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ABSTRACT
In recent years pharmaceutical companies are directing towards
designing new pharmaceutical dosage forms of existing medications.
Recent breakthroughs have been the inclusion of pharmaco-therapeutic
characteristics of drug substances. Hydrogels have grown in popularity as
a result of their distinct characteristics, such as structures and properties,
and have demonstrated a great potential for medicinal, therapeutic, and
diagnostic applications. They are semisolid gel-like preparation constitute
with two or multi component system consisting of a three-dimensional
network structures and hydrogels have unique property able to pick up
copious amounts of water or biological fluid. Hydrogels are classified as
soft materials by material scientist being prepared from natural materials
such as polysaccharides and polypeptides, along with different types of
synthetic hydrogels. They offer a wide range of biomedical uses due to
their resemblance to biological tissue. Because of their biocompatibility
and biodegradability, as well as their regulated release profile, hydrogels
can be employed as a drug delivery vehicle. It has been used in many
branches of medicine, including cardiology, oncology, immunology, wound
healing and pain management. Other than as drug delivery system

currently hydrogels are used for manufacturing contact lenses, hygiene
products and tissue engineering scaffolds. It reviews various hydrogel drug
delivery like oral, ocular, topical, transdermal, subcutaneous, orthotopic,
rectal and intraperitonial. The principles of hydrogels, as well as current
breakthroughs in the design, synthesis, functionalisation, and application
of hydrogels in pharmaceutical drug delivery systems, were covered in this
review. This study provides a comprehensive overview of the subject as
well as a prognosis of future trends to the reader.
Keywords: Hydrogels, Drug delivery, Pharmaceutical, Medical applications,
Categorisation.
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INTRODUCTION

CLASSIFICATION OF HYDROGELS

Hydrogels are a class of polymers having a three-dimensional
organization structure shaped through physical and synthetic crossconnecting of monomers with a hydrophilic gathering. Hydrogels swell
when they assimilate enormous volumes of water yet keep up with their
unique designs without being disintegrated.1 Apart from high water
ingestion ability, it has different properties like adaptability, porosity,
improvements responsive, delicate construction and its similarity to
living tissue.2

Hydrogels are grouped dependent on its source, organization, crosslinking, configuration.2

Their one of a kind properties, including dependable biocompatibility,
tunable mechanical and corruption highlights, affectability to different
improvements and the capacity to be effectively formed with hydrophilic
and hydrophobic helpful accumulates Toh, 20143 has made them
significant competitors in biomedical applications including drug
conveyance,4 tissue designing,5-7 3D cell societies,8 in vitro diagnostics
and undifferentiated organism research9 Nowadays, researchers have an
additional interest in utilizing a colloidal gel for medicine applications
due to its biodegradability, a biocompatibility, low immunogenicity and
ease of use. By a standardisation their chemical science properties and
crosslinking a response, the colloidal gel is often ready as robust, semistrong and fluid.10 During this survey, we have a tendency to chiefly
specialize in the assorted varieties of hydrogels and its applications in a
drug delivery.

In perspective of the source, it may be classified as natural, semisynthetic
and synthetic. Hydrogels got from normal sources are a decent applicant
in view of its high biocompatibility yet is normal restricted for its
poor mechanical properties and strength. Collagen, gelatin, alginate,
chitosan, and so forth are instances of natural polymers. Chitosan is a
biopolymer made out of N-acetyl D-glucosamine and D-glucosamine
units. Chitosan is framed by the deacetylation of chitin, which is found
in scavanger shells and it is a polycationic polymer. Natural polymers
are likewise utilized for making bioink because of their biocompatibility
and simple gelation component. Literature revealed that a cell embodied
biolink was manufactured with sodium alginate and collagen or agarose
showed great bioactivity and mechanical strength.11 These three polymers
have an extraordinary fascination for making bioink in view of its low
cytotoxicity and high-water content separated from its biocompatibility.
Collagen is the normal extracellular framework protein that gives cell
grip ligands. Synthetic hydrogels are likewise a decent possibility for
biomedical applications in light of the fact that their chemical science
or mechanical properties are tunable and duplicatable. Poly (ethylene
glycol), poly (acrylic corrosive), poly (ethylene oxide), poly (vinyl liquor),
so forth are a number of the artificial polymers used as hydrogels.2
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Insight of organization
In view of the organization of the chemical compound, the gel may be
partitioned off into homo polymers, copolymer, semi-interpenetrating
network, and interpenetrating network. Homo-polymer hydrogels are
created out of comparable chemical compound units, wherever it would
have a cross-connected or uncross linked network structure dependent
supported chemical compound nature and chemical action strategy.
Copolymeric gel created out of a minimum of 2 numerous chemical
compound units with a minimum of one hydrophilic half. It had been
reported by Qiao et al., 200512 that the dissolvability of the non-steroidal
anti-inflammatory drug is expanded once stacked within with PLGAPEG-PLGA as polymer micelles.
Semi-interpenetrating network gels are framed by the infiltration of one
direct chemical compound chain into another cross-linked chemical
compound these two mixtures from the semi Interpenetrating network
gel (IPN) hydrogel. The flexibility of medication discharges from the
gel incontestable its utilization in tissue planning and different medical
specialty applications. IPN is that the main one, wherever it’s the combo
of cross-linked polymers in network structure. In IPN, one chemical
compound is formed or cross-linked inside the sight of another chemical
compound organization. Numerous analysis reveals that IPN in lightweight of its mechanical properties, the mix of covalently and ionically
cross-linked chemical compound network provides the durability of
hydrogels.2

Insight of configuration
In light of the configuration it can be classified as amorphous,
semicrystalline and crystalline hydrogel. Semi crystalline hydrogels
were created by chemical cross-linking strategy, and it contains both
crystalline and amorphous phase.2
The actually cross-linked semicrystalline hydrogel was obtained
by micellar and bulk polymerization procedures. Contrasted with
chemically crosslinked semicrystalline hydrogels, semicrystalline
physical hydrogel have the novel property of changing from strong state
to a fluid state what’s more, the other way around. In this way, it tends to
be utilized as injectable hydrogel sand shape-memory hydrogel.13

Insight of crosslinking
It is by and large grouped into two sorts: physical gel and chemical gel
dependent on the kind of crosslinking. Physical cross-linking is the
most favored technique for the readiness of hydrogels. It is otherwise
called reversible gel and it is again partitioned as strong physical gel
and weak physical gel. Occurrence of physical cross linking happens
through hydrogen bonding, polyelectrolytic interaction and molecular
entanglement. Though it is utilized in various drug delivery application, it
needs sufficient mechanical strength and stability. To beat this downside,
researchers basically centered around chemical crosslinking.2
The chemical gel is additionally called perpetual gel and it essentially
happens through synthetic specialists that cross-connect the polymers by
covalent collaboration. The swelling capacity of chemical gel chiefly relies
upon the convergence of the cross-linking agent. An acrylic corrosive
gelatin polymer hydrogel was built by free extreme polymerization
which is artificially cross-connected with ethylene glycol dimethacrylate
with the assistance of initiator ammonium persulphate. The capacity of
growing conduct relies upon the centralization of polymer, monomer
and the cross-connecting specialist. As the grouping of polymer and
crosslinker builds, the pace of the growing proportion is diminished. As
of late, specialists have zeroed in on creating in situ framed hydrogels
for biomedical applications like injectable gels, drug conveyance, careful
paste, and so on the substance cycle behind the in-situ arrangement of
hydrogel incorporates Schiff base cross-connecting, enzymatic cross-

linking, Michael addition, click chemistry and photograph crosslinking.2

DRUG DELIVERY
A large number and scholarly papers about potential utilizations of
hydrogels in drug delivery have been published, in any case, a couple
have brought about commercial applications. Hydrogels have drawn in
recognizable interest for their utilization in drug delivery because of their
unique physical properties. The high porosity that portrays hydrogels
can undoubtedly be changed by controlling the thickness of crosslinks in their grid and the proclivity to water. Their permeable design
likewise permits medications to be stacked and sustained delivered. The
benefits offered by hydrogels for drug delivery applications incorporate
the opportunities for supported delivery, which brings about keeping a
high nearby convergence of a functioning drug fixing over an extensive
stretch.14
A viable drug delivery framework has three basic prerequisites of the
design: An area for drug storage, a controlled delivery rate, and a delivery
drive.15 Hydrogels display these three capacities. Additionally, hydrogels
can veil the unpleasant taste and scent of drugs. Accordingly, hydrogels
have an incredible potential for application by means of oral, nasal,
buccal, rectal, vaginal, eye, infusion, and other organization courses. At
the point when the hydrogel is infused or relocated into a living being, it
can keep up with the viable and controlled arrival of an implanted drug
into body liquids.16
The medication can be stacked into a hydrogel and afterward its delivery
may continue through a few systems: diffusion controlled, swelling
controlled, chemically controlled and environmentally-responsive
release. The diffusion-controlled delivery frameworks can be addressed
by reservoir or matrix devices. Both permit the medication discharge by
dissemination through the hydrogel network or the pores loaded up with
water. A reservoir conveyance framework (Figure 1) incorporates a drug
containing center covered with a hydrogel layer, normally accessible as
cases, chambers, circles or pieces. The convergence of the drug is higher
in the focal point of the framework to permit a consistent delivery rate.14
In swelling controlled frameworks, the drug is scattered or broken down
consistently all through the three-dimensional design of the hydrogel
(Figure 2). Drug discharge is accomplished through the macromolecular
cross section or the pores, and the underlying delivery rate for this
situation is relative to the square base of time, instead of being consistent
and time autonomous as occurs in repository frameworks. In expanding
controlled delivery gadgets, the medication is scattered inside a polished
polymer as in a grid gadget, and when the polymer is in touch with a
bio-liquid it begins growing. The material then, at that point grows past
its limit permitting the dissemination of medication with the unwinding
of polymer chains. This cycle is additionally called Case II transport and
it shows consistent, time-dependent kinetics of delivery. It is known as

Figure 1: Hydrogel membrane as drug reservoir system.
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Ocular Delivery
Because physiological barriers and clearance mechanisms reduce ocular
bioavailability, traditional ophthalmic dose forms such as eye drops
represent a considerable barrier. Because of their great biocompatibility
and capacity to retain and release therapeutic chemicals, hydrogels
are attractive therapeutic materials for ocular drug delivery. Due to
the fact that hydrogels are commonly used to deliver hydrophilic
medications, numerous methods for incorporating hydrophobic
ophthalmic pharmaceuticals into hydrogels have been established.
Because traditional topical eye drop administration of hydrophobic
medicines has limits, hydrogel-based methods offer a feasible option for
controlled ocular drug delivery. Hydrogels have been used in ophthalmic
applications to deliver hydrophobic medicines to the anterior part of the
eye. Prostaglandin analogues, corticosteroids, and immunosuppressive
medicines are among the most widely utilised hydrophobic medications
in ocular drug delivery. Under physiological circumstances, these
hydrophobic drugs have an aqueous solubility of less than 1 mg/mL. The
present limits of topical administration of hydrophobic medicines, which
accounts for the great majority of conventionally authorised therapies,
here are highlighted.18

Figure 2: Drug linkage from matrix system.

Topical and Transdermal Delivery
Figure 3: Numerous routes of drug administration of hydrogel-based
products.

‘anomalous transport’, one that consolidates growing controlled delivery
with dissemination.14
The inclination existing between the scattered medication in the
hydrogel and the general climate allows the dispersion of the dynamic
fixing stacked from the high fixation through the hydrogel, to the lower
one. The molar motion of the medication for this situation, J (mol/cm2 s),
is corresponding to the focus inclination (Δc) as the main impetus for
this interaction:14
where D is the dispersion coefficient in the polymer (cm2/s), and c is
the centralization of the medication inside the polymer (mol/cm3). The
delivery rate regularly relies upon the time so the delivery energy is
resolved from:
This condition depicts the vehicle of medication out of the hydrogel
when the limit is (static medication conveyance. The hydrogel-based
measurements structures can have various plans and shapes relying
upon the course of medication organization (Figure 3).

HYDROGELS BASED SITE EXPLICIT DRUG
DELIVERY
Oral Delivery
The oral conveyance course addresses by a long shot the most advantageous
arrangement under movable boundaries and patient consistence. Orally
regulated hydrogels ought to give bioavailability relying upon medium
particularities, for example, pH varieties along the intestinal tract. While
thinking about oral ingestion, the metabolic impact that monomers
have on the life form is extremely huge. Poly-glycolic and poly-lactic-coglycolic corrosive hydrogel corruption have been displayed to influence
sound metabolism, prompting a few impediments as far as hydrogel
treatment like presence of digestive enzymes could prompt denaturation,
low porousness through the epithelial layer into the circulatory system
and predominant and substandard digestive systems frameworks can
address potential therapeutic targets.17
110

Drug delivery to the skin has traditionally been done for the topical
use of dermatological medications to treat skin conditions or for skin
disinfection. A transdermal route has been studied as a prospective site for
systemic medication delivery in recent years. The benefits of transdermal
drug delivery include the ability to give medications for a long time at a
consistent rate, the ability to terminate drug administration on demand
by simply removing the devices, and the ability to avoid hepatic firstpass metabolism. Furthermore, compared to traditional ointments
and patches, swelling hydrogels might provide a better feeling for the
skin due to their high-water content. Electrically-assisted distribution,
such as iontophoresis and electroporation, is a recent research trend in
transdermal applications. Several hydrogel-based formulations are being
tested as transdermal iontophoresis vehicles to improve luteinizing
hormone releasing hormone, sodium nonivamide acetate, nicotine, and
enoxacin permeability.19

Subcutaneous Delivery System
Due to their physical similarities to real soft tissues, hydrogels show
potential for drug delivery and tissue engineering applications, as
well as in physical models used in drug and biomolecule release and
transport investigations in vitro. As a result, they’re appealing models
for studying drug release and transport in connection to drug delivery
systems administered subcutaneously. The extracellular matrix (a gellike matrix) is primarily responsible for directing interstitial movement
of molecules in subcutaneous tissues. Among the different suggested
hydrogels, agarose-based hydrogels have been employed as physical
models for brain, tumour, and connective tissue because of their porosity
resemblance to soft biological tissues.20

Orthotopic Injections
Orthotopic injections is a common approach for the administration
of hydrogels-based drug delivery and it requires the arrival of the
nanostructure framework stacked in a hydrogel matrix. These hydrogel
structures are purported “macroscopic gels” that are accompanying
the basic need to diminish possible harms of related tissues during an
injection. Qinjie Wu et al., 2015 incorporated a smart hydrogel receptive
to temperature, which forestalled the development of peritoneal
adhesion on a harmed abdominal wall.21 Where orthotopic treatment
utilizing hydrogels appears to show guarantee is in the post-resection
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hole where it can go about as a lethargic delivery to further develop long
haul endurance.22-23

Intraperitoneal Delivery
Intraperitoneal organization of hydrogel frameworks shows promising
outcomes and is viewed as a non-invasive alternative, just as an ideal
plan for different drug specialists. One of these designs was ready by
Chih-Hao Chen et al., in 2018 and was effectively consolidated in the
mouse peritoneum accomplishing double activity: drug conveyance
and postoperative enemy of adhesiveness.24 Essentially to orthotopic
injection hydrogels, intraperitoneal hydrogels (generally gelatin
based gels) without anyone else show no cytotoxicity and high levels
of biocompatibility.25 It is worth focusing on that the limit of the gels
to ingest high measures of water could be adverse on account of any
injectable plans.26

Rectal Delivery
Rectal organization offers a lot of benefits like quick ingestion of the
compound, retreat of the gastrointestinal tract, restricted unfriendly
responses of the therapeutics, and gives controlled arrival of the
compound with regards to the stable natural conditions experienced
in the rectum. In light-weight of a previous examination that showed
fantastic biocompatibility on the abdomen connected parcel, rectally
administrated catechol-chitosan-based hydrogels with mucoadhesive
properties are tried in murine models and show no toxic impacts
following ten days.17 With relevance issue, Afaf A. et al., fostered a
hydrogel-based item and created an association between’s in vitro and in
vivo profile with promising outcomes.27

Gastro recollective drug delivery
Gastro recollective drug delivery formulations (GRDDFs) area unit
particularly appealing for medication that area unit trapped within
the proximal piece of gastroinstestinal parcel. Upgrading the upkeep
season of the medications within the GI heap is important to Figure on
their bioavailability and improve their restorative impacts. These dose
structures can be victimised for his or her muco-adhesion to the viscus
membrane, altered to buoy or sink to forestall departure the abdomen
or increment their growing conduct and build them as huge to forestall
entry through orifice for delayed periods. In sight of those thoughts,
polyionic complicated hydrogels of chitosan with ring-opened PVP
are created for pathology treatment. The definition was used to deliver
medicinal drug within the higher GI plot. Upgraded muco-attachment,
delayed freedom from increasing, insignificant restricted disturbance,
more developed bioavailability and a lot of slow arrival of the dynamic
fixing’s area unit the fascinating components of the readiness. Likewise,
in vivo experimentation showed that these hydrogels might offer
improved PK properties that well-kept with the medication within the
restorative levels for a supported timeframe, limiting variances in useful
levels, afterward in addition the conceivable incidental effects.28
Inflammatory sicknesses, for instance, irritable internal organ syndrome
are as recently treated utilizing hydrogels. These gave safer choices in
distinction to delivery techniques that will cause foundational toxicity.
Zhang et al. full-grown adversely charged hydrogels that specially
collected within the by all odds charged enkindled colon and went
concerning as transporters of the corticoid drug adrenal cortical steroid
(Dex). The colloidal gel was prepared from ascorbyl palmitate that had
labile bonds receptive to provocative conditions and was usually thought
to be Safe (GRAS) for organization. Administration of irrigation to the
colon inflammation targeting (IT) colloidal gel microfibers found out
the target website in addition as remained there inferable from charge
association. The definition was remedially exceptionally solid and

uncovered lesser basic medication openness than with free Dex within
the IBS mice model in vivo.29
Complexation gel organized from poly (methacrylic corrosive g-ethylene
glycol) [P (MAA-g-EG) has been delineated. The specializing in matter
used is that the octarginine cell-entering amide that creates specific
conveyance of internal secretion the system. This strategy worked
with ideal specializing in, assimilation at target and allowable prompt
arrival of internal secretion from bodily function website. Unbelievable
hypoglycaemic reactions were approachable and expanded internal
secretion assimilation was noted from diabetic eutherian models used
for testing. Eighteen aldohexose decrease was noticed promptly on
organization of the gel containing internal secretion.29

CONCLUSION AND FUTURE PERSPECTIVE
Later on, hydrogel-based items could address a critical extent of
medication conveyance frameworks, to effectively manage drugs at the
ideal rate and site in the body. Explicit delivery rates and disintegration
profiles could be accomplished with the improvement of new hydrogels
with various hydrophobicity/hydrophilicity and primary qualities. These
frameworks could work on the conveyance of more delicate atoms and
be utilized in the therapy of pathologic conditions like diabetes or even
disease. In particular, more improvements are normal in the utilization
of hydrogels for conveyance of remedial proteins and peptides.
What is clear is the way that hydrogels have been and are proceeding
to be pertinent “platforms” in biomedicine and biomedical exploration.
With regards to these develops we have entered a period of adjusting
previously existing designs and innovation, where novel hydrogels rush
to arrive at useful applications in reality (contact focal points, wound
dressing, 3D culture frameworks) and more colorful ones hold potential
in an assortment of fields like mechanical technology, advanced plane
design, sun powered cells and photoreactors, natural examination and
sports science.

REFERENCES
1. Wang K, Hao Y, Wang Y, Chen J, Mao L, Deng Y, et al. Functional hydrogels
and their application in drug delivery, biosensors, and tissue engineering. Int
J Polym Sci. 2019;2019:1-14. doi: 10.1155/2019/3160732.
2. Aswathy SH, Narendrakumar U, Manjubala I. Commercial hydrogels for
biomedical applications. Heliyon. 2020;6(4):e03719. doi: 10.1016/j.heliyon.2020.
e03719, PMID 32280802.
3. Toh WS, Loh XJ. Advances in hydrogel delivery systems for tissue
regeneration. Mater Sci Eng C Mater Biol Appl. 2014;45:690-7. doi: 10.1016/j.
msec.2014.04.026, PMID 25491878.
4. Bhattarai N, Gunn J, Zhang M. Chitosan-based hydrogels for controlled,
localized drug delivery. Adv Drug Deliv Rev. 2010;62(1):83-99. doi: 10.1016/j.
addr.2009.07.019, PMID 19799949.
5. Vedadghavami A, Minooei F, Mohammadi MH, Khetani S, Rezaei Kolahchi AR,
Mashayekhan S, et al. Manufacturing of hydrogel biomaterials with controlled
mechanical properties for tissue engineering applications. Acta Biomater.
2017;62:42-63. doi: 10.1016/j.actbio.2017.07.028, PMID 28736220.
6. Lee KY, Mooney DJ. Hydrogels for tissue engineering. Chem Rev.
2001;101(7):1869-79. doi: 10.1021/cr000108x, PMID 11710233.
7. Buduru SD, Gulei D, Zimta AA, Tigu AB, Cenariu D, Berindan-Neagoe I. The
potential of different origin stem cells in modulating oral bone regeneration
processes. Cells. 2019;8(1):29. doi: 10.3390/cells8010029, PMID 30625993.
8. Langhans SA. Three-dimensional in vitro cell culture models in drug
discovery and drug repositioning. Front Pharmacol. 2018;9:6. doi: 10.3389/
fphar.2018.00006, PMID 29410625.
9. Seliktar D. Designing cell-compatible hydrogels for biomedical applications.
Science. 2012;336(6085):1124-8. doi: 10.1126/science.1214804, PMID 22654050.
10. Varaprasad K, Raghavendra GM, Jayaramudu T, Yallapu MM, Sadiku R. A mini
review on hydrogels classification and recent developments in miscellaneous
applications. Mater Sci Eng C Mater Biol Appl. 2017;79:958-71. doi: 10.1016/j.
msec.2017.05.096, PMID 28629101.
11. Yang X, Lu Z, Wu H, Li W, Zheng L, Zhao J. Collagen-alginate as bioink for
three-dimensional (3D) cell printing based cartilage tissue engineering. Mater
Sci Eng C Mater Biol Appl. 2018;83:195-201. doi: 10.1016/j.msec.2017.09.002,
PMID 29208279.

International Journal of Pharmaceutical Investigation, Vol 12, Issue 2, Apr-Jun, 2022

111

Rajaram, et al.: Hydrogels in Pharmaceutical Drug Delivery Applications
12. Qiao M, Chen D, Ma X, Liu Y. Injectable biodegradable temperature-responsive
PLGA–PEG–PLGA copolymers: Synthesis and effect of copolymer composition
on the drug release from the copolymer-based hydrogels. Int J Pharm.
2005;294(1-2):103-12. doi: 10.1016/j.ijpharm.2005.01.017, PMID 15814234.
13. Okay O. Semicrystalline physical hydrogels with shape-memory and selfhealing properties. J Mater Chem B. 2019;7(10):1581-96. doi: 10.1039/
c8tb02767f, PMID 32254903.
14. Caló E, Khutoryanskiy VV. Biomedical applications of hydrogels: A review of
patents and commercial products. Eur Polym J. 2015;65:252-67. doi: 10.1016/j.
eurpolymj.2014.11.024.
15. Gong C, Qi T, Wei X, Qu Y, Wu Q, Luo F, et al. Thermosensitive polymeric
hydrogels as drug delivery systems. Curr Med Chem. 2013;20(1):79-94. doi:
10.2174/0929867311302010009, PMID 23092130.
16. Ashley GW, Henise J, Reid R, Santi DV. Hydrogel drug delivery system with
predictable and tunable drug release and degradation rates. Proc Natl Acad Sci
U S A. 2013;110(6):2318-23. doi: 10.1073/pnas.1215498110, PMID 23345437.
17. Onaciu A, Munteanu RA, Moldovan AI, Moldovan CS, Berindan-Neagoe I.
Hydrogels based drug delivery synthesis, characterization and administration.
Pharmaceutics. 2019;11(9):432. doi: 10.3390/pharmaceutics11090432, PMID
31450869.
18. Torres-Luna C, Fan X, Domszy R, Hu N, Wang NS, Yang A. Hydrogel-based
ocular drug delivery systems for hydrophobic drugs. Eur J Pharm Sci. 2020
Nov 1;154:105503. doi: 10.1016/j.ejps.2020.105503, PMID 32745587.
19. Silna EA, Krishnakumar K, Nair SK, Anoop Narayanan V, Dineshkumar V.
Hydrogels in topical drug delivery—a review. Int J Innov Drug Discov. 2016;2:87-93.
20. Ye F, Larsen SW, Yaghmur A, Jensen H, Larsen C, Østergaard J. Drug release
into hydrogel-based subcutaneous surrogates studied by UV imaging. J Pharm
Biomed Anal. 2012 Dec 1;71:27-34. doi: 10.1016/j.jpba.2012.07.024, PMID
22889608.
21. Wu Q, Wang N, He T, Shang J, Li L, Song L, et al. Thermosensitive hydrogel
containing dexamethasone micelles for preventing postsurgical adhesion
in a repeated-injury model [sci rep]. Sci Rep. 2015;5(1):13553. doi: 10.1038/
srep13553, PMID 26324090.

22. Zhao M, Danhier F, Bastiancich C, Joudiou N, Ganipineni LP, Tsakiris N, et al.
Post-resection treatment of glioblastoma with an injectable nanomedicineloaded photopolymerizable hydrogel induces long-term survival. Int J Pharm.
2018;548(1):522-9. doi: 10.1016/j.ijpharm.2018.07.033, PMID 30017818.
23. Bastiancich C, Bianco J, Vanvarenberg K, Ucakar B, Joudiou N, Gallez B, et al.
Injectable nanomedicine hydrogel for local chemotherapy of glioblastoma
after surgical resection. J Control Release. 2017;264:45-54. doi: 10.1016/j.
jconrel.2017.08.019, PMID 28830791.
24. Chen CH, Kuo CY, Chen SH, Mao SH, Chang CY, Shalumon KT et al.
Thermosensitive injectable hydrogel for simultaneous intraperitoneal delivery
of doxorubicin and prevention of peritoneal adhesion. Int J Mol Sci. 2018;19(5).
doi: 10.3390/ijms19051373, PMID 29734717.
25. Ohta S, Hiramoto S, Amano Y, Emoto S, Yamaguchi H, Ishigami H, et al.
Intraperitoneal delivery of cisplatin via a hyaluronan-based nanogel/in situ crosslinkable hydrogel hybrid system for peritoneal dissemination of gastric cancer.
Mol Pharm. 2017;14(9):3105-13. doi: 10.1021/acs.molpharmaceut.7b00349,
PMID 28806513.
26. Ramadan AA, Elbakry AM, Esmaeil AH, Khaleel SA. Pharmaceutical and
pharmacokinetic evaluation of novel rectal mucoadhesive hydrogels containing
tolmetin sodium. J Pharm Investig. 2018;48(6):673-83. doi: 10.1007/s40005017-0365-1, PMID 30595939.
27. Su CY, Ho HO, Chen YC, Yu YT, Liu DZ, Chao FC, et al. Complex hydrogels
composed of chitosan with ring-opened polyvinyl pyrrolidone as a gastroretentive
drug dosage form to enhance the bioavailability of bisphosphonates [sci rep].
Sci Rep. 2018;8(1):8092. doi: 10.1038/s41598-018-26432-2, PMID 29802291.
28. Zhang S, Ermann J, Succi MD, Zhou A, Hamilton MJ, Cao B, et al. An
inflammation-targeting hydrogel for local drug delivery in inflammatory bowel
disease. Sci Transl Med. 2015;7(300):300ra128-. doi: 10.1126/scitranslmed.
aaa5657, PMID 26268315.
29. Fukuoka Y, Khafagy ES, Goto T, Kamei N, Takayama K, Peppas NA, et al.
Combination strategy with complexation hydrogels and cell-penetrating
peptides for oral delivery of insulin. Biol Pharm Bull. 2018;41(5):811-4. doi:
10.1248/bpb.b17-00951, PMID 29709919.

Article History: Submission Date : 29-01-2022; Revised Date : 19-02-2022; Acceptance Date : 17-03-2022.
Cite this article: Rajaram S, Dharmalingam SR, Vignesh N, Ravi K, Nivetha S, Subbhashini MS. An Extensive Review on Hydrogels in Pharmaceutical Drug
Delivery Applications. Int. J. Pharm. Investigation. 2022;12(2):108-12.

112

International Journal of Pharmaceutical Investigation, Vol 12, Issue 2, Apr-Jun, 2022

