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INTRODUCTION 

Gels are semisolid systems consisting of a cross-

linked polymeric matrix dispersed in an aqueous or 

oily phase, producing a three-dimensional network 

with viscoelastic properties (1). Due to their high 

water content, ease of application, and ability to 

provide controlled drug release, gels are widely used 

for topical, transdermal, ophthalmic, vaginal, and oral 

delivery systems (2). The quality of a gel formulation 

depends on its physicochemical stability, rheology, 

spreadability, and compatibility with biological 

tissues (3). Therefore, a systematic evaluation using 

validated parameters is essential during development. 

2. Organoleptic and Physical Parameters:  

Gel formulations represent an important class of semisolid dosage forms widely utilized across pharmaceutical, 

cosmetic, and biomedical fields due to their versatility, high patient acceptability, and ability to incorporate both 

hydrophilic and lipophilic therapeutic agents. Their clinical and commercial performance is strongly influenced by a 

wide range of evaluation parameters that define the physical, mechanical, chemical, and biological attributes of the 

final product. These parameters collectively determine the gel’s usability, safety, stability, and therapeutic 
effectiveness. This review provides a comprehensive overview of the essential evaluation criteria required for the 

development and optimization of gel formulations. Key assessment parameters include organoleptic properties such 

as appearance, color, odor, and homogeneity, which offer initial insights into product quality. Physicochemical 

properties, including pH, viscosity, spreadability, and texture, help predict patient comfort, ease of application, and 

formulation stability. Mechanical parameters such as gel strength and extrudability reflect the structural integrity and 

suitability of the gel for container dispensing systems.Additionally, chemical and performance-based evaluations—
including drug content uniformity, in vitro release kinetics, diffusion and permeation behavior, and rheological 

profiling—are critical for ensuring accurate dosing and predictable therapeutic outcomes. Swelling index and 

syneresis studies provide further understanding of polymer interactions, hydration behavior, and long-term physical 

stability. Microbiological testing ensures that the formulation meets safety requirements and remains free from 

microbial contamination throughout storage. Overall, this article consolidates recent scientific developments and 

analytical approaches, supported by 30 referenced studies, to offer a detailed understanding of the multifaceted 

evaluation parameters necessary for designing robust, effective, and clinically reliable gel formulations. 

Keywords: Gel formulation, Evaluation parameters, Rheology, Drug release, Stability studies, Semisolid dosage 

forms. 
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Organoleptic characteristics such as color, odor, 

transparency, and homogeneity are visually inspected 

to ensure consistency and acceptability (4). 

Homogeneity indicates uniform distribution of drug 

and excipients, while clarity is essential in ophthalmic 

and cosmetic gels (5). Physical defects such as 

grittiness, phase separation, or fiber-like particles may 

signal formulation instability (6). 

3. pH Determination:  

The pH of topical gels must align with skin pH (4.5–
6.5) to prevent irritation (7). Drift in pH over time may 

indicate polymer degradation or chemical instability 

(8). pH is typically measured using a calibrated digital 

pH meter at room temperature (9). (10)  

4. Viscosity and Rheological Evaluation:  

Viscosity is a critical parameter influencing 

spreadability, drug release, and patient acceptability 

(11). Gel systems commonly exhibit pseudoplastic or 

shear-thinning behavior (12). Rheological evaluation 

using rotational rheometers provides insights into 

viscoelastic moduli (G′ and G″), thixotropy, and 
network strength (13). Such profiling helps optimize 

polymer concentration and predicts the product’s 
performance during application (14). 

5. Spreadability:  

Spreadability determines the ease with which a gel 

spreads over the skin, influencing dose uniformity and 

user experience (15). It depends on viscosity, 

elasticity, and polymer type. Common methods 

include parallel-plate and slip-and-drag techniques 

(16). Good spreadability ensures uniform drug 

delivery and patient compliance (17), (18) 

6. Extrudability:  

Extrudability measures the force required to expel the 

gel from a collapsible tube (19). A well-formulated 

gel should extrude smoothly without excessive force. 

This property directly relates to viscosity and 

packaging compatibility (20). 

7. Gel Strength:  

Gel strength indicates the rigidity of the polymeric 

network and is usually assessed using a gel strength 

analyzer or Bloom gelometer (21). Adequate strength 

ensures structural integrity, especially for in situ 

gelling systems and ther more versible gels (22). 

8. Drug Content and Uniformity:  

Content uniformity ensures each unit contains the 

intended amount of drug within acceptable limits 

(23). Spectrophotometric or chromatographic 

methods (HPLC) are used to quantify drug 

concentration within the gel matrix (24). Poor 

uniformity may arise from inadequate mixing or drug-

polymer incompatibilities (25). 

9. In Vitro Drug Release Studies:  

In vitro release testing (IVRT) is crucial for 

understanding drug diffusion from the gel matrix (26). 

Franz diffusion cells are commonly used to evaluate 

drug release kinetics through synthetic membranes. 

Results often follow Higuchi or Korsmeyer–Peppas 

models (27). 

10. Ex Vivo Permeation Studies:  

Ex vivo permeation studies using animal or human 

skin evaluate the drug’s capability to permeate 
biological barriers (28). These data help predict 

therapeutic efficacy and support formulation 

optimization (29). 

11. Syneresis:  

Syneresis involves the expulsion of liquid from a gel 

matrix, indicating instability (30). High syneresis is 

undesirable as it affects consistency, appearance, and 

drug release. 

12. Swelling Index:  

Swelling reflects the gel’s water uptake capacity and 
polymer hydration behavior. It influences drug 

diffusion and mechanical properties. Controlled 

swelling ensures predictable drug release and 

structural stability. (31) 

13. Stability Studies:  

Stability testing under ICH guidelines assesses 

physical, chemical, and microbiological stability 

during storage (32). Monitoring parameters include 
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pH, viscosity, drug content, phase separation, and 

microbial growth. 

CONCLUSION:  

Evaluating gel formulations using standardized 

parameters is fundamental to ensuring their quality, 

performance, safety, and regulatory compliance. 

Comprehensive assessment enables formulators to 

understand the structural, physicochemical, and 

functional characteristics of the gel matrix, thereby 

ensuring consistency and therapeutic effectiveness. 

Critical attributes such as viscosity, spreadability, 

drug release kinetics, gel strength, bioadhesion, and 

stability play central roles in determining the usability 

and effectiveness of the final product. Viscosity 

influences the gel’s flow behavior and patient 
acceptability, while spreadability governs ease of 

application and uniform drug distribution across 

target tissues. Drug release kinetics provide insights 

into diffusion mechanisms and help optimize 

therapeutic outcomes by predicting in vivo 

performance. Stability testing ensures that the 

formulation maintains its physical integrity, potency, 

and safety throughout its shelf life under various 

environmental conditions. Moreover, continued 

advancements in rheology, material science, 

analytical instrumentation, molecular modeling, and 

biomaterial engineering are reshaping modern gel 

development. Emerging tools such as oscillatory 

rheometry, texture profiling, advanced microscopy, 

and real-time release testing offer unprecedented 

insights into gel microstructure and performance. 

Innovations in smart polymers, nanogel systems, 

stimuli-responsive hydrogels, and bioadhesive 

materials further expand the therapeutic potential of 

gels across pharmaceutical, cosmetic, and biomedical 

applications. Collectively, these advancements 

support the rational design of next-generation gel 

formulations with improved efficacy, patient 

compliance, and translational applicability. 
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