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Abstract

The usage of gastro-retentive drug delivery systems (GRDDS) has recently shown great
growth in the field of oral medication administration. In recent years, substantial
scientific and technological advancements have been made in the rate of sustained oral
drug delivery systems. This development has successfully addressed physiological
barriers such as short gastric residence time (GRT) and unexpected gastric emptying
time (GET). Drugs that degrade in the gastrointestinal tract or are not absorbed in enough
amounts to yield the intended therapeutic effects are frequent problems. Nanocarriers
have been a popular option in recent years, offering a good substitute for oral drug
delivery. Given the hostile environment of the gastrointestinal (GI) tract, the process of
forming medications into nanoparticles may improve drug stability there. This method
also provides the chance to enhance drug solubility and bioavailability by targeting
particular Gl tract locations. Furthermore, sustained release of drugs in the GI tract can
be achieved through this method. It is advised to use effective nanocarriers, such as lipid
and polymeric nanoparticles, microspheres, microcapsules, dendrimers, quantum dots,
and nanoemulsions, to increase the treatment's effectiveness. The amazing developments
in the gastro-retentive nanocarrier used for medication administration are highlighted in
this chapter. This chapter highlights the principles, mechanisms, types, and applications
of gastroretentive nano carriers, along with recent advancements, challenges, and future
perspectives.

Keywords: Gastroretentive drug delivery, nanotechnology, bioavailability, floating
drug delivery, mucoadhesion, controlled release.

1.1 Introduction

The most desirable and most viable drug delivery route is by mouth as the method is
non-invasive and easy to use, patient-compliant, and cost-effective. It takes up an almost
60-70 percent of all marketed formulations since it does not involve discomfort caused

1



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

Fallingborg J. Intraluminal pH of the human gastrointestinal tract. Dan Med Bull.
1999;46(3):183-196.

Dressman JB, Berardi RR, Dermentzoglou LC, Russell TL, Schmaltz SP, Barnett
JL, Jarvenpaa KM. Upper gastrointestinal (GI) pH in young, healthy men and
women. Pharm Res. 1990;7(7):756-761.

Klausner EA, Lavy E, Friedman M, Hoffman A. Expandable gastroretentive dosage
forms. J Control Release. 2003;90(2):143-162.

Pawar VK, Kansal S, Garg G, Awasthi R, Singodia D, Kulkarni GT. Gastroretentive
dosage forms: a review with special emphasis on floating drug delivery systems.
Drug Deliv. 2011;18(2):97-110.

Khutoryanskiy VV. Advances in mucoadhesion and mucoadhesive polymers.
Macromol Biosci. 2011;11(6):748-764.

Carvalho FC, Bruschi ML, Evangelista RC, Gremido MP. Mucoadhesive drug
delivery systems. Braz J Pharm Sci. 2010;46(1):1-17.

Whitehead L, Fell JT, Collett JH, Sharma HL, Smith AM. Floating dosage forms:
an in vivo study demonstrating prolonged gastric retention. J Control Release.
1998;55(1):3-12.

Groning R, Heun G. Oral dosage forms with controlled gastrointestinal transit. Drug
Dev Ind Pharm. 1984;10(4):527-539.

Strugala V, Dettmar PW, Thomas EC, et al. Evaluation of bioadhesive and raft-
forming properties of alginate formulations. Int J Pharm. 2009;377(1-2):80-87.
Dettmar PW, Sykes J, Little SL, Bryan J. Rapid onset of effect of a raft-forming
alginate reflux suppressant. Int J Clin Pract. 2006;60(12):1449-1453.

Jores K, Mehnert W, Drechsler M, Bunjes H, Johann C, Mader K. Investigations
on the structure of solid lipid nanoparticles and oil-loaded solid lipid nanoparticles
by photon correlation spectroscopy, field-flow fractionation and transmission
electron microscopy. J Control Release. 2004;95(2):217-227.

Torchilin VP. Multifunctional, stimuli-sensitive nanoparticulate systems for drug
delivery. Nat Rev Drug Discov. 2014;13(11):813-827.

Gao W, Chan JM, Farokhzad OC. pH-Responsive nanoparticles for drug delivery.
Mol Pharm. 2010;7(6):1913-1920.

De Jong WH, Borm PJA. Drug delivery and nanoparticles: applications and
hazards. Int J Nanomedicine. 2008;3(2):133-149.

Grenha A. Chitosan nanoparticles: a survey of preparation methods. J Drug Target.
2012;20(4):291-300.

Danhier F, Ansorena E, Silva JM, Coco R, Le Breton A, Préat V. PLGA-based
nanoparticles: an overview of biomedical applications. J Control Release.
2012;161(2):505-522.

Li J, Mooney DJ. Designing hydrogels for controlled drug delivery. Nat Rev Mater.
2016;1:16071.

17



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Mehnert W, Mader K. Solid lipid nanoparticles: production, characterization and
applications. Adv Drug Deliv Rev. 2001;47(2-3):165-196.

Miller RH, Radtke M, Wissing SA. Nanostructured lipid matrices for improved
microencapsulation of drugs. Int J Pharm. 2002;242(1-2):121-128.

Beloqui A, Solinis MA, Rodriguez-Gascon A, Almeida AJ, Préat V.
Nanostructured lipid carriers: promising drug delivery systems for future clinics.
Nanomedicine. 2016;12(1):143-161.

Shakeel F, Shafig S, Hag N, Alanazi FK, Alsarra IA. Nanoemulsions as vehicles
for transdermal drug delivery. Drug Deliv. 2012;19(7):357-371.

Shahba AA-W, Mohsin K, Alanazi FK. Novel self-nanoemulsifying drug delivery
systems (SNEDDS) for oral delivery of lipophilic drugs: formulation design and
characterization. Int J Pharm. 2012;430(1-2):93-100.

Guo S, Li D, Zhang L, Li J, Wang E, Dong S. Magnetically controlled drug release
system using FesOs nanoparticles encapsulated within a polymer. Biomaterials.
2009;30(7):1881-1889.

Kim J, Lee N, Hyeon T. Recent development of nanoparticles for molecular
imaging. Philos Trans A Math Phys Eng Sci. 2017;375(2107):20170022.
Bernkop-Schniirch A, Dlnnhaupt S. Chitosan-based drug delivery systems. Eur J
Pharm Biopharm. 2012;81(3):463-469.

Bajpai AK, Shukla SK, Bhanu S, Kankane S. Responsive polymers in controlled
drug delivery. Prog Polym Sci. 2008;33(11):1088-1118.

Ulijn RV, Bibi N, Jayawarna V, et al. Bioresponsive hydrogels. Mater Today.
2007;10(4):40-48.

Patel A, Modasiya M, Shah D, Patel V. Development and in vivo floating behavior
of verapamil HCI intragastric floating tablets. AAPS PharmSciTech.
2009;10(1):310-315.

Dey S, Pramanik A, Malgope A. Preparation and evaluation of oral floating
microspheres of ibuprofen. Indian J Pharm Sci. 2008;70(6):701-705.

Calvo P, Remufian-Lépez C, Vila-Jato JL, Alonso MJ. Novel hydrophilic chitosan—
polyethylene oxide nanoparticles as protein carriers. J Appl Polym Sci.
1997;63(1):125-132.

Patel VF, Liu F, Brown MB. Advances in oral transmucosal drug delivery. J Control
Release. 2011;153(2):106-117.

Garg R, Gupta GD. Progress in controlled gastroretentive delivery systems. Trop J
Pharm Res. 2008;7(3):1055-1066.

Xu X, Khan MA, Burgess DJ. A quality by design (QbD) case study on drug
nanoparticles: Formulation, processing design and risk assessment. Int J Pharm.
2011;419(1-2):52-59.

Danaei M, Dehghankhold M, Ataei S, et al. Impact of particle size and
polydispersity index on the clinical applications of lipidic nanocarrier systems.
Pharmaceutics. 2018;10(2):57.

18



45,

46.

47.

48.

49.

50.

ol.

52.

53.

54.

95.

56.

57.

58.

59.

60.

61.

Patil H, Tiwari RV, Repka MA. Recent advancements in mucoadhesive floating
drug delivery systems: A review. Drug Dev Ind Pharm. 2016;42(7):1043-1057.
Lehr CM. Bioadhesion technologies for the delivery of peptide and protein drugs to
the gastrointestinal tract. Crit Rev Ther Drug Carrier Syst. 1994;11(2-3):119-160.
Xu R, Luo G, Huang X, et al. Nanotechnology for oral drug delivery: From
nanoparticle design to clinical applications. Nanomedicine. 2015;10(18):2891-
2907.

Mora-Huertas CE, Fessi H, Elaissari A. Polymer-based nanocapsules for drug
delivery. Int J Pharm. 2010;385(1-2):113-142.

Dash S, Murthy PN, Nath L, Chowdhury P. Kinetic modeling on drug release from
controlled drug delivery systems. Acta Pol Pharm. 2010;67(3):217-223.

Andrews GP, Laverty TP, Jones DS. Mucoadhesive polymeric platforms for
controlled drug delivery. Eur J Pharm Biopharm. 2009;71(3):505-518.

Hoffman A. Pharmacodynamic aspects of sustained release preparations. Adv Drug
Deliv Rev. 1998;33(3):185-199.

Shakya R, Thakur A, Maskey S, et al. Formulation and evaluation of gastroretentive
floating drug delivery system of ciprofloxacin hydrochloride. Int J Pharm Investig.
2017;7(1):29-35.

Shishu, Gupta N, Aggarwal N. Bioavailability enhancement and targeting of
stomach tumors using gastroretentive floating drug delivery system of curcumin.
AAPS PharmSciTech. 2008;9(3):810-813.

Rajinikanth PS, Mishra B. Floating in situ gelling system for stomach-site delivery
of clarithromycin to eradicate H. pylori. J Control Release. 2008;125(1):33-41.
Timmermans J, Moés AJ. Gastroretentive dosage forms: Critical review. Int J
Pharm. 1990;62(1):1-16.

Choudhury PK, Kar M. Controlled release drug delivery system for
antihypertensive drugs. Indian J Pharm Sci. 2005;67(5):601-606.

Varshosaz J, Tavakoli N, Roozbahani F. Formulation and in vitro characterization
of floating microspheres of glibenclamide. Drug Deliv. 2007;14(6):377-385.

Ali J, Arora S, Khar RK, Baboota S, Faiyaz S, Ahuja A. Formulation and
development of sustained release matrix tablets of tramadol hydrochloride using a
novel hydrophilic polymer. AAPS PharmSciTech. 2007;8(3):E67-E74.
Timmermans J, Moés AJ. How well do floating dosage forms float? Int J Pharm.
1990;62(3):207-216.

Patel A, Patel M, Patel R, Patel N. Formulation and evaluation of domperidone-
loaded solid lipid nanoparticles for gastroretentive drug delivery. AAPS
PharmSciTech. 2010;11(2):582-590.

Shafiq S, Shakeel F, Talegaonkar S, Ahmad FJ, Khar RK, Ali M. Development and
bioavailability assessment of ramipril nanoemulsion formulation. Eur J Pharm
Biopharm. 2007;66(2):227-243.

19



62.

63.

64.

65.

Mundargi RC, Babu VR, Rangaswamy V, Patel P, Aminabhavi TM. Nano/micro
technologies for delivering macromolecular therapeutics using PLGA. J Control
Release. 2008;125(3):193-209.

FDA. Drug Products, Including Biological Products, that Contain Nanomaterials —
Guidance for Industry. 2022.

Vasant V, Haranath C, Chourasia MK. Artificial intelligence in oral drug delivery:
trends and future directions. Adv Drug Deliv Rev. 2022;188:114441.

Verma S, Kumar N, Garg V, Singh S. Imaging modalities for gastroretentive dosage
forms: Current status and future perspectives. Int J Pharm. 2019;558:26-38.

20



	Chapter 1: Gastroretentive Nanocarrier in Drug Delivery System
	Abstract
	1.1 Introduction




