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ABSTRACT

The aim of developing new drug transport mechanisms is solving various flaws in traditional
dosage formulations, also to resolve some concerns regarding physical and chemical properties
of drug moieties & development of the formulation. The floating medicine delivery strategy is an
effective technique for drugs with smaller absorption window, insoluble and slightly water-
soluble pharmaceuticals, medications that are needed to be placed inside the stomach lumen as
they show limited absorption from colon or degradability. Drug distribution system that floats
operates underneath a drug delivery mechanism that lies in the stomach, which continuously
controls the flow of drugs with limited solubility to the site of absorption. This article contains
detailed information regarding floating drug administration systems, including advantages and
disadvantages over conventional drug delivery systems, both of which are significant when
designing dosages. This dosage form was created using a variety of methods. The effervescent
floating drug delivery system's formulation and evaluation approaches were investigated. The
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goal of this comprehensive study is to combine all known studies on this distribution method.
We investigate the several aspects that influence stomach retention and provide useful
information on the formulation aspects to achieve it.

INTRODUCTION:

The most common and practical delivery method for many medications is oral. The oral route is
regarded as the best drug delivery method because it will have two key characteristics:

1) To extend the action, it should be taken in a single dose.
2) The active medication must to be being delivered right away to the intended spot.

The creation of a meticulous or continuous transport system is the result of these factors.
A drug delivery method with sustained or delayed medication release is known as sustained
delivery.** The major goal of creating these systems is to increase a product's safety and
lengthen its duration of action. These methods have a number of drawbacks, including dosage
dumping, increased first pass impact, increased bioavailability, and longer time reaching
therapeutic blood levels. These systems typically cost more than traditional systems > These
products may cause various people to have higher or lower steady state drug levels because they
are designed for the general population rather than an individual. If a drug's therapeutic window
is wide enough, there might be no issues.* Despite these drawbacks, research is still being done
in this field because there is still much room for improvement in the systems that are already in
place.

Orally controlled medication delivery systems (OCMRDS) that stay in the stomach
longer have benefits over continuous release formulations. A regulated drug delivery device
delivers medicine to the upper Gl tract for absorption.

Due to its convenience of delivery, low expense on therapy, patient’s acceptability, &
variety in delivery systems, oral route of drug administration is by far commonly utilized method
of drug transportation. The time it takes for the stomach to empty is a restriction on multiple oral
extended drug delivery formulations. Varying and quick gastrointestinal transit may result in
insufficient release of drugs from the medical device into the intestinal absorption window which
is specific for certain medicines e.g., Vit B 12, lowering the efficacy of the quantity delivered.
According to present studies and patent documents, curiosity in innovative dosage formulations
which can be kept inside the stomach sac for a lengthy and expectable duration. One difficulty in
medication delivery is managing the emptying time of dose formulations that remain in the
stomach for lengthier amount of duration than typical. Another difficulty is retaining the dose
form in the correct location in the gastrointestinal tract. VVarious medication delivery techniques
that prolong stomach retention have been studied to solve these difficulties. The goal is to create
a regulated drug delivery system that reduces dosing frequency, minimizes changes in plasma
drug concentration, maintaining effective drug levels for extensive amount of time
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DEFINITION:

Floating medicine transportation mechanisms, also known as proactively regulated systems, are
lesser-density systems that can become buyout and float above gastric juices and stay floating in
the place for a long duration avoiding any change on gastric emptying (Yie W. Chein et al.,
1992). Increased stomach retention duration and plasma drug concentration control outcome.
Grain, powder, capsule, tablet, laminated film, and hollow microsphere buoyant techniques is
possible due to this.®

Need for the formulation:

An alternative method of transport for certain unstable medications may be provided by
formulations with improved GRT, often known as a gastro retentive dosage form (GRDF).”® The
formulation is particularly effective in frugally soluble and drugs which are insoluble. As it is
well known “When a drugs solubility decreases its dissolution also decreases”, and hence
transportation time becomes an important factor affecting absorption of that drug molecule.
Erodible, gastroretentive dose forms that continuously, controllably administer sparingly soluble
medicines at the absorption site have been developed to solve this problem.

Misoprostol
Acyclovir
Ciprofloxacin
Theophyllin
Diltiazem
Ranitidine
Ciprofloxacin GRDFs release medication locally, increasing gastric mucosa drug concentration.
(For example, removing H. pylori bacteria from submucosa) to cure peptic and duodenal ulcer,
gastric irritation, and inflammation of the esophagus, minimize chances of stomach cancer, to
provide controlled release non-systemic antacids (CaCos). For absorption windows, GRDFs are
excellent as medication carriers. Antibiotics, antivirals, and antifungals that can only be absorbed
from a few sites inside the GI mucosa including sulfonamides, quinolones, penicillin,
cephalosporins, aminoglycosides, and tetracyclines. To provide controlled release gastro-
retentive dosage forms (CRGRDF), active pharmaceutical ingredients (API) with restricted
intestinal absorption but enhanced absorption capabilities in the upper regions of the GIT are
frequently the best options. Antimicrobial trihydrate GRDFs can be used as medication carriers
due to their broad absorption windows. Antibiotics, antiviral medications, and antifungal agents
such as sulfa quinolones, antibiotic penicillin, antimicrobial agents such as aminoglycosides,
tetracyclines, and others are only transported from certain regions of the Gastrointestinal
mucosal membrane. Molecules having poor intestinal absorption but enhanced absorption
characteristics in the upper regions of the GIT are often excellent alternatives for CRGRDF.
Amoxicillin, for example, disrupts the natural intestinal flora increasing chances of
suprainfection.
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BIOLOGICAL ASPECTS OF CRGRDFs:
Stomach Physiology:

It's a "J"-shaped structure between the oesophagus & small intestine on the left side below
diaphragm, it has. “Four" sections:

The "Cardiac Sphincter" is located at the superior entrance of the heart, called "Cardia.”
The upper rounded part called fundus.
Central part of the body, just below the fundus.
The pylorus is the last and lowest section of the body, divided as follows,
Pyloric Antrum
Pyloric sphincter is located in the pyloric canal.

For complex grinding activities, an extra, oblique layer of involuntary muscle has been
positioned within the stomach's circular layer of smooth muscle. Otherwise, the stomach wall's
physiology is quite similar to the rest of the digestive canal. Rugae are the characteristic folds
that appear in the stomach's mucosa and submucosa when the stomach is not in fed state. (Fig)’

Crtntar foldy

Fig:1 Physiology of stomach

The diagram depicts 4 different kinds of epithelial cells with secretary functions that cover the
surface of the stomach bag:

Mucous cells: The stomachs epithelium is protected from shear stress and acid by the secretion
of alkaline mucus by this gland.

Parietal cells: produce stomach acid (HCI).
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Chief cells: Produce the proteolytic enzyme pepsin, which catalyses the partial digestion of
ingested proteins in the stomach.

G cells: They secrete a hormone called Gastrin.
Stomach Contractions:
Chyme is created by crushing, grinding, mixing, and liquefying ingested food.

Emptying of stomach contents into small intestine is called Gastric emptying, which occurs when
chyme is driven down the pyloric canal into the small intestine.

Gl MOVEMENT (Gastrointestinal Tracts Motility):

Complicated neural network and hormonal signals manages gastric motility. X™ cranial nerve,
sympathetic, and parasympathetic nervous systems all work together to keep the body in a state
of equilibrium Hormones such as gastrin and cholecystokinin have been shown to have a role in
gastric motility; these hormones serve to relax the upper stomach and stimulate the lower
stomach's contractions, respectively. Smooth muscle cells presumably integrate a wide range of
inhibitory and stimulatory signals to produce the movement patterns seen in the stomach. The
pyloric sphincter can only pass boluses under 1 to 2 mm size. Disintegration of dose forms is
mostly dependent on the size of one's stomach. Overall, motility patterns of the stomach are
likely due to the integration of several inhibitory and stimulatory signals by involuntary muscle
cells. Before passing through the pyloric sphincter, bolus must be made smaller in size to a
diameter of less than 1-2 mm, whilst liquids pass through in rushes. For in-vivo dosage form
dissolution, the stomach volume is crucial. Resting stomach volume is 25-50 ml. Gastric
secretions differ greatly between normal and achlorhydric patients. The pH of the stomach also
has an impact on drug absorption from the delivery method. During a fast, stomach pH is 1.2-
2.0, and it rises to 2.0-6.0° after being fed.

Stomach Emptying Time:

Both eating and fasting result in the stomach becoming empty. Both states have types of
mobility, but they are quite distinct from one another. During the fasting state, the stomach and
intestine undergo a series of electrical occurrences that repeat every 2-3 hours. Wilson and
Washington9 call this four-stage occurrence the inter digestive myoelectric cycle (IDMC) or
migrating myoelectric cycle (MMC). *°

1 Basal Phase (Phase I) lasts around an hour, involving just some tightening stomach

contractions.

2. Pre burst phase (Phase I1) continues for almost an hour with occasional generation of
action potential and tightening stomach contractions. The intensity and velocity of the
wave increase with time.

3. Burst phase (Phase I11) Last just for around 4 to 6 minutes. It is made up of regular,
powerful contractions that last a few seconds. All food that hasn't been digested at this
point is carried on this wave to the duodenum. The cleaning wave is another name for it.
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4. Phase (IV) Takes very small time and takes only 0 to 5 min. happens between Burst
phase and Basal Phase of two consecutive cycles. After eating different categories of
food, the contraction sequence shifts from the fasting to the fed condition. Phase is also,
referred to as the digestive motility pattern, is characterized by continual contractions
resembling fasting pre burst phase. Food particles are driven in suspension form towards
the last part of stomach i.e., pylorus as a result of these contractions, which reduce their
size to less than 1 mm. Beginning of migrating myoelectric cycle starts late during the
non-fasting state, causing a decreased time for stomach emptying. **

The Scintigraphy technique probes on stomach emptying rates demonstrated that orally given
controlled-release formulations have two significant drawbacks: short stomach residence
duration and variable stomach emptying rate.

FACTORS INVOLVED IN GASTRIC RETENTION:

Several factors influence formulations gastric retention time (GRT), which impacts the efficacy
as a gastror-etentive system. As:

1. Density — Stomach Retention Time (SRT) is a density-dependent formulations floating
characteristic.

2. Size — Dosage units bigger than 9.5 mm in diameter have been associated to increased GRT."

3. The dosage form’'s shape — Moduli of flexure at 48 kilopascals for a tetrahedron and 22.5
Ib/in2 (pounds per square inch) for circular device are proved to be superior in terms of GRT 48
(PSI). Depending on the format, the retention rate after 24 hours might be anywhere from 90% to
100%.

4. Formulation of a single or multiple unit — Incompatibilities may occur in formulations with
units with different release profiles or mismatched substances, though the margin of safety in the
occurrence of formulation failure is greater.

5. Full or Empty Stomach conditions — On a non-fed state gastrointestinal (GI) motility is
indicated by the occurrence of the propagating myoelectric complex (MMC), or times of
intensive motor activity, every 1 hour and a half to 2 hours. Myoelectric complex eliminates food
material which remains undigested from stomach, Stomach Retention Time (GRT) of the
formulation will be very small in case the formulation is supplied at the same time as the
myoelectric complex MMC. However, in full condition, MMC is pushed back and GRT is
lengthened.

6. Meal's composition — By shifting stomach motility pattern into a full stomach condition, fatty
acid salts & indigestible polymers might delay gastric emptying and the release of medications.**

7. Quantity of calories in food: — GRT has been found to be increased by 4 to 10 hours with a
proteins and lipids rich foods.

8. Feeding schedule — Because MMC occurs so infrequently, consuming many meals on the
same day may raise the GRT by more than 400 minutes.
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9. Gender — Regardless of their weight or age, women have a shorter mean ambulatory GRT
(1.2 hours) than men (0.6 hours).

10. Age — People above the age of 70, and particularly the elderly, have a much longer GRT than
those under 70.

11. Body Posture — Whether the patient is laying down or standing up might affect the results of
GRT.

12. Diseased Conditions — Diseases like Diabetes mellitus and Crohn’s disease complex.

METHODS FOR DESIGNING FLOATING MEDICATION DELIVERY SYSTEM
(FDDS)

Davis (1968) was the first to explain FDDS in the literature when he proposed a way to prevent
nausea and vomiting that might occur after taking certain medications by mouth. To get around
this problem, the author suggested making tablets lighter than 1.0g/cm?, hence they could float
on water. After that, other strategies were been developed and used in an effort for creating the
perfect system for delivering drugs as they float (Moya Nakagawa et al., 2006).

Methods for Creating a Single or Combination Dosage Form:

The following procedures have been used to construct single-unit and multiple-unit systems of
buoyant formulations. 1992 research by Yie W. et al.

Dosage FORMS WITH A SINGLE UNIT:

These systems are made to increase absorption by extending the time that dose forms spend in
the stomach intestinal tract. These HBS systems allow for the delivery of medications with
improved acid solubility and targeted sites of absorption from superior parts of small intestine.
For remaining inside stomach bag for an extended duration, the formulation has to be able to
keep its structure and should have an average bulk density that is lower than "One."

APPROACHES TO GASTRIC RETENTION:

Different methods have been attempted to enhance stomach retention of oral dose forms. These
include,

Floating formulations

Bio adhesive formulations

Expanding and swelling formulations
Formulations with high density and
Improved formulations

mooOow>»

A. Floating formulations:

Hydrodynamically balanced structure is another name. Due to their bulk density which is lower
than stomach contents, the formulation floats in stomach bag for a longer duration devoid of
repercussions on stomach emptying. Mechanism gently releases drugs while floating on stomach
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contents. Medication empty’s the stomach. GRT improves plasma medication concentration
regulation.

a. Non-gas-generating system
b. Gas-generating system.
a. Non-gas-generating system

Polymer swelling or bio-adherence produces non-gas producing formulations. Most of non-gas producing
formulations, Bio-adhesive polymers such as Chitosan and Carbopol, as well as matrix-forming
compounds such as polycarbonate, polyacrylate, polymethacrylate, and polystyrene, are examples of
excipients. There are two categories:

1. Single-layered Buoyant tablets/colloid gel barricade systems: This system (HBS), created
by Sheth and Tossounian, contains medications with hydrocolloids that produce gels. They have
a higher concentration of around 20-75% w/w of single or many polysaccharides, matrix-
producing polymers, and gel-forming, extremely swellable hydrocolloids of the cellulose type.
Hydrocolloids in the formulation and create a gel barricade around the surface when they come
into contact with stomach fluid. This gel barrier controls how quickly gastric fluid enters the
device and, as a result, how quickly the medicine is released is managed.

Figure 2 Gel structure hydrodynamically balanced. (Ushimaru K et al.1987).

2 DOUBLE-LAYER FLOATING TABLETS:

The double-layered formulation has 2 different coatings: Primary fast-releasing coat that releases
the initial dose from the formulation, and secondary extended-drug releasing coat that actually
absorb gastric juice, producing a resistant gel block on its upper surface and maintains a density
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which is lesser than content in order to float.

Immediate laver

Sustained release layer Bilayered tablet

Figure 3. Bi layered Floating Tablet.

3 MICRO POROUS COMPARTMENT SYSTEMS:
A microporous chamber with holes on top and bottom surrounds a container. Medicine
container's exterior walls keep undissolved medicine from contacting the stomach
mucosal surface.

4. Multiple Particle Systems:

Oral multi-particulate formulations consist of many tiny discrete units with distinct
characteristics. These devices split medication dosages among millions of circular particles
with dimensions around 0.05 to 2.00mm. Many layers of calcium alginate were freeze-dried
into tablets and given buoyancy. Dropping a sodium alginate solution into an agueous
calcium chloride solution precipitates calcium alginate, producing porous, spherical beads
that can sustain a floating force for more than 12 hours. The resident period of these floating
beads was over 5.5 hours, much greater than the residence time of the solid beads, which was
about 1 hour. Therefore, the active component is dispersed across many, minute particles in
multiarticulate dosage forms. These components come in premeasured dose sachets. Ingani
HM, et al. (1987) observed multi-unit floating pill behavior.

5 HOLLOW MICROSPHERES / MICRO BALLOONS:

Several controlled-release technologies may deliver chemicals to the target location. Polymeric
micro balloons may carry drugs. Micro balloons are hollow microspheres. Micro balloons floated
in vitro for 12 hours. Radiographic tests showed that micro balloons given orally stayed in the
upper stomach for 3 hours in spite of peristalsis motions.

B GAS GENERATING SYSTEMS:

Medication transportation device may glide over the stomach bag by using a chamber occupied
by void, air, or inert gas causing it to float over gastric juices. They are of following types,
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1. GAS PRODUCTION SYSTEMS:

To achieve its buoyancy in water, the system's jellified hydrocolloid layer disperses CO2
through an effervescent reaction between carbonate/bicarbonate salts and citric/tartaric
acid. CO2 is released from a multi-piece floating tablet. A bilayer SR tablet serves as the
seed. Sodium bicarbonate with tartaric acid, which creates a fizzy interior layer. The
outer membrane may expand as needed and is made of materials like PVA and shellac.
Polymer matrix drug release may also be controlled by another foldable, spring-based,
effervescent device. Bicarbonate and ethyl cellulose resin beads are employed to create
these devices. Coating that allows water to pass through but is not soluble. The beads are
buoyed by the carbon dioxide gas.

SYSTEMS CONTAINING VOLATILE LIQUID:

Floating dose devices are a notable example of technical advancement in medication
administration because to its stomach retention behavior and other advantages. Their advantages
include,

ADVANTAGES OF FDDS:

1.

B w

NG

Floating formulations are a kind of drug delivery technology that helps medicines stay in
the stomach and has other uses as well. Both GRT and the sum of time the dosage
formulation spends at absorption site improve drug efficacy.

Controlled drug delivery

Distribution of medication to the stomach bag for local action.

Reducing drug-induced irritation of gastric mucosa by discharging drugs gradually and at
a controlled rate.

Treatment for digestive disorders like gastroesophageal reflux disease.

Simple and traditional manufacturing equipment

Better patient compliance and simplicity of administration.

Localized delivery of medicines.

DISADVANTAGES OF FDDS:

1.

Gastric motility, pH, and diet affect stomach retention. Buoyancy is unpredictable
because these components change.

Drugs that may cause irritation and injure the stomach mucosal membrane shouldn't be
created as floating medication delivery devices.

Whether or not the stomach is entirely emptying will affect how long it takes for the
stomach to empty.

In supine individuals, gastric emptying of floating forms is unpredictable and is strongly
influenced by the form's diameter and size. Therefore, it is not recommended to provide
floating forms to patients before bedtime.

Some patients experience discomfort.
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FORMULATUION ASPECTS OF FDDS:

Novel controlled release drug formulation should consider drug, distribution technique, and
destination. Preformulation investigations reveal drug properties. Solubility, incompatibility,
pKa, and pH are traits. Controlled drug delivery formulations depend on pharmaceutical
solubility. The drug may survive if its solubility is below 0.01 mg/ml. Oral medications must
pass many biological membranes to be therapeutic. Thus, a drug's partition coefficient
determines how well it crosses membrane barriers. Since they cannot penetrate these membranes,
substances with very low partition coefficients will have limited bioavailability. Enzymes and
acid-base hydrolysis break down oral drugs. Small intestines break down propantheline easily.
Sustained-release drugs reduce bioavailability. Oral medications first enter the digestive system.
The drug works there after being absorbed. Thus, gut physiology research improves controlled
release delivery strategies. Medical illnesses and drugs may also alter design:

Absorption window:
The development of this formulation is also augmented by the site of absorption.
1. Shorter duration of biological activity:

Misoprostol has a briefer half-life and hence considered as an ideal candidate for the
formulations.

2. Solubility:

3. Drugs with more acidic solubility and have a particular absorption location in the upper small
intestine. Drug that are stable in the acidic environment of the stomach. For instance, Misoprostol
with Ranitidine.

4. Dose:

Medications used locally in the stomach, such as famotidine and ranitidine hydrochloride.
They are frequently prescribed for gastroesophageal reflex disease, erosive esophagitis, Zollinger
Ellison's syndrome, duodenal ulcers, and gastric ulcers.

5. Miscellaneous:

Due to a number of additional factors, such as conventional dosage forms' poor patient
compliance and a drug's shorter half-life, which necessitates frequent administration, increasing
the likelihood that a dose will be missed. Due to dose missing, it is very difficult to keep the
steady state plasma concentration when using conventional dosage forms. Unavoidable changes
in drug concentration could result in under- or over-medication.

SELECTION OF POLYMERES for FDDS:
Various polymers are employed in fabrication of FDDS as follows,
A. Gas-producing agents:

e.g., Acids (citric, tartaric, adipic), bases (sodium bicarbonate, calcium carbonate),
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Preformulation studies are helpful for learning about the chemical and physical properties of
the medicines. The pKa, pH, solubility, and incompatibility of two substances are only few of
these properties. A regulated drug delivery system may be used depending on the solubility
of the medication being administered. The molecule can sustain itself if its solubility is very
low (less than 0.01 mg/ml). A medicine that is taken orally must cross several biological
membranes before it may have any therapeutic impact in the body. Therefore, the degree to
which a medicine is able to cross these membrane barriers is largely dependent on the drug's
partition coefficient. Substances with extremely low partition coefficients will have poor
bioavailability since they will have a hard time crossing these membranes. Drugs that are
taken orally are susceptible to breakdown by enzymes and acid-base hydrolysis. Substances
like propantheline are very prone to breakdown once they leave stomach. Bioavailability
drops when drug is administered in a sustained-release format. Once ingested, oral
medication delivery methods initially make their way to the digestive system. From this
point, the medicine is transported to its point of action. Acids (citric, tartaric, adipic), bases
(sodium bicarbonate, calcium carbonate),

B. Viscosity Enhancers:
Carboxy Methyl Cellulose CMC, HPMC, Guar Gum etc.
Logic for the selection:

They are used to make the system more viscous. For forty years, Carbopol has been used in
controlled-release solid-dose formulations. Carbomers are being used in the controlled release
tablets of more manufacturers than ever before. The release kinetics of Carbopol polymer-based
tablet formulations have been shown to be zero order or nearly zero order. These polymers work
well at concentrations below 10%. The imitated intestinal fluid (SIF) and imitated stomach fluid
(SMF) both show that they expand very rapidly and efficiently. The Carbopol polymers produce
very durable and brittle tablets. Many other types of tablets, such as chewable, buccal,
sublingual’s, effervescent, and suppositories, may be effectively formulated from these
polymers. They have excellent binding qualities and controlled-release capabilities. Carbomers,
even at lower concentrations, have longer dissolution times than other excipients. As a
consequence of these developments, the dosage form industry has become more reliant on
Carbopol polymers. Due of the rapid swelling and significant water absorption of Carbopol
polymers, roller compaction is being employed in their production in place of flammable
solvents. For direct compression tablet formulations, Carbopol is a valuable, flexible component
used in controlled release formulations.

C. Gelling agent/Swelling polymer:
Various grades of Hydroxypropyl methylcellulose (HPMC), Chitosan, CMC etc
Rational behind the selection:

Although hygroscopic after drying, Hypromellose is a stable material. The solution is
stable at a pH of around 3-11. As temperature increases the solution viscosity decreases. On
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heating and cooling, respectively, Hypromellose gets converted into a reversible sol-gel.
Depending on the material's grade and concentration the gel point is at around 50 to 90 °C
temperature. Grades with a high viscosity, are frequently used in floating tablets.

D. Super disintegrating agents:
Croscarmellose, PVP (Povidone), Sodium Starch Glycolate (SSG)
Logic behind the selection:

They impart the system with their swelling qualities when in contact with fluid media,
which they have previously used as extremely potent explosive agents and to hasten the
decomposition of solid drugs.

EVALUATION PARAMETERS OF FLOTING DRUG DELIVERY SYSTEMS:
In vitro testing of floating tablets:

The developed formulations' physicochemical characteristics and release characteristics were
evaluated.

1. Parameters to be studied before Compression:
a. Angle of Repose:

It may be used to calculate the frictional characteristics of the grains or powder. This is the
steepest angle that may be made by a mound of grains or powders above the horizontal plane.
The granules were entered into a funnel that was mounted to a steel stand at a known altitude
(H). Next, height and radius of formed by the granule mound (R) were used to determine angle
of repose.

tan 6 = H/R
6 =tan™ (H/R)
Where,
6 = angle of repose
H = altitude of the mound
R = radius of the mound
b. Index of Compressibility:

Powder's flowability may be estimated by comparing its bulk density (Po) and tapped density
(Pt) with its packing rate. The index of compressibility is determined by —

index of compressibility

(%)== x 100
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Where,
P, = Bulk density gm/ml
P: = Tapped density gm/ml.

2. After-Compression Study Parameters:
a. Form of Tablet:

Under a magnifying glass, compressed tablets were inspected to determine their form and shape.
b. Dimensions of tablets:

A calibrated vernier caliper was used to measure the width and circumference. Three pills were
chosen at random from each batch so that their thickness could be measured.

c. Hardness Of Tablet:

The hardness of a tablet indicates how well it can endure being dropped. Firmness is determined
with help of hardness tester device. Unit of measure is kg/cm2. Three tablets were chosen at
random and their hardness measured.

Friability Test for the tablets:

Friability is determined using a machine called fibrillator. The figure was denoted as a
percentage. After the tablets were originally weighed (W initial), they were put in the machine.
The machine was operated for 100 rotations i.e., for 25 rotations per 4 minutes. Another weigh-
in (W final) was performed on the tablets. Then we calculated the degree of friability using
following equation,

%Friability = 100 X (1 — W o/W)
Less than 1% % Friability of tablets is acceptable.
d. The Formulation’s Density:

Formulations density was essential in determining flotation. The tablet would only float if
it has a desired density, (1.004) if its density is less than that of the gastric fluid. It is determined
by using the formula shown below.

Were,
v = volume of formulation (cc)
r = radius of formulation (cm)
h = crown thickness of formulation (g/cc)

m = mass of formulation
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e. Weight Variation test for the formulations:

To study variation in weights of the formed formulations, ten formulations selected randomly
from every batch and individually weighed. The USP allowed a very little amount of variation in
weight. Table 1 shows the permitted weight variation percentage deviations.

Formulation’s Average Deviation of Percentage
weight allowed
130 mg or less than that 10
More than 130mg & less than | 7.5
324mg
324 mg and more 5

Table 1: % deviation in variation of weight which can be allowed

f. Floatation Test:

Duration of the formulations floating on the simulated stomach fluid was measured, as was the
time it took for the formulation get submerged. Total Floating Time refers to the sum of all the
times a dose form may float. Lag Time is time required by a floating formulation to float to the
upper surface of a testing fluid.

g. Study of Swelling Properties:

Swelling behavior was identified by tracking the increase in mass or water absorption of a dose
form. The dimensions might be measured by measuring the rise in tablet circumference and/or
width. The equation provided a means of quantifying water intake directly in terms of weight
gain.

Wy —Wo)

WU = ———=x 100
Wo

Where,
W, = Weight of formulation at time t.
W = Initial weight of formulation.
I. Drug release studies performed In vitro:

The fluids used in these tests and studies are typically 37 degrees Celsius simulations of stomach
and intestinal fluids. Use the USP dissolving device with 900 cc of 0.1 HCI at 37 degrees Celsius
to calculate the floating time. Floating time for HBS dosage forms is often referred to as flotation
time. The USP dissolving apparatus is often used for dissolve testing. The drug content of the
samples is assessed after being adequately diluted, and the samples are collected at regular
intervals via the dissolving medium, with the quantity removed being instantly replaced with an
exact amount of new medium. The formulation should settle to the bottom of the vessel before
the spinning blade is spun, as is standard practise according to USP XXIII. Dose units that would
ordinarily float may be attached loosely to inert material, such a wire helix with no more than a
few twists. Traditional dissolving approaches based on the USP or BP have shown to be
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inaccurate predictors in in vitro testing of floating dosage forms 23, 24. Researchers Illay and
Fassihi (25), using expandable floating systems containing theophylline, a medication with a
poor water solubility, studied the helical wire sinker. Drug release was often compromised
because of the method's tendency to limit the dosage form's ability to expand in three
dimensions. The authors recommend placing a ring/mesh assembly below the floatable delivery
mechanism to prevent it from sinking. The spread of drugs skyrocketed by about 20%. The
process maintained a steady flow of water and predetermined release patterns. The suggested
technique and the USP method both result in the same release of diltiazem, a medication that is
soluble in water and may float on the surface. According to the results, drugs released through
swellable floating devices must be water-soluble, have complete surface exposure, and swell
uncontrollably. An in vitro dissolve technique for a suspended dosage form with quick release
and SR properties was developed by Burns et al.26. In accordance with the BP (1993)/USP
(1990) apparatus 2 method, the dissolution liquid was paddled using blades. Changing the pH of
the dissolving media from 6.0 to 8.0 and raising the paddle speed from 70 to 100 rpm yielded
consistent biphasic release characteristics. There was no change in dissolving profile when 7mM
to 14mM bile acid was added to the dissolve medium. Researchers adapted a dissolving tank to
evaluate dose forms that float yet include erosion processes. As a consequence, there was no
longer any need to worry about dosage forms adhering to the paddle blades, and the dissolving
profile could be reproduced. It's possible that this procedure can differentiate between good and
bad dissolving results. The specific gravity of FDDSs may be calculated using analytical grade
benzene and displacement.Before comparing floating and non-floating devices in vivo,
Immermans and Moes advocate providing the bulk density of the dosage form in its dry state and
any fluctuations in floating strength over time. Improvements in floating formulation shown by
in vivo studies to stabilise and extend floating abilities. The approach used by these researchers
determines whether or not shapes will float or sink. 28,29. Using dedicated technology, this
method determines the total upward pressure exerted on a body of water. Devices that measure
the upward pressure exerted on an object while it is immersed in water have been the subject of
much research. 28,29. Scintigraphy may determine how well the stomach will absorb a floating
dosage form. Doses that float or stay put are used for both fasting and fed patients, making up the
54. Both methods of dosing must be accurate.30,31,32

Drug Candidates frequently incorporated in Floating Formulations:

Sr No | Medicines DOSAGE
FORMULATIO
N
1 Acetyl Salicylic Acid, Microspheres
Griseofulvin, Ibuprofen
2 Indomethacin. Granules
Diclofenac sodium,.
3 Cinnarizine Films
4 Chlordiazepoxide, L- Capsules
Dopa, Misoprostol,
Propranolol HCI
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5 Paracetamol, Aspirin,
Amoxicillin, Ampicillin

Tablets/pills

trihydrate, Atenolol,
Chlorpheniramine

maleate,

Table 2:

Drugs commonly used in FDDS

MARKETED PREPARATIONS OF FLOATING DOSAGE FORMULATIONS:

SrNo | BRAND DRUG (DOSE) | COMPAN & Details
NAME COUNTRY OF
ORIGIN
1 Cytotec Misoprostol Pharmacia, USA | Bilayer floating
(100 mcg/200 capsule system
mcg)
2 Oflin OD Ofloxacin Ranbaxy, India | Gas generating floating
(400mgQ) tablet system
3 Cifran OD Ciprofloxacin | Ranbaxy, India | Gas generating floating
(1 gm) tablet system
4 Valrelease Diazepam Hoffmann Floating capsule
(15 mg) LaRoche, USA | system
5 Conviron Ferrous Ranbaxy, India | Colloidal gel forming
sulphate system
Table 3: Marketed products of FDDS.
CONCLUSION:

The controlled release floating medication delivery system is an interesting medicine administration
device that may help with stomach retention. This article summarizes the elements that influence human
gastric emptying and the fundamental theories underlying development of formulations with enhanced
gastric retention durations.
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