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ABSTRACT

The purpose of the present study was to prepare an acceptable nanosuspension of ritonavir by increasing the
aqueous solubility, dissolution and hence oral bioavailability. Ritonavir is having low aqueous solubility and high
permeability which can be considered as drug belonging to class-11 according to BCS. In this study hanosuspension
technology was tailored to increase solubility and dissolution rate of ritonavir. Ritonavir Nanosuspension was
prepared by Pearl milling technique using zirconium oxide beads as milling media, poloxamer 407 as a stabilizer.
The prepared nanosuspension was characterized using DSC (Differential Scanning Colorimetry) and XRD (X-Ray
Difractometry). The nanosuspension was further evaluated for drug release, redispersability, assay and for stability.
The solubility and dissolution studies revealed that there was a considerable increase in the solubility and
dissolution rate of ritonavir in nanosuspension formulation as compared to pure drug. Human acceptability studies
of prepared placebo nanosuspensions were found to be acceptable when evaluated for organoleptic properties like
odour, taste, smell and other characteristics like appearance and pourability.

Keywords: Nanotechnology, Antiretroviral treatment, Solitgienhancement.

INTRODUCTION

The present dosage forms of ritonavir are in sefatin capsule and heat stable tablet dosage fdmsaft gelatin

capsule approach, a high quantity of oleic acid aledhol is been used to solubilise the ritonavirgdand hence
improve bioavailability. Thus formed capsule is ab81 mm in length and 10mm in width. Where asabldt

dosage form solid dispersion technique by meltselxden used to incorporate the drug in polymer.rrethoth the
above strategies the API crystallinity is been geahto amorphous one from crystalline nature. Tisadvantage of
both marketed dosage forms are like big faciliguieement, inability to manufacture smaller batched relatively
more cost. These factors made thought of develoffingalternative dosage form as nanosuspensiomresent
study the crystalline nature of the APl remains sam

Solubility is an essential factor for drug effeetess. A limiting factor foin vivo performance of poorly water
soluble drugs, following oral administration, i®thresistance to being wetted by and dissolvedl tim¢ fluid in the
gastrointestinal tract. Increasing the dissolutiate of poorly water soluble drugs, is thus impatrfar optimizing
bioavilability. In this approach poorly water-solaltompounds are formulated as nanometer sizedphdigles.
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Poor water solubility, insufficient bioavailabilityfluctuating plasma levels and high food depengeae the
common problems with low soluble drugs [1]. Henlgeré is a growing need for a unique stratergy ¢hattackle
the formulation related problems associated withdélivery of hydrophobic drugs in order to imprdkeir clinical
efficacy and optimize their therapy with respecpt@mracoeconomics [2]. Nanosuspensions has shmwa more
cost- effective and technically simpler alternativearticularly for poorly soluble drugs [3, 4, 5]. 6
Nanosuspensions are sub-micron colloidal dispessidrpure drug particles in an outer liquid phadee fineness
of dispersed particles causes them to dissolve mpoiekly owing to their higher dissolution pressamd leads to
an increased saturation solubility. Ritonavir iseav class of drug with a mechanism of action thatifferent from
most of the previously available antiretroviralatmments for AIDS. The drug inhibits the HIV viral proteinase
enzyme which prevents cleavage of the gag-pol potgn, resulting in noninfectious, immature vipalrticles. The
aim of this study was to employ the nanosuspengonnique in the preparation of ritonavir nanogées for oral
administration, therby avoiding harmful additivesdaenabling to enhance the solubility, dissolutemd oral
absorption of ritonavir. The prepared nonosuspengias evaluated for different physicaochemical patars and
dissolution study in comparision to the pure drod enarketed formulation.

MATERIALS AND METHODS

Materials:

Ritonavir was obtained from Mylan Laboratories |tdyderabad, Polaxomer 407 (Lutrol micro 127 MP}wit
sample from BASF (Germany). All other materialedisvere of pharmacopoeial grade and were produced f
commercial sources.

Preparation of Nanosuspension:

Ritonavir (10%w/w) was dispersed in an aqueoustissiicontaining Polaxomer 407 in a container. Riatgn used
in the study has particle size of 52 microns. Témulting dispersion was comminuted using colloiddl for 2 hrs.

The colloid mill passed dispersion was further camuted using zirconium oxide beads [@]nanomill (Netzsch)
under controlled temperatures. The milling and pwpged was kept at 3000 rpm and 70 rpm respectiVaky high
energy and shear forces generated as a resuk afftaction of the milling media with the drug peds provides
the energy input to break the micro particulateitohavir into nanosized particles [8].

Solubility studies:

The study was done before and after nano millingttidy the effect of nano sizing on the solubiéityd dissolution
rate of the drug. 100mg of ritonavir and ritonavimosuspension containing 100mg of ritonavir wagghed and
transferred into conical flasks containing 100mldifferent dissolution media. These flasks werentatically
sealed and incubated at’87n an incubator shaker rotated at 50rpm for 48Fnen the samples were filtered and
subsequently diluted with same media and the absoegbwas noted at 246nm.

Characterization of Nanosuspensions

Nanosuspensions are characterized in similar waygs tteose used for conventional suspensions for
Physical/chemical/flow properties. Physical evadlra such as appearance of phases, particle sidgsam Zeta
potential, DSC, solubility studies, Freeze thawdgtuiChemical evaluations such as Assay, Dissoluwiwh Related
substance. Flow properties such as Sedimentatilommeo pourability and redispersibility.

Particle size analysis:

The particle sizes of the nanosuspensions werendieted by photon correlation spectroscopy [9,18]ng a Zeta
seizer nanoserise (Malvern Instruments, WorcesterstiK). This technique yields the mean particlenteter and
the range of the particle-size distribution (Pobgrsity Index, PDI). All the data presented aeertean values of
the results on three independent samples producddr udentical conditions. To compare the size #rasize

distribution of the raw API and the nanosuspensitms samples were dispersed in water, using aasohic bath
for 60min. The sonication was used to obtain tlze sif individual particles. Small volume dispersionit was

added to required amount of super saturated saolati@rug for optimization of particle size of trdensity of API

1.500 g/cm3, 1.5 was used as refractive index fepeised particles and 1.330 for dispersion mediuaser

diffractometry yields the volume size distributiomith particle measurement in the size range 0.068Mh. The

reported particle-size distribution typically indes Dv10, Dv50 and Dv90, which are the percentafemrticles

below the given size. The dilution effect on pdetisize was also measured and tabulated belowpdtiile size

results of nano suspensions were given in tab&e21
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Differential scanning calorimetry (DSC) analysis:

The thermal characteristics of the pure ritonawvid $ghe nano suspension were determined by diffialesganning
calorimetry (DSC-60, SHIMADZU)with an intracooler-2 cooling. About 3 to 5 mg afoguct was placed in
perforated aluminum sealed f0pans, and the heat runs for each sample wasosat40°C to 150°C at 10°C/min,
under an inert environment using nitrogen [11]. Hpparatus was calibrated using pure metals lidaiim with
known melting points and heat of fusiokH fusion). The therrmograms were shown in figure 2.

Freeze thaw study:

The ritonavir suspension so produced was exposefideze thaw cycles. The suspension was exposea-&C

for 2 days followed by 40°C+2°C/75+5% for 2 daysheTstudy was done for 5 cycles. After the study the
suspension sample was evaluated for Particle seleation, Dissolution profile and XRD studies.

Sedimentation volume:

The rate of separation of the suspensions wererrdieted by keeping 50 ml portion of each suspensions
stoppered measuring cylinder and stored undistuabedom temperature. The separation of cleardiguas noted
at an interval of 2W and 4W. The sedimentation r@uF (%), was then calculated using the followéngation

F =100Vu/Vo

Where Vu is the ultimate volume of the sediment
Vo is the original volume of the suspension.

Pourability:
This test is carried out on the phases of susperagter mixing to ensure that the final preparai®pourable and
will not cause any problem during filling and dwgihandling by end user.

Redispersability:

Fixed volume of each suspension (50 ml) was kemlibrated tubes which were stored at room tentpeseor
various time intervals (2W, 4W). At regular intehvaf 2W, one tube was removed and shaken vigorotssly
redistribute the sediment and the presence of deffasny was recorded. The time (s) taken to redise the
sedimented suspension was recorded.

Assay:

Ten ml of suspension was taken and dissolved im5@ethanol and sonicated for 30 min, the volume adjusted
to 100 ml using methanol with continuous sonication5min. Filtered through a 0.46n membrane filter, and
analyzed at 246 nm using UV spectrophotometer.réhelts are shown in table 2.

Dissolution rate studies on ritonavir nanosuspensia

Dissolution rate studies of pure ritonavir andnéwir nano suspension were performed in USP dissaltesting
apparatus (type Il) with rotating paddles at 50ysimg 900ml of 0.1N HCI as dissolution medium. Témperature
was maintained at 37 + Octhroughout the experiment. 10ml of samples wetkdrawn at various time intervals
and same volume of dissolution medium was repldgedaintaining the constant volume of dissolutioadium.
Samples were filtered through 0.45u filter and yred by measuring the absorbance at 246 nm. Tiseldi®on
profiles were shown in figure 5.

Related Substances:

To check the impact of nanonization process orchignical stability of Ritonavir, Related substanaealysis was
performed by using HPLC method. Following chromaapdpic conditions were used to analyze the samples.
Mobile phase consists of phosphate buffer pH &Bnobile phase A and mixture of acetonitrile and wi©:30)

as mobile phase B was used (Gradient programme Mobile A and Mobile phase B was set as
70/30,70/30,20/80,20/80,70/30 and 70/30 respegtae0,10,50,105,110 and 120 minutes). Separatemdene by
using C18, 150mm x 4.6mm, 3 um column. Flow rate s&t as 1.2 ml/minute. Detection wave length &t 12
was used to measure the components response.idnjeciume of 10uL was used for both Standard asd. t
Phosphate buffer pH 3.5 and Acetonitrile were uasddiluents for the preparation of both Standard st
solutions. Test solution was prepared at 2000 m@frRitonavir .Standard solution was prepared atnigiml
concentration. The results are shown in table 2.
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Microscopy test:

The samples (before and after nano-nization) wesealized by using Optical Microscope (LEICA, DBG5) at
40X zoom, the results are shown in figure 6. Aireld samples of naosuspensions were mounted caluh@num
stubs with the help of carbon double-sided tapssiNn EM Co. Ltd., Tokyo) and sputter coated wathtinum by
using Auto fine coater (JEOL, JFC - 1600) for 90seder vacuum (3Pa) and observed under the Scahigatron
Microscope (JEOL, JSM-6380) at a magnification @®X. The results are shown in figure 7.

Stability Study:

The ritonavir nanosuspension werdilled in HDPE containers sealed and loaded intabiity chamber at
40°C+2°C/75£5% RH (Newtronics stability chamberR][1The samples were withdrawn aftdr months and
analyzed for particle size, Assay, Dissolution &adRelated substanceshe stability data were given in table 7.

Acceptability Study:

A placebo formulations (Table 8) with different\ita combinations were prepared and evaluated basdiked
guestionnaire set to evaluate the suspengi@toring system was used to quantify subjectivéatées listed in the
guestionnaire. Average score for each formulati@as walculated using summation of rating points mjilgg each
subject divided by the number of subjects. The fdation was rated as Excellent, Acceptable, Tolerand
Unacceptable based upon the average score obthingde formulation as shown in Table 4. The studysw
conducted on 20 healthy human subjects (age bet@@dn 35 years) using placebo oral solutions. Eadfject
was given all the four formulations.

RESULTS AND DISCUSSION

The aim of the present investigation was to imprdive solubility and dissolution rate ofritonaviritdhavir
nanosuspension was prepared by pearl milling tecienusing zirconium beds s milling media and potago407
as stabilizer. The solubility study was done befane after nanomilling to study the effect of ndniog on the
solubility and dissolution of the drug. The solitljilof ritonavir nanosuspension was found to beniicantly
higher that is 1.62mg/ml and 3.52mg/ml in water &l N HCI. This is due to reduction in the padidize
facilitates range surface for the medium to dissdhe drug. The optimized nanosuspension showed pexdicle
size of 385nm with PDI of 0.268. The dilution effeand freeze thaw effect on particle size was fotmde
negligible. The zeta potentiall of -25.4 MV cleartjgnifies the stability of the nanosuspension pred. The
redispersability of all the formulations were fouttdbe in good agreement with the theoretical vaindicating
good sedimentation behaviour of the formulations.

X-ray diffraction was used to analyze potentialraes [13] in the inner structure of ritonavir dgrinanonisation.
The crystallinity remained unchanged even afterosype to Freeze thaw cycle which is shown in figrhe figure

2 shows the DSC thermograph of pure drug and napession. Pure Ritonavir drug showed melting exathat
127°'C which corresponds to its melting point ansl éxotherm in formulation was observed at 121'Gonfr
thermograms, it was concluded that the drug andtinactant do not interact with each other. Opticroscopic
images showed great differences between suspeasimanosuspension (fig 3). In suspension thecfesrtof
ritonavir were found to be large, irregular. Howewsdter nanonisation the particles disappeared thrddrug
became small and uniform. The same nanonised fationl was screened through SCM to show the better
particulate nature of the drug shown in the figdrdn vitro dissolution was performed on pure drug, reference
capsules, nanosuspension and freeze thaw exposeduspension. The drug release from nanosuspensien
found to be 91% in 60 min when compared to 28%piare drug. The increase in accessible surfacetaréae
dissolution medium and hydrophilic surfactant aogiton the particle surfaces may be the reasonubstantial
increase in dissolution rat®oloxamer 407 acts as stabilizer, wetting agenpahgmer helps in enhancement of
wettability. The same is been given in table 6 wFfroperties like sedimentation volume, pourabiitss found to
be satisfactory with the F value found to be 09énifies the stability of the nanosuspensions Ihormally found
that the greater the value of F, the more staldeptbhduct, when F=1, no sediment is apparent akidgés absent
[14, 15].The redispersibility was found to be very good eaftar 4 weeks of storage which is mentioned itet&b
The stability studies was performed on nanosuspargibsage form of the Ritonavir at’@0+ 2C / 75 + 5% RH
for three months. The results obtained from stigbtudies shown that there was no significant gbkaim the
parameters evaluated and can be concluded th&trtinelation is found to be stable. The stabilityadaere given
in table 2. Human acceptability studies of prepauledebo suspensions were found to be acceptaldn eteluated
for organoleptic properties like odour, taste, $raeld other characteristics like appearance andabdity. The
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compositions for placebo formulations for accepigbstudies were given in the table 3. The scorsyggtem used
for the study is given in table 4.

Table 1: Particle size analysis of Ritonavir nanospension

S.No | Time | Mill Speed | Pump Z- Average
(min) (rpm) (rpm) | Nanosuspension

1 60 3030 70 864.8

2 120 3030 70 633.7

3 180 3030 70 475.4

4 240 3030 70 384.6
Particle size analysis after freeze thaw cycle

1 [ NA ] NA [ NA ] 378.2

Table 2: Stability data for Ritonavir Nanosuspensios

S.No | Parameters Initial 40°C/75% RH (3 month)
1. Assay 100.2 99.t
2. Dissolution
Time in min % Drug Release
15 73 70
30 81 79
45 88 83
60 91 89
90 94 92
120 95 93
3. Related substances
Imp A 0.046 0.046
Imp B 0.021 0.038
Imp F 0.031 0.029
Imp | 0.003 0.003
Imp L 0.028 0.021
Highest Unknwon| 0.114 (0.037) 0.105 (0.037)
Total Imp 0.920 0.938
4. Particle size 384.6 389

Table 3: Composition of different batches for acceability studies

Batch no. of formulations

S. No. | Ingredients(gm/batch)| Al | A2 B1 B2

1. API - - - -

2. Poloxamer F 407 10| 14 1¢ 10

3. Strawberry 5 - 5 -

4. Peppermint - 5 - 5

5. Aspartam 15 15 15 15

6. Iron oxide - - 0.1 0.1

7. Water (gs) Iml| 1ml| Iml 1m

Table 4: Results of human acceptability studies foAPI nanosuspension

Characteristics | Al A2 | B1 B2
Aappearance 270 280 255 240
Flavcur 2.28 2.7C 2.3C 2.5¢
Pourability 3.2C 3.1% 3.08 3.0C
After taste 2.69 2.47 2.11 2.56
Convenience 2.71 2.69 2.41 2.69
Total score 1584 16.10 1410 15.81
Average score | 2.64 | 2.68| 2.45| 2.64

2 Average score was calculated by adding sum of ratings given by each subject divided by the number of subjects.
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Fig 1: XRD of pure drug, dried nanosuspension (Inial and after freeze thaw cycle) and placebo formaltion
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Fig 2: Differential Scanning Calorimetric graph of pure drug and final formulation.
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Fig 3: Optical microscopic image of Ritonavir suspesion and nanosuspension at 40X zoom

Fig 4: SCM image of Ritonavir nanosuspension (driedat 500X
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Figure 5: In vitro dissolution profiles of Pure drug and Nanosuspensio
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CONCLUSION

From the results, it may be concluded that nandaltiee suspensions of poorly soluble drugs suchitasavir are
easy to prepare and represent a promising new fmagulation for oral drug delivery for treatment AIDS.
Nanosuspensions of ritonavir Drug offer a viableendative method to formulate poorly soluble drugl &nhance
the bioavailability. The nanosuspension technigag many advantages, such as simple method of ptepariess
requirement of excipients, increased dissolutida ead solubility, increases the bioavailabilitadeng to decrease
in the dose and fast-fed variability and ease mfdacale manufacturing.
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