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cyclic oligosaccharides with a hydrophilic outerfage and a lipophilic central cavity, and are fedmby the
bacterial digestion of cellulose, and this CDS aon{1, 4)-linked D-glucopyranose units. This Dggpyranose
has chair conformation and due to this CDS are chraged. The most common type of CDS are alpha, dat
gamma CDS formed by 6, 7&8glucose units. But tHeB& have limited solubility and various derivativteat are
mainly used in pharmaceutical field. Among variaesivatives hydroxyl propyl beta cyclodextrin isdely used
because of its amorphous nature and is used teaserthe solubility, bioavailability, and dissadutirate of poorly
soluble drugs [3,4Albendazole the current drug candidate chosethfostudy ,is a poor water soluble drug known
to demonstrate dissolution limited absorption. ABZommercially available in tablet and capsule ahdice of
suspension instead of tablet is frequently govetnegatience acceptance. Although tablets and tepave usually
given to adults, children are easily treated wilbquately flavoured suspensions [B]this work a hydroxyl propyl
beta cyclodextrin complexed suspension is formdlated objective is to determine whetherfd® improves the
solubility and dissolution of albendazole. The afrthe study is to compare the bioavailability cweristics of
HPBCD-ABZ suspension to a marketed formulation.

EXPERIMENTAL SECTION

Materials and Methods
Albendazole which is obtained as gift sample froipl&CLtd, Mumbai and hydroxyl propyl beta cyclodémtfrom
Yarrow Chem. Products, Mumbai. And all other cheatsiaised in this study are of analytical reageatigr

Formulation of Drug-Cyclodextrin Inclusion Complexes [6]

Preparation of binary mixture of Albendazole /Hydroxyl propyl # cyclodextrin

Various techniques for the preparation of drug-agtektrin complexes include co-precipitation, slurgmplexation
(kneading method), damp mixing, paste complexatimegting, dry mixing, neutralization, freeze dryirand
slugging methods. In this work kneading methodsisdufor the preparation of binary mixture; ABZ{¢D

Complexation with Hydroxyl propyl g cyclodextrin by kneading technique

The Albendazole and hydroxyl propylcyclodextrin (1:0.5, 1:1, and 1:1.5) were prepagdkneading method. In
this method hydroxyl propy cyclodextrin is taken in a glass mortar, littleterawas added mixed to obtain
homogenous paste. The drug was added slowly whiteligg. The mixture was ground for 1hour and dgrihis
process approximate quantity of water was addemdmtain suitable consistency. The paste was dnidubt air
oven at 48C for 48hours.The dried complex was further paskesligh 60#mesh and packed in closed container.

Characterization of binary mixture of ABZ-HP CD

Fourier transforms infrared (FTIR) spectroscopy[7,8]

Fourier transform IR spectra were recorded for milagole, HBCD, and kneaded mixture. Samples were prepared
in KBr disc (2mg sample in 200mg KBr).The scanniagge was 400-4000¢hresolution was 4criifAny change

in the chemical composition after combining witle #xcipient were investigated with IR spectral gsial

Differential thermal analysis (DTA) [9,10]

DTA has been reported as a method to charactenzebinary mixture.DTA thermo grams were recorded fo
albendazole, HFCD, physical mixture, and kneaded mixture. The istidvere performed by recording the heat
flow rate from 23-450 , at a rate of 1@/min.

SEM
Scanning electron microscopy was used for analyalbgndazole powder, HED, and kneaded mixture using
JOEL Analytical Scanning Electron Microscope (JOBISM 6490 LA) at an accelerating voltage of 15 ke V

FORMULATION AND EVALUATION STUDIES

Preparation of oral suspensions

Suspensions containing 40mg/ml were prepared irutaB®0ml of purified water, the required amount of
suspending agent (sodiumCMC) was added and kephigi® for proper hydration. This solution was usedthe
vehicle in the preparation of the suspensions. fately weighed quantity of the drug was distributethe vehicle.
Tween 80 was added to above dispersion. The stomgentrate of the drug was mixed gently for 15@iher
ingredients like sodium benzoate, citric acid, sget sorbitol, colouring agent and flavouring ageete added and
the volume was made up with water. The preparegenssons were homogenized and transferred to tred fi
containers. The composition of BED-ABZ suspension is given in Tablel.
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Table 1: Composition of different formulations conaiining HPBCD-ABZ Suspension

F1 (control) F2 (1:0.5) F3 (1:1) F4 (1:1) F5 (1:1.5)

INGREDIENTS gm gm gm gm gm
Albendazole 4 4 4 4 4
HPB CD - 2 4 4 6
Sodium CMC 1 1 1 0.75 1
Tween 80 1 1 1 1 1
Sodium benzoate 0.8 0.8 0.8 0.8 0.8
Citric acid 0.25 0.25 0.25 0.25 0.25
Sucrose 30 30 30 30 30
Sorbitol 20 20 20 20 20
Pineapple flavour 0.30 0.30 0.30 0.30 0.30
Tartarzine colour 0.0001 0.0001 0.0001 0.0001 @000
Purified Water g.s g.s g.s g.s g.s
Total (ml) 100 ml 100 ml 100ml 100 ml 100 ml

EVALUTION OF HP BCD-ABZ SUSPENSIONJ[11,12]

1. Sedimentation Volume

Sedimentation volume (F) is nothing but ratio oé tfinal volume of sediment (Vu)to the original vola of
sediment (VO)before settling.50 ml of each suspansiere transferred to 50 ml measuring cylinder thiedvolume
of sediment formed was noted after 24hr,72hr,1wk,2month,2month and 3 months.

The sedimentation volume was calculated usingdhmdla:

F=Vu/V0

2. Redispersibility

The bottles containing suspension were held upt tigtween fingers and rotated clockwise upside ddwwough
180ina semicircular path and back in the anti-clagise direction (one cycle).This process was regzbat
continuously until sediment was completely redispdr

3. pH measurement
The pH of the prepared suspension was measuredibyg pH meter by calibrating with standard buffgrsl 4.2
and pH9.0)

4. Viscosity measurement
The suspension of the prepared suspension was reddsuBrookfield viscometer (Model: DV1 Prime Rhester)
using spindle S-61.

5. Particle size measurement
The particle size of albendazole in the prepareghesusions was measured by optical microscopy. itleeo$ 100
particles was measured and the average partidersiz determined.

6. Drug content estimation

Suspension equivalent to 100 mg of Albendazole aasirately weighed or measured and transferredd@onil
volumetric flask and dissolved in 20 ml 0.1LNHCL.€fhthe solution was shaken for 20 min. The regukimlution
was further diluted to 100 ml with 0.1INHCL. 1 mlthie above solution was pipette out into 100 muxdtric flask
and made up to the mark with 0.1NHCL. The absorbaves measured at 229 nm against the blank. Thargrod
the drug in a sample was calculated from the catiiton curve.

7.1n vitro dissolution studieg13]

Drug release study of HIED complexed Albendazole suspension was carriedroltSP XXIII dissolution test
apparatus-1l(Veego digital tablet dissolution tegtparatus, model VDA-8D) and the dissolution mediwas

0.1INHCL (pH 1.2).The volume of dissolution mediurasa@00ml, and it was maintained at 37£0.8nd stirred at
a paddle speed of 50 rpm. Three millilitres werkected at time interval of 5, 20, 40, 70, 90, 146¢d 120 minutes.
The withdrawal samples were replaced by equal atsafrthe dissolution medium to maintain a constamtme.

The samples extracted at the time intervals weatyaed spectrophotometrically at 229nm for deteatiom of the

albendazole content using the calibration curvehEarmulation was tested in triplicate and the mealues are
calculated.

8. In vitro anthelmintic activity [14]

The assay was performed in vitro, using adult @t (Eisenia fetidd owing to its anatomical and physiological
resemblance with the intestinal roundworm parasifehuman being for preliminary evaluation afthelmintic
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activity. The worms were acclimatized to the lalbona condition beforeexperimentation. The earthworms were
divided into four groups of six earthworms in eaBix earthworms approximately equal size were planeeach
petri dish containind.Oml of test solution (optimized formulation) andot standard drug formulations (ZENTEL
AND NOWORM) and one group was treated as controbatn temperature. The time taken for completelpsisa
and death was recorded. The mean paralysis timevmaoh lethal time for each compound was calculéedh
reading taken in triplicate).The time taken for marto become motionless was noted as paralysis Timascertain
death, each worm was frequentipplied with external stimuli which stimulates aimdluce movement in the
earthworms, ifalive.

9. Zeta potential
The zeta potential of the optimized formulation #mel marketed formulation was determined by Zetaisiz

10. Ex vivo permeation studies: Everted intestinal sac of cbks: [15,16]

Male white Leghorn chicks weighing between 500 &86 g were bought from the local market. For isotabf
everted intestine, the chicks were slaughterededian incision of the abdomen was performed, aedsthall
intestine was freed. The lumen was carefully clédrem mucus by rinsing with a pH 7.4 buffer sabuti(Krebs—
Ringer solution). An intestinal segment of thetfdscm length was removed and transferred to oxggeEhKrebs—
Ringer solution. It was washed thoroughly with wakKrebs—Ringer solution. The proximal extremity diet
intestine was turned back and ligated on a gladgadorm an everted bag. The intestinal segmeiatoiut 6¢cm in
lengh were tied at one end and the sacs were filgth 5ml of kerbs-Ringer Bicarbonate buffer(re@giv
compartment) and the other end was lignated wittdigefor sampling. At time equal to zero, the es@rsac was
submerged in 30ml of experimental test suspenglondr compartment).The donar compartment is satlinaith
5% carbon dioxide and95%oxygen gas in 37+0.1 aegiree water bath. The whole sample solution freceiver
compartment was taken every 10min for 1lhr, thenvedgent fresh KR buffer was added to serve as tressal
solution at the time intervals and incubation wastimued. The process of absorption study mustvieey &rom
light. Each experiment was performed six times praper dilutions of sample are done with KR bufetutions
and absorbance is measured using UV Spectrophatpmet

11. Histopathology for Viability of Intestinal Cells [16]
The chicken ileum sample after 1hr permeation stweg stretched on a piece of X-ray and preservétgus
10%Formalin neutral buffered. (pH7.4-7.6).

Preparation of chicken ileum for histological studées

The prepared chicken ileum were treated with variéarmulations like, physiological salt solutionptimised
formulation and marketed formulation ,kept in 10%&red formalin solution. The specimens were cti section
vertically. Each section was dehydrated using ethambedded in paraffin for fixing and stainedhilitematoxylin
and eosin. These samples were observed undemntighbscope and compared with control sample. Tlaagés in
the ileum after treatment were evaluated.

12. Stability Study[17]

The main objective of stability study is to evakiatability of optimized formulation at differetemperature and
humidity conditions. Optimized batch has been plafme 3 months at 40 OC +2 0C, RH 75% *5%. At the ef
each week, the formulation were evaluated for,reedtation ratio, viscosityn-vitro release, pH particle size, and
% drug content.

13.IN-VIVO PHARMACOKINETIC STUDY [18]

Study design using Wistar albino rats

The protocol for the animal study in prescribedfpnma B was submitted to the Institutional Animathigs
Committee (IAEC) of the Amrita Institute of Medic&kciences, Kochi. The protocol was approved byl &€C
Approval No. IAEC/2011/1/1(Appendix-1).Wistar albimats (MALE) weighing 280+20 g were fasted ovemig
and divided in to three groups. Group | receivegthicle as control and group Il received albendaznispension
as standard (marketed) and group Ill received dpéch formulation of Hydroxyl propyl beta cyclodeixtr
complexed albendazole suspension as test. Bloodlsamvere collected at intervals of 15min, 30mit, fbllowed
by 2, 4 and 6hr, and 8hr by retro orbital punctomethod and blood samples were collected on to dpaimized
tubes, and RBCs will be allowed to settle by cé&mgation at 5000 r/min for 35 min. The supernataiit be
collected as plasma and will be analyzed by HPUt& pharmacokinetic parameters for Albendazole fatig oral
administration will be determined from the plasnomaentration-time data. Pharmacokinetic study desgiven
in table 2.
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Table.2.Study design for pharmacokinetic study
Group N(.’ of Treatment plan Drug, dose, route
animal

| (Control) 6 Administer vehicle alone Vehicle, 0.5ml/kg, oral
I Administer ABZ suspension (marketed) and obsermatit be done| ABZ suspension  (marketed),40mg/Kg,

(standard) 6 for 0-8 hr oral

Il (Test) 6 Administer HBCD : ABZ suspension and observation will be dgnelPBCD :ABZ suspension,40mg/kg,

for 0-8 hr oral T

Extraction procedure

In a 1.5ml eppendorf polypropylene tube, plasmgualis of 250 pl is taken and the sample was ertastth 4mL
of ether—dichloromethane—chloroform (60:30:10, WMy vortex mixing for 5min. After centrifugatioat 3000
rpm, the upper organic layer was removed and eadpadito dryness at 4C under a nitrogen stream. The residue
was reconstituted with 50 pl of methanol-water—asflarm (70:30:5, v/v/v), shaken on a vortex and)gu2 aliquot

was injected onto the HPLC system. The pharmactikiparameters of albendazole following oral adstimition
were determined from the plasma concentration tata.

RESULTS AND DISCUSSION

Characterization of binary mixture of ABZ-HP BCD
FTIR Spectroscopy

Drug-excipient compatability studies were also goméd by FTIR and the spectra of the drug(ABZ)paP, and
ABZ-HPBCD physical mixture are shown in figure 1.The FEfRdies from the spectra confirmed the absence of
any chemical incompatibility between the drug ane hydroxyl propyl beta cyclodextrin. The spectrafmABZ
showed N-H stretching vibration at 3336 trbending vibration at 1525-1630 ¢rand aliphatic C-H at 2958 ¢n
stretching of alkane at 2959 ¢mcoo bending of ketone at 1710&he spectrum of ABZ has NH stretching
vibration at 3336 cfhdue tocarbamate. The spectrum of BEDis characterized by intense bands at 3,300-3500
cm'due to O-H stretching vibration. The vibrationstiedé—CH and CH2 groups appears in the 2,800-3,0006 cm

region, CH stretching at 1164.15 ¢rand H-O-H bending at 1647 &hThe kneaded mixture showed superimposed
spectra of ABZ and HRCD which proves the compatibility of excipients lwthe ABZ.
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FIGURE 1 : FTIR SPECTRUM OF A)Albendazole B)HPBETA CD C)ABZ-HP BETA CD DTA ANALYSIS

DTA of drug, HBCD, physical mixture, kneaded mixture are showrignre 2.DTA of Albendazole exhibits an
endothermic peak at 284The sharp endothermic peak at this region is duehe melting of crystalline

Albendazole. From DTA it was confirmed that the glia crystalline in nature and has a melting p&i@¥“and
followed by endothermic peak there is an exothenpeiak at 34%.The DTA curve of HBCD shows its thermal
decomposition which begins around #8@nd peaks are exothermic in nature. In the ABBEIP obtained by
physical mixing, the DTA technique shows the endotfic peak corresponding to the melting of ABZ. The
presence of this peak indicates that a true immlusomplex has not been achieved. NeverthlesheidBZ:HR3CD
system obtained by kneading method, the endothguedak corresponding to the melting of ABZ is naggamt. A
new peak appears at temperature betwedfi320d 386° that can be attributed to melting of true inclusio

complex.
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FIGURE 2 : DTA OF a)Albendazole b)HP BETA CD C)Physcal mixture D)KNEADED MIXTURE

SEM ANALYSIS
The SEM microphotographs of pure ABZ, B{ED and Kneaded mixture (ABZ: HED) are shown in Figure 3.
After complexing with HBCD the irregular crystalline shape of ABZ is chash@@o amorphous form.

FIGURE 3: SEM OF A)ALBENDAZOLE B)HP BETA CD C)Knea ded mixture ABZ-HP BETA CD

EVALUATION OF ABZ-HP BCD SUSPENSION

Suspension F1 was formulated employing drug andesuding agent, whereas suspension F2, F3, F4, ankfe
formulated by employing drug, suspending agenttamttoxyl propylp-cyclodextrin. The drug and hydroxyl propyl
B-cyclodextrin complexes in F2, F3, F4 and F5 warethe ratio 1:0.5, 1:1, 1:1, 1:1.5 respectively.e3é
formulations were evaluated for various quality graeters to determine their stability such as sedfiation
volume, redispersibility, particle size, pH and girtontent for3months time in regular intervals. fdtmulations
contain sodium CMC as the suspending agent. Thaseufations were compared with two marketed product
(zZentel and Noworm) to find out which formulatiois more stable in terms of sedimentation, partiilee,
redispersibility ,pH, and drug content. And optiedzformulation is compared with marketed formulatmn the
basis ofin-vitro release studyn-vitro anthelmintic activity, zeta potentiax-vivostudy andn-vivo study.

Sedimentation volume:

The sedimentation volume in the case of F1 wasddarbe 1 at the end of 24 hrs whereas it was adum the
case of suspensions containing different ratiobyofroxyl propylp-cyclodextrin and with aging (after 3months) it
was found that, sedimentation is more in the cdgeldormulation (control) and the marketed proddentel and
Noworm ,and the formulation containing differentncentration of hydroxyl propy$ cyclodextrins showed less
sedimentation, and its given in Figure 4. Thghbst sedimentation ratio was seen with the sugpensntaining
highest ratio of hydroxyl propy cyclodextrin(1:1.5).This indicates that suspensioantaining hydroxyl propyp
cyclodextrins exhibited more stability than thoséhaut hydroxyl propyB cyclodextrin.
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SEDIMENTATION VOLUME

D8 S

FIGURE 4: Sedimentation volume for different formulation for 3 months

Redispersibility

Good redispersibility was seen in the case of Adlagole suspension containing different ratios afrbyyl propyl
B cyclodextrins within a 3-4 cycles during storag@,(F3, F4, and F5). On the contrary, it took 6¢@les in case of
F1, Zentel and Noworm .The above conclusion inreedtation volume holds true here also.

Particle size measurement:
There was no significant change in particle sizalinfive formulations (F1, F2, F3, F4and F5) aé tend of
24hours.But on ageing, the particle size marginaklyeased in the case of F1 and in Zentel and Mowehereas
in all other cases the size was decreased,its shoviable The reason for increased particle siag e due to
crystal growth whereas in other cases, as hydrpsgpyl beta cyclodextrin solubilises the drug pEes, the size
may be reduced with time.

Drug content
Assay of drug shown 95% to 101% albendazole comtelitates that the drug content remains withingtaendard
limit during 3 months.

pH

The pH value of F1 was found to be 7.5 and in adseentel and noworm value is 6.7 and 6.9, but wiery
complexed with HBCD the values were found to be less ranging fror64 and its given in table .But on ageing
,the values remained more or less constant imalfdrmulations. This indicates that though comatin results in
lowering of pH value but there is no chemical ctaarlat results on aging. In the case of basic andimegs,
increased solubility can be achieved by decreasiagpH value below the pKa of the amine group add/alue can
be minimized by adding cyclodextrins like BPD to achieve the same solubility at a pH valusetdo physiologic
pH.

Viscosity

Viscosity of formulations F1, F2, F3, F4, F5, Zérgad Noworm is evaluated for 3@lay, 68'day and 90" days.
On ageing the viscosity of F1, Zental and noworiomgd significant change whereas in the case ofriel3Fd the
values were decreased and in the case of F5changgcosity is less indicating that F5 formulatiaasnore stable
compared to other formulations.
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FIGURE 5: Cumulative percentage release of differenformulations

In vitro dissolution studies:

The release time profile of Albendazole from diffier formulation and marketed formulation are shawhigure 5.

The release kinetics of drug was found to be firster. Higuchi’s diffusion model gave a better debt fit of

release data indicating diffusion dominating as phets showed maximum linearity with Rvalue of 0.980 for
F5.The korsmeyer Peppas model was found to berlimigla the correlation coefficient value of 0.967dd'n” value
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for F5 was 0.197Since the P-value is found to be less than 0.0&etlis a statistically significant difference
between the means of the7 variables at the 95.0ftdemce level and given in table 3 and kinetiadabdelling of
different formulation of ABZ is given in table 4.

In vitro anthelmintic activity:

The anthelmintic screening of the optimized forntiola (F5) is done with marketed product Zentel &wlvorm
and F5 formulation showed an excellent activityntiogher two marketed product. A closer inspectibdata from
Figure 6 , indicate that F5 formulation showed drefiaralytic activity than standard, Zentel and Noworm,and
with respect to the death of worms the optimizednidation F5 showed an excellent anthelmintic aistithan
marketed products.

50
a0 - A
o W 30
z u i
s =
E E 20
3 <
: 8
< 10 -
Ij 1
Control FS ZENTEL NOW ORM Contrel FS 2ENTEL NOWORM
FORMULATIONS FORMULATIONS
A B

Figure 6 : Anthelmintic activity of formulations

Zeta potential

Zeta potential of optimized formulation (F5) andrkeded formulations are given in table .Zeta potérare
commonly used to assess the stability of collogyaktems. Particles with zeta potential more pasithan +30 mV

or more negative than -30Mv are normally considestable. Among the evaluated suspension optimized
formulation (F5) exhibited maximum zeta potential.

EX vivo permeation studies

The cumulative amount of drug ABZ, permeated pétranea across chicken ileum was plotted as a imcif time

and steady state flux was calculated from the stdpi@ear portion. Ex-vivo comparison study witiée in hrs on x
axis and amount of drug permeated on y axis is shiowiigure7.Since the P-value is found to be less than 0.05,
there is a statistically significant differenceweén the means of the 4variables at the 95.0% demde level. The
statistical analysis by one-way ANOVA showed thhe tdifference in the permeation pattern of optimiize
formulation, marketed formulations, and control atatistically significantand given in table 3 and flux and
enhancement ratio given in table 4.

2500
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Figure 7 : Ex-vivo permeation study of formulations

Table 3: Stastically analysis of Ex-vivo permeatiostudy

ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups 437632 B 1458774 4.14004 0.0195409839
Within Groups 7047150 2 352358
Total 11423473| 23
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Table 4: Flux & Enhancement Ratio from ex-vivo perneation study

Formulation | Flux (pg/cnf/hr) | Enhancement Ratio
Optimized 32.48 4.41
Zentel 30.33 4.1
Noworm 27.50 3.7

Histological Studies for Viability of Intestinal Cells

The histology of the chicken ileum treated with maf saline, marketed formulation and optimized ABE3CD

complexed suspension is represented in the Figuhe Bistological finding of chicken ileum treatedth normal

saline; section shows small intestinal mucosa widserved villi and columnar cell lining. Smooth sole layer is
also noted. Lamia propia showing lymphoid aggregatelicating vital cells in the group of chicken éstinal
epithelium. In the case of histological findingmfirketed formulation section shows small intestmakosa with
mild flattening of mucosal surface. Villi are natopinent cell death is not seen. Mild oedema ofitenpropria is
noted. And in the case of optimized formulationtieec shows small intestinal musosa with preservidd and

intestinal glands, with intact nucleus and restnbéstinal layers are normal and cell death issesn, indicating
vital cells in the group of chicken intestinal dygiium.

Figure 8 : Histopathology of ileum A)Treated with rormal saline B)With marketed formulation C)With optimized formulation

Stability Study
The optimized formulation F5 were put on short testability by packing in HDPE containers in stalgilchamber
at 400 C £20 C, RH 75% +5% for the period of 3 nhent

Physical Parameters

The physical parameters of suspension kept foilgyastudy were evaluated armbmpared with the initial values
for any significant changes. Results of which isvgh in table 8n the stability study done for 3months it was iote
that the surface was free of any kind of microleiafungal growth or bad odour. No change in theeapance of
suspension and it shows not less than 96% drugrebnwhich shows that there are no significant gearin drug
content. The results obtained from stability stadier 3months showed that all physical parametexsadthin the
specified limit.

Dissolution Study

Dissolution study was performed at the end Bfi@y, 15thday, 30th day, 60th day and'@@y and compared with
the initial dissolution data for any significantaciges. Based upon above stability study carriedos8 months, it
was concluded that the optimized formulations ébkt under ambient conditions.

IN-VIVO STUDY
Drug content in plasma was analysed by HPLC metbotharketed formulation (Zentel) and test grouptifoized
formulation).

Calculation of pharmacokinetic parameters

In our experimental conditions in Albino wistar asma, unmodified ABZ was never detected duestmaang liver
first pass effect. The main two metabolites areShaxidation compounds, namely the sulphoxide(AEB2):.8nd the
sulphone (ABZ :S@). In our bioavailability studies instead of albeadle, the active metabolite ABZ: SO was
evaluated. The Figure 9 shows the plasma level&B®: SO after single dose (40mg/kg) of ABZ:BIED
suspension and zentel suspension. The pharmatickiparameters are given in table 5.The increase in
bioavailability from ABZ:HEBCD suspension in relation to reference suspengient¢l) maybe due to increase in
ABZ solubility due to the presence of BBPD. Statistically significant difference were oltadl with one-way
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ANOVA comparative statistical study between bothnfalations with (p < 0.05). Time for maximum gitaa
concentration () obtained was 4hr for standard (zentel)and 2hrABZ:HPBCD suspension.(AUEY’,Cmax,
Tmax, AUMC, K, K. shows significant difference between two formulatidll the pharmacokinetic parameters
obtained were evaluated stastically. The data wested by one-way analysis of variance (ANOVA) atd5%
confidence interval, P value found to be less &% were considered significant. So from this diataclear that a
comparatively larger amount of drug was absorbeulptasma from ABZ:HBCD suspension than the standard.

—a— Marketed

—— optimized

PLASMA CONCENTRATIONyg/mi

10

TIME I HOURS

Figure 9: Plasma levels of ABZSO versus time (h)

Table 5: Pharmacokinetic Parameter of ABZ-SO afteran oral dose of 40 mg/kg of different ABZ Formulaibn
Kinetic Parameter ABZ-Test ABZ-Standard

Cmax (ug/ml) 5.18 2.71

T max (Hours) 2 4

(AUC) @ (ug.h/ml) 48.29 15.7

(AUMC) “ (ug.H¥/ml) 427.6 113.69

Tz (Hours) 55 3.43

K (Hours™) 0.126 0.202

Ka(Hours™) 1.09 0.451

MRT(Hours) 8.85 7.24

CONCLUSION

Albendazole is the drug of choice for the treatm@ngchinococcosis, hydrated cysts and neurocyctists, but it
is well known that this drug is poorly and erraligaabsorbed from gastro-intestinal tract and is Haw oral
bioavailability, which is related to its low watsolubility. From the findings of in-vitro studiei$,can be concluded
that solubility enhancement of Albendazole was essfully achieved by using HED. The ABZ:HBCD
complexed suspension developed in the presentesificimulation F5) using R value of 0.97 posselkstter in —
vitro release and other parameters was also foar tstable, and in —vivo studies are condudiee-vivo study
results showed that the ABZ: HED complexed suspension have greater bioavaikabiiin marketed formulation,
which was statistically significant with P valves¢ethan 0.05. Pharmacokinetic parameters such & AUMC
Tmax K, Ke ,.Cmax, MRT and t,, were evaluated for the ABZ:HIED complexed suspension and conventional
formulation(marketed formulation). On the basis tbé findings, it is concluded that the 50% incredse
bioavailability attained by the formulation can idétEly reduce the existing higher dose of the ditugs reducing
the Gl disturbance.

REFERENCES

[1] Susana Torrado; M.L.Lopez; G.Torrado; F.Bolas; @got Torrado; R.Cadornigént J of Pharmaceuticd 997,
156,181-187.

[2] J.A.Castillo; Palomo-Canale; J.J.Garcia; J.L.LastfeBolas; J.J.Torradd)rug Development and Industrial
Pharmacy,1999 25(12),1241-1248.

[3] Rajesh Agarwal; Vishal Guptint J of Pharm Res 2012 2(1),95-112.

[4] Rakesh Patel Manisha Patel, Devarshi Shahl of Pharm Wor Re2010, 1(2),1-21.

[5] Sharma Pushkar Raj and Lewis Shaila AndelaRes J of Pharr@011, 2(3),154-156.

[6] Panda Madhulita, Patro Ganesh, Malpani Amol, Maijjnil, Rao Bhanoji M. EInt. J. Drug Dev. & Res201Q
2(4),669-675.

[7] Vipul P. Patel, Rajesh K. Parikh, Mukesh C. Gofekhar R. Desai, Dipen R. Bhimani, Pravin R. TirgjatrJ of
Pharm Sci2011, 2(1),161-173.

[8] Sushree Tripathy, Pravin Kumar Kar, Abubakar Ablllalieed.Int J of Pharma and Bio Sc2013,4(1), 306 —
319.

1140



Sreeja C. Nairet al J. Chem. Pharm. Res,, 2015, 7(4):1131-1141

[9] J.A.Castillo,Palomo-Canales,J.J.Garcia,J.L.Lagii®slas,andJ.J. Torrad®rug Dev and Ind Pharm1999
25(12), 1241-1248.

[10] Cristina Trandafirescu, Arpad Gyeresi, Mihaly Kafajtan Aigner, Zoltan Szabaddimis Med J2007, 57(1),
34-39.

[11] Shaikh Sana, Athawale Rajani, Nadkar Sumedha aadaBiMaheshintl J of Drug Dev & Res2012 4(2),23-
27.

[12] Md. Golam Azam1 and Syed Shabbir Haid#naka Univ . Pharm. S20087(1), 53-58.

[13] Fars K. Alanazi , Mahmoud EIl-Badry, Mahrous O. Althaad Ibrahim A. AlsarreéSci Pharm2007, 75,63-79.
[14] Manish B. Shahare, Vilasrao J. Kadam, Deepali idake, Priyanka S.Gandhi and Priyanka L. Gaikviaier

J of Res in Pharm and Che012 2(1),49-54.

[15] S. Ashok Reddy, Saikat Sen, Raja Chakraborty, BarRashappa. Int J of Pharm & Bio Arg2011, 2(1),549-
553.

[16] Vinita V. Kalel, Rahul H. Kasliwal, and Jasmin Gat Dissolution Technologie2007, 31-37.

[17] Kulkarni G.T, Subburaju Tind J Pharm Edu¢200438(4),24-30.

[18] Francisca Palomares-Alonsoa,c, Cesar Rivas Gorzdez Josefa Bernad- Bernadc, Maria Doloresiltast
Montielc, Guadalupe Palencia Hernandezb, lliana Z8mz-Hernadndeza,Nelly Castro-Torresa, Enrique dfinz
Estradad, Helgi Jung-Cookacta Tropica 2010 ,113,56-60.

1141



