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CHAPTER -I 
 INTRODUCTION 


   Oral drug delivery is the simplest and easiest way of administering drugs. 


Because of the greater stability, smaller bulk, accurate dosage and easy production, 
 solid oral dosages forms have many advantages over other types of oral dosage forms. 


Therefore, most of the new chemical entities (NCE) under development these days are 
 intended to be used as a solid dosage form that originate an effective and reproducible 
 in vivo plasma concentration after oral administration (Vinay kumar et al., 2012). 


New chemical entities do not reach the expectation and requirements because 
 of their poor oral bioavailability due to lower dissolution rate which is the rate 
 limiting step for hydrophobic drugs.  


A most important parameter that is useful for poorly soluble drugs is the dose: 


solubility ratio of the drug. The dose: solubility ratio can be defined as the volume of 
 gastrointestinal fluids necessary to dissolve the administered dose. When this volume 
 exceeds the volume of fluids available, one may anticipate incomplete bioavailability 
 from solid oral dosage forms. The aqueous solubility for poorly water-soluble drugs is 
 usually less than 100 μg/ml (Vijaykumar Nagabandi et al., 2011).  


Increasing the dissolution and bioavailability of poorly soluble drugs is a 
major challenge facing the pharmaceutical industry today as about 40% of potential 
drugs produced are almost insoluble. As a general rule increase in dissolution done by 
increase in its solubility profile, this in turn end up in increased absorption (Gandhi, et 
al., 2013 and Kamalakanan V. et al., 2012). 



(11)CHAPTER  I      INTRODUCTION 


Liquisolid tablets of Paliperidone Reg. No. 261211302   Page 2 
 Various techniques have been employed to formulate oral drug delivery 
 system that would enhance the dissolution profile and in turn, the absorption 
 efficiency of water insoluble drug such as micronization, adsorption onto high surface 
 area carriers, lyophilization, co-grinding, formulation of inclusion complexes, 
 solubilization by surfactants, solid dispersions, solid solutions, hydrotrophy, inclusion 
 of the drug solution or liquid drug into soft gelatin capsules, and co solvency.  


BCS classification is a scientific framework which deals in classification of 
 drug substances based on its aqueous solubility and intestinal permeability. 


Table 1: Biopharmaceutical Classification System 
 (Brahmankar et al., 2009) 


Class Solubility  Permeability 
 I High  High 
 II Low  High 
 III High  Low 
 IV Low  Low 


Among the four classifications class II and class IV drugs are those belonging 
to lipophillic molecules which dissolve slowly, poorly, irregularly and so have serious 
challenges in delivery like incomplete release from the dosage form, Poor 
bioavailability, increased food effects and high inpatient variability (A.A. Elkordy et 
al., 2013 and Kamalakanan V. et al., 2012). 
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 Development of Dosage Forms with Poorly Water Soluble Drugs  


Various methods used to increase the solubility of poorly water soluble drugs 
 which are given below.  


Micronization  


The particle size reduction technique enhance the solubility and dissolution 
 rate of poorly water soluble drugs due to the enormous surface that is generated.  


Solvent Deposition  


In this method, the poorly aqueous soluble drug such as nifedipine is dissolved 
 in an organic solvent like alcohol and deposited on an inert, hydrophilic, solid matrix 
 such as starch or microcrystalline cellulose evaporation of solvent.  


Use of soluble Prodrug  


Here the physico-chemical properties of the drug are improved by bio-
 reversible chemical alteration. The most common prodrug strategy involves the 
 incorporation of polar or ionizable moiety into the parent compound to improve 
 aqueous solubility.  


Solid dispersion  


It involves dispersion of one or more active ingredients in an inert carrier or 
 matrix at solid state. Melting (fusion) method, solvent evaporation method or melting 
 evaporation methods can be employed for the preparation of the solid dispersions. 


The dissolution rate of the solid dispersion depends on the type of carriers used or the 
type of the matrix forming polymers used (A. B. Pathan et al., 2012). 
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Liquisolid technique 


The new developed technique by Spireas liquisolid system improves the 
 dissolution properties of water insoluble or poorly soluble drugs. The liquisolid 
 technique is a novel concept where a liquid may be transformed into a free flowing, 
 readily compressible and apparently dry powder by simple physical blending with 
 selected carrier and coating material. The liquid portion, which can be a liquid drug, a 
 drug suspension or a drug solution in suitable non-volatile liquid vehicles, is 
 incorporated into the porous carrier material. Once the carrier is saturated with liquid, 
 a liquid layer is formed on the particle surface which is instantly adsorbed by the fine 
 coating particles. Thus, an apparently dry, free flowing, and compressible powder is 
 obtained. Among them, liquisolid compacts is one of the most promising and new 
 techniques which promotes dissolution rate of water insoluble drugs.  


The term liquisolid compact refers to immediate release or sustained release 
 tablets or capsules, combined with the inclusion of appropriate adjuvant required for 
 tabletting or encapsulating. 


Need of Liquisolid System  


The oral route remains the preferred route of drug administration due to its 
convenience, good patient compliance and low medicine production costs. In order 
for a drug to be absorbed into the systemic circulation following oral administration, 
the drug must be dissolved in the gastric fluids. Thus, one of the major challenges to 
drug development today is poor solubility, as an estimated 40% of all newly 
developed drugs are poorly soluble or insoluble in water. In addition, up to 50% of 
orally administered drug compounds suffer from formulation problems related to their 
low solubility and high lipophilicity. Bioavailability of poorly water soluble 



(14)CHAPTER  I      INTRODUCTION 


Liquisolid tablets of Paliperidone Reg. No. 261211302   Page 5 
 hydrophobic drugs (class II in biopharmaceutics classification system) is limited by 
 their solubility and dissolution rate. The dissolution rate of these drugs can be 
 improved by decreasing particle size, decreasing crystallinity, and/or increasing the 
 surface area. Several studies have been carried out to increase the dissolution rate of 
 drugs by decreasing the particle size, by creating nanoparticles and microparticles. 


However, the fine drug particles have high tendency to agglomerate due to vander 
 Waals attraction or hydrophobicity, which both result in a decrease in surface area 
 over time. Another way of increasing the dissolution rate is adsorption of the drug 
 onto a high-surface area carrier. In this technique, the drug is dissolved in an organic 
 solvent followed by soaking of the solution by a high-surface-area carrier such as 
 silica. Here, agglomeration of the drug particles is prevented due to the binding of 
 drug to the carrier. However, due to the presence of the residual solvent in the drug 
 formulation, it is disadvantageous to use toxic solvents. To overcome the problem, the 
 technique of “liquisolid compacts” is a new and promising approach towards 
 dissolution enhancement.  


Liquisolid compacts possess acceptable flowability and compressibility 
properties. They are prepared by simple blending with selected powder excipients 
referred to as the carriers and the coating materials. Many grades of cellulose, starch, 
lactose, etc. can be used as carriers, whereas silicas of very fine particle size can be 
used as coating materials. In such systems, the drug existed in a molecular state of 
subdivision and systems were free flowing, on-adherent, dry looking powders. This 
technique was successfully applied for low dose water-insoluble drugs. Due to 
significantly increased wetting properties and surface area of drug available for 
dissolution, liquisolid compacts of water insoluble substances may be expected to 
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 display enhanced drug release characteristics and, consequently, improved oral 
 bioavailability. Since dissolution of a nonpolar drug is often the rate limiting step in 
 gastrointestinal absorption, better bioavailability of an orally administered water-
 insoluble drug is achieved when the drug is already in solution, thereby displaying 
 enhanced dissolution rates.  The technique of liquisolid compacts has been 
 successfully employed to improve the in vitro release of poorly water soluble drugs 
 such as Carbamazepine, Famotidine, Piroxicam, Indomethacin, Hydrocortisone, 
 Naproxen and Prednisolone (A.B Pathan et al., 2012). 


Advantages 


  Huge number of Bio-Pharmaceutical classification class II drugs with high 
 permeability, slightly or very slightly water soluble and practically insoluble 
 liquids and solid drugs can be formulated into liquisolid systems. 


 Improvement of bioavailability of an orally administered water insoluble 
 drugs is achieved. 


  This principle governs or administers the mechanism of drug delivery from 
 liquisolid systems of powdered drug solutions and it is mainly responsible for 
 the improved dissolution profiles exhibited by this preparations. 


  In this technique, production cost is low compared to soft gelatin capsules. 


  Drug is formulated in a tablet form or encapsulated dosage form and is held in 
 solubilized liquid state, which confers developed or improved drug wetting 
 properties thereby improving drug dissolution profiles. 


  Greater drug surface area is exposed to the dissolution medium. 


  This liquisolid system is specifically for powdered liquid medications. 
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 These liquisolid systems formulate into immediate release or sustained release 
 dosage forms. 


 Optimized sustained release, liquisolid tablets or capsules of water insoluble 
 drugs demonstrate constant dissolution rates (zero order release). 


  It is used in controlled drug delivery systems. 


  Drug can be molecularly dispersed in the formulation. 


  Drug release can be modified using suitable formulation ingredients. 


  Capability of industrial production is also possible. 


  Enhanced bioavailability can be obtained as compared to conventional tablets. 


  Differentiate the dosage form by admixture of colour into liquid vehicle. 


  To minimize excipients in formulation compare with other formulations like 
 solid dispersions. 


  Omit the process approaches like nanonisation, micronization techniques 
 (Syed et al., 2012 and Arya et al., 2011). 


Disadvantages 


  Formulation of high dose lipophilic drugs the liquisolid tablet is one of the 
 limitations of this technique. 


  In order to achieve acceptable flowability and compactability for liquisolid 
powder formulation, high levels of carrier material and coating materials 
should be added. This will increase the weight of tablets to above one gram 
which makes them difficult to swallow. Consequently, it is impossible with 
conventional tablet methods to convert high dose to liquisolid tablets with a 
tablet weight of less than 50mg. Dissolution profile enhancement occurs in the 
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 presence of low levels of hydrophilic carrier, where coating material is not 
 significant (A. B. Pathan et al., 2012). 


Limitations 


  Not applicable for formulation of high dose insoluble drugs. 


  If more amount of carrier is added to produce free-flowing powder, the tablet 
 weight increases to more than one gram which is difficult to swallow. 


  Acceptable compression properties may not be achieved since during 
 compression liquid drug may be squeezed out of the liquisolid tablet resulting 
 in tablets of unsatisfactory hardness. 


  Introduction of this method on industrial scale and to overcome the problems 
 of mixing small quantities of viscous liquid solutions onto large amounts of 
 carrier material may not be feasible (Sambasiva Rao. A et al., 2011). 


Principle of Liquisolid Compacts  
 Important terminologies in Principle  


Liquid medication includes liquid lipophilic drugs and drug suspensions or 
 solutions of solid water insoluble drugs in suitable non-volatile solvent systems.  


Liquisolid system refers to powdered forms of liquid medications formulated 
 by converting liquid lipophilic drugs, or drug suspensions or solutions of water 
 insoluble solid drugs in suitable non-volatile solvent systems, into dry, nonadherent, 
 free-flowing and readily compressible powder admixtures by blending with selected 
 carrier and coating materials.  


Carrier material refers to a preferably porous material possessing sufficient 
absorption properties, such as microcrystalline and amorphous cellulose, which 
contributes in liquid absorption.  
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 suitable as liquid vehicles. Once the carrier is saturated with liquid, a liquid layer is 
 formed on the particle surface which is instantly adsorbed by the fine coating 
 particles. Thus, an apparently dry, free flowing, and compressible powder is obtained. 


Usually, microcrystalline cellulose is used as carrier material and amorphous silicon 
 dioxide (colloidal silica) as coating material. Various excipients such as lubricants and 
 disintegrants may be added to the liquisolid system to produce liquisolid compacts 
 (Fig. 2) (Syed et al., 2012) 


Figure 2: Schematic outline of the steps involved in the preparation of 
 liquisolid compacts. 
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 Powdered drug solutions and  suspensions may be produced from the 
 conversion of drug solutions or drug suspensions into liquisolid systems and 
 powdered liquid drugs are produced from the formulation of liquid drugs into 
 liquisolid systems. 


B.  Based on the formulation technique used, liquisolid systems may be classified into 
 two categories namely, 


1. Liquisolid compacts 
 2. Liquisolid Microsystems 


The term “liquisolid compacts” refers to immediate or sustained release 
 tablets or capsules prepared, combined with the inclusion of appropriate adjuvants 
 required for tabletting or encapsulation, such as lubricants, and for rapid or sustained 
 release action, such as disintegrants or binders, respectively. 


The term “liquisolid Microsystems” refers to capsules prepared by combining 
 the drug with carrier and coating materials; combined with inclusion of an additive 
 resulting in a unit size may be as much as five times that of liquisolid compacts 
 (Sambasiva Rao et al., 2011 and Shashidher Burra et al., 2011). 


Mechanisms of enhanced drug release from liquisolid systems 


Several mechanisms of enhanced drug release have been postulated for 
liquisolid systems. The three main suggested mechanisms include an increased 
surface area of drug available for release, an increased aqueous solubility of the drug, 
and an improved wettability of the drug particles. Formation of a complex between 
the drug and excipients or any changes in crystallinity of the drug could be ruled out 
using DSC and XRD measurements. 
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 a. Increased drug surface area 


If the drug within the liquisolid system is completely dissolved in the liquid 
 vehicle it is located in the powder substrate still in a solubilized, molecularly 
 dispersed state. Therefore, the surface area of drug available for release is much 
 greater than that of drug particles within directly compressed tablets. 


      Accordingly,  with  increasing  drug content exceeding the solubility limit and 
 thus, increasing fraction of undissolved drug in the liquid vehicle the release rate 
 decreases. With various drugs it could be shown that the release rates are directly 
 proportional to the fraction of the molecularly dispersed drug (FM) in the liquid 
 formulation. FM is defined by the ratio between the drug's solubility (Sd) in the liquid 
 vehicle and the actual drug concentration (Cd) in this vehicle carried by each system. 


Therefore: 


F M= Sd /Cd 
 Where  FM= 1 if  Sd ≥ Cd 


Accordingly, lower FM-values and higher fraction of undissolved drug in 
 the liquid vehicle, respectively, are not sufficient to increase percentage of drug 
 released at 30 min. However, this may not be transferred to other time points of drug 
 release. 


b. Increased aqueous solubility of the drug 


In addition to the first mechanism of drug release enhancement it is expected 
 that Cs, the solubility of the drug, might be increased with liquisolid systems. In fact, 
 the relatively small amount of liquid vehicle in a liquisolid tablets is not sufficient to 
 increase the overall solubility of the drug in the aqueous dissolution medium. 


However, at the solid/liquid interface between an individual liquisolid primary 
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 particle and the release medium it is possible that in this microenvironment the 
 amount of liquid vehicle diffusing out of a single liquisolid particle together with the 
 drug molecules might be sufficient to increase the aqueous solubility of the drug if the 
 liquid vehicle acts as a co-solvent. The overall increase in the solubility of drugs 
 caused by liquisolid systems was confirmed. 


c. Improved wetting properties 


Due to the fact that the liquid vehicle can either act as surface active agent or 
 has a low surface tension, wetting of the liquisolid primary particles is improved. 


Wettability of these systems has been demonstrated by measurement of contact angles 
 and water rising times (Arya et al., 2011) 


Methodology  


Spireas et al proposed the new mathematical model in accordance to retain 
 good flow behaviour and compressibility to design the formulation for Liquisolid 
 technique. Mandatory requirements for this technique are suitable drug candidate, 
 suitable non-volatile solvent, carrier and coating materials. According to Spireas et al 
 the basic properties of Liquisolid powder for good flow behaviour and compressibility 
 proposed are “Flowable liquid retention potential” (value) and compressible liquid 
 retention potential” (ψ value), respectively.  


Flowable liquid retention potential defined as maximum weight of liquid 
(solvent) that can be retained per unit weight of powder (excipient) material to 
produce good flow. Compressible liquid retention potential defined as the 
compression force applied to produce tablets with acceptable strength without 
squeezing out any liquid during compression.  
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 Excipient ratio (R) defined as Carrier to coating ratio as,  


R= Q/q 
 Where, 


       Q= Carrier material 
       q= Coating material.  


Liquid load factor (Lf) defined as weight of liquid medicament (W) to weight of 
 carrier (w).  


Lf = W/Q 
 The Ø value is for calculating excipients quantities.  


Equation is,  


Lf = Ø + Ø (1/R) 
 Where, Ø and Ø are values of carrier and coating material. 


Materials required for formulation 
 Liquisolid system mainly includes 


1. Drug candidate 
 2. Non volatile solvent 
 3. Disintegrant 


4. Carrier material 
 5. Coating material 
 1. Drug candidate 


These are poorly soluble or else insoluble drugs in water. 


2. Non volatile Solvent 


Non volatile Solvent should be inert, high boiling point, preferably water-
miscible and not highly viscous organic solvent systems and compatible with having 
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 ability to solubilise the drug. The non volatile solvent acts as a binding agent in the 
 liquisolid formulation. Various non-volatile solvents used for the formulation of 
 liquisolid tablets includes 


1. Polyethylene glycol400 
 2. Propylene glycol 
 3. Polysorbate80 
 4. Capryol 90 
 Selection of Solvent 


To select the best non-volatile solvent for dissolving or suspending the drug in 
 liquid medication, solubility studies of drug were carried out in different non-volatile 
 liquid vehicles. Saturated solutions were prepared by adding excess drug to the liquid 
 vehicles and it was shaked on the shaker for 48 hours at 25◦C under constant stirring. 


After this period the solutions were filtered through a 0.45 μm millipore filter, diluted 
with distilled water and analysed by UV-spectrophotometer at respected wavelength 
against blank sample (blank sample containing the same concentration of the specific 
solvent used without drug). Three determinations were carried out for each sample to 
calculate the solubility of drug. Some of the solvents mentioned can be incorporated 
to formulate Liquisolid tablets viz. Poly ethylene glycol (PEG 200, 400, 600), 
Propylene Glycol, Polysorbate 80, Glycerol, Spans, Polyoxyl 35 castor oil, capryol 90 
and poloxamer 181. The solvent should have the characteristic of a non-toxic and non 
volatile solvent. The formulation liquisolid compacts should neither enhance the 
dissolution rates nor retard the dissolution rates of the drug it depends upon the 
selection of solvent and properties of the chemical entities. Prior to selection of 
solvent selection in the formulation there is need to check the saturation solubility 



(26)CHAPTER  I      INTRODUCTION 


Liquisolid tablets of Paliperidone Reg. No. 261211302   Page 17 
 with selected non-volatile solvents. From saturation solubility of solvent the one 
 which has enhance rate of dissolution, the solvent with minimum solubility retards the 
 rate of drug release 


3. Disintegrant 


Superdisintigrants increases the rate of drug release, water solubility and 
 wettability of liquisolid granules. Mostly superdisintigrants like sodium starch 
 glycolate, croscarmelose sodium, pre gelatinized starch and crosspovidone are used. 


4. Carrier Materials 


Carrier material should be porous material possessing sufficient absorption 
 properties which contributes in liquid absorption. The carrier and coating materials 
 can retain only certain amounts of liquid and at the same time maintain acceptable 
 flow and compression properties hence, increasing moisture content of carrier’s 
 results in decreased powder flowability. Various grades of microcrystalline cellulose 
 such as avicel PH 102, avicel PH 200 and experimental grade of granular amorphous 
 cellulose, lactose used as carrier materials. 


5. Coating Materials 


Coating material should be a material possessing fine and highly adsorptive 
particles which contributes in covering the wet carrier particles and displaying a dry-
looking powder by adsorbing any excess liquid. Coating material is required to cover 
the surface and maintain the powder flowability. Coating material includes silica 
(Cab-O-Sil) M5, Aerosil 200 (Rajesh K. et al., 2011). 
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 Characterization of liquisolid tablets 


Table 2: Characterization of liquisolid tablets (Sambasiva Rao et al., 2011) 


Characterization Purpose 
 1. UV-spectrophotometer  Assay & uniformity  content 


2. Infrared Spectroscopy  Interaction studies 
 3. Powder X-Ray Diffraction Analysis (XRD)  Crystalline Properties 


4. Differential Scanning colorimetry (DSC)  Interaction studies,  polymorphism 
 5. In vitro Dissolution studies  Release Properties of drug 


6. SEM analysis  Surface morphology 


Importance of carrier and coating material ratio (R) 


Liquisolid systems pre-compression and drug release properties increase with 
 powder excipient ratios (R) from 5:1 to 50:1. A linear relationship exists between the 
 liquid load factors Lf and the reciprocal powder excipient ratios (1/R) required 
 producing acceptable flowing and readily compressible liquid and powder admixtures. 


The linear relationship between Lf and the 1/ R plot of liquisolid systems possesses Y 
 intercept and slope equal to the Φ values of the cellulose carrier powder and silica 
 coating material. 


Liquisolid tablets dissolution rate profiles are affected by powder excipients 
ratio R in which results exhibited within the 5 minutes of the dissolution process 
against the r values 5 to 20 range R values. The dissolution rates increased almost 
proportionally to R until reaching an apparent maximum plateau at powder excipient 
ratios greater than 20. 
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 Lower R values of liquisolid tablets contain relatively smaller amounts of 
 carrier powder (cellulose), a large amount of fine coating particles (silica), and the 
 ratios of their liquid medication per powder substrate are relatively higher. 


From the low liquid and powder ratios, a high presence of cellulose and low 
 presence of silica may be directly associated with enhanced wicking, disintegration, 
 and degradation properties. Low R values should justifiably display relatively poor 
 dissolution profiles. After disintegration, low R values of liquisolid tablets are 
 overloaded with liquid medication producing the primary particles. 


On other hand, in some cases, the drug diffusion through the primary particles 
 may be rapid and might lead to overwhelming (solubility- wise) of the stagnant 
 dissolution layers with drug. After maximum levels of dissolution are reached at 35 to 
 45 R values, a slight gradual decrease of dissolution rate occurs with increasing 
 powder excipient ratios. 


For R values higher than 50, they may be attributed to the slower diffusion of 
 the liquid medication through the numerous porous carrier powder particles into 
 which the drug solution has been embedded during the formulation process. To 
 determine the effect of different type of carriers such as Avicel pH 102, lactose, starch 
 or sorbitol, dissolve in solution containing 10% w/w of drug in liquid medication. 


Carriers show the potential to absorb the liquid medication. Large amounts of these 
 carriers are necessary for regenerating liquid medication to dry looking and non 
 adherent powder. 


Avicel PH 102 showed better results, due to its large specific area in 
comparison with other carriers such as lactose and starch. 
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 Type of carrier might affect the unit size of liquisolid tablets. Higher Avicel 
 PH 102 concentrations show uniform distribution of the drug by either adsorption 
 onto or absorption into the carrier. Between the hydrogen groups, hydrogen bonds on 
 adjacent cellulose molecules in Avicel PH 102 may account exclusively for the 
 strength and cohesiveness of compacts. Avicel PH 102 compressibility and 
 compactness characteristics can be explained by the nature if crystalline cellulosic 
 particles themselves which are held together by hydrogen bonds which when 
 compressed, are deformed plastically and a strong compact is formed due to the 
 extremely excessive number of surfaces brought into contact during the plastic 
 deformation, and the strength of the hydrogen bonds are formed. 


Non-volatile liquid vehicles such as propylene glycol, polyethylene glycol 
 400, tween 80 and capryol 90 were shown to facilitate wetting of drug particles by 
 decreasing interfacial tension between dissolution medium and the tablet surface. 


Increase in the wetting properties of liquisolid tablets by the dissolution media is one 
 of the main reasons for the dissolution rate enhancement. High R values 30 to 60 
 evidence better uniform distribution of the drug in the carrier material. (Shashidher 
 Burra et al., 2011) 


Dissolution studies on liquisolid tablets 


Tablets should be sufficiently hard to resist breaking during normal handling 
 and yet quickly disintegrate properly after swallowing. 


Dissolution rate (DR) is explained according to the “Noyes – Whitney” 


equation and “diffusion layer model” dissolution theories. 


DR = (D/h) S (Cs- C) 
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 According to this equation, stagnant diffusion layer thickness is h, and formed 
 by the dissolving liquid around the drug particles. D is the diffusion coefficient of the 
 drug molecules transported through it, S is the surface area of the drug available for 
 dissolution, C is the drug concentration in the bulk of the dissolving medium, and Cs 
 is the saturation solution of the drug in the dissolution medium. Dissolution tests for 
 liquisolid tablets were done at constant rotational speed and in identical dissolution 
 media, thus allowing estimation of the thickness of the stagnant diffusion layer (h). 


From this equation, dissolution rate is directly proportional not only to the con-
 centration gradient of the drug in the stagnant diffusion layer (Cs- C), but also to its 
 surface area (S) available for dissolution. 


For estimation and comparison, drug dissolution rates (DR) of drug were used, 
 with amount of drug dissolved per min presented by each tablet formulation during 
 the first 10 minutes (Shashidher Burra et al., 2011).   


      (M x D)  
        D R =    ––––––– 


      1000  
    


Where, 


       M = Total amount of pure drug in each tablet 


       D = Percentage of drug dissolved in the first 10 minutes 
 Applications 


1. Rapid release rates are obtained in liquisolid formulations  


2. These can be efficiently used for water insoluble solid drugs or liquid lipophilic 
 drugs.  


3. Sustained release of drugs which are water soluble drugs such as propranolol 
hydrochloride has been obtained by the use of this technique.  
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 4. Solubility and dissolution enhancement.  


5. Designing of controlled release tablets.  


6. Application in probiotics. 
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 CHAPTER-II 


LITERATURE REVIEW 


Ahmed S. Abdul Jabbar et al., 2013, formulated and evaluated piroxicam liquisolid 
 compact different liquisolid compacts were prepared using a mathematical model to 
 calculate the required quantities of powder and liquid ingredients to produce 
 acceptably flowable and compressible admixture. The liquisolid formulation which 
 might be attributed to the formation of hydrogen bonding between the drug and liquid 
 vehicle this resulted in drug dissolution enhancement. 


Amal Ali Elkordy et al., 2013, studied spironolactone release from liquisolid 
 formulations prepared with capryol 90, solutol HS-15 and kollicoat SR 30D as non-
 volatile liquid vehicles were used in the design of spironolactone  liquisolid 
 formulations, capryol 90, synperonic PE/L61 in combination with solutol HS-15 at a 
 ratio of 1:1 and kollicoat SR 30D. Spironolactone liquisolid formulations were tested 
 according to British Pharmacopoeia (BP) quality control tests. Liquisolid powder 
 formulations formulated from a combination of synperonic PE/L61- solutol HS 
 showed highest dissolution. The liquid vehicles used with spironolactone liquisolid 
 formulations enhanced drug dissolution rate. 


Jarag Ravindra Jagannath et al., 2013, formulated and evaluated sustained release 
 liquisolid tablets of metoprolol succinate. This is directed towards the development of 
 liquisolid compact for the production of sustained release tablet of water soluble drug. 


Liquisolid compacts were prepared by using Tween 80 as the liquid vehicle or non-
volatile solvent. Avicel PH 102 as absorbing carrier and Aerosil 200 as adsorbing 
coating material. Tween 80 has plasticizer effect by which it can reduce the glass 
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 transmission temperature of polymer and impart flexibility in sustaining the release of 
 drug from liquisolid matrices. The results showed that wet granulation had a 
 remarkable impact on the release rate of drug from liquisolid compacts reducing the 
 release rate of drug from liquisolid compacts. 


 Gandhi K.J. et al., 2013, formulated, characterized and evaluated the liquisolid 
 tablet containing pioglitazone HCl. The invitro release pattern of liquisolid tablets and 
 directly compressed tablets were studied using USP-2 apparatus. The study concludes 
 that the liquisolid technique is a promising alternative and best suitable method for 
 enhancing solubility. 


Pandey A. et al., 2013, carried out project on dissolution rate enhancement of BCS 
 Class II drug paliperidone by spray drying. The technique adopted is very well used 
 industrially for preparing amorphous composition of poorly soluble crystalline drugs. 


In case of spray drying PAL with different classes of hydrophilic carriers (different 
 grades of polyvinyl pyrolidones [PVPs, plasdones] and cellulosic polymers) were 
 taken. Significant enhancement in dissolution rate was observed with the prepared 
 spray dried compositions and out of three grades of plasdone; plasdone K12 
 demonstrated the maximum enhancement in rate of release of PAL. Spray drying of 
 PAL with plasdones, especially plasdone K12 reduced drug crystallinity, increased 
 rate and extent of dissolution. 


 Pande V. V. et al., 2013, enhanced dissolution rate of rosuvastatin calcium by 
liquisolid compact technique. In this technique, liquid medications of water insoluble 
drugs in non-volatile liquid vehicles can be converted into acceptably flowing and 
compressible powders. As liquisolid compacts demonstrated significantly higher drug 
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 release rate, they lead to a conclusion that it could be a promising strategy by 
 improving the dissolution of poor water soluble drugs and immediate release solid 
 dosage forms. 


Amal Ali Elkordy et al., 2012, performed liquisolid technique to enhance and sustain 
 griseofulvin dissolution effect by using non-volatile liquid vehicles. They studied the 
 effects of different liquid vehicles on release characteristics. Fast dissolution tablets 
 were prepared using three different non-ionic surfactants namely cremophor EL, 
 synperonic PE/L61 and capryol 90; on the contrary kollicoat SR 30P were used for 
 production of sustained release formulations. Avicel PH102 and cab-O-sil M5 were 
 used as a carrier and coating materials respectively. Cremophor EL showed the best 
 dissolution enhancement with % PE of about 90% compared to only 23% of 
 conventional tablets. 


Burra shashidher et al., 2012, formulated and evaluated carvedilol liquisolid tablets. 


A novel powder solution technology involves absorption and adsorption efficiency, 
 which makes use of liquid medications, admixed with suitable carriers, coating 
 materials and formulated into a free flowing, dry looking, non-adherent and 
 compressible powder forms. The crystalline state of drug is changed to amorphous 
 state due to liquisolid formation and is confirmed by both DSC and X-ray diffraction 
 results. The amorphous form exhibited increased wetting properties because of 
 subsequent increased surface area of the particle size. 


 Shah C.V.et al., 2012, designed, developed and optimized valsartan liquisolid tablets 
using Box – Behnken design. This study was designed to optimize and evaluate the 
effects of different formulation variables. Amount of liquid (X1),ratio of carrier to 
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 coating material (X2) and amount of magnesium oxide (X3) on angle of repose (Y1), 
 hardness (Y2) and invitro release (Y3) of formulation using three level Box –Behnken  
 stastical design. The non–linear quadratic model generated by the design in the form 
 of Y=A0 + A1X1 + A2X2 + A3X3 + A4X1X2 + A5X2X3 + A6X1X3 + A7X12 + A8X22 + 
 A9X32 + E, where y is the measured response surface plots were depicted based on the 
 equation given by the model. 


Dnyanesh walunj et al., 2012, formulated and evaluated tamoxifen citrate liquisolid 
 compacts were prepared using a mathematical model to calculate the required 
 quantities of powder and liquid ingredients to produce acceptably flowable and 
 compressible admixture. Avicel PH 102, Aerosil 200, croscarmellose sodium and 
 propylene glycol were employed as carrier, coating material, disintegrant and non-
 volatile solvent respectively for preparing liquisolid compact. This study was 
 concluded that liquisolid technique is a promising alternative for improvement of 
 dissolution property of water insoluble drugs. 


Sateesh kumar Vemula et al., 2012, enhanced dissolution rate of nimesulide by 
liquisolid technique. Liquisolid tablets were prepared by using polyethylene glycol 
400 as a non-volatile liquid vehicle, microcrystalline cellulose, hydroxyl propyl 
methyl cellulose E-15, starch were used as carrier materials and silica gel as coating 
material in different ratios. Invitro dissolution profiles of liquisolid formulations were 
studied and compared with conventional formulation in pH7.4 phosphate buffer and it 
was found that liquisolid tablets formulated with microcrystalline cellulose showed 
significant higher drug release rates than conventional tablets due to increase in 
wetting properties. 
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 Sidharth patil et al., 2012, formulated and evaluated liquisolid tablets of non 
 steroidal anti inflammatory drug ibuprofen were prepared by using microcrystalline 
 cellulose (Avicel PH 101) as a carrier material, silica gel as coating material, poly 
 ethylene glycol 400 as non – volatile water miscible liquid vehicle and 5%sodium 
 starch glycolate used as super disintegrating agent. The results showed that liquisolid 
 formulations of ibuprofen exhibited higher percentage of drug release than marketed 
 formulation. 


 Kamalakannan V. et al., 2012, formulated and evaluated tinidazole liquisolid 
 tablets. A liquisolid system is formed by converting a liquisolid formulation into a 
 dry, free-flowing and compressible powder mixture with selected carrier material and 
 coating material. Liquisolid tablet formulation by using 20:1 ratio of powder 
 excipients ratio (480mg of Avicel and 24mg of Cab-O-sil) and 100% w/w tinidazole 
 in PG 600 solvent were satisfying the requirements. 


 Sirisha V.N.L. et al., 2012, prepared and evaluated (in vitro) liquisolid compacts of 
 glibenclamide. Liquisolid tablets were prepared by using PEG 400 as non- volatile 
 liquid vehicles and Avicel PH 101, Aerosil as carrier and coating materials 
 respectively. The properties of glibenclamide particles were changed by dispersing 
 the drug particles in a non–volatile liquid vehicle, which in turn increases the wetting 
 properties and surface area of drug particles, and hence improve the dissolution 
 profiles and oral bioavailability of the drug. 


Lakshmi P.K. et al., 2011, prepared and comparatively evaluated liquisolid compacts 
and solid dispersions of valsartan. Liquisolid technology and solid dispersion by 
kneading method used to improve the solubility of the drug by using non-volatile 
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 solvents. Various non-volatile solvents were used such as PG, PEG and glycerin. The 
 carrier and coating material play an important role in improving the solubility of the 
 drug. Solid dispersion by kneading method is another attempt to improve solubility. 


Various carrier materials were used such as PVP K30, PEG 6000 and mannitol. These 
 carriers were used in various ratios to improve its solubility. The results concluded 
 that the liquisolid compacts enhanced the solubility of valsartan in comparison to 
 traditional solid dispersion method. 


Vijayakumar Nagabandi et al., 2011, formulated, developed and evaluated 
 liquisolid systems to improve the dissolution rate of ketoprofen using different carrier 
 materials such as microcrystalline cellulose (Avicel PH101), starch, dicalcium 
 phosphate, lactose and silica gel as coating material. Polyethylene glycol 400 was 
 used as non-volatile water miscible liquid vehicle. The ratio of carrier to coating 
 material was kept constant in all formulations of ketoprofen which exhibited higher 
 percentage of drug release than marketed formulation.  


Vijayakumar Nagabandi et al., 2011, formulated, developed and evaluated 
liquisolid systems to improve the dissolution rate of naproxen with two different 
liquid vehicles, namely polyethylene glycol 400 and propylene glycol. Two different 
carrier materials were used namely microcrystalline cellulose (Avicel PH101) and 
dicalcium phosphate. Silica gel as coating material and sodium starch glycolate as 
disintegrating agent in all formulations. The results showed that liquisolid 
formulations of ketoprofen exhibited higher percentage of drug release than marketed 
formulation. 
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 Ali Nokhodchi et al., 2010, studied the effect of co solvent and HPMC on 
 theophylline release. Liquisolid tablets were prepared by mixing liquid medication 
 with silica. Eudragit RL or RS followed by the compaction of the mixture. For 
 comparison purposes physical mixtures of all ingredients were prepared. The effect of 
 liquid medication and HPMC concentration on drug release was investigated. The 
 sustained release action of HPMC was enhanced in liquisolid compacts in comparison 
 to simple sustained release matrix tablets. 


Amal A. Elkordy et al., 2010, developed liquisolid systems to improve the 
 dissolution rate of furosemide were prepared using microcrystalline cellulose (Avicel 
 PH 101)as carrier and fumed silica (Cab-O-sil M-5) as coating material. Polyethylene-
 polyoxypropylene-polyoxyethylene block copolymer (Synperonic PE/L81) 1, 2, 3 
 propranolol, homopolymer, (a2) 9-octadecenoate (caprol PGE-860) and polyethylene 
 glycol 400 (PEG 400) were used as non-volatile water miscible liquid vehicles. The 
 results showed that all formulations exhibited higher percentage of drug dissolved in 
 water (pH6.4-6.6) compared to that of acidic medium (pH1.2). Liquisolid compacts 
 containing synperonic PE/L81 showed higher release rate at different pH values. 


Formulations with PEG 400 displayed lower drug release rate compared to 
 conventional tablet. 


Amrit B. Karmarkar et el., 2010, evaluated (in vitro) dissolution profile comparison 
methods of sustained release tramadol hydrochloride with marketed sustained release 
tablets. Liquisolid sustained release formulations were prepared by using HPMC 
K4M as a sustained release agent. Liquisolid compacts were evaluated .The 
dissolution profile followed the Peppas model as “best fit”.  Two-way ANOVA 
results revealed a significant difference in dissolution profiles. This systematic 
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 approach to producing a formulation was found to help with analyzing the sustained 
 release of tramadol hydrochloride. 


Dinesh M. Pardhi et al., 2010, developed liquisolid technique for enhancement of 
 dissolution properties of carvedilol. The invitro release pattern of liquisolid compacts 
 and directly compressed tablets were studied using USP-2 apparatus. From this study 
 it concludes that the liquisolid technique is a promising alternative for improvement 
 of dissolution property of water insoluble drugs. 


Khalid M. El-Say et al., 2010, formulated and evaluated rofecoxib liquisolid tablets. 


The effect of powder substrate composition on the flow ability and compressibility of 
 liquisolid compact were evaluated specifically several liquisolid formulation 
 containing 25mg rofecoxib using different carrier to coating ratios in their powder 
 substrates and fixed liquid medication were prepared. From the previous results, it 
 was concluded that addition of 10 % Cab-O-Sil and 5% magnesium oxide improved 
 both the flow ability and compressibility of tested rofecoxib powders. These two 
 substances change the flow ability from bad flow to satisfactory flow. The prepared 
 liquisolid tablets showed higher dissolution profile than the three studied commercial 
 tablet. 


Shashibher Burra et al., 2010, enhanced the solubility and dissolution rate of 
furosemide through liquisolid technique. The drug dissolution was tested using 
different dissolution media such as 1.2pH, 5.4pH, 6.8pH, 7.4pH. The results showed 
that liquid solid tablets have higher drug dissolution rates than the conventional and 
directly compressible tablet. 
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 Sanjeev raghavendra Gubbi et al., 2010, formulated and characterized atorvastatin 
 calcium liquisolid compact were prepared using a mathematical model for calculating 
 required quantities of powder and liquid ingredients to produce an acceptably 
 flowable and compress able admixture. Avicel PH102, Aerosil 200 and Explotab were 
 employed as carrier, coating material and disintegrant respectively. This study shows 
 that the liquisolid technique is a promising alternative for improvement of the 
 dissolution rate and oral bioavailability of water insoluble drugs confirmed by 
 estimating the pharmacokinetic parameters in vivo in rabbits. 


Amrit B. Karmarkar et al., 2009, enhanced dissolution rate of fenofibrate using 
 liquisolid tablet technique. Liquid medications such as solutions or suspensions of 
 water insoluble drugs in suitable non-volatile liquid vehicles can be easily converted 
 into powders with acceptable flow properties and compression behavior by using 
 powder excipients. Enhanced drug release profiles due to increased wetting properties 
 and surface of drug available for dissolution was obtained in case of liquisolid tablets. 


Amal A. Elkordy et al., 2009, formulated and evaluated the effects of liquisolid 
 formulations on dissolution of naproxen with three different liquid vehicles namely 
 cremophor EL, synperonic PE/L61 and polyethylene glycol 400 at two drug 
 concentrations 20% w/w and 40% w/w. Avicel PH102 was used as a carrier material, 
 Cab-O-sil M5 as a coating material, maize starch as a disintegrant. Liquisolid tablets 
 formulated with cremophor EL at drug concentration of 20% w/w produced high 
 dissolution profile with acceptable tablet properties. 


Sanjeev Gubbi et al., 2009, performed liquisolid technique for enhancement of 
dissolution properties of bromhexine hydrochloride. Different LS compacts were 
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 prepared using a mathematical model to calculate the required quantities of powder 
 and liquid ingredients to produce acceptably flowable and compressible mixture. The 
 prepared LS compacts were evaluated. From this study it was concluded that the LS 
 technique is a promising alternative improvement of dissolution property for water 
 insoluble drugs. 


 Yadav V.B. et al., 2009, improved solubility and dissolution of indomethacin by 
 liquisolid compaction and granulation technique. In the liquisolid system IM was 
 dispersed on polyethylene glycol 400(PEG 400) as a non-volatile liquid vehicle. 


Microcrystalline cellulose (Avicel PH102) and dibasic calcium phosphate (DCP) were 
 used as a carrier; hydroxypropyl methyl cellulose (HPMC) as coating material and 
 sodium starch glycolate (SSG), croscarmellose sodium (CCS) were used as 
 disintegrants. It was observed that the drug release rate, water solubility and 
 wettability of liquisolid granules containing super disintegrants were on higher side 
 compared to liquisolid granules without super disintegrants. 


Ali Nokhodchi et al., 2008, carried out liquisolid technique as a new approach to 
sustain propranolol hydrochloride release from tablet matrices. The drug was 
dispersed in polysorbate 80 as liquid vehicle. Then the binary mixture of eudragit RL 
or RS (carrier) and silica (coating material) was added to the liquid medication under 
continuous mixing in a mortar. The final mixture was compressed using a manual 
tableting machine. The release rate of propranolol HCl from liquisolid compacts was 
compared with that of conventional tablets. The drug prepared by liquisolid technique 
showed greater retardation properties in comparison with conventional tablets. This 
investigation provided evidence that polysorbate 80 (Tween 80) has important role in 
sustaining the release of drug from liquisolid matrices. 
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 Ali Nokhodchi et al., 2007, studied liquisolid technique as a tool for enhancement of 
 poor water soluble drugs and evaluated their physiochemical properties. Different 
 formulations of liquisolid tablets, using different co-solvents, (non-volatile solvents) 
 were prepared and the effect of aging on the dissolution behavior of indomethacin 
 liquisolid compacts was investigated. Dissolution test was carried out at two different 
 pH, 1.2 and 7.2 to simulate the stomach or intestine fluid respectively. Liquisolid 
 compacts containing propylene glycol as vehicle produced higher dissolution rates in 
 comparison with liquisolid compacts containing PEG 400 or Tween 80 of the same 
 concentration. 


Ali Nokhodchi et al., 2007, enhanced the dissolution rate of high dose water 
insoluble drug (carbamazepine) using liquisolid technique. Different liquisolid 
formulations of drug were accomplished by dissolving the drug in the non–toxic 
hydrophilic liquids and adsorbing dissolution on to the surface of silica. In order to 
reduce the amounts of carrier and Aerosil in liquisolid formulations some additives 
namely polyvinyl pyrolidone (PVP), hydroxypropyl methyl cellulose (HPMC) and 
polyethylene glycol (PEG 35000) were added to liquid medication to increase loading 
factor. The effects of various ratios of carrier to coating material, PVP concentration, 
effect of aging and type of carrier on dissolution rate of liquisolid compacts were 
studied. The results showed that drug loading factors was increased significantly in 
the presence of additives. It was shown that microcrystalline cellulose had more liquid 
retention potential in comparison with lactose and the formulations containing 
microcrystalline cellulose as carrier, showed higher dissolution rate. By decreasing 
the ratio of microcrystalline cellulose to silica from 20 to 10, an improvement in 
dissolution rate was observed. 
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 Dina Louis et al., 2007, improved the dissolution properties of carbamazepine 
 through application of liquisolid tablet technique. Avicel PH 102 and Aerosil 200 
 were used as carrier and coating material respectively and Explotab was used as 
 disintegrant to prepare four tablet formulae, out of which formula 1 was successfully 
 compressed into tablets. The prepared tablets showed good wettability, rapid 
 disintegration and acceptable dissolution rate comparable to the generic product. 


 Nokhodchi A. et al., 2005, enhanced the dissolution rate of piroxicam using 
 liquisolid compacts. The dissolution behavior of drug from liquisolid compacts was 
 investigated in simulated gastric fluid (SGF pH1.2) and simulated intestinal fluid (SIF 
 pH7.2). The results showed that liquisolid compacts demonstrated significantly higher 
 drug release rates than those of conventionally made. This was due to an increase in 
 wetting properties and surface of drug available for dissolution. 


Khaled A. Khaled et al., 2001, evaluated (in vivo) hydrochlorothiazide liquisolid 
 tablets in beagle dogs. The drug was administered orally as a single 25mg dose of 
 commercial and liquisolid tablets on two occasions in a randomized two-way cross 
 over design. The absolute bioavailability of the drug from the liquisolid tablets was 
 15% higher than that from the commercial one. The parametric 90% confidence 
 intervals for the different parameters were higher than the commonly expected 
 intervals for bioequivalency, indicating greater bioavailability of the liquisolid tablets. 


Spiro Spireas et al., 1998, enhanced prednisolone dissolution properties using 
liquisolid compacts. According to the new formulation method of liquisolid compacts, 
liquid medications such as solutions or suspensions of water insoluble drugs in 
suitable non – volatile liquid vehicles can be converted into acceptably flowing and 
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compressible powders by blending with selected powder excipients. Liquisolid 
compacts demonstrated significantly higher drug release rates, in different dissolution 
media and volumes, compared to tablets prepared by the direct compression method. 
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 CHAPTER - III 


AIM OF THE WORK 


The poor dissolution rate of water insoluble drug is a major impediment to 
 the development of pharmaceutical dosage forms. The oral absorption of drugs is 
 most often controlled by dissolution in the gastrointestinal tract. Different methods 
 are employed to improve the dissolution characteristics of poorly water soluble 
 drugs, like solubilization, pH adjustment, co-solvents, microemulsion, particle size 
 reduction, use of surfactant as a solubilizing agent, prodrug approach etc. Amongst 
 these the most promising method for promoting dissolution is the use of the 
 liquisolid system.  


Liquisolid system refers to formulations formed by conversion of oily liquid 
 drugs and solutions or suspensions of water insoluble solid drugs in non-volatile 
 solvents into dry, non-adherent, free flowing and compressible powder mixtures by 
 blending the suspension or solution with selected carriers and coating materials.     


Schizophrenia is one of the functional disorders of psychosis. No underlying 
 cause can be defined for this; memory and orientation are mostly retained but 
 emotion, thought and behavior are seriously altered. Schizophrenia is also known as 
 the split mind i.e. splitting of perception and interpretation from reality- 
 hallucination, inability to think coherently.   


Schizophrenia can be treated by various drugs like risperidone, clozapine, 
olanzapine, haloperidol, trifluperidol, paliperidone etc. Paliperidone is a prescription 
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 drug used for the treatment of schizophrenia. Paliperidone belongs to atypical 
 antipsychotics. 


Paliperidone is a class II drug of BCS classification; hence it has a low 
 solubility and low permeability. Due to the low solubility it has a low oral 
 bioavailability. Paliperidone has 28% oral bioavailability. 


      To overcome the drawbacks, various techniques are employed to enhance the 
 dissolution of water insoluble drug. Among these the “liquisolid” is a newly 
 developed technique. As the drug is in the form of liquid medication, it is in either 
 solubilized or molecularly dispersed state. Due to increased wetting and surface area 
 for dissolution, liquisolid tablets of water insoluble drugs may show improved 
 dissolution properties and in turn increases bioavailability. 


The aim of present study is to formulate liquisolid tablets of paliperidone 
using non-volatile liquid Tween 80, Avicel PH102 as a carrier and Aerosil 200 as a 
coating material. The best formulation selection is on the basis of release pattern and 
is to be compared with directly compressed tablet and pure drug.  
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CHAPTER - IV 
 PLAN OF WORK


1. PREPARATION OF STANDARD CALIBRATION CURVE 
 a) Determination of λ max


b) Preparation of calibration curve 
 2. SOLUBILITY STUDIES 


3. PREFORMULATION (COMPATIBILITY) STUDIES 
 a) Infrared spectroscopic studies   


4. FLOWABLE LIQUID-RETENTION POTENTIAL (Ф-VALUE) OF 
 EXCIPIENTS 


a) Determination of the angle of slide 


b) Determination of flowable liquid-retention potential (ф-value) 
 5. PROCEDURE FOR PREPARATION OF LIQUISOLID POWDER 
 6. PREPARATION OF DIRECTLY COMPRESSED TABLETS 
 7. PRECOMPRESSIONAL EVALUATION OF POWDER BLEND 


a) Angle of repose 
 b) Bulk Density 
 c) Tapped Density 
 d) Carr’s Index 
 e) Hausner’s Ratio 


f) Drug content for Powder Blend 
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8. POSTCOMPRESSIONAL EVALUATION OF LIQUISOLID TABLETS 
       a) General appearance 


      b) Thickness 
       c) Hardness 


      d) Weight variation 
       e) Friability test 


      f) Estimation of drug content    
       g) Disintegration test 


9.  IN VITRO RELEASE STUDIES 


10. POWDER X-RAY DIFFRACTION STUDIES 


11. ASSESSMENT AND COMPARISON OF DRUG DISSOLUTION RATES 
 12. SELECTION AND EVALUATION OF BEST FORMULATION 


a) Comparison of dissolution studies of best formulation with pure drug     
     and directly compressed tablets 


b) Infrared spectroscopic studies for best formulation 


      c)  Differential scanning colorimetric (DSC) studies for best formulation 
       d) SEM analysis for best formulation 


      e) Stability studies 
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MATERIALS AND EQUIPMENTS 


MATERIALS DISTRIBUTORS 


Paliperidone  Orchid Pharmaceuticals, Chennai. 


Propylene glycol  Indian drugs and pharmaceutical limited, 
 Hyderabad. 


Polyethylene glycol 400  Central drug house (P) Ltd, New Delhi.  


Tween  80  Himedia Laboratories Pvt Ltd, Mumbai. 


Capryol 90 (propylene glycol 
 monocaprylate) 


Gift Samples from Gattefosse India Pvt 
 Ltd, Mumbai. 


Talc   Nice chemicals, Kochi. 


Microcrystalline cellulose  Central drug house (P) Ltd, New Delhi. 


Aerosil 200 (silica)  Pharmafabrikon, Madurai. 


Sodium starch glycolate Pharmafabrikon, Madurai. 


Magnesium stearate  Central drug house (P) Ltd, New Delhi. 


Methanol   Astron Chemicals, Ahmedabad. 
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