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INTRODUCTION 

The Pharmaceutical landscape is replete with diverse 

drug compounds, each possessing unique characteristics. 

Among these, poorly soluble drugs hold a significant 

place due to their distinctive challenges and far-reaching 

implications. Poorly soluble drugs are substances that 

exhibit limited solubility in biological fluids or other 

relevant solvents under specific conditions. This 

solubility, or rather, the lack thereof, poses a critical 

hurdle in drug development and clinical effectiveness.
[1-5]

 

 

The study of poorly soluble drugs is of paramount 

importance for several compelling reasons. In the 

pharmaceutical world, these compounds are not an 

exception but a rule. A substantial portion of drug 

candidates and existing therapeutic agents falls into the 

category of poorly soluble substances. Understanding 

and addressing the issues related to their solubility is 

vital for the development of effective medications. 

Challenges associated with these drugs encompass 

formulation complexities, erratic bioavailability, and 

suboptimal therapeutic outcomes.
[6-10] 

 

The objective of this review is to embark on a 

comprehensive exploration of poorly soluble drugs, with 

a particular focus on analytical insights into their 

characterization and the profound impact of solubility on 

bioavailability. Throughout the ensuing sections, we will 

delve into the intricate world of these compounds, 

discussing their physicochemical properties, various 

analytical techniques employed for characterization, 

formulation strategies to enhance solubility, techniques 

for bioavailability enhancement, and the broader 

implications of poor solubility on drug development. 

Additionally, we will look ahead to future trends and 

innovations that promise to reshape this critical field. 

 

Physicochemical Properties of Poorly Soluble Drugs 
A. Solubility and Dissolution Rate: This property refers 

to how well a drug can dissolve in a specific solvent or 

medium and how quickly it dissolves. Poorly soluble 

drugs may have low solubility and slow dissolution rates, 

which can affect their bioavailability. 

B. Particle Size and Surface Area: The size and surface 

area of drug particles are critical factors. Smaller particle 

sizes and larger surface areas can enhance dissolution 

and improve drug absorption. Techniques like milling or 

micronization can be used to reduce particle size. 

C. Polymorphism and Crystal Forms: Some drugs can 

exist in multiple crystalline forms, known as 

polymorphs. Different polymorphs can have varying 

solubility and stabilities, which can impact drug 

formulation and performance. 

D. Lipophilicity: Lipophilicity indicates how well a 

drug interacts with lipids or fats. It can influence drug 

absorption and distribution in the body. Highly lipophilic 

drugs may have low water solubility.
[11-25]

 

 

SJIF Impact Factor 6.044 Review Article ejbps, 2023, Volume 10, Issue 10, 114-124. 

European Journal of Biomedical 
AND Pharmaceutical sciences 

 

http://www.ejbps.com 

 
 

ISSN 2349-8870 

Volume: 10 

Issue: 10 

114-124 

Year: 2023 

*Corresponding Author: Vaibhav Ghansham Kute 

Ph.D Scholar, Department of Pharmaceutics, SunRise University, Alwar (State:- Rajasthan). 

ABSTRACT 
The Pharmaceutical industry has witnessed a growing interest in potential therapeutic benefits of poorly soluble 

drugs. However, the limited bioavailability of these compounds posses a significant challenge to drug 

development and patient outcomes. This review provides analytical insights into poorly soluble drugs, focusing on 

their characterization and the subsequent impact on bioavailability. Various techniques for characterizing drug 

solubility and dissolution behaviour are discussed such as thermodynamics and kinetics approaches. Additionally, 

it explores formulation strategies and delivery systems designed to enhance the bioavailability of poorly soluble 

drugs. The importance of these insights is to improve drug development and patient outcomes. 

 

KEYWORDS: Poorly Soluble Drugs, Bioavailability, Characterization, Solubility, Formulation, Drug 

Development. 

 



Kute et al.                                                                       European Journal of Biomedical and Pharmaceutical Sciences 

  

 

 

www.ejbps.com        │        Vol 10, Issue 10, 2023.         │          ISO 9001:2015 Certified Journal        │ 

 

 

115 

Analytical Techniques for Characterization 

A. Spectroscopic Techniques 
1. UV-Visible Spectroscopy: This technique measures 

the absorption of ultraviolet and visible light by a 

substance, providing information about its electronic 

structure and concentration. 

2. Infrared Spectroscopy (IR): IR spectroscopy 

analyzes the absorption of infrared radiation, 

revealing information about a molecule's vibrational 

modes and functional groups. 

3. Nuclear Magnetic Resonance (NMR): NMR 

spectroscopy is used to study the nuclear properties 

of atoms in a molecule, providing detailed structural 

information.
[26-35]

 

 

B. Thermal Analysis 
1. Differential Scanning Calorimetry (DSC): DSC 

measures heat flow associated with thermal 

transitions, such as melting or crystallization, 

helping identify polymorphs and thermal behavior. 

2. Thermogravimetric Analysis (TGA): TGA 

measures changes in mass as a function of 

temperature, aiding in the analysis of degradation 

and stability. 

 

C. Microscopy and Imaging Techniques 
1. Scanning Electron Microscopy (SEM): SEM 

provides high-resolution images of the surface 

morphology of particles, helping assess particle size 

and shape. 

2. Transmission Electron Microscopy (TEM): TEM 

offers even higher resolution than SEM and is used 

to visualize nanoscale structures. 

 

D. X-ray Diffraction (XRD) Analysis: XRD is used to 

determine the crystalline structure of a substance, 

helping identify different polymorphs and crystal forms. 

E. Nuclear Magnetic Resonance (NMR): NMR, as 

mentioned earlier, can be used not only for structural 

elucidation but also for studying the dynamics of 

molecules. 

F. Mass Spectrometry: Mass spectrometry identifies 

and quantifies the mass-to-charge ratio of ions, aiding in 

the determination of molecular weight and structural 

analysis of drugs.
[36-45] 

 

These analytical techniques are crucial for understanding 

the physicochemical properties of poorly soluble drugs, 

optimizing their formulations, and ensuring their 

effectiveness in pharmaceutical applications. Researchers 

use them to select appropriate drug delivery systems and 

improve drug solubility and bioavailability. 

 

Formulation Strategies for Poorly Soluble Drugs 
A. Solid Dispersions: Solid dispersions involve 

dispersing poorly soluble drugs in a solid matrix, 

typically a polymer. This increases drug solubility and 

dissolution by reducing particle size and increasing 

surface area. Examples include spray-dried dispersions 

and melt extrusion. 

B. Nanosuspensions: Nanosuspensions contain drug 

particles in nanoscale sizes suspended in a liquid. This 

enhances drug dissolution and bioavailability due to the 

larger surface area. Stabilizers are often used to prevent 

particle aggregation. 

C. Lipid-Based Formulations: Lipid-based 

formulations include lipid solutions, emulsions, and self-

emulsifying drug delivery systems (SEDDS). Lipids can 

solubilize poorly soluble drugs, facilitating their 

absorption in the gastrointestinal tract. 

D. CyclodextrinComplexation: Cyclodextrins are 

cyclic oligosaccharides that can form inclusion 

complexes with poorly soluble drugs. This improves 

solubility and bioavailability by encapsulating the drug 

molecule within the cyclodextrin cavity. 

E. Prodrug Approaches: Prodrugs are chemically 

modified versions of poorly soluble drugs. These 

modifications make the drug more water-soluble or 

easily metabolized, enhancing its bioavailability. Once 

inside the body, Prodrugs are converted into the active 

form.
[46-75]

 

 

Bioavailability Enhancement Techniques 

A. Oral Delivery Systems 

1. Self-Emulsifying Drug Delivery Systems 

(SEDDS): SEDDS are formulations that contain the 

drug in a lipid-based system. Upon contact with 

gastrointestinal fluids, they spontaneously form 

emulsions, enhancing drug solubilization and 

absorption. 

2. Nanoemulsions: Nanoemulsions are 

thermodynamically stable emulsions with droplets in 

the nanometer range. They increase the surface area 

for drug absorption, improving bioavailability. 

 

B. Parenteral Delivery Systems 
1. Intravenous Nanoparticles: Intravenous 

nanoparticles are designed to deliver poorly soluble 

drugs directly into the bloodstream. Nanoparticles 

improve drug solubility, stability, and controlled 

release, ensuring rapid and efficient delivery. 

 

C. Topical and Transdermal Delivery Systems: These 

systems allow drugs to be applied to the skin for 

absorption. Techniques like micro emulsions, 

transdermal patches, and nanoparticles enable better drug 

permeation through the skin, enhancing bioavailability. 

 

D. Inhalable Delivery Systems: Inhalable delivery is 

primarily used for pulmonary drug delivery. It involves 

formulating drugs as fine particles or aerosols for 

inhalation, ensuring rapid absorption through the lung's 

extensive surface area. 

 

These formulation strategies and bioavailability 

enhancement techniques are essential for overcoming the 

challenges associated with poorly soluble drugs, 

improving their therapeutic effectiveness, and providing 

patients with more efficient and convenient ways to 

administer these medications. The choice of strategy or 
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technique depends on the specific drug and its intended 

route of administration.
[76-96]

 

 

Impact of Poor Solubility on Drug Development 
A. Challenges in Drug Development: Poor solubility is 

a formidable challenge in drug development that can 

have profound implications. When a drug exhibits low 

solubility, it means that it doesn't readily dissolve in the 

body's fluids, such as the gastrointestinal tract. This, in 

turn, leads to low bioavailability, which is the fraction of 

the administered dose that reaches the systemic 

circulation in an active form. Low bioavailability can 

result in inadequate therapeutic efficacy, meaning that 

the drug may not achieve the desired therapeutic effect 

even if it is administered at the correct dose. 

 

Drug developers are confronted with several hurdles 

when dealing with poorly soluble compounds. First, they 

must invest additional time and resources to find 

solutions that enhance solubility. These solutions often 

involve complex formulation strategies, such as creating 

solid dispersions, nanosuspensions, lipid-based 

formulations, or using cyclodextrincomplexation or 

prodrug approaches. These strategies aim to improve the 

drug's solubility and bioavailability, ensuring that an 

adequate amount of the drug reaches its target in the 

body. 

 

Moreover, the development process for poorly soluble 

drugs can be protracted, involving extensive preclinical 

and clinical studies to validate the safety and efficacy of 

the formulation. Regulatory agencies play a critical role 

in evaluating these formulations to ensure they meet 

stringent standards for approval. This adds another layer 

of complexity to the drug development process. 

 

B. Regulatory Considerations: Regulatory agencies 

like the FDA & USFDA (U.S. Food and Drug 

Administration) play a pivotal role in evaluating and 

approving pharmaceutical formulations, including those 

designed to address the challenges posed by poorly 

soluble drugs. These agencies have specific guidelines 

and requirements in place to ensure that such 

formulations meet stringent safety and efficacy 

standards. Here's an elaboration on the regulatory aspects 

of poorly soluble drugs. 

1. Preclinical Studies: Before advancing to clinical 

trials, developers must conduct comprehensive 

preclinical studies. These studies involve in vitro 

(laboratory) and in vivo (animal) experiments to 

assess the drug's safety, efficacy, and 

pharmacokinetics. For poorly soluble drugs, 

formulation strategies must be tested extensively to 

demonstrate improved solubility and bioavailability. 

2. Clinical Trials: When transitioning to clinical trials, 

developers must submit an Investigational New 

Drug (IND) application to the FDA or the relevant 

regulatory agency in their region. Clinical trials are 

typically conducted in multiple phases (Phase I, II, 

and III), with each phase focusing on different 

aspects of safety and efficacy. For poorly soluble 

drugs, special attention is given to how the 

formulation affects the drug's performance in human 

subjects. 

3. Formulation Characterization: Regulatory agencies 

require developers to thoroughly characterize the 

formulation of poorly soluble drugs. This includes 

detailed information on the composition, 

manufacturing process, stability, and quality control 

measures. Developers must demonstrate that the 

formulation is consistent and reproducible. 

4. Bioequivalence Studies: In cases where a novel 

formulation is proposed to enhance solubility, 

bioequivalence studies are crucial. These studies 

compare the performance of the new formulation to 

an existing reference formulation (if applicable) to 

ensure that the two are interchangeable in terms of 

safety and efficacy. 

5. Regulatory Submissions: Developers must prepare 

and submit New Drug Applications (NDAs) or 

Abbreviated New Drug Applications (ANDAs) 

depending on whether the drug is innovative or a 

generic version. These submissions include a wealth 

of data, including preclinical and clinical study 

results, formulation details, and manufacturing 

processes. For poorly soluble drugs, a 

comprehensive description of the formulation's 

impact on solubility and bioavailability is essential. 

6. Regulatory Review: Regulatory agencies conduct a 

rigorous review of the submitted data, including the 

formulation-related data. They assess whether the 

proposed formulation effectively addresses the 

challenges posed by poor solubility and whether it 

meets safety and efficacy criteria. 

7. Labeling and Post-Market Surveillance: Once a drug 

is approved, the regulatory agency oversees its post-

market safety and monitors any adverse events. The 

drug's labeling includes information on its 

formulation and usage, ensuring that healthcare 

professionals and patients are informed about its 

characteristics. 

8. Communication and Collaboration: Developers 

often engage in a dialogue with regulatory agencies 

throughout the development process. This 

collaboration can help address questions or concerns 

raised by regulators and facilitate the approval 

process. 

 

C. Case Studies of Poorly Soluble Drug Development: 

Certainly, real-world case studies of poorly soluble drug 

development underscore the complexities and 

importance of innovative formulation strategies in 

ensuring patient access to effective medications. Here are 

a couple of illustrative examples: 

1. Case Study 1: Cyclosporine 

(Sandimmune/Neoral) 

 Challenge: Cyclosporine, an immunosuppressive 

drug used in organ transplantation, is notorious for 

its poor solubility. Its low bioavailability made it 

challenging to achieve consistent therapeutic blood 
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levels in patients, leading to the risk of transplant 

rejection or toxicity. 

 Innovation: The development of Neoral, a 

microemulsion formulation of cyclosporine, was a 

breakthrough. Neoral significantly improved 

cyclosporine's solubility and bioavailability. The 

formulation allowed for more predictable drug 

absorption, reducing the risk of under- or over-

dosing. 

 Impact: Neoral's improved solubility and 

bioavailability revolutionized organ transplantation 

therapy. Patients could now receive a consistent 

dose, leading to better graft survival rates and 

reduced side effects. This case highlights how 

innovative formulation strategies can transform the 

efficacy and safety of poorly soluble drugs, 

ultimately benefiting patients. 

2. Case Study 2: Griseofulvin (Grifulvin V) 

 Challenge: Griseofulvin is an antifungal medication 

with poor solubility. The challenge was to develop a 

formulation that would enhance its solubility and 

bioavailability to effectively treat fungal infections. 

 Innovation: Grifulvin V, an oral suspension 

formulation of griseofulvin, overcame the solubility 

hurdle. This formulation used micronization to 

reduce particle size, increasing the drug's surface 

area and enhancing dissolution in the gastrointestinal 

tract. 

 Impact: Grifulvin V's improved solubility allowed 

for more efficient absorption, enabling effective 

treatment of fungal infections. This case showcases 

how simple yet innovative strategies, like particle 

size reduction, can transform a poorly soluble drug 

into a clinically effective therapy, improving patient 

outcomes. 

 

These case studies exemplify how innovative 

formulation strategies can tackle the challenges posed by 

poorly soluble drugs. By enhancing solubility and 

bioavailability, these formulations have revolutionized 

the treatment landscape for various medical conditions. 

They underscore the critical role of pharmaceutical 

scientists in overcoming these hurdles and ensuring that 

patients have access to safe and effective medications. 

These successes in drug development highlight the 

potential for transformative impacts on patient health 

when addressing the solubility issues associated with 

certain drugs. 

 

Future Trends and Innovations 
A. Advances in Analytical Techniques: Continued 

advancements in analytical techniques, particularly in 

high-resolution imaging and spectroscopy, have ushered 

in a new era of precision and insight in the 

characterization of poorly soluble drugs. These advanced 

analytical tools are instrumental in guiding the 

development of targeted formulation strategies. 

 

Here's an overview of how these techniques are making a 

significant impact. 

1. High-Resolution Imaging: 

 Scanning Electron Microscopy (SEM): SEM 

provides detailed images of drug particles at a 

microscopic level. It allows for the observation of 

particle morphology, size, and surface 

characteristics. This information is invaluable for 

understanding the physical properties of poorly 

soluble drugs and identifying potential issues with 

agglomeration or particle size distribution. 

 Transmission Electron Microscopy (TEM): TEM 

takes imaging to an even higher resolution, offering 

nanoscale insights into drug particles. This 

technique is particularly useful for visualizing 

nanoparticles and understanding their structure, 

which is critical in nanotechnology-based drug 

formulations like nanosuspensions. 

 

2. Spectroscopic Techniques: 

 Nuclear Magnetic Resonance (NMR): NMR 

spectroscopy provides information about the 

molecular structure of drugs and their interactions 

with excipients. It can reveal how different 

formulations impact drug solubility, crystal 

polymorphism, and molecular conformation, aiding 

in the selection of suitable excipients and 

formulation strategies. 

 X-ray Crystallography: X-ray crystallography is 

essential for understanding the crystal structure of 

poorly soluble drugs. It helps identify different 

crystal forms, their stability, and how they influence 

solubility. This information is crucial in designing 

solid dispersion or salt formation strategies. 

3. Infrared (IR) Spectroscopy and Raman 

Spectroscopy: These techniques provide insights 

into the chemical composition and functional groups 

present in drug molecules. They are valuable for 

assessing drug-excipient compatibility and 

understanding molecular interactions that affect 

solubility. 

4. Differential Scanning Calorimetry (DSC): DSC 

measures changes in heat flow associated with phase 

transitions, such as melting or crystallization. It 

helps identify the thermal behavior of drug 

formulations, which is vital for optimizing 

manufacturing processes and selecting suitable 

excipients. 

 

The precision and depth of information obtained through 

these advanced analytical techniques empower 

pharmaceutical scientists to make informed decisions 

during drug development. They enable a deeper 

understanding of the underlying factors contributing to 

poor solubility, such as crystal forms, particle size, and 

interactions with excipients. With this knowledge, 

researchers can tailor formulation strategies to address 

specific challenges, whether it involves designing solid 

dispersions, lipid-based formulations, or other innovative 

approaches. 
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B. Novel Formulation Strategies 
Indeed, researchers are continually exploring innovative 

formulation approaches to address the challenges 

associated with poor drug solubility and bioavailability. 

Here are some key strategies they are actively 

investigating. 

1. Nanotechnology-Based Formulations: 

 Nanosuspensions: Nanosuspensions involve 

reducing drug particles to nanoscale sizes, typically 

below 1 micron. This significantly increases the 

surface area available for dissolution, leading to 

improved solubility and rapid absorption. 

Nanosuspensions are particularly effective for 

poorly soluble drugs. 

 Lipid-Based Nanocarriers: Lipid-based 

nanoparticles, such as liposomes, nanoemulsions, 

and solid lipid nanoparticles, can encapsulate poorly 

soluble drugs, enhancing their solubility and 

stability. These nanocarriers can also improve drug 

targeting and controlled release. 

2. 3D Printing 

 Personalized Dosage Forms: 3D printing 

technology allows for the precise fabrication of 

dosage forms tailored to individual patient needs. 

This can be especially valuable for poorly soluble 

drugs, enabling customized dosing regimens based 

on patient-specific factors like age, weight, and 

metabolism. 

 Complex Geometries: 3D printing enables the 

creation of complex drug delivery systems with 

unique structures. These structures can modulate 

drug release rates and improve solubility by 

optimizing drug dispersion within the formulation. 

 

3. Novel Excipients: 

 Amorphous Excipients: The use of amorphous 

excipients can enhance the amorphousness of drug 

formulations, leading to improved solubility. 

Amorphous materials have a disordered atomic 

arrangement, making them more soluble than their 

crystalline counterparts. 

 Co-crystals: Co-crystals involve the combination of 

a drug with another molecule to form a new 

crystalline structure. This approach can alter the 

drug's physicochemical properties, including 

solubility, without the need for large amounts of 

excipients. 

 

4. Prodrug Approaches 

 Prodrug Design: Prodrugs are inactive drug 

derivatives that convert into the active drug in the 

body. Researchers design prodrugs to improve 

solubility and bioavailability. Upon administration, 

these prodrugs undergo chemical transformations to 

release the active drug in a more soluble form. 

 

5. Advanced Drug Delivery Systems 

 Microneedles: Microneedle-based delivery systems 

are being explored for transdermal drug 

administration. They can enhance the absorption of 

poorly soluble drugs through the skin, avoiding 

issues associated with oral delivery. 

 Inhalable Formulations: Inhalable drug delivery 

systems can be effective for poorly soluble drugs 

intended for pulmonary administration. These 

systems disperse the drug in fine particles for 

efficient lung deposition. 

 

These innovative formulation approaches represent a 

frontier in pharmaceutical research, offering promising 

solutions to the challenges posed by poorly soluble 

drugs. By harnessing nanotechnology, 3D printing, novel 

excipients, and creative prodrug designs, researchers aim 

to enhance drug solubility, improve bioavailability, and 

ultimately provide patients with more effective and 

tailored therapeutic options. These advancements not 

only benefit patients but also advance the field of 

pharmaceutical science as a whole. 

 

C. Personalized Medicine Approaches 

Personalized medicine, often referred to as precision 

medicine, is a groundbreaking approach to healthcare 

that takes into account individual variability in genes, 

environment, and lifestyle for tailoring drug therapies. 

This approach is especially valuable when dealing with 

poorly soluble drugs, as it allows for the optimization of 

drug selection and dosing to ensure the best possible 

therapeutic outcomes. Here's how personalized medicine 

can benefit patients, particularly in the context of poorly 

soluble drugs. 

1. Genetic Variability: Each person's genetic makeup 

can influence how their body metabolizes and 

responds to drugs. Polymorphisms in drug-

metabolizing enzymes and drug transporters can 

affect the pharmacokinetics and pharmacodynamics 

of drugs, including their solubility and 

bioavailability. Personalized medicine utilizes 

genetic testing to identify these variations and select 

drugs and dosages that are most likely to be 

effective for each individual. 

2. Metabolism: Poorly soluble drugs may require 

specific metabolic pathways for activation or 

conversion to their active forms. Personalized 

medicine can assess an individual's metabolic profile 

to determine if they have the enzymatic capacity to 

convert a drug effectively. If not, alternative drugs 

or dosing regimens can be selected to ensure 

therapeutic efficacy. 

3. Disease Characteristics: Disease characteristics, 

such as the stage, severity, and underlying 

mechanisms of a condition, can influence the choice 

of therapy. Personalized medicine considers these 

factors when selecting treatments for patients with 

poorly soluble drug options. For example, a patient 

with a specific type of cancer may benefit from a 

personalized therapy designed to target the genetic 

mutations driving their disease. 

4. Dosing Optimization: Personalized medicine 

allows for precise dosing adjustments based on 

individual factors. For poorly soluble drugs, the 
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optimal dose can be determined considering factors 

like the patient's body weight, renal function, liver 

function, and genetic predisposition to drug-related 

adverse events. This minimizes the risk of under- or 

over-dosing, improving both safety and efficacy. 

5. Reduced Side Effects: Poorly soluble drugs may 

carry a higher risk of side effects due to variations in 

drug exposure. Personalized medicine aims to 

minimize side effects by tailoring drug therapies to 

an individual's specific needs. This can lead to a 

better balance between therapeutic benefits and 

potential adverse reactions. 

6. Therapeutic Monitoring: Personalized medicine 

often involves monitoring drug levels in the 

bloodstream to ensure that the drug remains within 

the therapeutic range. This is particularly important 

for poorly soluble drugs, as their absorption can be 

variable. Therapeutic drug monitoring allows for 

timely adjustments to dosing if needed. 

 

D. Green and Sustainable Drug Delivery:There is 

indeed a growing emphasis on developing 

environmentally friendly drug delivery systems in the 

pharmaceutical industry. This shift towards sustainability 

aligns with the principles of green chemistry, which aims 

to minimize waste, reduce energy consumption, and 

mitigate the environmental impact of chemical processes, 

including drug manufacturing and formulation. Here's 

how green chemistry principles are being applied in the 

pharmaceutical field to create more environmentally 

friendly drug delivery systems: 

1. Reducing Hazardous Substances: Green chemistry 

encourages the replacement of hazardous substances 

with safer alternatives. In drug formulation, this 

means avoiding the use of toxic solvents, catalysts, 

or reagents, which can pose risks to both workers 

and the environment. Instead, pharmaceutical 

companies are exploring greener, less toxic 

alternatives that are safer for human health and the 

ecosystem. 

2. Solvent Selection: Solvents play a crucial role in 

drug formulation processes, but many traditional 

solvents are harmful to the environment. Green 

chemistry promotes the use of benign solvents, such 

as water or supercritical carbon dioxide, which have 

a lower environmental impact. This reduces the 

release of volatile organic compounds (VOCs) and 

minimizes the carbon footprint of pharmaceutical 

processes. 

3. Energy Efficiency: Green chemistry encourages the 

development of energy-efficient processes. In drug 

manufacturing, this involves optimizing reaction 

conditions and employing energy-efficient 

equipment to reduce energy consumption. Lower 

energy requirements not only reduce costs but also 

lessen the environmental impact associated with 

energy generation. 

4. Minimizing Waste: Pharmaceutical processes often 

generate significant waste, such as by-products and 

unused reagents. Green chemistry seeks to minimize 

waste by designing processes that produce fewer by-

products and promote the reuse or recycling of 

materials. This reduces the burden on waste disposal 

and lowers the environmental footprint. 

5. Sustainable Sourcing: The pharmaceutical industry 

is increasingly looking at sustainable sourcing of 

raw materials, including plant-derived compounds, 

to reduce the environmental impact associated with 

resource extraction. Ethical and eco-friendly 

sourcing practices are becoming more prevalent. 

6. Biodegradable and Eco-Friendly Formulations: 

Green chemistry principles are driving the 

development of biodegradable drug delivery 

systems. These systems break down naturally after 

use, reducing the accumulation of non-degradable 

drug residues in the environment. 

7. Life Cycle Assessment: Green chemistry 

incorporates life cycle assessments to evaluate the 

environmental impact of drug delivery systems at 

every stage, from raw material extraction to 

disposal. This holistic approach helps identify areas 

for improvement and guides the development of 

more sustainable processes. 

8. Regulatory Compliance: Regulatory agencies are 

increasingly considering the environmental impact 

of pharmaceutical processes. Companies must 

adhere to stringent environmental regulations and 

provide evidence of their commitment to green 

chemistry principles to gain approval for new drug 

formulations. 

 

In conclusion, the pharmaceutical industry is embracing 

green chemistry principles to create drug delivery 

systems that are environmentally friendly and 

sustainable. This shift towards greener practices not only 

reduces the industry's ecological footprint but also aligns 

with societal expectations for environmentally 

responsible drug development and manufacturing. As 

these efforts continue to evolve, they are expected to 

contribute to a more sustainable and eco-conscious 

pharmaceutical landscape.
[97-114] 

 

CONCLUSION 
In this comprehensive review, we delved into the critical 

aspects of poorly soluble drugs, including their 

physicochemical properties, formulation strategies, 

bioavailability enhancement techniques, impact on drug 

development, and future trends. Poorly soluble drugs 

present challenges related to solubility, particle size, 

polymorphism, and lipophilicity. To enhance solubility 

and bioavailability, various formulation strategies such 

as solid dispersions, nanosuspensions, lipid-based 

formulations, cyclodextrincomplexation, and prodrug 

approaches are employed, along with diverse delivery 

systems. These solubility issues significantly affect drug 

development and necessitate regulatory compliance. The 

Pharmaceutical industry's future lies in analytical 

advancements, innovative formulation methods, 

personalized medicine, and sustainable drug delivery to 

combat poor solubility. Poor solubility's implications are 
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far-reaching, offering improved therapeutic outcomes, a 

competitive advantage for companies, regulatory 

compliance, and resource optimization. However, further 

research is needed in advanced formulation strategies, 

personalized medicine, sustainability, and regulatory 

guidance to continue addressing this challenge 

effectively. Ultimately, conquering poorly soluble drugs 

is vital for Pharmaceutical science's advancement and 

better healthcare outcomes. 
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