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Abstract 
The recent introduction of hydrogels capable of 

being programmed for active response to 

environmental stimuli has been a game-changer in 

terms of biomedical applications. AI -guided design, 

joinedwith multiscale simulations,helps researchers 

to get rid of the trial-and-error approach of 

traditional development methods,resulting in 

hydrogels that are good for targeted, site-specific 

drug delivery and advanced 4D bioprinting tissue 

engineering. 
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I. Introduction  
Smart/Stimuli Responsive Hydrogels 

(Programmable Hydrogels) have a reactive 

(Dynamic) Closed-Loop Response, versus the Fixed 

(Static), linear Single Response of Conventional 

Hydrogels.CV Hydrogel response 

characteristics:Hydrogels have fixed water 

absorption capacity (swelling) regardless of outside 

forces acting upon them;Hydrogels cannot control 

the degree they transition between gel and 

solution;Hydrogels possess lower permeability than 

Smart Hydrogel systems;Hydrogels (Standalone) 

Stronger then Smart Hydrogel systems;Smart 

Hydrogels respond only to external stimuli on 

demand by design to provide adaptive (multiple) 

form and function (Smart Hydrogels can provide 

multiple (adaptive) forms and functions). An 

important difference between Programmable 

Hydrogels vs. Conventional Hydrogel systems is the 

capacity for Programmable Hydrogel systems to run 

inside a Closed-Loop Feedback Control 

System:Programmable Hydrogel systems are 

usually able to make senseof something in the 

environment (environmental or biological signal) 

and begina specific Bio-Function,for example, 

release an agent to treat a disease, based on the 

response to the signals received.(1) 

Increasingly significant in the academic 

realm, AI-assisted development of hydrogels will 

use ML-based methodologies for creating and 

improving hydrogel properties. AI is enhancing the 

production of responsive intelligent hydrogel.The 

application of computational modelling activates AI 

to make available a scientific basis for the 

development of hydrogels based on structure-

property correlations; as a result, it allows the 

prediction of hydrogels' behaviour under many 

conditions.AI hydrogel materials are intelligent and 

can assist in developing multimodal cancer therapy 

by providing improved monitoring capabilities for 

the tumour microenvironment (TME) as well as a 

means of dynamically modifying it. With decreased 

time and cost associated with R&D facilitated 

through the use of AI technology applications, the 

use of AI will enable hydrogels to be produced in an 

automatable manner for use in transitioning from 

laboratory settingsto clinicalsettings.(2,3,4,5,7) 

 

Types of Programmable Hydrogels 

�x Temperature Programmable Hydrogels 

Temperature Programmable hydrogels change their 

properties and configurations with temperature 

changes,which makes a difference in how their 

polymers are arranged and connected.(6) 

�x Mechanically Programmable Hydrogels 

Mechanically Programmable hydrogels allow for 

physical input to change their behaviour based on 

input from mechanical sources (like light or force) 

by converting these external stimuli into 

physicochemical energy so that they can reform and 

reprogram their structure.(6) 

�x Shape Programmable Hydrogels 

Shape programmable hydrogels aresmart soft 

materials thatshowso many complex deformations 

by responding to environmental stimuli, for 

example, a change like temperature, pH, 

introduction of light, magnetism, electrical current, 

or the addition of water.(6) 

 

 


