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Abstract: 

The development of an oral controlled release formulation has an incredible 

impact on the drug delivery area especially for the drugs with a narrow 

absorption window but the limitation of this approach is insufficient retention 

of drug in the stomach. Controlled release gastro-retentive dosage forms 

reside in the gastric region for long duration and thus reduce drug waste and 

improves bioavailability. Several other advantages are patient compliance, 

reduced fluctuation in plasma level, decrease intake of dose, reduced drug 

accumulation with limiting local and systemic side effects. Of several 

approaches utilized such as swelling and expanding systems, polymeric bio 

adhesive systems, high-density systems, modified-shape systems; the floating 

drug delivery system (FDDS) is the most feasible one. 
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1. INTRODUCTION 

Among the various scientific achievements, use 

of effective medicinal agents plays a vital role 

for healthy life. The concept of dosage form in 

which medicine is embedded, regardless of its 

safety and pharmacological effect is developing 

successfully. Drug administered via oral route 

is important and mostly used in view of 

excellent accessibility, painless dose 

administration, patient compliance for non- 

invasive drug delivery.
1,2

 Oral dosage forms 

possess some disadvantages in the stomach and 

non-uniform drug absorption. Nowadays much 

attention has been given on modification and 

transforming oral dosage form to survive in 

various conditions of GIT to overcome these 

limitations for drug development, selection and 

formulation  of  ideal  dosage  form  is  an 

important step, though the relation between 

administration of drug and its 

pharmacologicaleffect is complex parameter. 

Several intrinsic and extrinsic variables 

influence drug response within individuals like 

product bioavailability (drug absorption rate), 

pharmacokinetics and the particular 

concentration-effect relationship.
3,4

 

1.1 Novel Drug Delivery System (NDDS) 

It is evident that the effect of drug substance not 

only depends on its pharmacological effect but 

also on the efficacy. Conventional immediate 

release dosage forms when administered, 

maintains concentration level of drug in 

therapeutic range. However, there are 

significant fluctuations in concentration of drug 

in plasma. Several attempts have been made for 

improvement of existing therapy. Formulation 
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development plays vital role in selecting a 

method or skill to formulate or pre-formulate 

drug in form of NDDS.
5,6

 

Modified release dosage forms can be broadly 

classified: 

a) Delayed release 

b) Site specific release 

c) Receptor specific release 

d) Sustained release 

(i) Controlled release 

(ii) Prolonged release
7,8

 

 

1.1.1 Sustained release drug delivery system 

These are safe and more effective than other 

dosage forms. These reduces frequency of 

dosing, prolonged effect and reduction of side 

effects. Major advantage of sustained release 

dosage form is reduced fluctuation in plasma 

drug concentration and less often 

administration of medication. Due to which 

patient compliance is maintained and blood 

chemistry does not undergo frequent chemical 

imbalance due to foreign material. Some 

bioavailability problems 

may arise owing to variations in gastric 

emptying process thereby variation during in- 

vivo 

performance may occur.
9,10

 

 

1.1.2 Oral controlled release drug delivery 

system 

Desired bioavailability of medicament depends 

upon some factors such as reaching the drug to 

effective plasma level by consuming less time, 

maintaining plasma level and avoiding 

overshoot of drugs which can be rapidly 

absorbed. The intensity of pharmacological 

effect of drug is affected. An ideal condition 

exists when therapeutics index is attained. 

Invariably, conventional dosage forms lack in 

maintaining the therapeutics index to its level 

best.11,12 

For maintaining the therapeutic index for longer 

period of time, repeated drug 

administration at fixed dosing interval is 

desired, which causes certain problems as 

patient 

noncompliance. 

Controlled release drug delivery system 

(CRDDS) planned, predictable sustained 

manner and maintain drug concentration at 

effective level by spatial placement or temporal 

delivery. CRDDS have number of advantages 

such as better patient compliance, minimum 

fluctuation in plasma level, reduces total intake 

of drug, reduces drug accumulation and 

minimize local and systemic side effects.
13,14

 

 

1.1.3 Advantages of CRDDS: 

 To reduce dosing frequency and 

provide constant therapeutic drug level. 

 To maintain uniform pharmacological 

response. 

 To reduce total quantity of drug used. 

 Increasing patient compliance by 

avoiding night-time dosing. 

 Decreasing local and systemic side 

effects. 

 Reduce drug accumulation and 

fluctuation in plasma drug 

concentration. 

Utilize drug having low therapeutic index. 

Increase in bioavailability of some drugs. 

Economical to patients. 
15,16

 

1.1.4 Disadvantages of controlled release 

drug delivery: 

 Possibility of dose dumping. 

 Potential for accurate dose adjustment 

and systemic availability reduced. 

 Increase first pass metabolism. 

 During serious poisoning or 

intolerance immediate stoppage of 

pharmacological 

action is difficult. 

 Drug substances that are particularly 

absorbed easily from GIT and possess 

less life 

span is removed frequently from blood 

circulation.
17,18

 

Such problem can be solved by developing 

controlled release dosage form that release 

medicament slowly into GIT and maintains a 

fixed concentration of drug for prolonged time. 

The objective of CRDD is to increase 

bioavailability and achieving more predictable 
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drug. CRDDS administered orally has some 

shortcomings like less gastric retention.
19,20

 

1.2 Gastroretentive Drug Delivery System 

(GRDDS) 

Various scientific literatures reveal the 

increased interest of developing 

gastroprotective dosage form by the industry 

and academic research groups. The suitable 

approach for attaining predictable and 

prolonged drug release in GIT is to maintain 

residence period in the gastric region by 

holding the delivery system above the 

absorption window.
21,22

 Thereby developing 

gastroretentive and sustained release dosage 

forms which are safe and effective. These 

formulations retain for various and release drug 

in sustained manner. Prolonged gastric 

retention helps in improving bioavailability 

which having solubility pH conditions and 

reduces wastage of drug. Applicable for 

medicaments having less absorption window in 

GIT. Rate of drug absorption can be increased 

mutual contact formulation with absorbing 

membrane.
23,24

 Uniform absorption of drug 

over the GIT may not be achieved, as the 

dosage forms may be transported rapidly from 

upper region of intestine (more absorptive) to 

lower region (less absorptive). Absorption of 

drugs mostly occurs in stomach and small 

intestine (upper part) (Davis, 2005). New 

therapeutic possibilities can provide benefit to 

the patients by developing gastroretentive 

dosage forms.
25,26

 

1.2.1 Parameters influencing retention 

Various parameters which influence the 

emptying and there by gastric residence of 

gastroretentive dosage forms are as follows: 

1.2.1.1 Density: Certain GRDDS shows 

prolonged retention in the stomach due to their 

floating properties. For a formulation to remain 

buoyant  in  the  stomach  its  density 

must be less than that of gastric content. The 

density of 1.0 g/ml or less buoyancy of dosage 

form. Bulk density is not the only criteria but 

buoyancy is also studied by measurement of 

weight and swelling experiments. However, the 

magnitude of buoyancy decreases with time 

where dosage form is placed.
27,28

 

1.2.1.2 Size of dosage form: Factor which 

influences the retention of dosage form 

is its size. Non-floating dosage form shows high 

variation  in  residence  time  due  to 

small, medium and large unit size. Whereas 

both type of units having 9.9 mm diameter 

shows equivalent retention. Floating units 

remain buoyant during digestive phase whereas 

non-floating disappeared due to peristalsis in 

digestive phase.
29,30

 

1.2.1.3 Presence of food: In fasting state the 

gastric emptying time, which increases after 

meals to about 4 hours. As the gastric emptying 

depends on the fed condition MMC is delayed 

which increases the retention. During fed 

condition by single meals GRT is prolonged by 

2 hours for floating dosage form with floating 

time (FT) of 5 hours. Whereas after successions 

of meals most of the units have FT of 6hrs with 

prolongation of GRT up to 9 hours as compared 

to control. Due to mixing of dosage form with 

heavy solid food taken the variation in FT and 

GRT was observed. Basic drugs probably 

absorb better in fed state rather in fasted 

condition.
31,32

 

1.2.1.4 Nature of food: Caloric contents of 

meals effects the gastric emptying time. It has 

been observed that with increase in acidity and 

caloric values there is decrease in emptying 

time. After taking meals rich in fats and protein 

GRT of 4-10 hours can be achieved. 

1.2.1.5 Effect of posture: Upright or supine 

position effects the GRT of floating and 

non-floating units. Non-floating subject upright 

position where as floating units lie continuously 

above the gastric content and thereby showing 

prolonged GRT. In upright posture, GRT of 

only non-floating unit is influenced by size and 

is increased with increase in the size of the 

units. Whereas in supine posture the size effects 

the GRT for both types of the units. 

1.2.1.6 Age and sex: Gastric emptying duration 

in females is slower than that of male in 

spite of weight, height and even when hormonal 

changes take place during menstrual cycle. 

Aged peoples about 70 years or more shows 

prolonged GRT than younger ones.
33,34
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1.2.2 Targets for developing gastroretentive 

delivery system 

GRDDS develop enhancing release of suitable 

drugs-controlled manner for longer period of 

time. Several drugs show its highest 

pharmacological response when they are 

released in the stomach in controlled manner. 

This reduces the side effects and frequency of 

dosing. GRDDS is suitable for certain category 

of drugs having following characteristics: 

Drugs whose absorption window is narrow in 

GIT like riboflavin, furosemide, Ldopa and 

Para amino benzoic acid. Some important drugs 

display low bioavailability. Drugs which act 

locally in the stomach, eg: misoprostol and 

antacids.
35,36

 Highly unstable and rapidly 

degradable drug molecules in colonic and 

intestinal environment, eg: ranitidine 

hydrochloride, captopril and metronidazole. 

Drugs having less solubility at higher values of 

pH eg: verapamil hydrochloride, 

chlordiazepoxide, diazepam. Drugs substances 

which disturb the microbes in the colonic 

region, eg: amoxicillin trihydrate and certain 

antibiotics. Substances with easy absorption 

from the GIT.
37,38

 

 

1.2.3 Advantages of gastroretentive drug 

delivery 

 Increased patient compliance. 

 Increases therapeutic efficacy of drugs 

having short half-life. 

 Increased bioavailability of drugs. 

 Minimizes fluctuation of plasma drug 

concentration.
39,40

 

 

1.2.4 Limitations of gastro retentive drug 

delivery system 

There are certain conditions when GRDDS is 

not satisfactory such as: 

 Drugs which cause gastric irritation 

and lesions should not be released in 

the 

stomach in slow manner. 

 Drugs whose absorption is good 

throughout the gastrointestinal tract are 

unsuitable for gastric retention eg: 

isosorbide dinitrate. 

 Drugs with limited acidic solubility 

will not have good release on gastric 

retention. 

 Colon specific drug release candidates. 

 Drugs having first-pass metabolism 

and unstable in gastric fluid. 

 Due to high variation in gastric 

emptying time unpredictable 

bioavailability 

results. 

 Effectiveness of the technique is 

doubtful due to bioadhesion of drug. 

 Exact buoyancy of the system cannot 

be predicted. 
41,42

 

 

1.2.5 Approaches to gastric retention 

Varieties of concepts are involved for 

developments of successful gastroretentive 

system. It may increase the residence time of 

drug in GIT. 

1.2.5.1 High density system 

Small pellets which is 1.004 g cm-3(density of 

gastric fluid) will sinks at the bottom of the 

stomach. These small pellets were prepared by 

heavy core barium sulphate or titanium dioxide 

as polymers with density of about 2.5 gcm-3 to 

produce significant increase in gastric residence 

time. Good results were reported for 

ruminants.
43,44

 

1.2.5.2 Bioadhesive or mucoadhesive system 

Bioadhesive or mucoadhesive system with the 

help of mucoadhesive polymers by different 

mechanism. Several mucoadhesive polymers 

used to develop. The process of mucoadhesion 

includes the electronic theory which suggested 

that there is an attractive electrostatic force 

between the bioadhesive material and 

glycoprotein mucin network. Adsorption theory 

on the other hand suggests that there are Van 

der Waals forces and hydrogen bonding 

(secondary forces) which helps in 

mucoadhesion. Development of intimate 

contact  between bioadhesive 

polymers with mucus layers is the basis of 

wetting theory. The fast production of mucus 

secreted in the GIT causes difficulty in 

maintaining the effective mucoadhesion of 

polymers. Also the hydrated nature of stomach 
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reduces the polymer efficacy for 

bioadhesiveness.
45,46

 

 

1.2.5.3 Expandable or swelling system 

Formulations whose sizes are bigger than the 

pyloric   sphincter can  survive in  gastric 

transition of the stomach. Thus, three essentials 

requirements for developing such system are: a 

small  size   dosage  form for  easy  oral 

administration, an expanded gastroretentive 

form and finally small size which do not easily 

evacuate and show characteristic drug release. 

Unfoldable  or expandable  and  swellable 

systems    were   investigated.   Various 

biodegradable polymers are used for designing 

such systems. The system consists of a capsule 

acting as a carrier which contains a compressed 

part that expands in the stomach. Different 

geometric forms of bio erodible polymers that 

can be compressed in carrier. Expandable 

systems   show  some  disadvantages  like: 

problem in storage of biodegradable polymers, 

unfolding system is short-lived and moreover 

difficult to industrialize.
47,48

 

1.3 FLOATING DRUG DELIVERY 

SYSTEMS (FDDS) 

Considering developing GRDDS, floating 

system is logical and easy to formulate from 

technological point of view. Such system 

reduces fluctuations of drug bioavailability as 

they work independent of variations occurring 

during gastric emptying process. For 

supporting the buoyancy of the system different 

approaches are followed.
49,50

 

1.3.1 Effervescent system 

This system of FDDS consists of swellable 

polymers along with carbon dioxide 

(CO2) or entrapped in swollen hydrocolloids of 

formulation which acts as effervescent 

component. Incorporation of gas within the 

formulation helps in reducing the density and 

makes the system to buoyant over the gastric 

fluid. Carbonates apart from providing 

buoyancy to the system also provides basic 

micro environment for the polymer to convert 

to gel. Effervescent system can be further 

subdivided into two categories: 

 

1.3.2 Gas generating system 

In gas generating system drug along with 

polymer are mixed with gas forming 

agent and compressed into matrix tablet. Such 

matrix tablet can be single, doubled or multi 

layered. In multilayer tablets gas forming 

substances are compressed in layer having drug 

and hydrocolloid as outer layer to provide 

sustained release effect. Water gets 

diffuse through the swellable membrane 

generates CO2 neutralization. Multiparticulate 

formulation containing number of small 

discrete units shows more reliable gastric 

emptying patterns in comparison single unit 

suffering from “all or none concept”.
51,52

 

 

1.3.3 Volatile liquid / vacuum containing 

system 

1.3.3.1 Inflatable GRDDS 

In such systems liquids like ether and 

cyclopentane were incorporated in inflatable 

chamber 

which gasify due to body temperature and helps 

the chamber to float over the stomach. 

Drug reservoir is loaded in this chamber as an 

impregnated polymer matrix, encapsulated in 

gelatin capsule. The capsule dissolves in the 

stomach to release the drug substance along 

with chamber for prolonged period of time. 

1.3.3.2 Intragastric osmotically controlled 

drug delivery system 

A hollow polymeric bag of inflatable support 

will form to float over the stomach. Drug is 

placed in a pressure responsive collapsible bag 

not permeable for liquid or gas. A semi 

permeable membrane containing osmotically 

active salt acts as osmotically active device. 

Osmotic salt is dissolved by the absorbed water 

from the gastrointestinal fluid. The release of 

drug from the orifice of reservoir will occur as 

the developed osmotic pressure acts on 

collapsible bag. It presents in the floating 

support which gradually dissolves by releasing 

gas 

from inflatable chamber and gets collapsed 

specific excretion.
53,54
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1.4 Non-effervescent system 

Non-effervescent systems does not contain gas 

forming  agents  but  incorporate  one 

or more cellulose hydrocolloids, poly 

saccharides as highly swellable and gel forming 

polymers during formulation. Floating of 

dosage form occurs due to hydration of polymer 

in gastric fluid and forming a colloidal gal 

barrier. Number of approaches in developing 

non-effervescent FDDS is available. 

1.4.1 Hydrodynamically balanced system 

(HBS) / colloidal gel barrier system 

The HBS system is a single-unit dosage form 

having gel-forming hydrophilic polymer of one 

or more type. Hydroxypropyl methylcellulose 

(HPMC) is basically used apart from hydroxy 

ethylcellulose (HEC),  sodium 

carboxymethylcellulose (NaCMC), 

hydroxypropylcellulose (HPC), agar, 

carrageenan polymers. The formulation is 

composed of a gelatin capsule in which 

polymer mixed with drug is placed. In the 

gastric fluid the capsule rapidly dissolved and 

flotation is achieved owing to hydration and 

swelling of polymer surface. A barrier of soft 

gelatin around the dosage form is formed due to 

hydration. Drug release rate from HBS is 

controlled by hydrated gel. HBS system has 

number of approaches as single and bi-layered 

tablets. Single layer formulation was simply 

prepared by mixing gel-forming hydrocolloid 

polymer with drug. The air entrapped within the 

swollen polymer makes the system buoyant. 

Intragastric single and bilayer tablets. Multi- 

layer flexible sheath which is developed by 

water insoluble polymer containing barrier film 

and drug has been developed. Both the films 

were sealed in a manner such as to entrap 

minute air pockets that help the laminated films 

to remain buoyant.
55,56

 

1.5 Advantages of FDDS 

 Substances which get absorbed through 

the stomach like ferrous salts and 

antacids when formulated as 

gastroretentive systems  are 

advantageous  as they 

remain for longer duration at the site of 

action. 

 Certain acidic substances such as 

aspirin can be delivered as FDDS. 

 The dissolution of drug from FDDS 

will occur in gastric fluid and the 

system will 

emptied to small intestine where also 

some absorption may occur. Thus, even 

if the 

drug remains in basic pH of the 

intestine in the solution form. 

 Drugs acting locally in the stomach are 

advantageous to be formulated as 

gastroretentive systems. 

 The problem encountered with 

CRDDS taken orally such as short 

gastric residence 

time can be overcome with these 

systems.
57,58

 

1.6 Disadvantages of FDDS 

 Drugs having insolubility and 

instability in gastric fluid are not 

suitable for FDDS. 

 FDDS needs large concentration of 

fluid in the stomach for proper floating 

of drug 

and show efficient results. 

 Drugs that absorbed significantly 

throughout GIT, that shows significant 

first pass 

metabolism, cannot be delivered as 

FDDS as the reduced systemic 

bioavailability 

will results due to slow gastric 

emptying time. 

 Some drugs formulated as floating 

system may cause irritation to gastric 

mucosa.
59,60

 

 

2. CONCLUSION 

The process of a medicine being absorbed in the 

gastrointestinal tract is very variable, and the 

longer the dosage form is retained in the 

stomach, the longer it will take for the drug to 

be absorbed. Gastric retention could potentially 

be addressed with FDDS. Although there are a 

number of challenges to overcome in order to 

achieve  prolonged  gastric  retention,  many 
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businesses are working to commercialise this 

method. 

 

3. REFERENCES 

1. Adibkia K, Hamedeyazdan S, 

Javadzadeh Y; Drug release kinetics 

and 

physicochemical characteristics of 

floating drug delivery systems. Exp. 

Opin. Drug 

Deliv.2011;8(7):891-903. 

2. Agarwal RC, DN Ridhurkar, Pandit 

JK; In-vitro release kinetics and 

bioavailability of gastroretentive 

cinnarizine hydrochloride tablet. 

AAPS Pharm. Sci. Tech. 2010; 

11(1):294-303. 

3. Agbaje EO, Adeneye AA, Daramola 

AO. Biochemical and toxicological 

studies of 

aqueous extract  of 

syzigiumaromaticum (L.) merr. &perry 

(myrtaceae) in rodent. Aft J Tradit 

Complement  Alter Med. 

2009;6(3):241-254. 

4. Ahuja G, Pathak K; Porous carriers for 

controlled/modulated drug delivery. 

Ind. J. 

Pharm. Sci. 2009;71(6):599-607. 

5. Albrecht K, Greindl M, Kremser C, 

Wolf C, Debbage P, Bernkop- 

Schnurch A. 

Comparative in-vivo mucoadhesion 

studies of thiomer formulations using 

magnetic 

resonance imaging and fluorescence 

detection. J. Control. Release. 

2006;115:7-84. 

6. Alex R, Bodmeier R; Encapsulation of 

water soluble drugs by a modified 

solvent 

evaporation method. I. Effect of 

process and formulation variables on 

drug entrapment. 

J Microencapsul. 1990;3:347–355. 

7. Ali J, Arora S, Ahuja A, Babbar AK, 

Sharma RK, Khar RK, Baboota S; 

Formulation 

and development of hydrodynamically 

balanced system for metformin: In- 

vitro and invivo evaluation. Eur. J. 

Pharm. Biopharm. 2007; 67:196-201. 

8. Arifin DY, Lee LY, Wang CH; 

Mathematical modeling and simulation 

of drug release 

from microspheres: Implications to 

drug delivery systems. Adv. Drug 

Deliv.   Rev. 

2006;58(12-13):1274-1325. 

9. Arora S, Ali J, Ahuja A, Khar RK, 

Baboota S; Floating drug delivery 

system. A review. 

AAPS Pharm. Sci. Tech. 

2005;6(3):372-390. 

10. Atyabi F, Sharma HL, Mohammad H, 

Fell JT; In-vivo evaluation of a novel 

gastroretentive formulation based on 

ion exchange resins. J. Control. 

Release.1996;42:105-113. 

11. Aulton ME; Pharmaceutics: The 

science of dosage form design, 

Churchill Livingstone, 

New York. 1996; 1st (International 

student) ed: 113-138. 

12. Aulton ME; Pharmaceutics: The 

Science of Dosage Form Design, 

Livingstone C. 

Elsevier Science Ltd., 2002; 2nd 

ed:136. 

13. Babu VB, Khar RK; In vitro and in vivo 

studies of sustained-release floating 

dosage 

forms containing salbutamol sulfate. 

Pharmazie, 1990; 45(4): 268-270. 

14. Badve SS, Sher P, Korde A, Pawar AP; 

Development of hollow/porous 

calcium 

pectinate beads for floating-pulsatile 

drug delivery. Eur. J. Pharm. 

Biopharm. 2007; 

65:85–93. 

15. Bansal D, Jain A, Ganeshpurkar A, 

Dubey N, Pandey V. Formulation and 

characterization  of floating 

microballons nizatidine for effective 

treatment of   gastric 



             

30 
International Journal of Pharmaceutical Drug Design 

 

 

 

ulcers in murine model. Drud Deliv. 

2015; 22(3): 306-311. 

16. Baravaliya SH, Tandel JG, Maste M, 

Mohite MT; Analytical method 

development of 

repaglinide in bulk and single 

component formulation. Int. J. Res. 

Pharm. 2013;4(1):136-137. 

17. Bardonnet PL, Faivre V, Pugh WJ, 

Piffaretti JC, Falson F; Gastroretentive 

dosage 

forms: overview and special case of 

Helicobacter pylori. J. 

Control.Release.2006;111(1-2):1-18. 

18. Barzegar-Jalali M, Adibkia K, 

Valizadeh H, Shadbad MR, Nokhodchi 

A, Omidi Y, 

Mohammadi G, Nezhadi SH, Hasan M; 

Kinetic analysis of drug release from 

nanoparticles. J. Pharm. Sci. 

2008;11(1):167-177. 

19. Baynes JW; Role of oxidative stress in 

the development of complications in 

diabetes. 

Diab.1991;40(4):405-412. 

20. Chaurasia H, Jain AK, Prajapati SK, 

Chaurasia D, Gupta R, Arya R, 

Bharadwaj P; 

Formulation and in-vitro evaluation of 

rosiglitazone maleate floating 

microspheres. The 

Ind. Pharm. 2007; 6:101-103. 

21. Chawla G, Gupta P, Koradia V, Bansal 

AK; Gastroretention a means to 

address 

regional variability in intestinal drug 

absorption. Pharm. Tech. 2003;50-68. 

22. Chein YW; Novel Drug Delivery 

Systems: Concepts and System Design 

for RateControlled Drug Delivery, 

Marcel Dekker, New York.1992;2-36. 

23. Chen J, Blevins WE, Park H, Park K; 

Gastric retention properties of 

superporous 

hydrogel composites. J. Control. 

Release.2000;64(1-3):39-51. 

24. Chen J, Park K; Synthesis and 

characterization  of  superporous 

hydrogel composites. J. 

Control. Release.2000;65(1-2):73-82. 

25. Chi TZ, Lin TS, Das S, Zakaria Z. 

Histological Changes in the Heart and 

the Proximal 

Aorta in Experimental Diabetic Rats 

Fed with Piper Sarmentsoum. The Afri. 

J. Trad. 

Comple. Alter. Medi. 2012; 9:396-404. 

26. Chickering DE, Jacob JS, Desai TA, 

Harrison M, Harris WP, Morrell CN, 

Chaturvedi 

P, Mathiowitz E. Bioadhesive 

microspheres: III. An in-vivo transit 

and bioavailability 

study of drug-loaded alginate and 

poly\9fumaric-cosebacicanhydride) 

microspheres. J. 

Control. Release. 1997; 48:35-46. 

27. Choi BY, Park HJ, Hwang SJ, Park JB; 

Preparation of alginate beads for 

floating drug 

delivery =system: effects of CO2 gas- 

forming agents. Int. J. Pharm. 2002; 

239:81-91. 

28. Christmann V, Rosenberg J, Seega J, 

Lehr CM. Simultaneous in-vivo 

visualization and 

localization of solid oral dosage forms 

in the rat gastrointestinal tract by 

magnetic 

resonance imaging (MRI). Pharm. Res. 

1997; 14:1066-1072. 

29. Clarke GM, Newton JM, Short MD, 

Gastrointestinal transit of pellets of 

differing size 

and density. Int. J. Pharm. 1993;100(1- 

3):81-92. 

30. Cline GW, Petersen KF, Krassak M, 

Shen J, Hundal RS, Trajanoski Z, 

Inzucchi S, 

Dresner A, Rothman DL, Shulman GI; 

Impaired glucose transport as a cause 

decreased insulin stimulated muscle 

glycogen synthesis in Type 2 diabetes. 

N. Engl. J. 

Med.1991;341(4):240-246. 



             

31 
International Journal of Pharmaceutical Drug Design 

 

 

 

31. Cosyns B, Droogmans S, Weytjens C, 

Lahoutte T, Van Camp G, Schoors D, 

Franken 

PR. Effect of Streptozotocin-Induced 

Diabetes on Left Ventricular Function 

in Adult 

Rats: An in Vivo Pinhole Gated SPECT 

Study. Cardiovascular Diabetology. 

2007; 6:30-37. 

32. Costa P, Lobo JMS. Modeling and 

comparison of dissolution profile. Eur. 

J. Pharm. 

Sci. 2001; 13:123-133. 

33. Das AV, Padayatti PS, Paulose CS. 

Effect of leaf extract of 

Aeglemarmelose (L.) 

Correaex Roxb. On histological and 

ultrastructural changes in tissues of 

streptozocin 

induced diabetic rats. Indian J. Exp. 

Biol. 1996; 34:341-345. 

34. Das MK, Rama Rao K. Evaluation of 

zidovudine encapsulated ethylcellulose 

microspheres prepared by water-in-oil- 

in-oil(w/o/o) double emulsion solvent 

diffusion 

technique. Acta Pol Pharm. 

2006;63(2):141-148. 

35. Das SK, Das NG; Preparation and in- 

vitro dissolution profile of dual 

polymer 

(Eudragit® RS 100 and RL 100) 

microparticles of diltiazem 

hydrochloride.   J. 

Today. 

2005;10(4):249-257. 

39. Desai S, Bolton S; A floating 

controlled-release drug delivery 

systems: in vitro-in vivo 

evaluation. Pharm. Res. 1993; 

10:1321-1325. 

40. Deshpande AA, Rhodes CT, Shah NH, 

Malick AW; Controlled release drug 

delivery 

systems for prolonged gastric 

residence: An overview, Drug Dev. 

Ind. Pharm. 

1996;22(6):531–539. 

41. Dhawan D, Bandhu HK, Singh B, 

Singh A, Jagapal JP; Effect of D-400 

(A herbal 

formulation) on the regulation of 

glucose metabolism in diabetes rats. 

Ind. J. 

Pharm.1996;28(4):224-226. 

42. Dhole SM, Khedekar PB, Amnerkar 

ND; Comparison of UV 

spectrophotometric and 

high performance liquid 

chromatography methods for the 

determination   of   repaglinide 

in tablets. Pharm. Methods. 

2012;3(2):68–72. 

43. Diani AR, Sawada G, Wyse B, Murray 

FT, Khan M. Pioglitazone preserves 

pancreatic 

islet structure and insulin secretory 

function in three murine models of type 

 Microencapsul. 1998; 15:445-452.  2   diabetes. 

36. Dash S, Murthy PN, Nath L, Am. J. Physiol. Endocrinol. 

Chowdhury P; Kinetic modeling on 

drug release from 

controlled drug delivery systems. Acta. 

Pol. Pharm. 2010;67(3):217-223. 

37. Davis SS, Hardy JG, Fara JW; Transit 

of pharmaceutical dosage forms 

through the 

small intestine. Gut. 1986;27(8):886– 

892. 

38. Davis SS; Formulation strategies for 

absorption  windows.  Drug  Disc. 

Metab.2004;286: E116-E122. 

44. Dorozynski P,Jachowicz R, 

Kulinowski P, Kwiecinski S, Szybinski 

K, Skorka T; The 

macromolecular polymers for the 

preparation of hydrodynamically 

balanced systemsmethods of 

evaluation. Drug Dev. Ind. Pharm. 

2004; 30:947-957. 

45. Dubey M, Kesharwani P, Tiwari A, 

Chandel R, Rajal K, Sivakumar T; 

Formulation and evaluation of floating 



             

32 
International Journal of Pharmaceutical Drug Design 

 

 

 

microsphere containing anti diabetic 

drug. Int. J. Pharm. Chem.Scie. 2012; 

1(3):1038-1047. 

46. Durig T, Fassihi R; Evaluation of 

floating and sticking extended-release 

delivery 

systems: an unconventional dissolution 

test. J. Control. Release.2000; 67:37– 

44. 

47. El-Gibaly I; Development and in vitro 

evaluation of novel floating chitosan 

microcapsules for oral use: comparison 

with non-floating  chitosan 

microspheres. Int.  J. 

Pharm. 2002; 249:7-21 

48. El-Kamel AH, Sokar SS, Gamal A, 

Naggar VF; Preparation and evaluation 

of 

ketoprofen floating oral delivery 

system. Int. J. Pharm. 2001; 220:13– 

21. 

49. Etyan AK, Eran L, Michel F, Hoffman 

A; Expandable gastroretentive dosage 

forms. J. 

Control. Release. 2003; 909:143-162. 

50. Ezejiofor AN, Okorie A, Orisakwe OE. 

Hypoglycaemic and Tissue-Protective 

Effects 

of the Aqueous Extract of Persea 

Americana Seeds on Alloxan-Induced 

Albino Rats. 

The Malaysian J. Medi. Sci. 

2003;20(5):31-39. 

51. Gawde P, Agarwal S; Design and 

characterization of eudragit coated 

chitosan 

microspheres of deflazacort for colon 

targeting. J. Pharm. Res. 2012; 5:67-70. 

52. Gerogiannis VS, Rekkas DM, Dallas 

PP, Choulis NH; Floating and swelling 

characteristics of various excipients 

used in controlled release technology. 

Drug Dev. 

Ind. Pharm. 1993; 19:1061-1081. 

53. Ghodake JD, Vidhate JS, Shinde DA, 

Kadam AN; Formulation and 

evaluation of 

floating microsphere containing anti- 

diabetic (Metformin Hydrochloride) 

drug. Int. J. 

Pharm. Tech. Res. 2010; 2(1):378-384. 

54. Gholap SB, Banarjee SK, Gaikwad 

DD, Jadhav SL, Thorat RM; Hollow 

microsphere: 

A Review. Int. J. Pharm. Sci. Revi. 

Rese.2010;1:74-79. 

55. Goyal A, Singhvi I; Visible 

spectrophotometric methods for 

estimation of repaglinide 

in tablet formulation. Ind. J. Pharm. 

Sci. 2006;68(5):656-657. 

56. Groning R, HeunG; Oral dosage forms 

with controlled gastrointestinal transit 

drug 

delivery. Drug Dev. Indu. Pharm. 

1984;10(4):527-539. 

57. Gruber P, Rubinstein A, Li VH, Bass P, 

Robinson JR; Gastric emptying of non- 

digestible solids in the fasted dog. J. 

Pharm. Sci. 1987;76(2):117-122. 

58. Guy RH, Hadgraft J, Bucks DA; 

Transdermal drug delivery and 

cutaneous metabolism. 

Xenobiotica. 1987; 7:325-343. 

59. Guyton AC, Hall J; Insulin, Glucagon 

and Diabetes Mellitus In: Text Book of 

Medical 

Physiology, Elsevier Inc, New 

Delhi.2006; 11th ed:961-977. 

60. Hanna SA; Quality assurance In: 

Liberman HA, Lachman L, Schwartz 

JB, editors. 

Pharmaceutical dosage forms: Tablets. 

Marcel Dekker, New York. 1990: 2nd 

ed:503. 


