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form, and site of absorption of drugs 3. Drugs that are
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Gastric secretion: Acid, pepsin, gastrin, mucus and some
enzymes about 60 ml with approximately 4 mm of hydrogen
ions per hour.

Effect of food on Gastric secretion: About 3 liters of
secretions are added to the food. Gastro intestinal transit
time.

Factors influencing gastric residence time(9):

 Density of dosage form: Dosage forms having density
lower than that of gastric fluids experience floating behavior
and greater gastric residence time.

* Size of dosage form: In most cases larger the size greater
the gastric residence time because larger size will not allow
dosage form to quickly pass through pyloric spincter to
intestine.

* Food intake and nature of food: Usually presence of food
in stomach increases the GRT of the dosage form and
increases drug absorption by allowing it to stay at
absorption site for longer time.

« Affect of age, gender, posture and disease state: Elderly
persons and females has slow gastric emptying rate. It was
found that gastric emptying in women is slower than in men
regardless of height, weight, body surface area.

» When individual rests on left side floating of dosage form
will be towards pyloric antrum. If rests on right side it will be
in opposite direction.

* Shape of dosage form: Tetrahedrons (each leg 2 ¢cm long),
rings (36 cm diameter) exhibited nearly 100% retention at
24 hrs. Whereas on other hand cloverleaves (2.2-3.3 cms)
exhibit (40- 67%) retention.

Ideal drug characteristics for gastrointestinal drug delivery
system (10):

* Drug acting locally in the stomach antacids and drug for
H.Pylori via Misoprostol.

* Drugs that are primary absorbed in the stomach and upper
part of GIT. E.g. Amoxicillin and calcium supplement,
Cinnarazine, Chlordiazopoxide.

* Drug that is poorly soluble at alkaline pH e.g. Furosemide,
Diazepam , Verapamil HCI

* Drug which are absorbed rapidly from GI. E.g. Riboflavin,
PABA, Cyclosporine, Methotrexate, Levodopa, Captopril,
Ranitidine HCI, Metronidazole, Metformin HCI.

» Drug that degrade or unstable in colon. E.g. Captopril,
ranitidine HCI, metronidazole , metformin HCI.

* Drug that disturb normal colonic microbes, e.g. Amoxicillin
Trihydrate, Antibiotic against Helicobacter Pylori.

Different approaches of gastrointestinal drug delivery
system:

Different approaches have been pursued to increase the
retention of oral dosage forms in the stomach. Some are
formulated as single component whereas others are
formulated as multi- component dosage forms. GRDDS can
be broadly categorized into floating and non-floating
system.

* Floating system

* Non-floating system:

Bioadhesive system

Swelling system

High density system

Expendable system

Floating drug delivery system (FDDS)('");

The floating system is intended to float in and over the
gastric content resulting in prolonged gastric retention time
(GRT). It is a low density approach which has a bulk density
lower than gastric fluids and hence remains buoyant in the
stomach, releasing the drug slowly without affecting the
gastric emptying rate for a prolonged period of time. After
the drug is released from the stomach, the delivery system is
expelled.

Mechanism of floating drug delivery system:

Floating systems are low density systems that have sufficient
buoyancy to float over the gastric contents and remain in the
stomach for a prolonged period. While the system floats
over the gastric contents, the drug is released slowly at the
desired rate, which results in increased gastro-retention time
and reduces fluctuation. However, besides a minimal gastric
content needed to allow the proper achievement of the
buoyancy retention principle, a minimal level of floating
force (F) is also required to keep the dosage form reliably
buoyant on the Surface of the meal. To measure the floating
force kinetics, a novel apparatus for determination of
resultant weight has been reported in the literature. The
apparatus operates by measuring continuously the force
equivalent to F (as a function of time) that is required to
maintain the submerged object. The object floats better if F is
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on the higher positive side as shown in fig. This apparatus
helps in optimizing FDDS with respect to stability and
durability of floating forces produced in order to prevent the
drawbacks of unforeseeable intragastric  buoyancy
capability variations (12).

F = F buoyancy — F gravity = (DF — Ds) gv--- (1)

Where, F= total vertical force, DF = fluid density, Ds= object
density, v = volume and g = acceleration due to gravity.

Classification of floating drug delivery system:

Based on the bouncy mechanism, floating system is classified

as follows:

(A) Effervescent system:

1. Gas generating system

2. Volatile liquid containing system.

—_
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Non- effervescent system:
Colloidal gel barrier system
Micro porous compartment system
Floating microspheres

Alginate floating beads

a kv D e

Raft forming system

Effervescent system:

These are matrix type of system. Prepared with the help of
swellable polymer such as methylcellulose and Chitosan and
various effervescent compounds.

Ex: sodium bicarbonate, tartaric acid, citric acid. These are
formulated in such a way that when they come in contact with
gastric content, CO
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which contains vacuum or an inert, harmless gas and a micro
porous compartment enclosing drug reservoir.
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b. Inflatable gastrointestinal drug delivery system:
These systems possess inflatable chamber containing liquid
ether which gasifiers at body temperature to inflate the
stomach. Inflatable chamber contains bio erodible polymer
filament (e.g. Copolymer of poly vinyl alcohol and poly
ethylene) that gradually dissolves in gastric fluid and finally
cause inflatable chamber to release gas and collapse.

Capsule

% N Diug reservoir

+ |lnflatable Ziamber

Bioerodible polrms<

c. Intra-gastric osmotically controlled drug delivery
system: [t is composed of osmotic pressure controlled drug
delivery device and an inflatable floating capsule. In the
stomach, inflatable capsule disintegrates and release the
osmotically controlled drug delivery system which contains
two components: drug reservoir compartment and osmotically
active compartment (17-19),
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Non effervescent system:

These are a type of floating gastro retentive drug delivery
system in which gel forming hydrocolloids, polysaccharides
and matrix forming polymers like polycarbonate,
polystyrene, polymethacrylate etc. are used. These are
further classified as follows:

a. Colloid gel based system: Hydrodynamically balanced
system (HBS), which contains drugs with gel forming
hydrocolloids, was first designed by Sheath and Tossounian
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fluid a gel forming Solution swells and forms a viscous
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Following are some gastroretentive products which are
available in market:

Evaluation parameter of gastro retentive drug delivery
system:

Floating system: 6 stage dissolution test apparatus is used.
0.1N, 900 ml HCI is used as dissolution media. The time
required to emerge on surface of medium (Floating lag time)
and Total duration of floating time is measured.

In-vitro studies are done at temperature of 37°C for
duration as specified (approx. 8 hours).

Mucoadhesive system: Bio-adhesive strength is measured.
Cellophane membrane is used, similar to mucosa of stomach
or intact mucosa from rabbit is taken.

When mucosa is there bio adhesive polymer sticks to

it and force required to separate is measured. Force
required to separate gives measure of strength of the
polymer.
Swellable system: We check the water uptake. Water
uptake gives idea of swelling index. We also check Weight,
diameter and increase in thickness. Dissolution test is done
using 0.1N Hcl as dissolution fluid.

Swelling index ( S.I') = (Wt - W0 / WO0) X 100

Wt = Final weight after water uptake.
Wo = Initial weight.
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Buoyancy (%) = Wf / (Wf + Ws) x 100
Where Wf and Ws are the weights of floating and settled
micro particles respectively.
In-vitro release study: The drug release rate from
micro balloons was determined using USP XXIIl basket type
d
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