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ABSTRACT: 

Ciprofloxacin, a broad-spectrum fluoroquinolone 

antibiotic, is often used to treat bacterial infections. 

Swellable tablet formulations of ciprofloxacin are 

gaining interest for their potential to improve drug 

release profiles, bioavailability, and controlled 

therapeutic effects. This review discusses various 

formulation strategies, focusing on the use of 

hydrophilic and hydrophobic polymers, including 

hydrogels, starch derivatives, and cellulose-based 

materials, to control swelling and drug release. 

Factors like excipient choice, compression force, 

buffering agents, and particle size affect tablet 

performance. Evaluation involves in vitro tests 

such as dissolution studies, swelling index 

measurements, and stability assessments. 

Challenges, including drug release variability and 

stability issues, are addressed with proposed 

solutions. Overall, ciprofloxacin swellable tablets 

offer enhanced patient adherence and therapeutic 

outcomes. 

Keywords: Ciprofloxacin, swellable, Hydrogel, 

Bioavailability 

 

I. INTRODUCTION 
Drugsareactive chemical substances 

employed for the diagnosis, prevention, and 

treatment of disease; they also alter the 

physiological state of the body. Oral administration 

of drugs is the most significant mode of 

administrating drugs for systemic action. Oral 

administration of drugs has widespread 

acceptability up to 50-60% of total dosage forms. 

Solid dosage forms are well-accepted and the most 

preferred route because of their benefits. Tablets are 

solid dosage forms with medicinal agents with or 

without appropriate diluents. They provide a safe 

and convenient means of active pharmaceutical 

ingredients (API) administration with good 

physiochemical stability compared to some other 

dosage forms and ensure precise dosing. The 

regulation of gastrointestinal transit of orally 

takendosage forms by gastro retentive drug 

delivery systems (GRDD Scanenhance the 

bioavailability of drugs with site-

specificabsorption. Gastric retention for an 

extended period can be attained usingfloating, 

swelling, bio-adhesive, or high-density 

systems[1].For medications with a low plasma half-

life, oral sustained-release dosage forms help 

produce thetherapeutic effect for 24 hours and 

deliver the drug longer. Drugs with a limited 

window for absorption in the gastrointestinal tract 

(GIT) will not be well absorbed[2], [3].Gastro 

retentive drug delivery systems (GRDDSs) are used 

for these medications, have been created. For 

medications absorbed from the upper 

gastrointestinal tract and those that are less soluble 

or unstable in an alkaline pH, oral sustained-release 

dosage forms with extended stomach residence 

time aid in absorption [4]. 

 

Mechanism of swelling in drug delivery  

Both hydrophilic and hydrophobic 

medications can be released in a tuneable and 

sustained manner thanks to innovative polymeric 

materials for examining the evolution of swellable 

polymeric materials into effective delivery systems 

for therapeutic agents. Within the sub-classes of 

swelling devices, swellable matrices, and 

superdisintegrants, the discussion of swellable 

controlled drug delivery devices and systems 

focuses on their structures, properties, and swelling 

mechanisms. Major factors influencing the manner 

of drug release will also be investigated, as will 

mathematical models used to predict drug release 

characteristics. In the final section, the potential 

drawbacks of swellable controlled drug delivery 

systems will be discussed.[5] In the case of 

polymers, swelling is the alternative drug delivery 

mechanism frequently employed to regulate the 

drug release from a device. Chain mobility is 

impacted by swelling because water is absorbed, 

lowering the glass transitiontemperature.  Drugs 

with enhanced diffusivity and release rate are 

enclosed in a hydrogel, a polymer matrix.  The 

primary process influencing water uptake on the 

swollen polymer surface is diffusion. and the 

release of drugs.[6] 
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Formulation Strategies 

Selection of Polymers 

Using a hydrophilic polymer (various 

grades of HPMC), gas-producing agent, and 

swelling agents in each formulation, ciprofloxacin 

HCl tablets are made by the wet granulation 

process.  One-half of the swelling agents are 

applied intragranularly, and the other half is applied 

extragranularly.[7]When choosing a polymer 

material for a product, there are numerous 

considerations to take into account. Choosing the 

appropriate polymer requires a thorough grasp of 

the product's intended application and purpose. The 

working environment of the product must also be 

taken into account, including the temperature range 

it will be subjected to, UV exposure, and the 

substances it will come into contact with while in 

use.  

Determining the product's intended 

lifespan is also crucial because it will affect the 

durability of the polymer that is chosen. By 

carefully weighing these variables, you may choose 

the polymer that will work best and last the longest 

for your application.[8] 

 

Role of excipients  

Pharmacologically inert ingredients 

known as excipients are purposefully added to a 

drug product (DP) for a variety of functional 

purposes, including improving the size or volume 

of the dosage form, dissolving solid dosage forms, 

binding particles, lubricating the product during 

processing, masking taste, or altering drug 

release.The design and development of dosage 

forms heavily rely on excipients. One: When 

designing a high-quality DP, the choice of 

excipients is crucial and is determined by both the 

drug's and the excipients' compatibility as well as 

their functioning.  The choice of excipient type, 

grade, and concentration in formulation is made via 

excipient-compatibility testing and formulation 

development research.[9] 

 

Techniques for Tablet Preparation 

The active pharmaceutical ingredient 

(API) and a variety of excipients that serve as 

fillers, binders, disintegrants, lubricants, glidants, 

colorants, and flavor modifiers are commonly 

found in compressed tablets.  Excipients such as 

coating polymers, plasticizers, and colors must be 

included in the final list of formulation ingredients 

because the compressed tablet is frequently 

coated.Compressed tablets are one of the most 

popular oral solid dose forms, although making 

them can be difficult.  Choosing an appropriate 

manufacturing process and the formulation's 

excipients from a variety of options that can 

support the intended therapeutic effect by 

maximizing the release kinetics, stability, and API 

solubility is an essential first step.[9], [10] 

 

Wet granulation  

The most popular granulation method in 

the pharmaceutical industry for making tablets is 

wet granulation.  Additionally, the granular 

formulation enhances the end product's content 

consistency and lessens segregation.  It will be 

easier to comprehend how formulation and process 

variables affect the behaviour of the powder in the 

granulator after the primary granulation-related 

phenomena are identified.  The most often used 

medicine delivery method is the tablet. According 

to reports, factors such as the type and quantity of 

liquid binder and its characteristics, such as 

viscosity, density, wettability, solid-liquid contact 

angle, and liquid droplet size, have an impact on 

wetting and nucleation and, consequently, granule 

attribution.[11] 

 
Fig: 01 

 

Direct comprassion  

Direct compression is a preferred option 

since it offers the quickest, most efficient, and least 

complicated method of producing tablets.  The 

product is easy to process because the maker can 

combine an API with the lubricant and excipient, 
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and then compress the mixture.  There is no need 

for further processing.This kind of method can also 

use chemicals that are sensitive to heat or moisture, 

which would not be appropriate for wet 

granulation.  In contrast to granulation procedures, 

it necessitates a very selective selection of 

excipients because its operation depends on the raw 

materials exhibiting good flowability and 

compressibility.[12] 

 

Fig:02 

 

 
Fig:03[13] 

 

In this regard, both high and low API 

dosages pose difficulties.  The quality of tablets is 

impacted if the formulation asks for a significant 

amount of API because most APIs have poor 

compressibility.  However, there may also be issues 

if low concentrations of active ingredients must be 

added to tablets, since it can be challenging to 

precisely mix a small amount of active ingredient 

with a large volume of excipient to get the required 

homogeneity and consistency.[12] 

 

 

 

Optimization of Formulation 

The definition of optimization is "to make 

perfect," meaning to use various methods and 

procedures to make anything perfect.  Various 

medicine formulations use optimization approaches 

to assist in creating high-quality products. It 

includes several kinds of pharmaceutical 

products and their manufacturing methods.  

Numerous difficulties in the pharmaceutical 

process and product, including formulation, 

manufacturing, excipient selection, novel drug 

development, and other pharmacy-related 

challenges, are solved through the application of 

optimization techniques.  We look at the several 

issues that arise throughout research because of the 

optimization technique.  Pharmaceutical product 

and process formulation can be made easier with 

the use of optimization techniques.[14] 

 

 
Fig:04 

 

Design of Experiments (DoE) 

Design of experiments (DOE) is a 

systematic, efficient method that enables scientists 

and engineers to study the relationship between 

multiple input variables (aka factors) and key 

output variables (aka responses). It is a structured 

approach for collecting data and making 

discoveries.[15] 

Process variables are initially "screened" 

using the design of experiment (DOE) approach to 

identify those that are crucial to the result: kind, 

proportion, disintegration time (DT), and other 



 

 

International Journal of Pharmaceutical Research and Applications 

Volume 10, Issue 3 May–June 2025, pp: 508-517www.ijprajournal.com ISSN: 2456-4494 

                                       

 

 

 

DOI: 10.35629/4494-1003508517          Impact Factor value 7.429  | ISO 9001: 2008 Certified Journal Page 511 

excipients.  The second phase is "optimization," 

which involves figuring out the ideal parameters 

for the crucial variables.  It entails modifying the 

composition of the mixture and investigating the 

effects of these modifications on the combination's 

characteristics through the use of "mixture 

designs."[16] 

 

DOE is useful: 

 In driving knowledge of cause and effect 

between factors. 

 To experiment with all factors at the same 

time. 

 To run trials that spans the potential 

experimental region for our factors. 

 To enable us to understand the combined effect 

of the factors, 

 

Influence of Polymer Ratio and Drug Load 

The ratio of polymer to drug and the drug 

load are crucial factors in the development of drug 

delivery systems, particularly in controlled release 

formulations. The polymer ratio directly affects the 

release profile of the drug, as it determines the 

matrix's structural integrity and the rate at which 

the drug is released. A higher polymer ratio often 

leads to a slower release due to the dense network 

formed by the polymer, which limits the diffusion 

of the drug. Conversely, a lower polymer ratio can 

result in a faster release, as the matrix may be less 

restrictive. The drug load also plays an essential 

role. Increasing the drug load can enhance the 

therapeutic effect by providing a higher dose, but it 

can also impact the release characteristics. High 

drug loads might cause the formulation to become 

unstable, leading to uneven drug release or reduced 

control over the release rate. Balancing the polymer 

ratio and drug load is key to ensuring the drug is 

delivered predictably and effectively, avoiding 

either too rapid or too slow a release. By adjusting 

these parameters, pharmaceutical formulators can 

tailor drug delivery systems to achieve optimal 

therapeutic outcomes. 

 

Evaluation Parameters 

Weight homogeneity, which guarantees a 

constant dosage in every tablet, is a crucial 

criterion for tablet evaluation.  Tablet strength is 

measured by hardness, which ensures the tablets 

dissolve well and don't break easily.  Friability 

measures how well tablets withstand mechanical 

stress and how long they last while being 

transported.  How soon a pill dissolves in the body 

for efficient absorption is determined by its 

disintegration time.  The rate at which the active 

component dissolves is measured.  Each pill has the 

right amount of medication because of content 

homogeneity.  Finally, to guarantee both quality 

and visual appeal, the look is examined for flaws 

like cracks or discolouration. 

 

Pre-Compression Parameters 

Once an active ingredient has been 

discovered, the pre-compression evaluation of 

tablets can concentrate on the formulation and 

administration method of the product. Increased 

chemical instability and bioavailability could result 

from these changes.  There should be a real 

possibility of a successful drug development 

process for the molecular form of the medicine that 

advances from the pre-compression evaluation of 

tablets.[17] 

 

Bulk Density 

The mass of a loose powder bed per unit 

volume is known as its bulk density. The envelope 

volumes of the individual particles, as well as the 

gaps between them, are included in the unit 

volume. The process of packing the material into 

that volume can have an impact on how 

compressed the powder is, which in turn can affect 

the bulk density value. 

 

 
 

 

 

A crucial factor in the development of 

processes and the production of solid dosages is 

bulk density.  It is employed in figuring out how 

much powder can fit in a container, like a blender 

or a tablet press or capsule filler's hopper.  The 

amount of powder that can fit within a capsule is 

also ascertained using it.[18] 

 

Tapped Density 

The mass of a powder divided by the 

volume it occupies after being tapped for a 

predetermined amount of time is known as the 

powder's "tapped density."  A powder's random 

dense packing is represented by its tapped density. 
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The bulk density of the granules following 

a particular compaction procedure is referred to as 

"tapped density."  According to the US 

Pharmacopeia (USP), a device that raises and 

lowers a volumetric measuring cylinder filled with 

the powder a predetermined distance can be used to 

estimate tapped density.[19] 

 

Angle of Repose 

A conical pile is created when large 

amounts of granular material are deposited onto a 

level surface.  The angle of repose, which is the 

internal angle between the pile's surface and the 

horizontal surface, is influenced by the material's 

density, surface area, particle shapes, and 

coefficient of friction.  Compared to materials with 

a high angle of repose, those with a low angle of 

repose create flatter piles. 

 

 
 

 

 

Compressibility Index (Carr's Index) 

 Carr's Index is a measure of a powder's 

tendency to consolidate or decrease in volume 

under pressure, calculated using bulk and tapped 

densities, and is used to assess powder flowability.  

 

 
 

 

 

Post-Compression Parameters 

Post-compression parameters are essential 

for evaluating tablet quality and physical 

characteristics after compression. 

 

Tablet Hardness 

"Tablet hardness" refers to the amount of 

force needed to shatter a tablet when it is subjected 

to a bending or tension load in a testing device. A 

tablet's hardness significantly impacts its 

effectiveness and general performance, particularly 

when it comes to patient use, packaging, and 

shipping. Additionally, it is a crucial component of 

tablet quality assurance.[20] 

 

Types of hardness testers 

There are two types of hardness testers: 

manual and electronic. The manual hardness testers 

require the individual placement of each tablet and 

manual recording of the results. Electronic testers 

automatically measure and record the hardness. 

 

 Monsanto 
The Monsanto tester was developed 50 years ago. 

The design consists of "a barrel containing a 

compressible spring held between 2 plungers". The 

tablet is placed on the lower plunger, and the upper 

plunger is lowered onto it.[21] 

 
Fig: 05[22] 

 

 Pfizer 

The Pfizer tester compresses a tablet 

between a holding anvil and a piston connected to a 

force-reading gauge when its plier-like handles are 

gripped.[21] 

 

 
Fig: 06[23] 

 

Friability 

Friability, or the state of being friable, is a 

term used in materials science to characterize a 

solid's propensity to fracture into smaller pieces 

when subjected to stress or contact, particularly 

rubbing.  Induriate is the opposite of friable. 
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Fig:07[24] 

 

Weight Variation 

The difference between the average 

weight of a sample batch and the actual weight of 

individual units (such as pills or capsules) is known 

as weight variation. It is a quality control test used 

to guarantee dosage unit homogeneity in 

pharmaceutical manufacturing. 

 
 

 

 

Drug Content Uniformity 

One pharmaceutical analysis criterion for 

tablet quality control is the uniformity of content. 

Several capsules or tablets are chosen randomly, 

and the specific amounts of the active component 

in each tablet are assayed using an appropriate 

analytical technique.[25] 

 

Swelling Index 

The Swelling Index is a measure used to 

determine the capacity of a material, typically a 

pharmaceutical or polymer substance, to absorb 

liquid and expand. This property is crucial for 

evaluating the performance of tablets, gels, or other 

dosage forms. A higher swelling index often 

indicates better water uptake, enhancing drug 

release. It helps develop formulation, especially for 

sustained or controlled drug delivery systems. 

 
  

 

Water Uptake Studies 

Water uptake studies assess how much 

water a substance, such as a polymer or tablet, can 

absorb over time. These studies help understand the 

hydration behaviour and stability of materials in 

different environments. By measuring weight gain 

after exposure to moisture, researchers can predict 

performance in drug delivery or packaging. Such 

evaluations are essential for developing effective, 

reliable formulations with controlled-release or 

moisture-sensitive properties. 

 

 
  

In-Vitro Drug Release Studies 
Using a tablet dissolution tester 

[Dissolution Tester (USP), type 1 (basket 

technique)] in 900 cc of pH 6.8 phosphate buffer at 

37.5±0.5 °C, the release rate for each of the 

developed formulations was examined for up to 24 

hours.  One hundred rpm was the agitation speed.  

A 10 ml sample was taken out and replaced with 

new dissolving media at prearranged intervals.  

Following the proper dilution, the samples were 

examined.[26] 

 
Fig: 08 
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Release Kinetics Models 

Drug release dissolution media is one or 

more mechanisms that rely on the matrix's 

composition, geometry, preparation technique, and 

other factors that control the drug release 

kinetics.This can be described by mathematical 

models based on the model's accuracy and desired 

or necessary forecasting capacity. 

 

RELEASE MODELS 

Zero-order release kinetics 

It describes the continuous, concentration-

independent release of a drug from a drug delivery 

system. At its most basic level, zero-order release 

can be shown as  

 

 
 

First-order release kinetics 

The initial release order from a system 

where the rate of release is concentration-

dependent is   described by the following equation: 

 
  

 

Higuchi Model 

Higuchi created the first mathematical 

model in 1963 that attempted to explain drug 

release from a matrix system. This model is 

suitable for researching the release of medications 

that are integrated into semisolid and solid matrices 

and are both water soluble and low soluble.  The 

following equation provides the model expression:  

 

 
 

Korsmeyer - Peppas Model 

Using a straightforward relationship to 

explain drug release from a polymeric system, an 

empirical equation to examine drug release from 

swelling and nonswelling polymeric delivery 

systems, including Fickian and non-Fickian. 

The first 60% of drug release data was fitted in the 

Korsmeyer–Peppas modelto determine the 

mechanism of drug release.[27] 

 
 

Stability Studies 

The degree to which a drug substance or 

product maintains the same qualities and attributes 

that it had when it was manufactured, within 

predetermined bounds and during its storage and 

usage, is referred to as drug stability.[28] 

 

Future Prospects 

Ciprofloxacin swellable pills have bright 

futures, especially when it comes to improving 

patient compliance and therapeutic efficacy.  By 

generating a hydrogel layer upon contact with 

gastric fluids, swellable drug–polyelectrolyte 

matrices (SDPM), which are used in these tablets, 

allow for controlled and prolonged drug release.  

Ciprofloxacin can be released gradually, thanks to 

this process, which keeps therapeutic medication 

levels stable for long periods. Formulations with 

effervescent ingredients, such as sodium 

bicarbonate, can improve absorption in the stomach 

and proximal small intestine and increase gastric 

retention, extending the duration of the 

medication's action.  These developments are 

especially helpful in avoiding side effects, 

decreasing the frequency of doses, and treating 

illnesses that call for constant antibiotic levels.  

Ciprofloxacin tablets greatly improve drug delivery 

systems by providing focused therapy, controlled 

release, and increased bioavailability, which 

improves patient adherence and treatment results. 

 

II. CONCLUSION 
Ciprofloxacin swellable tablets are a major 

development in controlled drug delivery systems, 

especially for medications like ciprofloxacin that 

have a limited window of absorption.  When these 

formulations come into contact with gastric fluids, 

hydrophilic polymers like hydroxypropyl 

methylcellulose (HPMC) generate a gel-like matrix 

that allows for targeted and prolonged drug release 

in the stomach and proximal small intestine.  By 

producing carbon dioxide, effervescent chemicals 

such as sodium bicarbonate improve gastric 

retention by increasing buoyancy and extending the 

tablet's duration in the stomach.According to 

studies, these pills can greatly increase 

bioavailability and therapeutic efficiency by 

achieving a mean stomach retention period of 

almost 320 minutes.  Furthermore, non-Fickian 

diffusion mechanisms are frequently followed by 
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the release kinetics, enabling controlled and 

predictable drug release profiles.  Ciprofloxacin 

swellable pills are a viable alternative in 

contemporary pharmacotherapy because of these 

developments, which also lessen systemic side 

effects and improve patient compliance by 

lowering the frequency of administration. 

 

REFERENCES 
[1]. “Floating controlled drug delivery systems 

for... - Google Scholar.” Accessed: Mar. 

21, 2025. [Online]. Available: 

https://scholar.google.com/scholar?hl=en

&as_sdt=0%2C5&q=++Floating+controll

ed+drug++delivery+systems+for+prolong

ed+gastric+residence%3A+A+review.+&b

tnG= 

[2]. S. Baumgartner, J. Kristl, F. Vrečer, … P. 

V.-I. journal of, and undefined 2000, 

“Optimisation of floating matrix tablets 

and evaluation of their gastric residence 

time,” ElsevierS Baumgartner, J Kristl, F 

Vrečer, P Vodopivec, B ZorkoInternational 

journal of pharmaceutics, 2000•Elsevier, 

Accessed: Mar. 21, 2025. [Online]. 

Available: 

https://www.sciencedirect.com/science/arti

cle/pii/S0378517399003786 

[3]. B. Singh, K. K.-J. of C. release, and 

undefined 2000, “Floating drug delivery 

systems: an approach to oral controlled 

drug delivery via gastric retention,” 

Elsevier, Accessed: Mar. 21, 2025. 

[Online]. Available: 

https://www.sciencedirect.com/science/arti

cle/pii/S0168365999002047 

[4]. A. Streubel, J. Siepmann, R. B.-E. journal 

of pharmaceutical, and undefined 2003, 

“Floating matrix tablets based on low 

density foam powder: effects of 

formulation and processing parameters on 

drug release,” ElsevierAStreubel, J 

Siepmann, R BodmeierEuropean journal 

of pharmaceutical sciences, 2003•Elsevier, 

Accessed: Mar. 21, 2025. [Online]. 

Available: 

https://www.sciencedirect.com/science/arti

cle/pii/S0928098702002233 

[5]. C. M. Day, T. G. Barclay, Y. Song, and S. 

Garg, “Swelling-controlled Drug Delivery 

Systems,” Stimuli-responsive Drug 

Delivery Systems, pp. 232–264, Jul. 2018, 

doi: 10.1039/9781788013536-00232. 

[6]. “Sci-Hub | Carbon and Carbon Nanotube 

Drug Delivery and Its Characterization, 

Properties, and Applications. Nanocarriers 

for Drug Delivery, 451–467 | 

10.1016/b978-0-12-814033-8.00015-1.” 

Accessed: Apr. 02, 2025. [Online]. 

Available: https://sci-

hub.st/https://doi.org/10.1016/B978-0-12-

814033-8.00015-1 

[7]. R. A. K. Arza, C. S. R. Gonugunta, and P. 

R. Veerareddy, “Formulation and 

Evaluation of Swellable and Floating 

Gastroretentive Ciprofloxacin 

Hydrochloride Tablets,” AAPS 

PharmSciTech, vol. 10, no. 1, p. 220, 

2009, doi: 10.1208/S12249-009-9200-Y. 

[8]. “Tips for Selecting the Right Polymer 

Material Easily.” Accessed: Apr. 04, 2025. 

[Online]. Available: 

https://www.polymart.in/tips-for-selecting-

right-polymer-material/ 

[9]. S. M. Miller, W. H. Moos, B. H. Munk, 

and S. A. Munk, “Turning a potent agent 

into a registered product,” Managing the 

Drug Discovery Process, pp. 439–447, 

2017, doi: 10.1016/B978-0-08-100625-

2.00013-1. 

[10]. “Tablet Manufacturing Technologies for 

Solid Drug Formulation.” Accessed: Apr. 

04, 2025. [Online]. Available: 

https://www.sigmaaldrich.com/IN/en/tech

nical-documents/technical-

article/pharmaceutical-and-

biopharmaceutical-manufacturing/solid-

formulation-strategies/tablet-

manufacturing-technologies-solid-drug-

formulation 

[11]. Zarekar Shivani Gulab, Raykar Sonali 

Dattu Zende Gauri Sampat, and Puranik 

Aboli K and Sanjay J. Ingle, “A review on 

the wet granulation technique and its 

modules,” World Journal of Biology 

Pharmacy and Health Sciences, vol. 20, 

no. 2, pp. 113–124, Nov. 2024, doi: 

10.30574/wjbphs.2024.20.2.0836. 

[12]. L. Meeus, “Direct Compression Versus 

Granulation,” 2011, MJH Life Sciences. 

Accessed: Apr. 07, 2025. [Online]. 

Available: 

https://www.pharmtech.com/view/direct-

compression-versus-granulation 

[13]. “How to Manufacture Tablet by Direct 

Compression Method? – AIPAK.” 

Accessed: Apr. 08, 2025. [Online]. 



 

 

International Journal of Pharmaceutical Research and Applications 

Volume 10, Issue 3 May–June 2025, pp: 508-517www.ijprajournal.com ISSN: 2456-4494 

                                       

 

 

 

DOI: 10.35629/4494-1003508517          Impact Factor value 7.429  | ISO 9001: 2008 Certified Journal Page 516 

Available: 

https://www.icapsulepack.com/manufactur

e-tablet-by-direct-compression-method/ 

[14]. D. Vishwakarma, R. P. Chaudhary, V. 

Kumar, N. Shukla, and V. Gupta, “Issue:2 

Citation: Dhaneshwar Vishwakarma et al. 

Ijppr,” 2022. [Online]. Available: 

www.ijppr.humanjournals.comwww.ijppr.

humanjournals.com 

[15]. “Design of Experiments.” Accessed: Apr. 

08, 2025. [Online]. Available: 

https://www.jmp.com/en/statistics-

knowledge-portal/what-is-design-of-

experiments 

[16]. S. Ranga, M. Jaimini, S. K. Sharma, B. S. 

Chauhan, and A. Kumar, 

“INTERNATIONAL JOURNAL OF 

PHARMACEUTICAL AND CHEMICAL 

SCIENCES A Review on Design OF 

Experiments (DOE)”, [Online]. Available: 

www.ijpcsonline.com 

[17]. “Pre-Compression Evaluation of Tablets.” 

Accessed: Apr. 09, 2025. [Online]. 

Available: 

https://www.pharmfdainfo.com/2022/11/P

re-compression-Evaluation.html 

[18]. L. Paniwnyk, “Application of 

Ultrasound,” Emerging Technologies for 

Food Processing, pp. 271–291, Jan. 2014, 

doi: 10.1016/B978-0-12-411479-1.00015-

2. 

[19]. Y. Teng, Z. Qiu, and H. Wen, 

“Systematical approach of formulation 

and process development using roller 

compaction,” European Journal of 

Pharmaceutics and Biopharmaceutics, vol. 

73, no. 2, pp. 219–229, Oct. 2009, doi: 

10.1016/j.ejpb.2009.04.008. 

[20]. “Hardness Testing: Basic Principles and 

Methods | Teledyne LABS.” Accessed: 

Apr. 10, 2025. [Online]. Available: 

https://www.teledynelabs.com/products/ph

ysical/tablet-hardness-testing/what-is-a-

hardness-test 

[21]. A. McCALLUM, J. BUCHTER, and R. 

ALBRECHT, “Comparison and 

correlation of the Strong Cobb and the 

Monsanto tablet hardness testers,” J Am 

Pharm Assoc, vol. 44, no. 2, p. <span 

class="nowrap">83-</span>85, 1955, doi: 

10.1002/jps.3030440208. 

[22]. “hardness tester - Google Search.” 

Accessed: Apr. 10, 2025. [Online]. 

Available: 

https://www.google.co.in/search?q=hardne

ss+tester&sca_esv=4f5a3464f54e4b81&u

dm=2&biw=1536&bih=730&ei=ZX73Z4

ayGIGbjuMP5oqloQQ&oq=hard&gs_lp=

EgNpbWciBGhhcmQqAggAMgoQABiA

BBhDGIoFMgoQABiABBhDGIoFMgoQ

ABiABBhDGIoFMggQABiABBixAzIKE

AAYgAQYQxiKBTIKEAAYgAQYQxiK

BTIIEAAYgAQYsQMyBRAAGIAEMgs

QABiABBixAxiDATIIEAAYgAQYsQNI

mi9QuAdYliBwAngAkAEEmAHRAqAB

2A-qAQcwLjQuNC4xuAEByAEA-

AEBmAIGoAK5CagCAMICBhAAGAcY

HsICDhAAGIAEGLEDGIMBGIoFmAM

DiAYBkgcHMS4yLjIuMaAHvDGyBwcw

LjIuMi4xuAewCQ&sclient=img#vhid=kP

GuQWNZPaxhRM&vssid=mosaic 

[23]. “hardness tester pzier - Google Search.” 

Accessed: Apr. 10, 2025. [Online]. 

Available: 

https://www.google.co.in/search?q=hardne

ss+tester+pzier&sca_esv=4f5a3464f54e4b

81&udm=2&biw=1536&bih=730&ei=_n7

3Z_TwHYXs1e8P6v3ooA8&ved=0ahUK

Ewj055rsg82MAxUFdvUHHeo-

GvQQ4dUDCBE&uact=5&oq=hardness+

tester+pzier&gs_lp=EgNpbWciFWhhcmR

uZXNzIHRlc3RlciBwemllckj3RFCgBFiD

PHACeACQAQCYAdECoAG-

C6oBBzAuNC4yLjG4AQPIAQD4AQGY

AgWgArUFwgIGEAAYBxgewgINEAAY

gAQYsQMYQxiKBcICBRAAGIAEwgIK

EAAYgAQYQxiKBZgDAIgGAZIHBTIu

MS4yoAeWErIHBTAuMS4yuAeeBQ&sc

lient=img#vhid=3DVsBek612yPZM&vssi

d=mosaic 

[24]. “friability tester - Google Search.” 

Accessed: Apr. 10, 2025. [Online]. 

Available: 

https://www.google.co.in/search?q=friabili

ty+tester&sca_esv=4f5a3464f54e4b81&u

dm=2&biw=1536&bih=730&ei=Un73Z-

uoI96X4-

EPirDTsAY&oq=friability+te&gs_lp=Eg

NpbWciDWZyaWFiaWxpdHkgdGUqAgg

FMggQABiABBixAzIFEAAYgAQyBRA

AGIAEMgUQABiABDIFEAAYgAQyBR

AAGIAEMgUQABiABDIFEAAYgAQyB

RAAGIAEMgUQABiABEjHUlDACFjiO

3ACeACQAQCYAcwBoAHuDKoBBTA

uOC4yuAEByAEA-

AEBmAILoALzC8ICChAAGIAEGEMYi

gXCAgYQABgHGB7CAgYQABgIGB7C

AgYQABgFGB7CAgcQABiABBgKwgI



 

 

International Journal of Pharmaceutical Research and Applications 

Volume 10, Issue 3 May–June 2025, pp: 508-517www.ijprajournal.com ISSN: 2456-4494 

                                       

 

 

 

DOI: 10.35629/4494-1003508517          Impact Factor value 7.429  | ISO 9001: 2008 Certified Journal Page 517 

KEAAYgAQYsQMYCpgDAIgGAZIHBT

IuOC4xoAfAL7IHBTAuOC4xuAfhCw&s

client=img#vhid=_5jhvFnMqZfvfM&vssi

d=mosaic&vwlns=WyIwQ0JVUWg2Y0d

haGNLRXdpd3lMMi1nODJNQXhVQUF

BQUFIUUFBQUFBUUJBIl0=&lns=W25

1bGwsbnVsbCxudWxsLG51bGwsbnVsb

CxudWxsLG51bGwsIkVrY0tKR1U0T0R

GbFkyUTNMV1k1WWpBdE5HRmxPQz

A0Wm1aa0xXVmlZVGd4WlRkaVl6YzR

ZaElmVVRoUFZHVnNUa2hHZFRobW

MwWldkMUYzZG5veE4wZ3lPV3czYzF

sU2F3PT0iLG51bGwsbnVsbCxudWxsL

G51bGwsbnVsbCxudWxsLG51bGwsWyI

0MWRmNWQ5MS1lNTQ0LTQ3NzctOG

E1OC1hMmI1NjRiN2U0MzIiXV0= 

[25]. I. P. Committee, India. M. of Health, and 

F. Welfare, Pharmacopoeia of India. 

Controller of Publications, 1985. 

[26]. R. Sheshala, N. K. Anuar, N. H. Abu 

Samah, and T. W. Wong, “In Vitro Drug 

Dissolution/Permeation Testing of 

Nanocarriers for Skin Application: a 

Comprehensive Review,” AAPS 

PharmSciTech, vol. 20, no. 5, Jul. 2019, 

doi: 10.1208/S12249-019-1362-7. 

[27]. M. Padmaa Paarakh, P. Ani Jose, C. M. 

Setty, and G. V. P. Christoper, “RELEASE 

KINETICS-CONCEPTS AND 

APPLICATIONS.” 

[28]. A. W. Wong and A. Datla, “Assay and 

Stability Testing,” Sep Sci Technol, vol. 6, 

no. C, pp. 335–358, Jan. 2005, doi: 

10.1016/S0149-6395(05)80057-1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


