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Abstract
Hydrogels are water-insoluble three-dimensional networks that Received: 2 July 2023
have the ability to absorb a lot of water in the biological AEEERUETE LY NDETEE 202
. . .. Page Number: 53-64
environment. One of the most important characteristics of
hydrogels is their reversible response to various stimuli, including
pH, which causes the application and importance of hydrogel in
various medical fields, such as contact lenses, tissue engineering,
release of therapeutic agents, wound dressings, etc. Today,
improving the effectiveness and safety ratio of existing drugs is
an important challenge instead of developing new drugs that
require a lot of money and time. The effectiveness of drugs is
affected by a number of factors such as their low solubility in
water, the risk of destruction in acidic environments, uneven
absorption, low penetration of drugs, systematic side effects, etc.
The drug has been effective. Therefore, the aim of this study is to
investigate the role of pH-sensitive hydrogels in drug delivery,
mechanism, swelling and drug release by these hydrogels.
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Figure 1. Complete classification of hydrogels based on different factors [14].
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Figure 2. Stimuli sensitive swelling of hydrogels along with their categories, (a) physical stimuli,

(b) chemical stimuli, and (c) biological stimuli [5].
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Table 1. Examples of different types of stimuli responsive hydrogels along with their mechanisms in brief.

Nature of

. Stimulus
Stimulus

Temperature

Pressure

Physical Light

stimuli
Electric field
Magnetic
Field

Ultrasound
irradiation

pH

lonicstrength

CO;

Chemical
stimuli
Glucose

Redox

Enzyme
Biological v

stimuli Antigen
DNA

Mechanism

Shift in temperature changes polymer-polymer and polymer-water interaction responsible for
swelling and drug release.

Swelling under increased pressure and vice versa. This fact is due to an increase in lower critical
solution temperature (LCST) value of hydrogels with pressure. LCST is the temperature below
which negative thermo responsive hydrogels swell.

Exposure to light (UV and visible light) reversibly changes the hydrogel from its flowable form to
non-flowable form and vice versa.

Changes in electrical charge distribution within the hydrogels matrix on the application of electric
field cause swelling—deswelling and is consequently responsible for the on demand drug release.

When a magnetic field is applied, it causes pores in the gel to swell leading to drug release.

Exposure to ultrasound temporarily breaks the ionic cross-links in the hydrogels and the drug is
released but cross-links are reformed on discontinuation of the ultrasound waves. This facilitates
on-demand drug release.

Shift in pH causes change in the charge on the polymer chains leading to swelling and drug release.

Change in ion concentration also causes swelling and drug release.

In CO; sensors, a pH sensitive hydrogel disc comes in contact with bicarbonate solution. On
exposure to CO,, the pH of solution changes resulting in swelling or deswelling of the hydrogel
which causes a change in pressure which is a measure of the partial pressure of CO,.
Hydrogels show swelling in response to increased glucose concentration. The complex formed
between glucose and phenylboronic acid drives the swelling of the hydrogels and consequently
insulin release.

Disulfide linkages in reduction sensitive hydrogels cleave in the reductive environment (high level
of glutathione concentration = 0.5-10 mM) in intracellular matrix and release bioactive
molecules/drugs.

Enzymes cause hydrogel degradation and consequently the drug release. This is called a chemically
controlled drug release mechanism.

Hydrogels sense the free antigen and undergo swelling followed by drug release.

Single stranded (ss) DNA grafted hydrogel probes show swelling in the presence of ss DNA.
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Figure 3. (a) pH dependent ionization of specific acidic or basic functional groups on hydrogel chains responsible for swelling,

(b) pH dependent swelling and drug release mechanism [15].
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Table 2. Composition of pH sensitive hydrogels along with the loaded drug and their functions.

Target Compositions/Carrier Drugs Disease Ref.
Acrylic acid grafted chitosan/poly(vinyl
pyrrolidone) cross-linked with glutaraldehyde Clarithromycine [47-50]
and N,N-Methylene (bisacrylamide)
Stomach Chitosan Chitosan crsts-Ilnked with citrate or Metronidazole Peptic ulcer [51]
tripolyphosphate
Chitosan/poly(vinyl pyrrolidone) blend -
A | 14,52
cross-linked with glutaraldehyde moxictiin [ ]
. . . . Respiratory
H llul H llulose-co-acryl Theophyll
emicellulose emicellulose-co-acrylic acid eophylline tract diseases [53]
Acrylic acid grafted Guar gum blended with Ulcerative
Guar gum cyclodextrin and cross-linked with tetraethyl Dexamethasone . . [51,54]
- colitis, arthritis.
Orthosilicate
. . . . Vari
Intestine Cyclodextrin cyclodextrin-co-methacrylic acid Atorvastatin hyperﬁ;i(z;::smias [55]
Poly(ethylene Styrene-buFadie_ne-styrene incorporated into Sy Epilepsy-,neuropathic [56]
glycol) methacrylic acid-co-poly(ethylene glycol) pain, etc.
Pon(_vmyI Lignosulfonate gr_afted polygacryllc acid)-co- Amoxicilin -Bacte.rlal [45.57]
pyrrolidone) poly(vinyl pyrrolidone) infections
Chitosan Acrylic acid grafted chitosan Insulin Diabetes [58]
Inflammatory
Starch Acrylic acid grafted starch Rutin bowel disease, [50,59]
allergy, etc
. . . Anti-infl tory/
Guar gum succinate blended sodium alginate nl Ih amma.ory
Guar gum . . o Ibuprofen anti-analgesic [60-62]
cross-linked with barium ions
drug
Sodium alginate cross-linked with calcium Allergy,
Alginate g . Hydrocortisone arthritis, [63]
chloride
Colon asthma.
. cyclodextrin grafted gelatin .
Gelatin cross-linked with oxidized dextrin 5-Fluorouracil Cancer [641
. . - Ulcerative
Dextran Glycidyl r:let?aaccryzliiteem(:gtran and 5—Am|/:(;isgllcyllc colitis and [7.65]
polytacty Crohn’s disease
Ulcerative
. Chit blended with poly(viny! alcohol ..
Chitosan '°Saf‘ en e. with poly(viny a.c-o ol) Dexamethasone colitis and [64-67]
cross-linked with tetraethyl orthosilicate arthritis
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