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Abstract  

Solid-state modifications of drugs play a crucial role in enhancing both solubility and stability, pivotal 

factors in drug formulation and efficacy. This study explores various solid-state modifications techniques, 

including polymorph screening, salt formation, and amorphization, highlighting their impact on enhancing 

drug bioavailability and stability. The methods discussed demonstrate how these modifications can alter 

physicochemical properties, such as dissolution rate and hygroscopicity, thereby optimizing drug 

performance in formulations. Case studies illustrate successful applications of these techniques in improving 

drug delivery systems, offering insights into future directions for pharmaceutical development. 

Keywords: - Solid-state modification, Drug solubility, Drug stability, Polymorph screening, Salt formation, 

Amorphization. 

Introduction 

The solubility and bioavailability of Pharmaceutics compounds play a crucial role in the efficacy and 

therapeutic performance of medications. Despite advancements in drug discovery, many newly developed 

drugs encounter challenges related to poor solubility, which can lead to inadequate absorption and 

diminished therapeutic effects. Addressing these issues is paramount for ensuring that medications achieve 

their intended outcomes in clinical settings. This study focuses on the substantial stage correction of 

Pharmaceutics formulations to enhance solubility and reduce stagnation. Stage correction refers to the 

modification and optimization of drug formulations at various stages of development to improve their 

physicochemical properties. By implementing strategic changes in the formulation process, it is possible to 

significantly enhance the solubility and bioavailability of drugs. 
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The primary objective of this research is to investigate and identify effective methods for stage correction 

that lead to improved solubility of poorly water-soluble drugs. The study explores various approaches, 

including the use of solubility-enhancing excipients, particle size reduction techniques, and advanced 

formulation technologies such as solid dispersions and nanoformulations. Additionally, the impact of these 

methods on drug stability and overall therapeutic performance will be assessed. 

The research aims to provide a comprehensive understanding of how stage correction can be utilized to 

overcome solubility challenges and improve drug performance. By examining both traditional and 

innovative approaches, this study seeks to contribute valuable insights to the field of Pharmaceutics 

development, ultimately enhancing the efficacy and safety of medications for patients. 

Giving drugs by mouth is the best way to get them into the body. When given, most active Pharmaceutics 

ingredients (APIs) come in the form of pills or capsules. APIs that are solid are usually single-component 

systems that are either crystalline or amorphous. Some of them are crystalline in the form of salts, 

cocrystals, or polymorphs (Figure 1). There are big differences in the physical and chemical qualities of 

these solid forms that have a big effect on the Pharmaceutics and bioPharmaceutics properties of the APIs, 

like how well they dissolve, how stable they are, how easy they are to process, and how bioavailable they 

are Many hours of work go into the search for new solid forms, which can lead to new ways of managing 

products. You can improve a drug's Pharmaceutics qualities by giving it new crystalline forms. These forms 

can be patented and sold. In the past 20 years, the idea of supramolecular chemistry has become more 

popular in solid form screening, especially in creating multi-component Pharmaceutics materials (salt and 

cocrystals) to plan, create, and engineer different physicochemical properties. 

 

Figure 1: Grouping of API solid forms Cocrystal: A History, Nomenclature, and Regulatory Viewpoint 
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In 2004, Almarsson and Zaworotko wrote a piece in Chemical Communications about Pharmaceutics 

cocrystals. This was the official start of Pharmaceutics cocrystals as a separate group of new crystalline 

materials that could be useful in making pills that people take by mouth. 

If we look at the history of cocrystals, there have been a few important events: (1) Friedrich Wöhler isolated 

the cocrystal between quinone and hydroquinone for the first time in 1844; (2) Margaret Etter reported the 

first example of organic cocrystals using design rules of hydrogen bonding in 1990; and (3) Gautam 

Desiraju did the same thing in 1995.The idea of the supramolecular synthon, or hydrogen-bonded building 

blocks in crystal structures, was put forward in. It included new directions and leads from the fields of 

supramolecular chemistry and crystal engineering. The Cambridge Structural Database also has quick 

search tools for X-ray crystal structures. The main goal behind creating cocrystals is to give molecules 

better medicine and bioPharmaceutics properties without changing how they work in the body. 

Solubility and Bioavailability Challenges in Pharmaceuticss 

The solubility of a drug is a critical determinant of its bioavailability, which is the extent and rate at which 

the active Pharmaceutics ingredient is absorbed and becomes available at the site of action. Poor solubility 

can lead to suboptimal therapeutic outcomes, as the drug may not dissolve sufficiently in the gastrointestinal 

tract, resulting in inadequate absorption. This issue is particularly prevalent in drugs that are classified as 

Biopharmaceutics Classification System (BCS) Class II and IV, which are characterized by low solubility 

and low permeability. 

Literature Review 

Recent advancements in Pharmaceutics research have increasingly focused on addressing the solubility 

challenges of poorly water-soluble drugs. This issue is critical, as poor solubility often translates to low 

bioavailability, limiting the therapeutic effectiveness of medications. A comprehensive review by Kumari et 

al. (2018) emphasizes that nearly 70% of new drug candidates exhibit poor aqueous solubility, necessitating 

innovative approaches to enhance their bioavailability. 

One prominent method for improving drug solubility is the use of solid dispersion techniques. Shinde et al. 

(2019) explored the potential of amorphous solid dispersions to increase the solubility and dissolution rates 

of hydrophobic drugs. By dispersing the drug in a water-soluble polymer matrix, they achieved significant 

improvements in both solubility and bioavailability. This method works by enhancing the wettability and 

reducing the crystallinity of the drug, thus facilitating faster dissolution. 
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Another innovative approach involves the utilization of lipid-based formulations. A study by Kalepu and 

Nekkanti (2019) highlighted the effectiveness of self-emulsifying drug delivery systems (SEDDS) in 

improving the solubility and bioavailability of lipophilic drugs. These systems form fine oil-in-water 

emulsions upon contact with gastrointestinal fluids, which enhances the dissolution and absorption of the 

encapsulated drug. The researchers found that SEDDS could significantly improve the oral bioavailability of 

drugs with poor water solubility. 

The application of nanotechnology in drug delivery has also shown remarkable potential. In their 2020 

study, Patra et al. investigated the use of nanocrystals to enhance the solubility and bioavailability of poorly 

soluble drugs. Nanocrystals, due to their extremely small size and large surface area, dissolve rapidly, 

leading to improved drug absorption. The study demonstrated that nanocrystals could significantly enhance 

the bioavailability of several poorly soluble drugs, offering a promising solution to solubility issues. 

Furthermore, the incorporation of solubilizing agents has been extensively studied. Vemula et al. (2018) 

examined the use of surfactants and cyclodextrins in improving drug solubility. Their research showed that 

these agents could effectively form inclusion complexes with hydrophobic drugs, increasing their solubility 

in aqueous media. Cyclodextrins, in particular, have gained attention for their ability to enhance the 

solubility and stability of various drugs without altering their chemical structure. 

Statement of the Problem 

The Pharmaceutics industry faces a significant challenge with the solubility and bioavailability of many 

newly developed drugs. Despite advances in drug discovery and development, a substantial proportion of 

active Pharmaceutics ingredients (APIs) exhibit poor aqueous solubility, which can lead to inadequate 

absorption in the gastrointestinal tract and, consequently, suboptimal therapeutic effects. This issue is 

particularly pronounced among Biopharmaceutics Classification System (BCS) Class II and IV drugs, 

which are characterized by low solubility and low permeability. 

Poor solubility and bioavailability can result in several problems, including: 

1. Reduced Therapeutic Efficacy: Drugs with low solubility may not reach the desired plasma 

concentration, reducing their effectiveness in treating the intended condition. 

2. Increased Dosage Requirements: To achieve therapeutic levels, higher doses may be required, which 

can increase the risk of side effects and toxicity. 

3. Variable Absorption: Poorly soluble drugs may exhibit variable absorption, leading to inconsistent 

therapeutic outcomes and difficulties in dose optimization. 
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4. Development and Regulatory Challenges: The formulation of poorly soluble drugs poses significant 

challenges in the development process, potentially leading to increased time and cost. Additionally, 

achieving regulatory approval can be more difficult when drug solubility issues are not adequately 

addressed. 

Need of the Study 

The necessity for this study stems from the persistent and significant challenge of poor solubility and 

bioavailability faced by a substantial number of drugs in the Pharmaceutics industry. Despite considerable 

advancements in drug discovery, nearly 70% of new drug candidates exhibit poor aqueous solubility, which 

severely limits their therapeutic potential and clinical success. This issue not only affects the effectiveness 

of medications but also poses considerable hurdles in drug development, regulatory approval, and patient 

compliance. Enhancing the solubility and bioavailability of these drugs is critical to ensuring that they 

achieve the desired therapeutic concentrations in the bloodstream, thereby maximizing their efficacy and 

safety. 

Moreover, existing solubility enhancement methods, such as particle size reduction, salt formation, and the 

use of solubilizing agents, often fall short of providing consistent and adequate improvements. Advanced 

formulation techniques like solid dispersions, lipid-based formulations, and nanoformulations have shown 

promise but require systematic exploration and optimization to realize their full potential. The concept of 

stage correction, involving the optimization of drug formulations at various stages of development, presents 

a novel and strategic approach to overcoming solubility barriers. However, comprehensive studies 

evaluating the effectiveness of these techniques are limited. 

Scope of the Study 

The scope of this study encompasses a comprehensive evaluation of various stage correction techniques 

aimed at enhancing the solubility and bioavailability of poorly soluble drugs. This research will focus on a 

selected group of model drugs that represent common challenges in Pharmaceutics development, including 

hydrophobic non-steroidal anti-inflammatory drugs (NSAIDs), antidiabetic medications, and lipophilic 

anticancer agents. The study will explore a range of advanced formulation strategies, including 

micronization, nanonization, solid dispersions, lipid-based formulations, and the use of solubilizing agents 

such as surfactants and cyclodextrins. In vitro experiments will be conducted to assess the solubility, 

dissolution rates, and stability of the original and modified drug formulations. These tests will include 

standard methods such as shake-flask solubility testing and dissolution studies under various conditions. 
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Stability testing will evaluate the robustness of the formulations under different environmental conditions, 

ensuring that the enhanced solubility is maintained throughout the product's shelf life.  

Objective of the Study  

The project's goal was to make the drugs more stable and soluble by changing them in a solid state, 

especially by cocrystallization. 

The exact goals of the project were 

1. Three drugs were chosen because they posed Pharmaceutics problems in the creation of their 

cocrystals (the table below shows more information about these three drugs). 

2. Using forecast models (ΔpKa and material studio model) to screen the conformers 

3. Testing of the coformers through the liquid-assisted grinding method 

4. Making cocrystals by fluid crystallization or ball milling 

5. Describe the cocrystals using DSC, PXRD, FTIR, hotstage imaging, Raman spectroscopy, 13C 

ssNMR, and the single-crystal X-ray diffraction method 

6. Checking cocrystals for better solubility, dissolving, flow, and photo-oxidation stability 

Research Gap 

Despite advancements in Pharmaceutics research, there exists a notable research gap concerning the 

optimization of stage correction techniques to address the solubility and bioavailability challenges of poorly 

soluble drugs. While traditional methods such as particle size reduction and the use of solubilizing agents 

have been extensively studied, there is a lack of comprehensive research focusing on the systematic 

evaluation and comparison of advanced formulation strategies. Specifically, limited studies have rigorously 

examined the effectiveness of techniques like micronization, nanonization, solid dispersions, lipid-based 

formulations, and the utilization of novel solubilizing agents in enhancing drug solubility and bioavailability 

across different drug classes. Furthermore, existing literature often lacks consistency in methodology and 

outcome measures, making it difficult to draw conclusive insights into the optimal approaches for 

overcoming solubility barriers. Many studies have focused on individual aspects of formulation 

enhancement without providing a holistic evaluation that integrates in vitro characterization with in vivo 

pharmacokinetic and efficacy studies. This fragmented approach hinders the development of standardized 

guidelines and best practices for formulating poorly soluble drugs, thereby limiting progress in drug 

delivery and therapeutic efficacy.  
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Research Hypothesis  

H0: There is no significant difference in the solubility and bioavailability of poorly soluble drugs before and 

after application of stage correction techniques. 

H1: Stage correction techniques significantly improve the solubility and bioavailability of poorly soluble 

drugs compared to their original formulations. 

H2: The use of micronization/nanonization as a stage correction technique results in higher solubility and 

faster dissolution rates of poorly soluble drugs compared to other techniques. 

H3: Solid dispersion formulations improve the stability and bioavailability of poorly soluble drugs more 

effectively than lipid-based formulations. 

H4: Incorporating novel solubilizing agents, such as cyclodextrins, enhances the solubility and 

bioavailability of poorly soluble drugs compared to traditional surfactants. 

H5: The efficacy of stage correction techniques varies depending on the physicochemical properties of the 

drug, with lipophilic drugs showing greater improvement in solubility and bioavailability compared to 

hydrophilic drugs. 

Research Methodology 

Research Design 

This study will employ an experimental research design to systematically evaluate the effectiveness of stage 

correction techniques in improving the solubility and bioavailability of poorly soluble drugs. The research 

will involve both in vitro and in vivo experiments to comprehensively assess the impact of these techniques. 

Selection of Drugs 

Three model drugs with known solubility issues will be selected for this study: 

1. Drug A: A hydrophobic non-steroidal anti-inflammatory drug (NSAID). 

2. Drug B: An antidiabetic drug with low aqueous solubility. 

3. Drug C: A lipophilic anticancer drug with limited bioavailability. 

These drugs were chosen based on their therapeutic importance and the need for improved formulations to 

enhance their clinical efficacy. 

mailto:editor@ijermt.org
http://www.ijermt.org/


International Journal of Engineering Research & Management Technology                            ISSN: 2348-4039 

Email:editor@ijermt.org                   July-August 2023 Volume-10, Issue-4                          www.ijermt.org 

Copyright@ijermt.org                                                                                                                                Page 268 

Stage Correction Techniques 

Several stage correction techniques will be evaluated, including: 

1. Micronization and Nanonization: Techniques such as jet milling and high-pressure homogenization 

to produce micronized and nanonized particles. 

2. Solid Dispersion Formation: Preparation of solid dispersions using hydrophilic carriers like 

polyvinylpyrrolidone (PVP) and hydroxypropyl methylcellulose (HPMC) via methods like solvent 

evaporation and melt extrusion. 

3. Lipid-Based Formulations: Development of lipid-based formulations such as self-emulsifying drug 

delivery systems (SEDDS) and liposomes to enhance solubility. 

4. Use of Solubilizing Agents: Incorporation of solubilizing agents like surfactants (e.g., Tween 80) 

and cyclodextrins (e.g., β-cyclodextrin) to improve drug solubility. 

Experimental Procedures 

In Vitro Studies 

1. Solubility Testing: Evaluation of the solubility of original and modified drug formulations using 

standard shake-flask and dissolution methods. 

2. Dissolution Studies: Determination of dissolution profiles to assess the rate and extent of drug 

release from different formulations. 

3. Stability Testing: Assessment of the stability of drug formulations under various storage conditions 

(e.g., temperature, humidity) to determine shelf life. 

In Vivo Studies 

1. Pharmacokinetic Studies: Evaluation of the bioavailability of original and modified drug 

formulations in animal models. Measurement of key pharmacokinetic parameters such as C_max, 

T_max, and AUC. 

2. Efficacy Studies: Assessment of the therapeutic efficacy of drug formulations in relevant disease 

models (e.g., inflammation, diabetes, cancer) to evaluate improvements in therapeutic outcomes. 

Data Analysis 

1. Statistical analysis of experimental data using appropriate methods such as ANOVA, t-tests, and 

regression analysis to compare the performance of different formulations. 
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2. Significance level set at p < 0.05 for all statistical tests to determine the efficacy of stage correction 

techniques. 

Ethical Considerations 

All in vivo studies will be conducted in compliance with ethical guidelines for animal research. Protocols 

will be reviewed and approved by the Institutional Animal Care and Use Committee (IACUC). 

Limitations of the Study 

1. The findings of the study may be specific to the selected model drugs and stage correction 

techniques evaluated. Results may not be directly applicable to all poorly soluble drugs or alternative 

formulation strategies. 

2. Poorly soluble drugs vary widely in their physicochemical properties, which can influence the 

effectiveness of stage correction techniques. The study's findings may not fully capture the diversity 

of drug characteristics encountered in Pharmaceutics development. 

3. While in vitro studies provide valuable insights into formulation performance, translating these 

findings to in vivo efficacy and clinical outcomes can be challenging. Differences in absorption, 

metabolism, and distribution may affect the relevance of in vitro results. 

4. Animal models used for pharmacokinetic and efficacy studies may not fully mimic human 

physiology and disease conditions. Variability in animal responses could impact the extrapolation of 

results to human patients. 

Conclusion  

The conclusion drawn from studies on solid-state modification of drugs to improve solubility and stability 

underscores its critical role in pharmaceutical development. Techniques such as polymorph screening, salt 

formation and amorphization effectively enhance drug bioavailability and stability by altering 

physicochemical properties. These methods not only optimize drug performance in formulations but also 

pave the way for innovative drug delivery systems. Future research should continue exploring these 

techniques to meet evolving challenges in drug development and formulation. 
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