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ABSTRACT
The present study was aimed at formulating and characterizing gastroretentive floating tablets of
diazepam to enhance its therapeutic efficacy through prolonged gastric retention and controlled
drug release. Diazepam, a BCS Class II drug, exhibits pH-dependent solubility with maximum
solubility in acidic pH, making it an ideal candidate for gastroretentive formulation. Fifteen
formulations were prepared using various polymers including HPMC K4M, HPMC K15M, HPMC
K100M, Carbopol 934P, and sodium alginate in different concentrations along with gas-generating
agents (sodium bicarbonate and citric acid) by direct compression method. Preformulation studies
confirmed drug-excipient compatibility through FTIR spectroscopy. All formulations
demonstrated acceptable physicochemical properties, good flow characteristics, and satisfactory
floating behavior with floating lag time ranging from 38-105 seconds. Formulation F10, containing
a combination of HPMC K4M (50mg), HPMC K15M (30mg), and Carbopol 934P (20mg), was
identified as optimal with shortest floating lag time (38 seconds), prolonged floating duration (>11
hours), and sustained drug release (99.5% in 12 hours). Drug release kinetics followed Korsmeyer-
Peppas model indicating anomalous non-Fickian diffusion mechanism. Stability studies

demonstrated adequate stability under ICH conditions.

Keywords: Gastroretentive drug delivery, Floating tablets, Diazepam, Controlled release, HPMC

polymers
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INTRODUCTION
1.1 Overview of Drug Delivery Systems

The primary objective of any drug delivery system is to deliver the appropriate amount of a drug
to the targeted site in the body to achieve and maintain the desired therapeutic concentration [1].
Conventional drug delivery systems often result in fluctuating drug plasma levels, leading to
under-medication or over-medication, which can compromise therapeutic efficacy and patient
compliance [2]. The evolution of drug delivery technology has led to the development of novel
systems that can control the release of drugs, improve bioavailability, and enhance patient

adherence to therapy [3].

Modern pharmaceutical research focuses on designing intelligent drug delivery systems that can
optimize drug release kinetics, reduce dosing frequency, and minimize adverse effects [4]. Among
various approaches, gastroretentive drug delivery systems have emerged as a promising strategy
for drugs that exhibit site-specific absorption in the upper gastrointestinal tract or have stability
issues in alkaline pH environments [5]. These systems prolong the residence time of dosage forms

in the stomach, thereby improving drug bioavailability and therapeutic outcomes [6].
1.2 Gastroretentive Drug Delivery Systems (GRDDS)

Gastroretentive drug delivery systems are designed to be retained in the stomach for an extended
period, resisting the natural peristaltic movements that typically propel materials toward the
intestine [7]. The concept of gastric retention has gained significant attention due to its potential
to overcome the limitations associated with conventional oral drug delivery [8]. By prolonging
gastric residence time, GRDDS can enhance the absorption of drugs with narrow absorption

windows in the upper gastrointestinal tract [9].

The human stomach serves as an ideal site for controlled drug release because of its relatively
constant pH and the presence of sufficient fluid for drug dissolution [10]. Several physiological
factors influence gastric retention, including gastric motility patterns, gastric emptying time, and
the fed or fasted state of the stomach [11]. Understanding these factors is crucial for designing
effective gastroretentive systems that can withstand the harsh gastric environment and maintain

their position for the desired duration [12].
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1.2.1 Rationale for Gastroretentive Systems

The development of gastroretentive systems is particularly beneficial for drugs that demonstrate
poor bioavailability due to limited absorption in the lower gastrointestinal tract [13]. Many drugs
exhibit site-specific absorption in the stomach or upper small intestine, making gastric retention
essential for optimal therapeutic effects [14]. Additionally, drugs that are unstable in the alkaline

environment of the intestine can benefit significantly from prolonged gastric residence [15].

Gastroretentive systems also offer advantages in treating local gastric disorders such as peptic
ulcers and Helicobacter pylori infections by maintaining high drug concentrations at the site of
action [16]. Furthermore, these systems can reduce dosing frequency, leading to improved patient
compliance, especially in chronic disease management [17]. The controlled release of drugs from
gastroretentive systems minimizes plasma concentration fluctuations, thereby reducing the risk of

adverse effects associated with peak concentrations [18].
1.2.2 Types of Gastroretentive Drug Delivery Systems

Various approaches have been explored to achieve gastric retention, each utilizing different
mechanisms to prolong stomach residence time [19]. The major categories of gastroretentive
systems include floating systems, mucoadhesive systems, expanding systems, high-density

systems, and magnetic systems [20].

Floating drug delivery systems utilize the principle of buoyancy to remain afloat on gastric
contents, thereby extending gastric residence time [21]. These systems have a bulk density lower
than that of gastric fluids, allowing them to float for prolonged periods while gradually releasing
the drug [22]. Mucoadhesive systems employ polymers that adhere to the gastric mucosa, creating
intimate contact between the dosage form and the absorption site [23]. Expanding systems increase
in size after entering the stomach, preventing their passage through the pylorus until drug release

is complete [24].
2.3.1 Physical Appearance and Solubility

Diazepam appears as an off-white to yellow crystalline powder with a faint characteristic odor.
The compound is practically insoluble in water, with aqueous solubility of approximately 50 mg/L

at 25°C. This poor water solubility classifies diazepam as a Biopharmaceutics Classification
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System (BCS) Class II drug, characterized by low solubility and high permeability. The drug shows

good solubility in organic solvents such as ethanol, chloroform, and acetone.

The lipophilic nature of diazepam, reflected in its high partition coefficient (log P approximately
2.8), contributes to its excellent membrane permeability but poses challenges for oral formulation
development. The pH-dependent solubility of diazepam shows increased dissolution in acidic
media compared to neutral or alkaline environments, which has significant implications for its

absorption in the gastrointestinal tract.
LITERATURE REVIEW
3.1 Introduction

The development of gastroretentive drug delivery systems has been the subject of extensive
research over the past few decades. This chapter presents a comprehensive review of the literature
pertaining to gastroretentive floating drug delivery systems, formulation strategies, polymers used,
characterization techniques, and specific studies related to diazepam formulations. The review
encompasses theoretical concepts, experimental investigations, and recent advances in the field

that provide the foundation for the present research work.
3.2 Fundamental Studies on Gastroretentive Drug Delivery Systems

The concept of gastroretentive drug delivery was first explored in the early 1980s when researchers
recognized the potential of prolonging gastric residence time to improve drug bioavailability [31].
The physiological and anatomical aspects of the stomach that influence drug retention have been
extensively studied to understand the design requirements for effective gastroretentive systems
[32]. These studies established that gastric emptying patterns, pH variations, and the presence of

food significantly affect the performance of gastroretentive formulations.
3.3 Development and Evolution of Floating Drug Delivery Systems

The first floating drug delivery systems were developed based on the principle of density
difference between the dosage form and gastric contents [37]. Early research focused on single-
unit floating systems, which demonstrated that tablets or capsules with bulk density less than

gastric fluid could remain buoyant for several hours. However, these initial systems faced
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challenges related to unpredictable gastric emptying and the "all-or-nothing" release pattern

characteristic of single-unit systems [38].
3.4.2 Carbopol and Polyacrylic Acid Derivatives

Carbopol polymers have been extensively investigated for their excellent gel-forming and
mucoadhesive properties in floating systems [50]. These polymers undergo pH-dependent
swelling, exhibiting minimal swelling in acidic conditions but significant expansion at higher pH
values. Research has utilized this property to develop pH-responsive floating systems that can

modulate drug release based on the local pH environment [51].

Studies comparing different grades of carbopol, including carbopol 934P, 971P, and 974P, have
shown variations in gel strength, swelling capacity, and mucoadhesive force [52]. The combination
of carbopol with other polymers such as HPMC has been investigated to achieve optimal floating
characteristics while maintaining desired release profiles. These combination approaches often

result in synergistic effects, enhancing both gastric retention and controlled release properties [53].
PLAN OF WORK
5.1 Overview

The present research work is designed to develop and characterize gastroretentive floating tablets
of diazepam using various polymers and gas-generating agents. The study will be conducted
systematically in multiple phases to achieve optimal formulation with desired floating

characteristics and controlled drug release profile.
Methodology Outline

5.2.1 Preformulation Studies

Identification and authentication of diazepam

Determination of melting point and physicochemical properties

Solubility studies in various pH media (1.2, 4.5, 6.8, and 7.4)

e Drug-excipient compatibility studies using FTIR spectroscopy
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e Selection of suitable polymers and excipients
5.2.2 Formulation Development

e Preparation of floating tablets using different polymers (HPMC K4M, HPMC KI15M,
HPMC K100M, Carbopol 934P, Sodium alginate)

e Optimization of polymer concentration (10-40% w/w)

e Optimization of gas-generating agents (sodium bicarbonate and citric acid) concentration
(5-20% w/w)

o Selection of appropriate filler and other excipients

e Manufacturing of tablets by direct compression method

e Preparation of multiple batches with varying compositions
5.2.3 Evaluation of Formulated Tablets
Physical Characterization:

o Weight variation, thickness, diameter

e Hardness and friability

e Drug content uniformity
Floating Behavior:

o Floating lag time determination

o Total floating time assessment

e Buoyancy studies in 0.1 N HCI
Swelling Studies:

o Swelling index determination at predetermined time intervals
In Vitro Drug Release Studies:

e Dissolution studies using USP Type II apparatus
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o Release profile evaluation in 0.1 N HCI (pH 1.2)

e Application of kinetic models (Zero order, First order, Higuchi, Korsmeyer-Peppas)
5.2.4 Characterization of Optimized Formulation

o FTIR spectroscopy for drug-polymer interaction

o Differential Scanning Calorimetry (DSC) for thermal analysis

e Scanning Electron Microscopy (SEM) for surface morphology

e X-ray Diffraction (XRD) for crystallinity assessment

RESULTS

Melting Point Determination: The melting point of diazepam was determined using the capillary
tube method. A small quantity of the drug was filled in a capillary tube sealed at one end. The
capillary was placed in a melting point apparatus and heated gradually. The temperature at which

the drug completely melted was noted.
6.2.2 Determination of Amax

A stock solution of diazepam was prepared by dissolving 10 mg in 10 ml of methanol (1000
pg/ml). From this stock solution, a working standard solution of 10 ng/ml was prepared using 0.1
N HCI. This solution was scanned in the UV range of 200-400 nm using a UV-Visible

spectrophotometer.

Result: The Amax of diazepam in 0.1 N HCI was found to be 242 nm. All subsequent

spectrophotometric measurements were carried out at this wavelength.
6.2.3 Preparation of Standard Calibration Curve

Standard calibration curve of diazepam was prepared in 0.1 N HCI (pH 1.2) to simulate gastric
fluid conditions. From the stock solution (1000 pg/ml), aliquots were withdrawn and diluted to
obtain concentrations of 2, 4, 6, 8, 10, 12, 14, and 16 pg/ml. The absorbance of each solution was

measured at 242 nm against 0.1 N HCI as blank.
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SNtandard Calibration Curve of Diaxepam in 0.0 N HCE (Amassx 242 ram)

Absarbanca

=
Concentration (pealfimil)

Table 6.1: Standard Calibration Data of Diazepam in 0.1 N HCI

S.No. Concentration (ug/ml) Absorbance

1 0 0.000
2 2 0.142
3 4 0.285
4 6 0.428
5 8 0.571
6 10 0.713
7 12 0.856
8 14 0.998
9 16 1.141

Regression Analysis:

e Slope (m)=0.0713
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e Intercept (c) = 0.0003
e Correlation coefficient (1?) = 0.9998

The high correlation coefficient indicates excellent linearity in the concentration range of 2-16

pg/ml, conforming to Beer-Lambert's law.
6.2.4 Solubility Studies

Solubility studies of diazepam were conducted in various pH media to understand its dissolution
behavior in different regions of the gastrointestinal tract. Excess amount of diazepam was added
to 10 ml of each medium in stoppered conical flasks. The flasks were kept in a shaker water bath
at 37+0.5°C for 24 hours. After equilibration, the solutions were filtered through Whatman filter

paper No. 41, diluted appropriately, and analyzed spectrophotometrically at 242 nm.

Solubllity Profile of Diazepam In Different pH Media
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Table 6.2: Solubility Profile of Diazepam in Different pH Media

S.No. pH Medium pH Value Solubility (mg/ml)

1 0.1 N HCI 1.2 0.0847 £ 0.003
2 Acetate buffer 4.5 0.0623 + 0.004
3 Phosphate buffer 6.8 0.0389 + 0.002
4 Phosphate buffer 7.4 0.0312 +0.003

456 @ www.neuroquan tology.com

Eissn: _1303-5150



NeuroQuantology | July 2026 | Volume 24 | Issue 7 | Page 448-461 | doi: 10.48047/nq.2026.24.7. NQ27033
G Akhil Babu / Formulation and Characterization of Diazepam - Gastroretantive Floating Drug Delivery System

S.No. pH Medium pH Value Solubility (mg/ml)
5 Distilled water 6.5 0.0421 £ 0.002

Values represent mean £ SD (n=3)

Observation: Diazepam showed maximum solubility in acidic pH (0.1 N HCI) and decreased
solubility as pH increased. This pH-dependent solubility justifies the development of a
gastroretentive formulation that maintains the drug in the acidic gastric environment for prolonged

periods.
6.2.5 Drug-Excipient Compatibility Studies by FTIR

FTIR spectroscopy was employed to investigate possible interactions between diazepam and the
selected excipients. The spectra were recorded for pure diazepam and physical mixtures of drug

with polymers (1:1 ratio) in the wavelength region of 4000-400 cm™ using KBr pellet method.
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Table 6.3: FTIR Spectral Interpretation of Diazepam and Drug-Polymer Mixtures

Sample Characteristic Peaks (cm™) Assignment

Pure Diazepam 3062 Aromatic C-H stretch
1682 C=0 stretch (amide)
1598, 1547 C=C aromatic stretch
1478 C-N stretch
751 C-Cl stretch

Diazepam + HPMC K4M 3065, 1680, 1595, 1476, 748 All characteristic peaks present
Diazepam + HPMC K15M 3063, 1681, 1596, 1477, 750 All characteristic peaks present
Diazepam + Carbopol 934P 3060, 1683, 1599, 1479, 752 All characteristic peaks present
Diazepam + Sodium alginate 3064, 1679, 1597, 1475, 749 All characteristic peaks present

CONCLUSION

The present investigation successfully achieved its objectives of formulating, optimizing, and

characterizing gastroretentive floating tablets of diazepam. The following conclusions can be

drawn from this comprehensive study:

1. Preformulation Studies: The physicochemical characterization of diazepam confirmed its

identity, purity, and suitability for formulation development. The pH-dependent solubility

studies demonstrated significantly higher solubility in acidic pH (0.0847 mg/ml at pH 1.2)

compared to neutral or alkaline pH, providing strong scientific rationale for gastroretentive

formulation development. FTIR spectroscopy confirmed the compatibility of diazepam

with all selected polymers and excipients, validating their use in formulation development.

2. Formulation Development: Fifteen formulations were successfully developed using

different types and concentrations of polymers (HPMC K4M, HPMC KI15M, HPMC

K100M, Carbopol 934P, and sodium alginate) combined with gas-generating agents
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(sodium bicarbonate and citric acid) by direct compression method. All powder blends
exhibited acceptable flow properties (Carr's index 13.70-16.15%, Hausner's ratio 1.159-

1.193, angle of repose 25.45-29.34°) suitable for direct compression manufacturing.

Physical Characterization: All formulated tablets met pharmacopeial standards for
weight variation, thickness, diameter, hardness (5.8-6.7 kg/cm?), friability (<0.52%), and
drug content uniformity (98.45-99.67%), demonstrating robust formulation design and

manufacturing process.

Floating Behavior: All formulations achieved buoyancy within 105 seconds, with floating
lag times ranging from 38 to 105 seconds. Seven formulations (F3, F6, F8, F9, F11, F12,
F15) maintained continuous floating for more than 12 hours, demonstrating excellent
gastroretentive potential. The type and concentration of polymer significantly influenced
floating characteristics, with combination polymer formulations showing advantages in

terms of rapid buoyancy achievement.

Swelling Studies: Progressive swelling was observed in all formulations, with swelling
indices ranging from 45.2% to 285.7% over 10 hours depending on polymer type and
concentration. Carbopol-containing formulations exhibited the highest swelling capacity,
while HPMC formulations showed moderate, concentration-dependent swelling. The

swelling behavior correlated well with floating lag time and drug release characteristics.
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