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HEAVY METAL IMPACT
ON HUMAN HEALTH
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HEAVY METAL ADSORPTION

Physical

HYDROGELS

1. Electrostatic
2. Diffusion
3. Van der Waals force

’

Adsdrption
mechanism

4. Coordination interaction
5. Chemical bonding
6. Acid-base interaction
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AIM OF THE WORK

Regenerated hydrogel

Design of biopolymer-based hydrogels
with potential application in:

o
Industrial efflueni /

Adsorptlon Recycling i remediation
 separation » Drug delivery systems for the
/ \ L \ simultaneous release of drugs and
X 0 heavy metal homeostasis restoration.

ﬂesorption solution

» Heavy metal environmental

W Complexation

M lon exchange QOQ
» i M Coordination Q@
Purified water W Physical forces : 0®
Adsorption of metals Recovered solution
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STRUCTURES OF ABUNDANT BIOPOLYMERS
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HYALURONIC ACID CHELATING MECHANISM
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ADSORBENTS HYDROGELS DESIRABLE PROPERTIES

Shortcomings Advantages

Environmen tally friendly
nature
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THIOLATION OF HYALURONIC ACID FOR A REDOX-SENSITIVE SYSTEM

» Natural polysaccharide Mw: 38 KDa H'S‘.‘c

» The main constituent of the extracellular matrix BHNSO

» Thiolation of HA with different degrees of substituition (DS% 30; 50 and 70) o T s 0\“ T Oi Q'__\ i
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SEM analysis of hydrogels 30-50-70% DS

* DS 30% * DS 50%
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RHEOLOGICAL STUDIES
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Hydrogels redox-responsiveness
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PREPARATION OF NANOPARTICLES

Sonication

Cross-linking Centrifugation

Water phase
PBS+HA-SH

Orge phase
hic f lecithi
g 350 rpm 8000 rpm Nanog DS 30 stability
amins 7;| oi‘)"r ?0 lllll e
batt
ar’vc 4° C 4000.0
3500.0
3000.0
2500.0
&
E 2000.0 -
0,

1500.0 —8— PBS+GSH

Without filter 300+£10 nm 0.47+0.08 1000.0
Filtered (0.45 p) 17045 nm 0.22+0.06
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Hydrogel formulation by crosslinking via Michael addition reaction
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Thiolated Hyaluronic acid Vinyl sulfonated Bcyclodextrin Thiolated Hyaluronic acid

(HA-SH) ‘ (BCD-VS) (HA-SH)
s . O Simultaneous removal of heavy metals
and toxic hydrophobic substances or

Oeodestrin MR tnclusion complesatio encapsulation of hydrophobic drugs

(Host) (Guest)
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Vinyl sulfonated Bcyclodextrin
(BCD 'V S ) BCD-VS 55 LSPF 18-01-2013
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Cyclodextrin/hyaluronic acid-based HYDROGEL
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Cyclodextrin/hyaluronic acid-based HYDROGEL
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Cyclodextrin/hyaluronic acid-based HYDROGEL
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Cyclodextrin/hyaluronic acid-based HYDROGEL

Rheological Studies
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CONCLUSIONS

Hyaluronic acid is a versatile biopolymer, suitable for the chemical
modification and chemical crosslinking.

» Disulfide crosslinking

» Michael addition crosslinking via cyclodextrins

Improvement of intrinsic drawbacks of native polysaccharides:

» Higher and tunable mechanical strength

» Controllable morphology, from macro- to nano-hydrogels

» Proof of concept studies on 3D printing, to enhance surface area
and filtration efficiency, and fabrication of electrodevices to
improve heavy metals concentration gradient towards hydrogels

Wide range of applications:

» Water remediation from heavy metals and hydrophobic
contaminants

» Drug delivery and homeostasis rebalance
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