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ABSTRACT
Today’s drugs, not all usually soluble and easy to formulate drug actives, they might be potent 
drug molecules at their specific target, they can never become a successful therapy, or molecule, 
or product if they are not able to reach the target where they are active. So, what we are targeting 
in this for is making these molecules bioavailable. So, this is what we want to achieve and it 
can be done by the melt extrusion process. The key point of this review was to establish the 
relationship between a novel technology, solubility and the bioavailability profile through Hot 
Melt Extrusion (HME) in order to reshaping the Pharmacokinetic (PK) and Pharmacodynamic 
(PD) landscape for poorly soluble drugs. Tailoring the PK and PD with HME solid dosage form 
was shown to be affected by the physicochemical properties of the carrier matrix used. With 
the help of HME technology by dissolving these crystalline drug actives in a molten polymer 
matrix and pre-dissolved form and that makes it much more bioavailable and this enhanced 
the performance of such drug actives and in many cases. It is that what actively enables such 
molecules to at all become a drug product and a therapy. Compared to the traditional methods 
of developing drug products, HME is a key the gate to enhance in delivering the drug products 
to avoid patient compliance. A report says there are lots of developments in pharmaceutical APIs 
with poor solubility and improving their solubility is quite challenging. The effective formulation 
needs characteristics carriers and polymers that are suitable for the HME technology that has 
been discussed here. HME has been proven as an effective choice for the conventional ways 
of producing tablets, films, implants, etc. that can be administered orally, transdermal and 
transmucosal. This review paper adds knowledge of supercharging sluggish drugs by the use 
of HME and it can put the punch back in pharmaceutical industries and should use these recent 
developments to employ and develop cutting-edge drug delivery systems to avoid patient 
compliance.

Keywords: Hot-melt extrusion, Solubility, Polymers, Pharmacokinetics and Pharmacodynamic, 
APIs.

INTRODUCTION

Melt extrusion process could be efficiently applied in order to 
enhance the solubility, stability and further to improve the poor 
physical properties of the drug substance. The numbers of poorly 
soluble APIs are undoubtedly keep rising with the development 
of new drug products and most of these kinds of drug products 
are already entering the development pipeline. Using Hot Melt 
Extrusion (HME) to convert basic ingredients and excipients 
into a homogenous solid of a uniform shape, it also permits the 
dissolution of APIs into a polymer to develop a matrix called an 

Amorphous Solid Dispersion (ASD). HME is a widely known 
and distinct characteristic in the pharmaceutical sector within 
the application of increasing the bioavailability of drugs and 
improving the PK-PD performance of Active Pharmaceutical 
Ingredients (APIs). It also enhanced Biopharmaceutical 
Classification System (BCS) drugs which apparently less soluble 
and less dissolution rate and permeability e.g. Class II and IV. 
This technology is rapidly gaining significant attention in the 
pharmaceutical industry, especially in targeted therapies like 
oncology. It is crucial for anyone working in this field to have a 
thorough knowledge of HME.1

In this article, we look over the improvement of PK-PD of Class 
II and IV BCS compounds by increasing solubility, PK and PD 
profile in formulations, helped improve poorly soluble drugs 
by using the HME technique, formulation design, as well as 
processing technologies and materials, characterization and 
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comparative study between HME and regular formations and 
development. 

Hot Melt Extrusion Reinvents Drug Profiles for 
Enhanced solubility, Absorption and Action

Owing to the importance of solubility, new techniques are needed 
in order to achieve the intended outcome in drug development by 
improving the PK-PD profile, drug disposition and APIs solubility 
for the development of targeted drug delivery systems. The PK-PD 
profile allows for the dissociation of drug-carrier complexity 
and pharmacological variables, which occurs throughout the 
process of disposition as a result of endogenous and exogenous 
factor. It has also been used to enhance the understanding of 
the in vivo behaviors complicit and facilitate in drug delivery 
development. A drug's absorption and elimination from the body 
are quantitatively measured through pharmacokinetic profile. 
Pharmacodynamic modeling evaluates the pharmacological 
effects of drugs over time with consideration of significant 
rate-limiting mechanisms of action. An effect that is relevant to 
effectiveness should be the pharmacodynamic endpoint that is 
taken into account. And the response should be quantified and 
validated for precision, accuracy, reproducibility and specificity. 
The development of new technologies can improve the knowledge 
of the delivery systems of physicochemical characteristics and the 
interactions of physiological systems that represent blood flow, 
expression of enzymes, cell life span and transporters.2

Over 40-70% of new APIs fail to match their ranges because of 
poor solubility and permeability during the product development 

process. Due to this, the researcher faces difficulty introducing 
new chemicals because of bioavailability and PK-PD profiles, 
which are basically due to poor solubility. Physical and chemical 
challenges are overcome by using multiple approaches during 
the development of pharmaceutical products, including 
solid dispersion, micronization, co-solvent, pH adjustment, 
complexation, surfactant, salt formation, nanotechnology, 
polymorphs and hydrotophy. As a way to increase the  
bioavailability of drugs, solid dispersion develop by HME 
is currently gaining an interest in the pharmaceutical sector 
because of its applications, simple manufacturing process 
and cost-effectiveness.3 Drugs that are poorly soluble have 
lower absorption, which results in inadequate and variable 
bioavailability as well as side effects on the gastrointestinal 
mucosa.4 Solubility is one of the most crucial factors in achieving 
the correct drug concentration within the bloodstream to get 
the desired pharmacological outcomes, which is the result 
of the solute dissolving to make a homogeneous system in a 
solvent. Low water solubility is a fundamental obstacle in both 
in the development of new chemical substances and generic drug 
formulations.

Reshaping the poorly soluble APIs

There are different techniques can be used to increase the 
drug solubility like physical modifications (Micronization, 
nano-suspension, polymorphs, amorphous forms and 
co-crystallization) and chemical modifications (pH, buffer, 
derivatization, complexation and salt formation).5

Figure 1:  Drug solubility method, quantification and bioavailability enhancement.
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Solubility is < 1 mg/mL, absorption is inadequate and solubility 
needs to be improved using various technologies. Poor 
bioavailability is the main issue in developing of oral dosage 
forms and it can be influenced by dependent variables like; 
permeability, dissolution rate, biotransformation, pre-systemic 
metabolism and low permeability, poor solubility and efflux 
mechanisms are the causes of less bioavailability.6,7 As per the 
source, there are many techniques that can be used to make drugs 
that aren't more soluble. The technologies are chosen depending 
on characteristics of the drugs under consideration, the kind of 
the excipients is being selected and the anticipated dose form.8,9

Experimental methods for quantifying solubility

The drug solubility can be determined by following methods:

Determination of thermodynamic solubility

The shake-flask method is the simple, accurate and approved 
solubility method for poor soluble APIs because of faster and 
reproducible. Briefly, the pharmaceutical agent is over-added 
to the solubility medium. The solid phase needs to be brought 
into equilibrium with a saturated solution with the addition of 
pharmaceutical agent. If more solids are added, the solution of pH 
and, consequently, the drug's solubility could change if an acidic 
or basic pharmaceutical is dispersed in medium. The amount of 
time needed for the surplus solid to equilibrate with the dissolved 
drug can vary based on the dissolving rate and agitation method 
used and usually it achieves within 24 hr. The synthetic technique 
depends on a laser beam tracking the concentration of the solid 
drug. The drug could dissolve if a specific amount of solvent is 
added or if the temperature changes (Figure 1).10

Determination of kinetic solubility

The kinetic solubility is measured using a stock solution; it gives 
the maximum solubility, ease of automation, precision and fastest 
precipitating species of the compound and it is often determined 
by adding co-solvent DMSO and the fact that it works best 
with chemicals with a solubility of more than 10-6 molars. 
UV-spectroscopic and HPLC techniques are the ones that can be 
used for determination (Figure 1).11

Hot Melt Extrusion Expedites the Journey of 
Underperforming Drugs

ASDs have been prepared by using HME is used on a massive 
scale in order to increase the solubility and dissolution rates of 
poorly soluble compounds.

Sekiguchi and Obi were the ones who initially proposed a 
method to produce fast-acting solid dispersion dosage forms. 
Briefly, the physical mixing of a drug and water-soluble carriers 
is heated until it melts. The drug and carrier used here should be 
thermostable. Then the melted complex is stirred gradually and 
solidified on ice; later, the solid mass is broken down, pulverized, 

sieved and compressed. The % weight of the drug is based on the 
binary system, carrier of choice and melting point.12 As discussed 
above the Solid dispersions are a one method for enhancing the 
API's solubility and bioavailability. Soluplus polymeric solubilizer 
was developed especially for formulation by HME. Different 
concentrations are taken a consideration for surfactants, such 
as graft copolymer composed of PEG, Lutrol, were used in 
combination with amphiphilic Soluplus as a primary solubilizing 
agent to examine their effects on formulation processing by 
HME.13 In order to establish the Developability Classification 
System (DCS), the BCS parameters are adjusted for the intended 
dose of the given chemical. Orally given DCS IIa and DCS IIb 
drugs absorption is constrained by their rate of dissolution and 
solubility respectively.14,15

Hot-Melt Extrusion Process and Equipment

HME is a novel processing method in the development and 
formulation of molecular dispersions of APIs with polymers and 
lipid matrices that led this method to get modified, controlled 
and targeted drug delivery.16-19

HME is a technique of transferring raw materials through a die 
under controlled, regulated circumstances to develop products of 
uniform shape and density.20 It has been used for many different 
drug delivery formulations including solid dosage forms that 
increase drug bioavailability. It is a continuous, solvent-free 
multi-step processes. The material of excipients like diluents, 
Plasticisers or polymers mix with APIs via heat and pressure 
treatment causes the products get melts and produce uniform 
shape and density for use of different applications.21

The HME process is optimised by an electronic control system in 
a screw extruder that can change the screw speed, temperature 
and pressure. Under the influence of heat and shear force or stress, 
the screw extruder produces a homogeneous blend that alters 
the qualities of the final product.  Single-screw and twin-screw 
extruders have two different types of screws inside the extruder 
that are used for different mixtures of materials as they pass 
through the barrel. An image shows the arrangement of many 
parts of the machine (Figure 1).

The single screw extrusion system is having a single rotating 
screw inside the barrel including compression; feed and metering 
zones were there which cause a shift in pressure in each zone that 
produces the mixture of API and excipients (Figure 2).

Screw Extruder

The gearbox and driving unit of the electric motor turn the screw 
at a predetermined speed. Temperature controllers are attached 
to the barrel's heating and cooling components to keep the 
temperature under control. The properties of the plastic material, 
the screw and barrel assembly's construction and the operating 
conditions of the system all affect the screw and barrel assembly's 
capacity to extrude a particular material. The single screw 
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extrusion is particularly ideal for high viscous materials because 
of its uninterrupted movements which create high pressure 
(Figure 2).22

Twin-screw HME is a continuous process that improves the 
solubility of APIs.23,24 The screw was placed side by side and each 
screw can rotate either same or opposite direction. This method 
developed heat and shear energy to produce the ASD of an 
API into a polymer carrier.25,26 Since it is a continuous process, 
it’s better to use it in combination with an in-line analytical 
method to enable real-time monitoring of material quality.27,28 
Twin screw extruders provide a number of benefits over single 
screw extruders, including faster transit times, less inclination 
to overheat and simpler material input and dispersion capacity. 
HME has been integrated as a key formulation and development 
process in the pharmaceutical industry during the past ten years 
as a result of a combination of growing pressure from regulatory 
bodies and improvements in knowledge about ASDs. To date, 
there have been 25 products approved by the FDA that were 
made using this technique.29

Extrusion System Elements

The physical properties of the substances can be altered by 
changing the extrusion process when a substance is driven 
through an orifice or allowed to die on the HME under controlled. 
The component of HME extruder include a motor, an extrusion 
barrel, rotating screws in the barrel and die which is connected at 
the end of the extruder.18 A thermoplastic screw can be divided 
into six different zones. Different polymer varieties have different 
screw designs.30 Such as: Feeding Zone, Melting Zone, Mixing 
Zone, Metering Zone, Venting Zone and Die Shape (Figure 2).

Several factors are involved in the design and optimisation of the 
HME process.31,27

Factors include the right tools, the mass feed rate and the process 
temperature and shear forces.

Physiochemical variables: characteristics of the drug and 
excipients, compatibility of the mix's physical and chemical 
components and stability considerations.

Formulation parameters: Drug-polymer solubility and 
interactions, rheological characteristics, physical state and drug 
dissolution from extrudes.

Figure 2:  Schematic representation of the Hot Melt Extrusion Process, Extruder and Elements
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HME process can be optimised by using Process Analytical 
Technologies and Experimental design.

Components Used In HME to Increase Solubility
Polymers and carriers

There are several types of polymers that can be used to increase 
solubility; these are listed in Figure 3 and glass transition affects 
polymer characteristics in terms of moldability, tensile strength 
and transparency.14 Drug-polymer stability, miscibility and 
function of the final dosage form all play major roles in the choice 
of polymer for solubility enhancement.

Use of Polymers in Drug Delivery

Polymers such as PVP and HPMC are excellent binders that 
increase the production of granules and enhance the flow and 
compaction characteristics of tablet formulations.

The polymeric excipients that are used in intermediate release 
tablets are also used in "bulk-out" capsule fills.

Polymers have been tested for their capacity to prolong the time of 
gastric retention by adhering to the stomach mucous membrane 
and floating above the contents of the stomach, respectively.

The patient must maintain a therapeutic effect to avoid compliance 
by using an extended or sustained release dosage form. And the 
most common polymers are cellulose derivatives such as; Ethyl 
cellulose and cellulose acetate, as well as polyvinyl acetate.

Polymers play a key role, especially in targeted drug delivery 
systems. It prevents degradation or release in the stomach and 

small intestine and ensures a controlled release in the proximal 
colon.

Site-specific mucoadhesive polymers, which have advantages 
like; increased polymer residence time, improved penetration, 
enzymatic inhibition and site-specific adhesion.

Plasticisers

Plasticizers usually consist of low-molecular-weight substances 
that can molten polymers to increase their flexibility. Plasticizers 
lower the processing temperature and Tg, which eventually 
improves the stability of the polymer and the drug. By expanding 
the free volume between polymer chains, plasticizers lower a 
polymer's Tg and melt viscosity.

Glass Transition Temperature (Tg)

Tg determines when a polymer transitions from a hard, brittle 
state. As soon as it reaches this temperature, carbon chains 
begin to move. At this stage, the temperature at the edge of the 
solid state causes the amorphous region to change from a stiff 
to a flexible state, more like a viscoelastic rubbery state. The 
space between the molecular chain’s doubles at this temperature. 
Semi-crystalline polymers' viscoelastic qualities enable flexibility, 
which is necessary for packaging materials. The amorphous 
component of a semi-crystalline material has a feature called 
the Tg. When the temperature goes below Tg, the molecules of 
amorphous materials stay frozen in place and behave like solid 
glass. Although plastic materials with stiff and rigid molecular 
structures exhibit a greater Tg, plastic materials generally have 
a lower Tg. The Tg, which varies for each polymer having an 

Figure 3:  Hot Melt Extrusion based polymeric formulation their Glass Transition Temperature.
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amorphous structure, is a useful indicator of whether a certain 
material is more appropriate for flexible or rigid applications.32-34 
The polymers are designed to function below their glass transition 
point. An example of this is a tool with a hard plastic handle. If the 
glass transition temperature were below the working temperature, 
the plastic handle would be flexible to allow one to grab it and use 
it effectively (Figures 3 and 4).

The type and quantity of the plasticizer determine whether the 
polymer Tg decreases. They enhance the finished product's 
physico-mechanical characteristics. There are several types of 
plasticizers available, which are listed in Figure 5.

Factors affecting the glass transition temperature

Polymer chains with stiffening groups have less flexibility and 
have higher Tg values. Dipole forces, H-bonding and other 

stronger intermolecular forces reduce the chain's mobility, which 
raises the value of Tg. Tg grows as the m.w. of the polymer does 
because Tg is linked to molecular weight. Depending on the 
relative humidity of the exposure, moisture may function as a 
plasticizer and cause a material to reach equilibrium moisture 
content by slowly diffusing through it. Results, in a lower Tg. 
For determining Tg, we use Differential Scanning Calorimetry 
(DSC), Thermo-Mechanical Analysis (TMA) and Dynamic 
Mechanical Analysis (DMA).

Other processing Aids

The stability of polymers can be improved by adding antioxidants 
such as butylatedhydroxytoluene and butylatedhydroxyanisole. 
Vitamin E, acid receptors and/or light absorbers can be added 
to polymers that are prone to degradation to increase their 

Figure 4:  Graph of glass transition temperature plotting the temperature and stiffness of a material.

Figure 5:  Types of Plasticizers.
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Figure 6:  Characterization of Dosage form made by HME Technique.

Petereit, et al. Taste-masked granules of verapamil HCl using HME and the anionic methacrylate co-polymer Eudragit. 
Pimparade, 
et al. 

By extruding a mixture of caffeine citrate with ethyl cellulose, a plasticizer, and mannitol to speed up drug release, 
showed that HME was a useful technique for disguising the bitter taste of caffeine citrate. In order to create a 
one-step procedure for turning a solid formulation developed by adding a liquid-stabilized nano-suspension. 

Khinast, et al. HME in conjunction with an internal devolatilization procedure, resulting in a continuous method of processing 
for the production of solid nano-formulations. 

Ye, et al., HPH and HME were coupled to create a one-step processing technique for the creation of nanocrystals.
Patil, et al. SLNs can be successfully produced by conjugating HME with HPH. 
Cassidy, et al. Reported a photosensitizer-containing oral formulation for HME-targeted medication delivery to the colon. The 

formulation, which has been included in the medication as polymer, plasticizer TEC, and photosensitizer, was 
extruded using a twin-screw extruder with Eudragit® S 100 as the polymer. 

Miller, et al. Reported a supersaturated itraconazole-targeted intestine delivery method for better oral absorption using HME. 
In this investigation, amorphous solid itraconazole dispersion with Eudragit® was made using 20% and 40% 
Carbopol® 974P. 

Sax and 
Winter 

Studied triglyceride-based implants made by mixing a number low-melting lipids with glycerol tristearin and 
extruding them through a twin-screw process.

Park, et al. Studied a durable clotrimazole or nystatin-containing denture adhesive film for oral candidiasis. 
Dierickx, et 
al. 

Co-extrusion was used by Dierickx et al. to create fixed-dose combination micromatrices. A multilayer dosage 
form was created that combined polycaprolactone for metoprolol tartrate's sustained release and PEO/PEG for 
hydrochlorothiazide's quick release. 

Daurio, et al. Demonstrated that the production of co-crystals of carbamazepine-saccharin, caffeine-oxalic acid, theophylline 
citric acid and nicotinamide-trans-cinnamic acid is feasible and scalable using twin-screw extrusion. 

Moradiya, 
et al. 

Successfully observed co-crystals of saccharin and carbamazepine in a 1:1 ratio. 

Crowley 
MM, et al.

HME is a technology that has promise for improving the dissolution of poor soluble drugs.

Chokshi RJ, 
et al.

By using hydrophilic polymers to improve the drug's wetting, deagglomeration, and micellization are responsible 
for the improvement in dissolution by HME.

Table 1: Drug formulation by using HME Technology.
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stability. Additional chelating agents, like citric acid and EDTA, 
Ascorbic acid and other reducing agents can also be employed as 
antioxidants.35-37

Characterization Methods

The physicochemical properties of the HME were determined 
using a variety of techniques. Since both the API and polymer 
are exposed to high temperatures during the HME process, it 
stands to reason that APIs with extremely high melting points 
or those that are thermally labile present a high concern.38 The 
n numbers of procedures can be used to evaluate the extrusions 
produced by the extruder. Additionally, these methods can be 
used to distinguish between solid solutions and dispersions.31 
ASDs are being utilised more frequently to support drug 
development and have effectively produced a number of 
commercial goods. To comprehend how solid dispersions 
promote bioavailability, numerous experiments have been done. 
The enhanced bioavailability of ASDs is caused by a number of 
circumstances. First, the crystalline medication's transformation 
into its amorphous form increases its apparent solubility, which 
in turn improves bio performance, particularly when the drug 
is absorbed quickly. Second, through increasing API wettability, 
reducing particle size and stabilising the dissolved drug, the spread 
of API within the matrix of polymers influences drug dissolution. 
The capacity of an amorphous dispersion to increase the rate of 
dissolution and keep the concentration of drug in solution.39 In 
vivo evaluations of the pharmacokinetic characteristics of solid 
amorphous dispersions can be done in rodents and non-rodents. 
A single dose of the drug would be administered after an 
overnight fast with free access to water. Before and 0.25, 0.5, 1, 2, 
4, 6, 8 and 24 h post treatment, blood plasma samples are taken 
into a K-EDTA-coated tube. Acetonitrile and water are used to 
dilute the samples 50/50. HPLC-MS/MS analysis is performed 
on the supernatants following centrifugation at 3000 rpm for 5 
minutes (Figure 6).39

A Study of HME Technology and Drug Formulation

The physicochemical properties of APIs are influenced by 
the extrusion process and formulation. With the addition of 
excipients, the properties of poor water-soluble drugs also have a 
significant impact on in vitro dissolution and in vivo performance. 
The majority of research suggests a combination of additives or 
polymers, such as plasticizers, surfactants, low-TG polymers, 
pH modifiers, disintegrant and diluents, to enhance the HME 
process and regulate drugs (Table 1).36,40-52 HME has a number of 
advantages over commonly used pharmaceutical formulations.53

The HME method is a continuous, controlled process with twin 
screw technology that yields an API that is consistently dispersed 
in the carrier matrix.

Since the HME process is based on amorphous solid dispersion in 
a carrier matrix, which offers flexibility in downstream processing 
and the capacity to produce a variety of formulation types.

HME allows the use of taste-masking methods;

Compounds that are insoluble in water have increased solubility 
and bioavailability;

Non-ambient, solvent-free procedure;

An economical procedure that runs continuously and has a 
shorter production time;

Sustained, customized and targeted release capabilities;

Active component criteria for compressibility are not necessary;

Stability at various pH, moisture levels and safety when used on 
people; Uniform dispersion of small particles;

Production of a variety of performance dosage forms with less 
unit operations.

CONCLUSION

Establishing the relationship between Pharmacokinetics (PK, 
concentration vs. time) and Pharmacodynamics (PD, effect vs. 
time) is an important tool in the discovery and development 
of new drugs in the pharmaceutical industry, especially the 
poor soluble molecules. The PK/PD relationship offers a 
pharmacokinetic foundation for estimating the therapeutic index 
and supports the design of effective dosage regimens for clinical 
proof-of-concept trials that are driven by pharmacokinetics and 
biomarkers. Based on abundant literature  available  in public 
domain, it can be concluded that use of HME, can be an effective 
formulation, the solubility and bioavailability of BCS class II 
and IV molecules can be increased depending on the drug’s 
solubility in the polymer, drug physical state, or crystalline state. 
The in vitro and in vivo release characteristics of the drug can be 
significantly influenced by its physical state in the formulation. 
It entails treating a polymeric material above its Tg and usually 
over its Tm to achieve molecular-level mixing between the API 
and polymeric excipients through the use of heat and mechanical 
energy. We can state that the development of solid dispersions 
by using HME can be the most appropriate method for the 
development of pharmaceutical oral solid dosage forms. HME 
is not only cost-effective and time-saving, but it is also simple 
to increase in size, making it a perfect method for industrial 
production.
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ABBREVIATIONS

HME: Hot Melt Extrusion; PK: Pharmacokinetics; PD: 
Pharmacodynamics; APIs: Active Pharmaceutical Ingredients; 
ASD: Amorphous Solid Dispersion; BCS: Biopharmaceutical 
Classifications; PEG: Polyethylene Glycol; DSC: Developability 
Classification System.

REFERENCES
1.  Enhancing bioavailability with hot melt extrusion. Pharm Technol. 2019;43(6):25.
2.  Zou H, Banerjee P, Leung SSY, Yan X. Application of pharmacokinetic-pharmacodynamic 

modeling in drug delivery: development and challenges. Front Pharmacol. 
2020;11:997. doi: 10.3389/fphar.2020.00997, PMID 32719604.

3.  Ridhurkar D, Vajdai A, Zsigmond Z. Hot-melt extrusion (HME) and its application for 
pharmacokinetic Improvement. PTB Rep. 2016;2(3):47-51.

4.  Sharma D, Soni M, Kumar S, Gupta GD. Solubility enhancement eminent role in 
poorly soluble drugs. Res J Pharm Technol. 2009;2(2):220-4.

5.  Savjani KT, Gajjar AK, Savjani JK. Drug solubility: importance and enhancement 
techniques. ISRN Pharm. 2012; 2012:195727. doi: 10.5402/2012/195727, PMID 
22830056.

6.  Lachman L, Lieberman H, Kanig JL. The theory and practice of industrial pharmacy. 
3rd ed. Lea & Febiger; 1986.

7.  Yellela SR. Pharmaceutical technologies for enhancing oral bioavailability of poorly 
soluble drugs. J Bioequivalence Bioavailability. 2010;2(2):28-36.

8.  Jagtap S, Magdum C, Jadge D, Jagtap R. Solubility Enhancement technique: a review. 
J Pharm Sci Res. 2018;10(9):2205-11.

9.  Jayakumar C, Raja C, Kumar VS. A review on solubility enhancement using 
hydrotropic phenomena. Int J Pharm Pharm Sci. 2013;6(6):1-7.

10.  Jouyban-Gharamaleki V, Jouyban-Gharamaleki K, Shayanfar A, Khoubnasabjafari 
M, Jouyban A. An automated system for determining drug solubility based on laser 
monitoring technique. SLAS Technol. 2015;20(1):3-9. doi: 10.1177/22110682145548 
01.

11.  Jouyban A, Mohammad A, Fakhree A. Experimental and computational methods 
pertaining to drug solubility, toxicity and drug testing; 2012. p. 187-218.

12.  Chiou WL, Riegelman S. Pharmaceutical applications of solid dispersion systems. J 
Pharm Sci. 1971;60(9):1281-302. doi: 10.1002/jps.2600600902, PMID 4935981.

13.  Available from: https://www.chemanager-online.com/en/products/pharma-biotech 
-rocessing/soluplus-polymeric-solubilizer-effective-drug-delivery.

14.  Williams HD, Trevaskis NL, Charman SA, Shanker RM, Charman WN, Pouton CW, et al. 
Strategies to address low drug solubility in discovery and development. Pharmacol 
Rev. 2013;65(1):315-499. doi: 10.1124/pr.112.005660, PMID 23383426.

15.  Butler JM, Dressman JB. The developability classification system: application 
of biopharmaceutics concepts to formulation development. J Pharm Sci. 
2010;99(12):4940-54. doi: 10.1002/jps.22217, PMID 20821390.

16.  Maniruzzaman M, Boateng JS, Bonnefille M, Aranyos A, Mitchell JC, Douroumis 
D. Taste masking of paracetamol by hot melt extrusion: an in vitro and in vivo 
evaluation. Eur J Pharm Biopharm. 2012;80(2):433-42. doi: 10.1016/j.ejpb.2011.10.0 
19, PMID 22108493.

17.  Repka MA, Shah S, Lu J, Maddineni S, Morott J, Patwardhan K, et al. Melt extrusion: 
process to product. Expert Opin Drug Deliv. 2012;9(1):105-25. doi: 10.1517/1742524 
7.2012.642365, PMID 22145932.

18.  Repka MA, Majumdar S, Kumar Battu SK, Srirangam R, Upadhye SB. Applications of 
hot-melt extrusion for drug delivery. Expert Opin Drug Deliv. 2008;5(12):1357-76. 
doi: 10.1517/17425240802583421.

19.  Repka MA, Battu SK, Upadhye SB, Thumma S, Crowley MM, Zhang F, et al. 
Pharmaceutical applications of hot-melt extrusion: part II. Drug Dev Ind Pharm. 
2007;33(10):1043-57. doi: 10.1080/03639040701525627, PMID 17963112.

20.  Ridhurkar D, Vajdal A, Zsigmond Z. HME and its application for pharmacokinetic 
improvement of poorly water-soluble drugs. PTB Rep. 2016;2(3):47-51.

21.  Almeida J, Bezerra M, Markl D, Berghaus A, Borman P, Schlindwein W. Development 
and validation of an in‐line API quantification method using AQbD principles based 
on UV‐vis spectroscopy to monitor and optimise continuous hot melt extrusion 
process. Pharmaceutics. 2020;12(2):150. doi: 10.3390/pharmaceutics12020150, PMID 
32059445.

22.  Dynisco. An introduction to single screw extrusion. AZoM. 2023.
23.  Sarode AL, Sandhu H, Shah N, Malick W, Zia H. Hot melt extrusion (HME) for 

amorphous solid dispersions: predictive tools for processing and impact of 
drug-polymer interactions on supersaturation. Eur J Pharm Sci. 2013;48(3):371-84. 
doi: 10.1016/j.ejps.2012.12.012.

24.  Patil H, Tiwari RV, Repka MA. Hot-melt extrusion: from theory to application in 
pharmaceutical formulation. AAPS PharmSciTech. 2016;17(1):20-42. doi: 10.1208/ 
s12249-015-0360-7, PMID 26159653.

25.  Maniruzzaman M, Rana MM, Boateng JS, Mitchell JC, Douroumis D. Dissolution 
enhancement of poorly water-soluble APIs processed by hot-melt extrusion using 
hydrophilic polymers. Drug Dev Ind Pharm. 2013;39(2):218-27. doi: 10.3109/036390 
45.2012.670642, PMID 22452601.

26.  Netchacovitch L, Dumont E, Cailletaud J, Thiry J, De Bleye C, Sacré PY et al. 
Development of an analytical procedure for crystalline content determination in 
amorphous solid dispersions produced by hot-melt extrusion using transmission 
Raman spectroscopy: A feasibility study. Int J Pharm. 2017;530(1-2):249-55. doi: 10.1 
016/j.ijpharm.2017.07.052, PMID 28746834.

27.  Breitenbach J. Melt extrusion: from process to drug delivery technology. Eur J Pharm 
Biopharm. 2002;54(2):107-17. doi: 10.1016/s0939-6411(02)00061-9, PMID 12191680.

28.  Rao RR, Pandey A, Hegde AR, Kulkarni VI, Chincholi C, Rao V, et al. Metamorphosis 
of twin screw extruder-based granulation technology: applications focusing on its 
impact on conventional granulation technology. AAPS PharmSciTech. 2022;23(1):24. 
doi: 10.1208/s12249-021-02173-w.

29.  Martin C. Twin Screw extrusion for pharmaceutical processes. In: Repka MA, Langley 
N, DiNunzio J, editors. Melt extrusion: materials, technology and drug product 
design. New York: Springer; 2013. p. 47-79. doi: 10.1007/978-1-4614-8432-5_2.

30.  Ghebre SI, Martin C. A book on pharmaceutical extrusion technology. Klein CE, 
Acquir J. Immune Defic. Syndr. 2007;44(4):401-10.

31.  Martin C. Guidelines for operation of leistritz twin screw extruder. American leistritz 
corporation. Somerville; 2001. p. 21-5.

32.  Available from: https://www.sciencedirect.com/topics/chemistry/glass-transition-te 
mperature.

33.  Available from: https://www.corrosionpedia.com/definition/593/glass-transition- 
temperature-tg.

34.  Available from: https://www.sciencedoze.com/2022/10/glass-transition- 
temperature-t.html.

35.  Crowley MM, Zhang F, Repka MA, Thumma S, Upadhye SB, Battu SK, et al. 
Pharmaceutical applications of hot-melt extrusion: part I. Drug Dev Ind Pharm. 
2007;33(9):909-26. doi: 10.1080/03639040701498759, PMID 17891577.

36.  Singhal S, Lohar VK, Arora V. Hot-melt extrusion technique. Webmed Cent Pharm Sci. 
2011;2(1):1-20.

37.  Khatry S, Abbulu K. Melt extrusion-an overview. Int J Pharm¬macy and Technology. 
2011;3:685-03.

38.  Kyeremateng SO, Voges K, Dohrn S, Sobich E, Lander U, Weber S, et al. A hot melt 
extrusion risk assessment classification system for Amorphous solid dispersion 
formulation development. Pharmaceutics. 2022;14(5):1044. doi: 10.3390/pharmace 
utics14051044, PMID 35631630.

39.  Li Y, Mann AK, Zhang D, Yang Z. Processing impact on in vitro and in vivo performance 
of solid dispersions. A comparison between hot-melt extrusion and spray drying. 
Pharmaceutics. 2021;13(8):1307. doi: 10.3390/pharmaceutics13081307, PMID 
34452269.

40.  Petereit HU, Meier C, Gryczke A. Melt extrusion of salts of active ingredients. 2014;B 
2:US8642089.

41.  Pimparade MB, Morott JT, Park JB, Kulkarni VI, Majumdar S, Murthy SN, et al. 
Development of taste masked caffeine citrate formulations utilizing hot melt extrusion 
technology and in vitro-in vivo evaluations. Int J Pharm. 2015;487(1-2):167-76. doi: 10. 
1016/j.ijpharm.2015.04.030, PMID 25888797.

42.  Khinast J, Baumgartner R, Roblegg E. Nano-extrusion: a one-step process for 
manufacturing of solid nanoparticle formulations directly from the liquid phase. 
AAPS PharmSciTech. 2013;14(2):601-4. doi: 10.1208/s12249-013-9946-0.

43.  Ye X, Patil H, Feng X, Tiwari RV, Lu J, Gryczke A, et al. Conjugation of hot-melt extrusion 
with high-pressure homogenization: a novel method of continuously preparing 
nanocrystal solid dispersions. AAPS PharmSciTech. 2016;17(1):78-88. doi: 10.1208/ 
s12249-015-0389-7, PMID 26283197.

44.  Patil H, Feng X, Ye X, Majumdar S, Repka MA. Continuous production of fenofibrate 
solid lipid nanoparticles by hot-melt extrusion technology: a systematic study 
based on a quality by design approach. AAPS J. 2015;17(1):194-205. doi: 10.1208/ 
s12248-014-9674-8, PMID 25344439.

45.  Cassidy CM, Tunney MM, Caldwell DL, Andrews GP, Donnelly RF. Development of 
novel oral formulations prepared via hot melt extrusion for targeted delivery of 
photosensitizer to the colon. Photochem Photobiol. 2011;87(4):867-76. doi: 10.111 
1/j.1751-1097.2011.00915.x, PMID 21375536.

46.  Miller DA, DiNunzio JC, Yang W, McGinity JW, Williams RO. Targeted intestinal 
delivery of supersaturated itraconazole for improved oral absorption. Pharm Res. 
2008;25(6):1450-9. doi: 10.1007/s11095-008-9543-1.

47.  Sax G, Winter G. Mechanistic studies on the release of lysozyme from twin-screw 
extruded lipid implants. J Control Release. 2012;163(2):187-94. doi: 10.1016/j.jconr 
el.2012.08.025, PMID 22964391.

48.  Park JB, Prodduturi S, Morott J, Kulkarni VI, Jacob MR, Khan SI, et al. Development of 
an antifungal denture adhesive film for oral candidiasis utilizing hot melt extrusion 
technology. Expert Opin Drug Deliv. 2015;12(1):1-13. doi: 10.1517/17425247.2014. 
949235.

49.  Dierickx L, Saerens L, Almeida A, De Beer T, Remon JP, Vervaet C. Co-extrusion as 
manufacturing technique for fixed-dose combination mini-matrices. Eur J Pharm 
Biopharm. 2012;81(3):683-9. doi: 10.1016/j.ejpb.2012.03.018, PMID 22504402.



Abdo Mohsen, et al.: Hot-Melt Extrusion Fundamentals: “Enhancement of Poor Drug Solubility and Bioavailability”

International Journal of Pharmaceutical Investigation, Vol 14, Issue 4, Oct-Dec, 20241078

50.  Daurio D, Medina C, Saw R, Nagapudi K, Alvarez-Núñez F. Application of twin screw 
extrusion in the manufacture of cocrystals, part I: four case studies. Pharmaceutics. 
2011;3(3):582-600. doi: 10.3390/pharmaceutics3030582, PMID 24310598.

51.  Moradiya H, Islam MT, Woollam GR, Slipper IJ, Halsey S, Snowden MJ, et al. Continuous 
cocrystallization for dissolution rate optimization of a poorly water-soluble drug. 
Cryst Growth Des. 2014;14(1):189-98. doi: 10.1021/cg401375a.

52.  Chokshi RJ, Zia H, Sandhu HK, Shah NH, Malick WA. Improving the dissolution rate of 
poorly water-soluble drug by solid dispersion and solid solution: pros and cons. Drug 
Deliv. 2007;14(1):33-45. doi: 10.1080/10717540600640278, PMID 17107929.

53.  Maniruzzaman M, Boateng JS, Snowden MJ, Douroumis D. A review of HME: process 
technology to pharmaceutical products. ISRN Pharm. 2012; 2012:Article ID 4367 
63:9. doi: 10.5402/2012/436763, PMID 23326686.

Cite this article: Mohsen MMA, Patil AB, Manohar SK, Ambalgikar S, Jha DK. Unlocking Drug Potential by Enhancing Poor Drug Solubility and Bioavailability 
through Hot-Melt Extrusion. Int. J. Pharm. Investigation. 2024;14(4):1069-78.


