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ABSTRACT

Tolvaptan is a selective, competitive vasopressin receptor 2 antagonist used to treat of clinically significant
hypervolemic and euvolemic hyponatremia (serum sodium < 125 mEg/L or less marked hyponatremia that is
symptomatic and has resisted correction with fluid restriction), including patients with heart failure and Syndrome
of Inappropriate Antidiuretic Hormone. Tolvaptan belongs to BCS class IV with low solubility and low permeability,
which results into poor bioavailability after oral administration. Therefore, solid dispersions (SDs) of Tolvaptan
were prepared to enhance the solubility and bioavailability by two methods, Hot-melt extrusion (HME) and Spray
drying technique (SDT) using various carriers like Soluplus, Copovidone (Kollidon VA64), Polyvinyl pyrrolidone
(Kollidon 30) and Hypromellose 2.5cPs.to increase its aqueous solubility. Higher drug release was found in the SDs
prepared by hot melt extrusion (HM3) as compared with spray drying technique (SDT2). There is more than 7 fold
increasesin the solubility of Tolvaptan prepared by HME and SDT compared with pure drug substance. Thein vitro
drug release profiles in HM3 and SDT2 are found to be comparable to that of drug release profiles of
corresponding Innovator product. Physical characterization of hot melt extrudes of HM3 and spray dried mixture of
DT2 by FT-IR, DSC, XRD and SEM revealed that there was a change in crystal structure toward an amorphous
form of Tolvaptan. The obtained results suggested that developed Tolvaptan SDs by HME & SDT has potential for
oral delivery and might be an efficacious approach for enhancing the therapeutic potential of Tolvaptan.
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INTRODUCTION

The oral route of drug administration is the masnhmon and preferred method of delivery due to comree and
ease of ingestion. But a drug with poor aqueoustsidly will typically exhibit dissolution rate lifted absorption
and a drug with poor membrane permeability willitgtly exhibit permeation rate limited absorptidtence, two
areas of pharmaceutical research that focus orowimg the oral bioavailability of active agentslinde enhancing
solubility and dissolution rate of poorly watergolle drugs and enhancing permeability of poorlyneable drugs
[1, 2]. Researchers try to overcome this problem by comgethe low energy and low solubility crystal fornts
their corresponding highest energy states, i.e rphous state [3]. Enhancing the solubility and alisison rate of
drugs can be increased by a well-known processabfidating solid dispersions [4].Development of solid
dispersions of poorly water soluble drugs is onthefmost widely used approaches to enhance thbikiyl as well
as dissolution rate [5Bolid dispersion (SD) is defined as a dispersionr@ or more active ingredients in an inert
carrier or matrix in solid state prepared by mejtidissolution in solvent or melting-solvent metH6§i The most
relevant technologies for the manufacture of salidpersions are melting of Excipients or fusion hoet
embedding of drug by means of spray drying, copexation, co-precipitation, freezirying and roHmixing or
co-milling [7]. HME (Hot melt extrusion) has the unigroperty to maintain the amorphous state of thg dfter
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the formation of solid dispersion [8]. Spray dryiteghnique (SDT) method consists of dissolvinguapending the
drug and polymer in a common solvent or solventtane and then drying it into a stream of heatedflaiv to

remove the solvent [9]. Tolvaptan is a selectimmpetitive vasopressin receptor 2 antagonist usddetit hypo-
natremia (low blood sodium levles) associated witingestive heart failure, cirrhosis and the syndroofi
inappropriate antidiuretic hormone [10]. The aifntlee present study was to prepare the solid dispes of
Tolvaptan using different Polymers like Soluplusnavel polymer with amphiphilic properties, Copovigo
(Kollidon VA64), Povidone (Kollidon 30) and Hyproftese 2.5cPs. Soluplus has been specially develégrelbot

melt extrusion [11, 13]. In this study, HME and &pdrying techniques (SDT) are used to obtain Tthla solid
dispersions, polymeric carriers are generally chodepending on criteria such as hydrophilicity, ubdity

parameter and more over considering the meltingt@eid degradation temperature of carriers / potgme

MATERIALS AND METHODS

SAMSCA® (Tolvaptan) 30 mg tablets were obtained from Casémerica Pharmaceutical, Inc., Rockville, MD
20850 (being manufactured by Otsuka Pharmacew@icallLtd., Tokyo, 101-8535 Japan). Tolvaptan drugssance
was gifted by Hetero Drugs Ltd, Hyderabad, Indiolyvinyl Caprolactam-Polyvinyl Acetate-Polyethyéelycol
Graft Copolymer (brand name is Soluplus), Povid@italidon 30) and Copovidone (Kollidon VA64) werdftgd
by BASF,USA. Hypromellose 2.5 cPs was gifted by DOWémical, USA and hard gelatin capsules weredyifite
ACG associated Capsules, Mumbai. All other solveisesd were of analytical grade.

Hot Melt Extrusion

Preliminary Solubility Studies of Tolvaptan

Solubility measurements of Tolvaptan were perfornaatording to a published method [12]. Solubility o
Tolvaptan was determined by adding an excess anafufblvaptan to volumetric flask of 25ml of watend then
samples were shaken for the 48 hours at room teryer Subsequently, the solutionsre filtered through a
Whatman filter paper no 1. Filtered solutions wamnelyzed for the Tolvaptan by UV/Visible spectrofameter at\
max 269 nm. In the same Tolvaptan and carrier (Sakdrij, which is suitable for hot melt extrusion dfug
substances having melting point above 200°C andniadt extrusion (HME) at above 150°C and were takeh:1
ratios added to volumetric flask of 25ml of waterdathen samples were shaken for the 48 hours ah roo
temperature. Subsequently, the solutioiese filtered through a Whatman filter paper nd-iltered solutions were
analyzed for the Tolvaptan by UV/Visible spectrofmeter at o 269 nm.

Preparation of Tolvaptan Solid Dispersions by HME:

Tolvaptan solid dispersions were prepared by ugiiffgrent carriers like Soluplus and Copovidone I{idon

VA64). Thermo Fischer, HME Parma 24 - Twin Screwddl wasused for the preparation of solid dispessigith

the feed rate of 1 to 1.25 Kg/hour, TorqudBarr and 8 different zones of temperature as @it 2°C to 175°+
2°C with cooling/chillers zone maintained at 2’€5where melt will be converted into the piecedlakes) shown
in Table 1

Table 1: Temperature Ranges To Be Monitored During’rocessing of Holt Melt Extrusion (HME):

Name of the zone Temperature
Barrel Conveying Unit (BCU), 40°C+2°C
Zone — | 60°C+2°C
Zone — |l 80°C+2°C
Zone — |l 100°+ 2°C
Zone — IV 120°C’+2°C
Zone -V 140°C’+ 2°C
Zone — VI 160°C’+ 2°C
Zone = VII 175°C°'+2°C
Die Zone 175°C’+2°C
Cooling / Chillers zone Maintained at 2 - 5°C (wharelt will be converted into pieces of flakes)

Formulation Trials with Soluplus:

Table 2: Formulation Plan of Tolvaptan Solid Dispesions

S. No HME trials— HM1 HM2 HM3
Ingredients| (mg/unit) | (mg/unit) | (mg/unit)
Drug: Carrier ratio (Tolvaptan: Soluplus} 1.2 1:3 1:4
1 Tolvaptan 30.0 30.0 30.0
2 Soluplus 60.0 90.0 120.0
Total gty of by mixture | 90.0 120.0 150.0
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Tolvaptan and Soluplus were taken in the above ioed ratios Table 2), sifted together through ASTM #40
mesh and were mixed well in a poly bag for 5 miautEhe above binary mixture was hot melt extruddih w
keeping above mentioned temperature at differemego The resulting flakes were opaque in HM1 while
transparent in HM2 and HM3 (it indicates the mdrant 90% crystalline drug substance has been caavarto
amorphous form, the same has been revealed by XRD// SEM). The pieces of flakes were crushed paader
using mortar and pestle. The powder was siftedutiing# 30 mesh, The flow properties of blend werenébto be
satisfactory and in off-white to light brown coledr granular powder in HM1, where as light brownocotd
granular powder in HM2 and HM3.

Formulation Trails with Copovidone (Kollidon VA 64)
In the next set of trials, Tolvaptan was hot metreded with the most commonly employed polymerHmt melt
extrusion, i.e., Copovidone (Kollidon VA 64) in 1:2.3 and 1:4 ratios.

Table 3: Formulation Plan of Tolvaptan Solid Dispesions

S. No HME trials— HM4 HM5 HM6
Ingredients| (mg/unit) | (mg/unit) | (mg/unit)
Drug: Carrier ratio . . .
(Tolvaptan: Copovidone (Kollidon VA64) 12 13 14
1 Tolvaptan 30.0 30.0 30.0
2 Copovidone (Kollidon VA64) 60.0 90.0 120.0
Total gty of bigamixture | 90.0 120.0 150.0

Tolvaptan and Copovidone (Kollidon VA64) were takarthe above mentioned ratioBaple 3) together through
ASTM #40 mesh and were mixed well in a poly bag5aninutes. The above binary mixture was hot mditueled

with keeping below mentioned temperature at differmones. The resulting flakes were slightly opaguéiM4
while transparent in HM5 & HM®6 (it indicates theudr substance has been converted into more 90% into
amorphous form, the same has been revealed by DXRD// SEM). The pieces of flakes were crushed paader
using mortar and pestle. The powder was in gramdaure and was sifted through # 30 mesh. The ficaperties

of blend were found to be satisfactory.

Among the 6 trials by the hot melt extrusion pracete formed flakes at the cooling zone were fotmdbe
transparent in HM2, HM3, HM5 and HM6. It indicatdsat the drug substance has been converted into an
amorphous form completely or more than 90%. Tiseilted powder after crushing the flakes using rmoetzsd
pestle was granular in nature and flow propertiesewiound to be good / satisfactory. The granptawvder was
filled into size “3” hard gelatin capsules and gmal for the drug release profiles and comparet ditg release
profiles of pure drug substance and correspondingJator product.

Characterization:

Fourier transforms infrared spectroscopy (FTIR)

FTIR spectra for pure drug, physical mixture anchfolations were recorded using a Fourier transforfrared
spectrophotometer. The analysis was carried o8himadzu-IR Affinity 1 Spectrophotometer. The IResfpum of
the samples was prepared using KBr (spectroscopite) disks by means of hydraulic pellet pressresgure of
seven to ten tons [13].

Differential Scanning Calorimetry (DSC)

Differential Scanning Calorimetry (DSC) studies eearried out using DSC 60, having TA60 softwatentadzu,
Japan. Accurately weighed samples were placed umimium plate, sealed with aluminium lids and hdaa¢ a
constant rate of 5°C/min, over a temperature rafi@eto 250°C [14, 15]

Powder X-ray Diffraction:

A Bruker D8 diffractometer was used to perform pewd-ray diffraction (PXRD) of all samples. A Cud&1 tube
was the source, set at 40 KV and 50mA. A scan florm 60 2 6 was carried out at a rate of 0.01226/s. The
diffractometer was calibrated using powderedlumina. Hot-melt extruded samples were grounareetnalysis
[15].

Scanning electron microscopy:
The shape and surface morphology of the Tolvaptag dubstance and Tolvaptan loaded solid dispessizere
examined using XL 30 model JEOL 6800 scanning mleanicroscope (Japan) [15].
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Evaluation of Tolvaptan Solid Dispersions:

Solubility Studies of Tolvaptan Solid Dispersion byHot Melt Extrusion Method:

Hot melt extruded samples of HM1 to HM6 were takR&ml of Volumeric flask and make up with purifiegter.
Samples were shaken for the 48 hours at room textyer Subsequently, the solution was filtered ugloa
Whatman filter paper no 1. Filtered solutions wanalyzed for the Tolvaptan by UV at,., 269 nm.

Drug Content

Accurately weighed quantity of Tolvaptan solid @isgion which is equivalent to 30mg of Tolvaptan vseen in
volumetric flask and the volume is made to 100nmthwWethanol. From this 1ml of solution is takenanlOml
volumetric flask and is made up to 10ml with methilaThis solution is diluted to 10pug/ml and absortxm was
measured aky.x 269 nm against blank. The actual drug content e@sulated using the following equation as
follows:

Actual amount of dringsolid dispersion
% Drug content = X 100
Theoretical amountatfig in solid dispersion

In Vitro Release Studies:

Thein vitro drug release profiles for each solid dispersiowal$as pure drug and corresponding Innovator pead
i.e., SAMSCA’ (Tolvaptan) 30 mg tablets were performed using tyf@ - 1 (Basket typejlissolution apparatus.
The resulting blend of solid dispersion by HME eglent to 30mg of Tolvaptan was filled in size 3chgelatine
capsules were evaluated for dissolution testing ddnditions of dissolution testing are presented@able 4. The
samples are withdrawn at specified time intervals the obtained samples were analyzed for drugselby using
UV/Visible spectrophotometer at 269nm. The différeiissolution parameters are summarised in Tabl&hé.
cumulative percentage drug release was calculated.

Table 4:1n Vitro Dissolution Studies Test Parameters:

Instrument Electro lab- USP type | dissolution sggbaratus.
Dissolution medium| 0.22% Sodium Lauryl Sulfate iater
Apparatus USP type | (Basket type)

Temperature 37x0°%®

RPM 100

Volume of medium | 900 ml.
Sampling intervals 5, 10, 15, 30,45,and 60minutes
Sample volume 10 ml withdrawn and replaced withml®f dissolution medium

RESULTS AND DISCUSSION

Results and Discussion for Tolvaptan Solid Dispersins by Hot Melt Extrusion Method

Preliminary solubility studies of Tolvaptan

In case of solid dispersions initially preliminasglubility analysis were carried out to select dppropriate gty of
polymer, which are suitable for hot melt extrusmfindrug substances having melting point above 208A& hot
melt extrusion above 150°C for the preparation afdsdispersion by HME process. Trials are madehwite

suitable polymer available for the hot melt extomsiwhich should be stable at the temperature énrémge of
150°C to 200°C. From the physical mixtures of damgl Soluplus in the ratio of 1:4 shown highest dsalybility

i.e. 0.33mg/ml, when compared with all other ratmesented iffable 5.

Table 5: Preliminary Solubility Studies of Tolvaptan

S.No. | Physical mixture Solubility (mg/ml)
1. Pure drug 0.04+0.02
2. Tolvaptan: Soluplus (1:1) 0.2740.11
3. Tolvaptan: Soluplus (1:2) 0.28+0.12
4. Tolvaptan: Soluplus (1:3) 0.30+0.09
5. Tolvaptan: Soluplus (1:4) 0.33+0.03
6. Tolvaptan: Soluplus (1:5) 0.29+0.06
7. Tolvaptan: Kollidon VA 64 (1:2 0.27+0.07
8. Tolvaptan: Kollidon VA 64 (1:3 0.26+0.09
9. Tolvaptan: Kollidon VA 64 (1:4 0.31+0.12
10. Tolvaptan: Kollidon VA 64 (1:5 0.30+0.04
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Preparation of Tolvaptan Solid Dispersions

Solid dispersions of Tolvaptan were prepared wibtuflus in different ratios like 1:2, 1:3 and 1#4M1 — HM3)
and in another set of formulation trials were @rout with Copovidone (Kollidon VA 64) in the magiof 1:2, 1:3
and 1:4 (HM4 — HM6) by HME method. In the presemteistigation, 6formulations were prepared and their
complete composition is shown Table 2 & 3. All the solid dispersions prepared were found ¢oftee flowing
granular powder. The resulted powder of Solid disipas was shown iRigure 1.

Figure 1: Tolvaptan Solid Dispersions by HME (withSoluplus in 1:4 ratios)

Characterization:

The prominent peaks of Tolvaptan was obserffégure 2) the region of 3420.26 cindue to the (Polymeric OH
stretching), a peak at 3263.66 tmue to (aromatic H(-C=C-)Htretching) and a peak at 3086.21cdue to
(aromatic C-H stretching). At the lower frequenciesl cmi* (C-Cl), 1195.91 cr (C-N stretching), 1357.93 ¢
(N-H stretching), 1681.98 c¢in(C=0 stretching) observed. Solupl@igure 3) shows the prominent peak at
3410.26crit due to polymeric OH stretching a peak at 2978.19 due to the (aliphatic Chbtretching).

Physical mixture(Figure: 4) of the drug and Soluplus shows summation of thetspef the drug and Soluplus
equivalent to the addition of the spectrum of payrand drug. This indicates that interaction hasuged with
simple physical mixture of drug and polymer. In ead formulation HM3(Figure 5) peaks related to C-H
stretching remains unchanged. This indicates thatadl symmetry of the molecule might not be sigaihtly
changed.
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Figure 2: FTIR spectra of pure drug Figure 3: FTIR spectra of Solupk
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Figure 4: FTIR spectra of physical Figure 5: FTIR spectra of formulatbon HM3

Mixture of Tolvaptan and Solupls (1:4)
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Differential Scanning Calorimetry:
The DSC thermo grams of Pure Tolvaptan showedgnrE 6, sharp endothermic peak at melting point (25

indicating that the drug is highly crystalline. Thbsence of drug peak in the solid dispersion féation (HM3
(Tolvaptan & Soluplus (1:4)) indicating the drugsnia amorphous form.

SI» Tolvaptam &
Solupias CLz4»

Pure Tolvaptam
2SS e

Figure 6: DSC Thermograms of Pure Drug and Formulaibn HM3

XRD Analysis
The XRD of Tolvaptan consist of sharp multiple pgakdicating the crystalline nature of the drugchse of SD

(Tolvapatn with Soluplus (1:4)) when exposed toay-beam, disappearance of all crystalline endotlrepmaks
and characteristic intensities of Tolvaptan. Tiridi¢ates complete transformation of crystalline vaptan into
amorphous form during HME process. From the XRDligts it is confirmed that the drug substance ihrhelt
extruded granules (HM3) has been converted intorpinous form Figure 7).

we o Ay
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A) Formulation HM3  B) Placebo C) Tolvaptan puredrug

Figure 7: powder x-ray diffraction patterns of Tolvaptan Pure Drug, Placebo and HM3

OUCT-HYD 15.0|

Figure 8: SEM images of Tolvaptan pure drug (A), SOormulation HM3 (B, C & D)
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Scanning Electron Microscopy:

Surface micrographs of SD by hot melt extruded pwEM3) and pure Tolvaptan were determined usiBiy1S
technique. The SEM micrograph of pure Tolvaptaigire 8A) was observed with large crystalline forms of drug
agglomerates with ordered shape and size. Thecsucfzaracteristics of SD of formulation HMBigure 8B, C &

D) showed rough disordered and intact structureg;iwsubsequently help to dissolve drug when come®ntact
with aqueous fluid.

Evaluation of Parameters:

Solubility Studies of Tolvaptan Solid Dispersions:

Six formulations of solid dispersions by hot melt estoin method were prepared, 3 formulations each with
Soluplus and with Copovidone (Kollidone VA64). Aftpreparation of solid dispersion solubility anaysvas
carried out, this is compared with physical mixtuod pure drug substance itself. The formulatiothv@oluplus in
the ratio of 1:4 (drug to carrier) which had shawereased solubility by more than 8 fold as comgacethat of the
pure drug (Pure drug solubility is 0.04). The resate tabulated ihable 6.

Table 6: Solubility Studies of Solid Dispersions Fapared By Hot Melt Extrusion Method

S.No. | Formulation | Solubility (mg/ml)
1. Pure drug 0.04+0.02
With Soluplus
2. HM1 (1:2) 0.31+0.12
3. HM2 (1:3) 0.33+0.08
4. HM3 (1:4) 0.35+0.06
With Copovidone (Kollidon VA64)

5. HM4 (1:2) 0.32+0.09
6. HM5 (1:3) 0.33+0.05

7. HM6 (1:4) 0.34+0.07

Drug content:

Actual drug content of all 6 formulations are showiTable 7. The drug content of the prepared solid dispession
was found to be in the range of 87.3- 98.1%. Maximi drug content i.e. 97 % was found in the forrioia
HM®6.

Table 7: % Drug Content for different formulations of Tolvaptan Solid dispersions

S.No. | Formulation code| (%) Drug content
1. HM1 91+3.7
2. HM2 92+2.9
3. HM3 93+2.4
4. HM4 96+3.3
5. HM5 95+2.6
6. HM6 97+1.1

In Vitro Dissolution Studies

Table 8:1n Vitro Dissolution Profiles of Pure Drug, Different Formuations of Tolvaptan Solid Dispersions (HM2, HM3, H15 and HM6)
and Innovator product

Cumulative % drug release
Time in Min With Soluplus With Copovidone
Pure drug | SAMSCA® 30 mg Tablets HM2 (1:3) | HM3 (1:4) HM5 HM6
) ) (1:3) (1:4)
0 0 0 0 0 0 0
5 12.2+4.9 32.4+2.6 35.6+4.2 45.7+3.8 34544 38.D
10 18.6+4.1 49.4+2.2 52.2+3.§ 55.744.1  48.6+B.2 7435
20 22.1+3.6 72.8+1.6 63.6+3.3 67.843.6  58.6+2.7 553.1
30 28.9+3.3 79.2%1.9 66.3+2.3 78.5#2.6  65.2+2.2 2628
45 32.5+2.6 89.8+1.2 75.3+1.§ 86.1+1.5  73.8+1.7 6¥B9
60 39.6x2.7 94.2+0.9 89.1+1.3 93.5#1.2  83.6x0.8 2¥9.6
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Figure 9: In vitro dissolution profiles of pure drug, Innovator product and solid dispersion of Tolvaptan by HME (HM2, HM3, HM5 and
HM6)

Among the 6 solid dispersion formulations by thé melt extrusion process, the formed flakes atctha@ing zone
were found to be transparent in HM2, HM3, HM5 andéd It indicates that the drug substance has beewerted
into an amorphous (more than 90%). The resulteetdpo after crushing the flakes using mortar andlpegs free
flowing granular in nature. The granular powdesifled into size “3” hard gelatin capsules andlerated for the
drug release profiles in FDA recommended dissatuti,edium and compared against the drug releasdesrof
pure drug substance and corresponding innovatatugtan the same media.

The drug release data obtained for formulations HM®I3, HM5 & HM6 are tabulated imable 8 The Table
shows the cumulative percent drug released as @idmnof time for all formulations. Cumulative pert drug
released after 90 min was 89.1%, 93.5%, 83.6% &meP4 for HM2, HM3, HM5 and HM@espectively while for
pure drug 39.6 % in 60 min and for Innovator pradi#t2% in 60 minutes.

In vitro studies revealed that there is marked increasthandissolution rate of Tolvaptan from all the doli
dispersions when compared to pure Tolvaptan itBetfm thein vitro drug release profiles, it is clearly evident that
the rate of drug release and its profiles in HM& e@mparable to that of rate and drug releaselgsadif Innovator
product and more over on higher side as comparéu rate and drug release profiles in rest of thentdations.
This may be attributed to the increase in drug aistity, conversion to amorphous form and solubifian of the
drug due to hydrophilic carrier. Comparative drigdease profiles for solid dispersion by HME processig
substance and corresponding Innovator product epigd inFigure 9.

SPRAY DRYING TECHNIQUE

Preliminary solubility studies of Tolvaptan:

Solubility of Tolvaptan was determined by addingeatess amount of Tolvaptan to volumetric flasikkbml of
water and then samples were shaken for the 48 labuoom temperature. Subsequently, the solutimre filtered
through a Whatman filter paper no 1. Filtered sohg were analyzed for the Tolvaptan by UV/Visible
spectrophotometer at ., 269 nm. In the same Tolvaptan and water solublgeta like Povidone (Kollidon 30),
hydrophilic carrier Soluplus, mixture of Soluplusdawater soluble and hydrophilic Hypromellose 2Ps avere
taken in 1:1 ratios, added to volumetric flask &6f of water and then samples were shaken for &haotirs at
room temperature. Subsequently, the solutiveee filtered through a Whatman filter paper ndé-iltered solutions
were analyzed for the Tolvaptan by UV/Visible spephotometer ak o 269 nm.

Preparation of Tolvaptan solid dispersions by spraydrying:
Step — 1:Tolvaptan was slowly added to 2:1 solvent mixtusésglichloromethane and methanol (Drug to solvent
ratio is 1:7.5) under continuous stirring and strwell till to get a clear solution.

Step — 2:In one set of formulationsaken with Povidone (Kollidon 30) — SDT1(drug t&rer ratio, 1:2) and SDT2
(drug to carrier ratio, 3:1) / in another set afnfoilations taken with Soluplus - SDT3 (drug torigarratio, 1:2) and
SDT5 (drug to carrier ratio, 3:1) and also with ixture of Soluplus and Hypromellose 2.5 cPs — Sdrug to
carrier ratio, 3:1:1) added to the step 1 of dsatytion and stirred well till to get a clear sadut (with Povidone),
whereas with Soluplus uniform drug dispersion. Hheve solution dispersion was subjected to spray drying
using BUCHI spray dryer (Inlet air temperature 600°C, Aspiration 90 - 100%; Nozzle tip: 0.2 mmiridgen gas
cylinder). The majority of the spray dried powdeasacollected in the drying chamber cylinder witlpiestion
below 90% and it was found to be coarser powdecaaspared to spray dried powder, which was colledated
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Extraction cyclone cylinder where aspiration ab80&6 to 100%. Spray dried powder was found to besevavith
nozzle size more than 0.4 mm, coarser grade powdsrcollected in drying chamber cylinder. The patars to
maintain during the process are summarizetiable 9and the composition is shownTable 10.

Table 9: Parameters considered during spray drying

Spray drying parameters:
Inlet temperature 60 - 70°(
Pump rate for spraying Solution 25 — 35%
Nitrogen gas pressure 30mm Hg
Nozzle tip: 0.2 mm
Nozzle diameter: 0.4 mm
Cap diameter: 1.4 mm

Table 10: Composition of Tolvaptan solid dispersios by Spray drying technique (SDT)

S. No Ingredients (Units) SDT1 SDT2 SDT3 SDT4 SDT5
' Qty (mg) | Qty (mg)| Qty(mg) Qty(mg) Qty(md)
1. Tolvaptan 30.0 30.0 30.0 30.0 30.0
2. Povidone (Kollidon 30) 60.0 10.0 - - -
3. Soluplus - - 60.0 10.0 10.0
4 Hypromellose 2.5cPs - - - 10.0 -
5. Dichloromethane (2 partg) g.s g.s g.s g.s g.s
6. Methanol (1 parts) g.s q.s q.s g.s g.s

Solubility studies of Tolvaptan solid dispersions ¥ Spray drying technique

The resulting Spray dried mixture, SDT1 to SDT4 evadded 25 ml of volumetric flask of purified watd@he
samples were shaken for the 48 hours at room teyer Subsequently, the solutions / dispersiore Viitered
through a Whatman filter paper no 1. Filtered solhutwas analyzed for the tolvaptan by UV/Visible
spectrophotometer at;,.x 269 nm.

Evaluation of tolvaptan solid dispersions by sprayrying technique:

Solid dispersions obtained from the spray dryinthiéque (SDT) were tested for drug substance dilubihe
solid dispersion showing good solubility, and wkneher studied for drug content amdvitro drug release studies.
Drug content

Accurately weighed quantity of Tolvaptan solid @isgion which is equivalent to 30mg of Tolvaptan vseen in
volumetric flask and the volume is made to 100nthvWethanol. From this 1ml of solution is takenanlOml
volumetric flask and is made up to 10ml with methilaThis solution is diluted to 10pug/ml and absortxm was
measured aky.x 269 nm against blank. The actual drug content e@sulated using the following equation as
follows:

Actual amountdofig in solid dispersion
% Drug content = X 100
Theoretical amountatfig in solid dispersion

In vitro release studies:

Thein vitro drug release profiles for each solid dispersiorwelf as pure drug and its corresponding Innovator
product was performed using USP type 1 (Baskegotliion apparatus. The resulting blend of soligbdision by
SDT equivalent to 30 mg of Tolvaptan was filledsine “3” hard gelatin capsules and was evaluatedifsolution
profiles. The conditions and parameters of disgmiutesting are presentedTiable 11.

The samples are withdrawn at specified time inferaad the obtained samples were analyzed for dregse by
using UV/Visible spectrophotometeriaf,.x 269nm. The cumulative percentage release waslatddu

Table 11:In Vitro dissolution studies test parameters

Instrument Electro lab - USP type | Dissolutiort ggparatus.
Dissolution medium| 0.22% Sodium Lauryl Sulfate iater

Apparatus USP apparatus-| (Basket type)

Temperature 37+0°6

RPM 100

Volume of medium | 900 ml.
Sampling intervals 5, 10, 15, 30,45 & 60 minutes
Sample volume 10 ml withdrawn and replaced withml@f dissolution medium
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Results and Discussion for Solid Dispersion of Toaptan By Spray Drying Technique

Preliminary Solubility Studies of Tolvaptan

In case of solid dispersions initially preliminasglubility analysis were carried out to select #ippropriate water
soluble or / hydrophilic carriers for the prepawatiof solid dispersion. Trials are made with théadle polymer

available for the spray drying method. Finally dulity studies were made with the water solubleieain different

drug: carrier ratios.

From these physical mixturé$able 12 of drug and Povidone (Kollidon 30) in the ratib3s1 shown highest drug
solubility i.e. 0.29 mg/ml, more than 7 fold incsea as compared to that of pure drug.

Table 12: Preliminary Solubility Studies of Tolvaptn

S.No. | Physical mixture Solubility (mg/ml)
1. Pure drug 0.04+0.02
2. Drug: Kollidon 30 (1:2) 0.21+0.08
3. Drug: Kollidon 30 (3:1) 0.29+0.05
4. Drug : Soluplus (1:2) 0.28+0.03
5. Drug : Soluplus: HPMC 2.5cPs (3:1:1) 0.22+0.07
6. Drug : Soluplus (3:1) 0.24+0.06

Preparation of Tolvaptan Solid Dispersions by SDT

Solid dispersions of Tolvaptan were prepared bpaiSoluplus, Povidone (Kollidon 30) and mixtureSufluplus
and HPMC 2.5¢cPs (1:1 ratio). In the present ingesibn 5 formulations were prepared and their cetepl
composition is shown iffable 10 The resulting spray dried powder was found tdite and fluffy in nature was
filled in size “3” hard gelatin capsules and evadakfor dissolution profiles.

Figure 10: Tolvaptan Solid Dispersions by SDT (SDTQ2

Characterization:

FTIR Studies of Tolvaptan Solid Dispersion By SprayDrying Method:

The prominent peaks of Tolvaptan was obsef#gure 11 )the region of 3410.26 chrdue to the (Polymeric OH
stretching), a peak at 3263.66 tmue to (aromatic H(-C=C-)Htretching) and a peak at 3086.21 cdue to

(aromatic C-H stretching). At the lower frequenciesl cmi* (C-Cl), 1195.91 cr (C-N stretching), 1357.93 ¢
(N-H stretching), 1681.98 ¢ (C=0 stretching) observedPovidone (Kollidon 30)(Figure 12) shows the
prominent peak at 3410.26 ¢ndue to polymeric OH stretching, a peak at 29788 due to the (aliphatic CH

stretching).

Physical mixturgFigure 13) of the drug and Povidone (Kollidon 30) shows suttiomaof the spectra of the drug
and Povidone (Kollidon 30) equivalent to the adufitiof the spectrum of polymer and drug. This intisathat
interaction has occurred with simple physical migtof drug and polymer. In case of solid dispergiigure 14)

of the drug and Kollidon 30 shows overlapping oHCand N-H group and broadening of peak was observed
However other peaks related to C-H stretching ramainchanged. This indicates that overall symmetrihe
molecule might not be significantly changed.
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Figure 11: FTIR spectra of pure drug
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Figure 12: FTIR spectra of Povidone (Kollidon 30)
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Figure 13: FTIR spectra of physical mixture of Tohaptan: Povidone (Kollidon 30)
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Figure 14: FTIR spectra of formulation SDT2 solid dspersion prepared by spray drying method

Differential scanning calorimetry:

The DSC thermo grams of Pure Tolvaptan showedgarE 15, sharp endothermic peak at melting point (325
indicating that the drug is highly crystalline. Thbsence of drug peak in the solid dispersion ftatian SDT2
(Tolvaptan & Kollidon 30 (3:1)) indicating the drugas in amorphous form.

ouo
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e

SID of Tolvaptmes

oo Eollidom 3O (S A)

.

FPure Tolvaptam
2SS o

Figure 15: DSC thermograms of pure drug and formuldéion SDT2

XRD Analysis

The XRD of Tolvaptan consist of sharp multiple pgdkdicating the crystalline nature of the drugcése of SDT2
(Tolvapatn with Kollidon (3:1)) when exposed to Xyrbeam, disappearance of all crystalline endotitepmaks
and characteristic intensities of Tolvaptan. Tirdi¢ates complete transformation of crystalline véptan into
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amorphous form during SDT process. From the XRIdisfy it is confirmed that the drug substance by ®Dthe
formulation (SDT2) has been converted into amorghHotm §igure 16).
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A) Formulation SDT2 B) Placebo C) Tolvaptan pure dug
Figure 16: Powder X-ray diffraction patterns of Tolvaptan pure drug, placebo and formulation

Scanning electron microscopy:

Surface micrographs of prepared spray dried pow8&T2) and pure Tolvaptan were determined using SEM
technique. The SEM micrograph of pure Tolvaptaigre 17A) was observed with large crystalline forms of drug
agglomerates with ordered shape and size. Thecsucfaracteristics of SD of formulation SDRigure 17B, C &

D) shown rough disordered and intact structureschvBubsequently help to dissolve drug when come®iact
with aqueous fluid.

Figure 17: SEM images of Tolvaptan pure drug (A), B formulation SDT2 (B, C & D)

Evaluation of Parameters:

Solubility Studies of Tolvaptan Solid Dispersions:

Five formulations of solid dispersions were pregabg spray drying method with their respective ieais: After
preparation of solid dispersion solubility analysias carried out, this is compared with pure dugstance itself.
The formulation (SDT2) with Povidone (Kollidon 3®)the ratio of 3:1 (drug to carrier) which had slmoincreased
solubility, the solubility is more than 8 fold ireased as compared to that of the pure drug (Pugesiiubility is
0.04 mg/mL). The results are tabulated’able 13.
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Table 13: Solubility studies of solid dispersionsnepared by spray drying method

S.No. | Formulation | Solubility (mg/ml)
1. Pure drug 0.04+0.02
2. SDT1 0.27+0.07
3. SDT2 0.32+0.10
4. SDT3 0.31+0.08
5. SDT4 0.29+0.14
6. SDT5 0.30+0.11

Drug content:

Actual drug content of all 5 formulations are shawiTable 14 The drug content of the prepared solid dispession
was found to be in the range @.2% — 95.3%. Maximum % drug content i.e. 95.3 % was founchia formulation
SD2.

Table 14: % Drug Content for different formulations of Tolvaptan Solid dispersions

S.No. | Formulation | %Drug content
1. SDT1 90.2 £3.4
2. SDT2 95.3 2.7
3. SDT3 94.3+3.1
4. SDT4 92.4+1,8
5. SDT5 93.6+2.6

In Vitro Dissolution Studies

Table 15:1n Vitro Dissolution Profiles of Pure Drug, Innovator Prodwct and Different Formulations of Tolvaptan Solid Dispersions
(SDT1-SDT5)

Time in Min Cumulative % drug release

Pure drug | SAMSCA® (tolvaptan) 30 mg tablets SDT1 SDT2 SDT3 SDT4 SDT5
0 0 0 0 0 0 0 0
5 12.2+4.9 32.4+2.6 29.4+44.8 36.2+3]2 35.6+3.8 B831.8| 33.5+3.6
10 18.6+4.1 49.4+2.2 43.624.1 54.2+25 47.5+B.1 5442 | 44.8+2.6
20 22.1+3.6 72.8+£1.6 53.242.8 66.3x3.1 57.5+P.7 4584 | 57.5#25
30 28.9+3.3 79.2+1.9 62.243.2 79.2+1l6 68.2+].7 665.8 | 66.5+1.4
45 32.5+2.6 89.8+1.2 72.6+2.3 85.8+13 74.5+P.3 4¥B3 | 74.2+0.8
60 39.6+2.7 94.2+0.9 79.1+1[7 91.4+0.8 89.3+].1 380.6 | 84.6+1.4

——Pure diug

—— S ANMS CA® (tolvaptan) 30 1mg
tablets

—ale—SDT1

——STYT 2

—t— ST 3

Cumulative % drug release

SDT4

3 s
20 a0 [S1e) 220 ST

Time (anin)

Figure 18: In Vitro Dissolution Profile of Pure Drug, Innovator Productand Tolvaptan Solid Dispersion by Spray Drying Tebnique
(SDT1-SDT5)

The drug release data obtained for formulations EBDT5 are tabulated in Table 15. The Table shdves t
cumulative percent drug released as a functioingd for all formulations. Cumulative percent dr@eased after

60 min was found to be 79.1%, 91..4%, 89.3%, 81a3fh 84.6% for SDT1-SDT5 respectively, 39.6 % innGit

for pure drug and 94.2% in 60 min for Innovatooghuct. In vitro studies revealed that there is marked increase in
the dissolution rate of tolvaptan from all the ddliispersions when compared to pure tolvaptanf.itedm thein
vitro drug release profiles, it can be seen that fortimiaSDT2 containing Povidone (Kollidon 30) (3:lticaof
drug: Kollidon 30) shown higher drug release i.£.49% compared with other formulations. From ith&itro drug
release profiles, it is clearly evident that theeraf drug release and its profiles in SDT2 are garable to that of
rate and drug release profiles of Innovator produnt more over on higher side as compared withaatedrug
release profiles in rest of the formulations. Timay be due to conversion from crystalline to amogshform and

230
Scholar Research Library



K. Rameshet al Der Pharmacia Lettre, 2015, 7 (1):218-231

solubilization of the drug due to hydrophilic ceri The graphical representation drug release lpsofif solid
dispersions of SDT1 to SDT5 were depictedigure 18,

CONCLUSION

In the present investigation the solid dispersiohthe water insoluble drug substance Tolvaptan suesessfully
prepared by Hot-melt extrustion and Spray dryinchtgque. Thein-vitro dissolution test showed a significant
increase in the rate and % of cumulative drug seled solid dispersions prepared by HME (93.5%)2T$1.4%)

as compared with pure Tolvaptan (39.6%) in 60 n@swnd found to be comparable with the drug relfrase the
innovator product (94.2%) [SAMSCAtolvaptan) 30 mg tablets]. The rate of drug redeass slightly higher from
Tolvaptan solid dispersion by HME when comparehv@DT. The increase in the rate of drug releaseobfaptan

is in the order of solid dispersions of HME>SDT>r€uwrug substance itself. The mechanism involvesl ar
solubilization and improved wetting of the drugbstance within hydrophilic carriers rich microemriment
formed at the surface of the drug substance. Tystatline form of the drug substance has been exeg into
amorphous form with solid dispersion of hydroptpotdymer by HME & SDT. Results from FT-IR concludtwht
there was no well defined interaction between Tolaa and carrierdSC, XRD and SEM showed a change in
crystal structure toward an amorphous form of Tptaa. Finally it could be concluded that solid disgion of
Tolvaptan using hydrophilic polymers by HME & SDTowd improved the aqueous solubility, dissolutieter
permeability and thereby enhancing its systemidalviity.
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