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ABSTRACT 

liquisolid system also termed as powder solution technology is a new 

promising and effective technique that can change the dissolution 

properties of poorly water-soluble drugs. Poorly water-soluble drugs 

are converted into dry looking, non adherent, free flowing and 

acceptably compressible powder by incorporating into suitable 

nonvolatile solvents, carrier and coating material. The obtained free 

flowing powder then subjected to preformulation studies like fourier 

transformed infrared spectroscopy, differential scanning Calorimetry 

for compatibility studies, flow properties, solubility studies, etc. These 

free-flowing powders are compressed into tablet or filled in capsules. 

The enhancement of solubility involves the mechanism of increase in wettability and surface 

of drug available for dissolution. This method is viable for industrial production, also useful 

in control and sustained drug delivery system. Hence due to above reasons liquisolid 

technique is most efficient and novel approach for solubility enhancement. 

 

INTRODUCTION 

With the recent advent of high throughput, screening and combinatorial chemistry, properties 

of the many chemical entities shifted towards high relative molecular weight and increasing 

lipophilicity which ends in decreasing aqueous solubility; and that successively ends up in 

range of poorly water soluble drug molecules and therefore the formulation of those poorly 

soluble drug moieties for oral route, presents an excellent challenge for formulation and 

development.
[1]

 Bioavailability of a drug mainly depends on its solubility and its permeation 

across biological membranes. For a drug to be absorbed it should be in solution. So, solubility 

is the most vital parameter for orally administered medication. The development of drug 

solubility remains one among the most difficult aspects of drug development method. About 

World Journal of Pharmaceutical Research 
  SJIF Impact Factor 8.084 

Volume 8, Issue 13, 751-764.            Review Article                 ISSN 2277– 7105 

*Corresponding Author 

Nagamani H. B. 

Department of 

Pharmaceutics, T John 

College of Pharmacy, 

Bangalore-560083. 

Article Received on 

13 Oct. 2019, 
 

Revised on 03 Nov. 2019, 

Accepted on 24 Nov. 2019 
 

DOI: 10.20959/wjpr201913-16344 
 

 

 

 

 

 



Nagamani et al.                                                     World Journal of Pharmaceutical Research 

www.wjpr.net                                Vol 8, Issue 13, 2019. 

 

752 

40% of the newly developed drugs are insoluble in water. The poorly water-soluble drugs 

may have poor dissolution rate and incomplete bioavailability.
[2]

 

 

Solubility enhancement techniques like solid dispersions, inclusion complexes with 

βcyclodextrins, micronization, eutectic mixtures, spray drying technique etc. are used to 

improve dissolution rate and bioavailability of drug. Spire as developed liquisolid technique 

also called as “Powder Solution Technology” improves the dissolution properties of poorly 

water soluble drugs. The term liquisolid technique refers to immediate release or sustained 

release tablets or capsules. Liquisolid compacts are acceptably free flowing and compressible 

powder forms of liquid medications.
[3]

 

 

Liquisolid Technique 

A liquisolid technique refers to formulations shaped by conversion of liquid medicine, drug 

suspensions or drug in non-volatile solvents, into dry, non-adherent, free flowing and 

compressible powder mixtures by mixing the suspension with designated carriers and coating 

materials.
[4]

 It's been speculated that such systems exhibit increased unleash profiles. during 

this case, even if the drug is in a very solid indefinite quantity type, it's control inside the 

powder substrate in solution or, in a very solubilized, virtually molecularly spread state, that 

contributes to the improved drug dissolution properties.
[5]

 

 

Need of Liquisolid Technique 

The oral route remains the favoured route of drug administration as a result of its 

convenience, smart patient compliance and low medication production costs.  Therefore, as 

for a drug to be absorbed into the circulation following oral administration, the drug must be 

dissolved among the gastric fluids. Thus, one among the foremost necessary challenges to 

drug development currently are poor solubility, as associate calculable 40% of all new 

developed medication are poorly water soluble. By decreasing particle size, decreasing 

crystallinity, and/or increasing the extent of molecule the dissolution rate of 

these medications is typically improved. 

 

Several studies are applied to increase the dissolution rate of drugs by creating nanoparticles 

and microparticles. However, the fine drug particles have high tendency to agglomerate as a 

result of Vander Waals attraction or property, that every cause a decrease in surface area over 

time. 
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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 problems, the technique of liquisolid compacts is a new and promising 

approach towards dissolution enhancement.
[6]

 

 

Concept of Liquisolid System 

When the drug dissolved within the liquid vehicle is incorporated into a carrier material that 

encompasses a porous surface and closely matted fibers in its interior like celluloses, each 

absorption and adsorption happen. The liquid at the start absorbed within the interior of the 

particles is captured by its internal structure. After the saturation of this process, adsorption of 

the liquid onto the internal and external surfaces of the porous carrier particles occurs.
[7]

 

Then, the coating material having high adsorptive properties and enormous specific surface 

area provides the liquisolid system the fascinating flow characteristics.
[8]

 In liquisolid 

systems, the drug is already in solution form in liquid vehicle, whereas at an equivalent time, 

it’s carried by powder. The wettability of the compacts within the dissolution media is one in 

every one of the projected mechanisms for explaining the improved dissolution rate from the 

liquisolid compacts. 

 

Non-volatile solvent present within the liquisolid system facilitates wetting of drug particles 

by decreasing interfacial surface tension between dissolution medium and tablet surface. 

Thus, because of substantial increase in wettability and effective surface area for dissolution, 

liquisolid compacts could also be expected to reveal enhanced release profiles of water-

insoluble active ingredient.
[9]

 

 

Mechanisms of enhanced drug release from liquisolid systems: Several mechanisms of 

increased drug release have been postulated for liquisolid systems. The 3 main advised 

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. 

 

a) Increased drug surface area 

If the drug within the liquisolid system is totally dissolved within the liquid 

vehicle it's set within the powder substrate still in a very solubilized, molecularly spread state. 
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Therefore, the extent of drug offered for release is far larger than that of drug particles 

within directly compressed tablets. 

 

b) Increased aqueous solubility of the drug 

Additionally to the primary mechanism of drug release enhancement it is expected that Cs, 

the solubility of the drug, can be increased with liquisolid systems. In fact, the 

comparatively bit of liquid vehicle in a liquisolid compact isn't spare to extend the solubility 

of the drug within the aqueous dissolution medium. However, at the solid/liquid interface 

between a private liquisolid primary particle and therefore, the release medium it is 

possible that during this microenvironment the amount of liquid vehicle  out of one liquisolid 

particle in conjunction with the drug molecules might be sufficient  to extend the 

aqueous solubility of the drug if the liquid vehicle acts as a cosolvent.  

  

c) Improved wetting properties  

Due to the fact that the liquid vehicle will either act as surface active agent or incorporates a 

low surface tension phenomenon, wetting of the liquisolid primary particles is improved. 

Wettability of those systems has been incontestible by measuring of contact angles and water 

rising times.
[10]

 

 

 

Fig 1: Wetting Property of Liquisolid System.
[9] 

 

ADVANTAGES 

 The liquid-solid systems can be used to enhance the solubility of drugs. 

 Improves the bioavailability of poorly soluble drug candidates, which are given by oral 

route (E. g. Risperidone, Griseofulvin, verapamil hydrochloride, Telmisartan).  

 The drug can be formulated as a tablet or a capsule or as a microencapsulated liquisolid 

system, where the drug is presented in solubilized state which leads to increased drug 

wetting properties and improvement in drug release profile
11

.  
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 Rapid release liquisolid tablets or capsules of poorly water-soluble drugs exhibit 

enhanced Invitro and in-vivo drug release when compared to their commercial counter 

parts, including soft gelatin capsules.  

 Instant release or controlled release dosage forms can be formulated into liquisolid 

compact depending on the character of carriers used.    

 Drug release can be improved by using suitable formulation excipients such as 

hydrophobic carriers (Eudragit RL) for sustained release, use of surface-active agents 

(polysorbate 80) for improved wettability and hence dissolution profile can be enhanced.  

 The extent of absorption can be enhanced up to 15% when compared to conventional 

tablets. 

 The manufacturing efficiency can be improved.
[12]

 

 

Classification of liquisolid technique 

A. Based on The Type of Liquid Medication Contained In Liquisolid Systems  

 Powdered drug solutions 

 Powdered drug suspensions   

 Powdered liquid drugs 

 Powdered drug emulsion
[13]

 

 

B. Based on the Formulation Technique Used In Liquisolid Systems  

 Liquisolid compacts    

 Liquisolid microsystems
[7]

 

 

MATERIALS USED IN LIQUISOLID SYSTEM  

Liquid vehicle  

Liquid vehicle used should be orally safe, not highly viscous, inert, and preferably water-

miscible nonvolatile organic solvents, such as propylene glycol, glycerin, poly ethylene 

glycol 200 and 400, poly-sorbate 20 and 80, etc. The solubility of drug in nonvolatile solvent 

has an impact on weight of tablet and dissolution profile. 

 

The selection of liquid vehicle depends on objective of the study. Namely, a liquid vehicle 

with high ability to solubilize drug are going to be elite within the case of dissolution 

enhancement. While if the objective is to prolong drug release, liquid vehicle with the lowest 

capacity for solubilizing drug may be chosen. In addition to the drug solubility in liquid 

vehicle, many alternative physicochemical parameters such as the polarity, lipophilicity, 
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viscosity, and chemical structure also have significant effects on drug release profiles. 

Moreover, it is claimed that liquid vehicle can act as a binder in a low concentration, that 

contributes to the compactness of liquisolid tablets. The reason might lie on the presence of 

hydroxyl groups in the molecular structure of liquid vehicle that results in hydrogen bonding 

between solvents and other excipients in liquisolid formulations. 

 

Carriers 

Should possess porous surface and high liquid absorption capability. As carriers allow an 

incorporation of huge quantity of liquid medication into the liquisolid structure, the properties 

of carriers, like (SSA) and liquid absorption capacity, are of great importance in designing the 

formulation of liquisolid system. The liquid adsorption capacity mainly depends on the SSA 

value. Additionally, it is also influenced by the type of coating material and the 

physicochemical properties of the liquid vehicle, such as polarity, viscosity, and chemical 

structure. 

 

Currently, microcrystalline cellulose (MCC) with SSA of 1.18 m2/g is the most commonly 

used carrier. Apart from MCC, other general carriers, such as lactose (SSA 0.35 m2/g), 

sorbitol (SSA 0.37 m2/g), and starch (SSA – 0.6 m2/ g) have relatively limited applications 

due to their low SSA values. As a result of the low SSA value of carriers, large amounts of 

carriers are required for the conversion of liquid medication into apparently dry, free flowing 

and compressible powder mixture, which will further lead to the increase in tablet weight. In 

addition to these carriers, Eudragit RL and RS are also commonly used in the preparation of 

liquisolid systems with sustained drug release patterns. 

 

Coating materials  

Coating materials refer to very fine and highly adsorptive materials, such as Aerosil 200, 

Neusilin, and calcium silicate or magnesium alumino meta silicates in a powder form. These 

materials play a contributory role in covering the wet carrier particles to form an apparently 

dry, non-adherent, and free flowing powder by adsorbing any excess liquid. It was proved 

that the replacement of Aerosil 200 by Neusilin® US2 as a coating material in liquisolid 

system considerably increased the liquid adsorption capacity and reduced tablet weight.
[14]

 

 

Additives 

The disintegration of solid dosage forms obviously influences drug release. Therefore, 

disintegrants are usually included in liquisolid tablets to permit a quick disintegration. Some 
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commonly used disintegrants in liquisolid systems are sodium starch glycolate, 

croscarmellose sodium, and low substituted hydroxyl propyl cellulose. Polyvinyl pyrrolidone 

(PVP) is another promising additive, which has the potential to incorporate high amount of 

drug into liquisolid systems, and thus reduce the tablet weight.
[15]

 

 

General method of Preparation 

A calculated amount of drug should be spread within the non-volatile solvent system 

(Polysorbate 80, PEG-200) termed as liquid vehicle with different drug: vehicle quantitative 

ratio. Then obtained hot medication should be incorporated into carrier and coating material 

under continuous mixing in a mortar. Mixing process is to be carried out in three steps. 

 System is mixed at an appropriate mixing rate of 1 rotation per second for about one 

minute so as to equally distribute liquid medication within the powder. 

 The liquid / powder admixture is evenly spread as a homogenous layer on the surface of a 

mortar and left standing for about 5 minutes to permit dug solution to be absorbed within 

the interior of powder particle. 

 Powder is scraped off the motor surface by mean of aluminium spatula and then mixed 

with disintegrant like Sodium Starch Glycolate and other remaining additives are added 

according to their application and mixed for a period of 10 to 20 minute in a mortar. The 

ultimate mixture should be compressed using the manual tablet machine to attain tablet 

hardness.
[16]

 

 

 

Fig. 2: Schematic Representation of Liquisolid Preparation. 
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PRECOMPRESSION STUDIES 

Characterization 

1. Differential scanning calorimetry (DSC)
 

Is a thermoanalytical technique during which the difference in the quantity of heat needed to 

increase the temperature of a sample and standard is measured as a function of temperature. 

Both the sample and standard are maintained at nearly the identical temperature throughout 

the experiment. The compatibility between pure drug and excipients used in the liquisolid 

technique is determined by DSC. If the characteristic peak for the drug is absent within the 

DSC thermogram, there’s a sign that the drug is within the form of solution in liquisolid 

formulation and hence it is molecularly dispersed within the system. About 5 mg of sample 

was sealed in the aluminium pans and heated at the rate of 10°/min, covering a temperature 

range of 50° to 250° using nitrogen atmosphere of flow rate 100ml/ minute. 

 

2. Fourier Transform Infra-Red Spectroscopy (FTIR) 

It is a way that is employed to get IR spectrum of absorption, emission and Raman scattering 

of a solid, liquid or gas. FTIR spectrum of the drug and the prepared samples were subjected 

to IR spectrophotometer by Potassium Bromide pellet technique and spectrum was 

collected.
[17]

 

 

3. X ray diffraction (XRD)  

A primary use of the technique is the identification and characterization of compounds based 

on their diffraction pattern. For the characterization of crystalline state, (XRD) patterns are 

determined for physical mixture of drug and excipients utilized in formulation and for the 

prepared liquisolid compacts. Absence of constructive specific peaks of the drug in the 

liquisolid compacts in X-ray diffractogram specify that drug has almost entirely converted 

from crystalline to amorphous or solubilized form. Such lack of crystallinity in the liquisolid 

system was understood to be as a result of drug solubilization in the liquid vehicle i.e., the 

drug has formed a solid solution within the carrier matrix. This solubilization of drug in the 

liquisolid compacts it’s going contribute to the consequent improvement in the apparent 

solubility and improvement of dissolution rate of the drug.
[6]

 

 

4. Scanning Electron Microscopy  

Scanning electron microscopy shows that there’s presence or absence of crystal form of the 

drug or excipients in the formulation. If SEM shows that there’s absence of crystal form of 

the drug then it shows that currently the drug is totally solubilized in to carrier system.
[18]
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Evaluation of Granules 

1. Flow behavior 

The flowability of a powder is vital parameter within the production of pharmaceutical 

dosage forms so as to cut back high dose of the formulation. Angle of repose, Carr’s index 

and Hausner’s ratio were utilized in order to confirm the flow properties of the liquisolid 

systems.   

 

2. Angle of Repose  

Angle of repose is defined as the maximum angle possible between the surface of a pile of 

powder and the horizontal plane. 10 gm of powder was allowed to flow by funnel from four 

cm of height from the base. The peak of pile and diameter of base was measured and 

calculate the angle of repose by following formula   

tan θ = h/r or θ = tan-1 h/r 

Where, θ = angle of repose, h = Height of the heap, r = Radius of the base of heap.  

 

3. Bulk Density 

An accurately weighed amount of powder, that was previously passed through sieve # 40 

[USP] and carefully poured into graduated cylinder. Then the volume was measured directly 

from the graduation marks on the cylinder as ml. The volume measured was called as the 

bulk volume and the bulk density is calculated by;     

Bulk density = Weight of powder / Bulk volume.
[19]

 

 

4. Tapped Density 

After measuring the bulk volume the same measuring cylinder was set into tap density 

equipment. The tap density apparatus was set to 300 faucets drop per minute and operated for 

500 faucets. Volume was noted as [Va] and again tapped for 750 times and volume was noted 

as [Vb]. If the difference between Va and Vb not greater than 2% then Vb is consider as final 

tapped volume. The tapped density is calculated by; 

Tapped density = Weight of powder / Tapped Volume.
[20]

 

 

5. Carr’s Index [Compressibility Index] 

It is one of the most important parameters to characteristic the nature of powders and 

granules. 

Carr’s index = Tapped density - Bulk density / Tapped density X 100 
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6. Hausner’s Ratio 

 Hausner’s ratio is an important character to determine the flow property of powder and 

granules. Hausner’s ratio = Tapped density(gm/cm
2
) / Bulk density(gm/cm

2
).

[21]
 

 

Post Compression Studies 

1. Thickness and Hardness Test:  The thickness of the tablets was determined using a 

digital caliper; reading shown was noted. The hardness was tested by using Monsanto tester. 

 

2. Friability Test 

The friability of the tablets was determined using Roche friabilator. The friabilator was 

operated for 100 revolutions at 25 rpm. The tablets were then dedusted and re-weighed 

The % friability was then calculated using the formula: 

% friability =          

 

3. Weight Variation Test: The test was performed as per USB by weighing 20 tablets 

individually on electronic balance, calculating the average weight, and comparing the 

individual tablet weights to the average.
[22]

  

 

4. In-vitro dispersion time: In-vitro dispersion time was measured by following procedure. 

The tablet was then carefully positioned in the center of the petri dish containing 6 ml of 

water and the time required for the tablet to completely disintegrate into fine particles was 

noted. Three tablets from each formulation were randomly selected and In-vitro dispersion 

time was measured.  

 

5. In-vitro Disintegration Test: The test was carried out on 6 tablets using a tablet 

disintegration tester. Water at 37 ± 2°C was used as a disintegration medium and the time 

taken for the complete disintegration of the tablet was noted with no palpable mass remaining 

in the apparatus was measured.
[23]

 

 

6. Wetting time: A piece of tissue paper was folded and placed twice and placed in a small 

petri dish containing sufficient water. A tablet was kept on the paper and the time for 

complete wetting of the tablet was measured. 
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7. Water absorption ratio (R): The weight of the tablet prior to placement in the petri dish 

was noted (Wb). The wetted tablet was removed and weighed (Wa). Water absorption ratio, 

R, was then determined according to the following equation. 

R=100 × (Wa-Wb)/Wb Where, Wb and Wa are tablet weights before and after water 

absorption, respectively.
[24]

 

 

8. In-vitro Release Studies: The dissolution rate of formulations was measured in 

dissolution test apparatus using USB type II. Dissolution studies were carried out using 900 

ml of Phosphate buffer pH 7.4 at 37±0.5°C at 50 RPM. Samples were withdrawn at varied 

time intervals and placed by fresh phosphate buffer pH 7.4 to maintain sink condition. The 

solutions were immediately filtered through filter paper, diluted and also the concentration of 

the drug was determined spectrophotometrically.
[25]

 

 

9. Stability Studies: Whenever a new formulation is developed, it’s very essential to 

ascertain that the therapeutic activity of the drug has not undergone any modification. To 

confirm this, the chosen dosage forms were subjected to stability studies. Accelerated 

stability testing studies were performed for 6 months as per ICH guidelines. The optimized 

dosage forms were kept at 40±2 °C and 75±5% RH. Tablets were evaluated for physical 

appearance, hardness, In-vitro dispersion time, % drug content and % drug release.
[26]

 

 

Applications 

 It is used for enhancing rate of dissolution of the many poorly water-soluble drugs by 

increasing their solubility. 

 Release rates of many poorly water-soluble drugs can be enhanced by using liquisolid 

system. 

 It is also used to formulate controlled and sustained release dosage form. 

 Liquisolid technique minimizes impact of pH variation on drug release. 

 It is also applicable in probiotics. 

 The technique is widely employed for liquid lipophilic drug/oily drugs.  

 Liquisolid technique can be successfully used in formulation of orodispersible tablets.
[27]

 

 

CONCLUSION 

Nowadays, new chemical entities typically possess a high relative molecular mass and a high 

lipophilicity, particularly poorly soluble medication. Poor bioavailability is only caused by 

low tide solubility. Liquisolid technique is an alternative for formulation of poorly soluble 
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drugs and lipophilic drugs. The solubility enhancement of liquisolid tablets is probably due to 

an increase in wetting properties and surface area of drug particles. liquisolid compacts is 

also optimized selectively of correct non-volatile solvent, carrier and coating material. 
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