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Stimuli Sensitive Hydrogels —
Drug Delivery




Alm of this study

he aim of this study was to develop na
hydrogels that controlled the rate of drug releas
a direct consequence of changes In the surrou
environmental temperature.




ODbjectives

 Synthesise novel hydrogels with negative
temperature sensitive capabilities

* Investigate the properties of the hydrogels using
well-established analytical techniques commonly
used for hydrogel characterisation

« Carry out a formulation optimisation process
based on obtained results, and relate hydrogel
properties to the controlled release of drug




Therapeutic advantages

(Limitations of conventional drug release)

The limitations of the most obvious and trust
conventional drug delivery techniques (inges
tablet and Injection) have been known for so
time.




Kaneko, Sakal & Okano consider achievement ofj
such a drug delivery system as a compelling go&
for the next generation of drug therapy research.

Two different methodologies have been hea
researched:

Release of drug at a predetermined time o
pulses of a predetermined segquence

Systems that can respond to changes In
local environment




Why hydrogels?
Main characteristic properties

Swell in the presence of water
Shrink in the absence of water

Must imbibe 10-20% own dry weight
Can achieve high water contents

e Biocompatibility with human body




Physically crosslir

ked hydrogels

The term physical hydrogel i1s used to describe
noncovalently crosslinked system.

onic bonding
Hydrogen bonding
Hydrophobic forces
Van der Waals forces

™~ Junction zones

Chemically crosslinked hydrogels

™~~~ Point crosslinks




Hydrogels that react in response to a signal have
recently received considerable research interest.

These gels with additional functions are callec
environmentally-sensitiveor smart hydrogels.

Environmentally-sensitive hydrogels

Respond to changes in environmental conditions
 Swell < Shrink < Degrade

Hydrogels have been produced to respond to exte
environmental conditions such:as

Temperature  Electrical field oH
Light External stress




Temperature sensitive hydrogels

Negative temperature-sensitive hydrogels have

Lower Critical Solution Temperature (LCST)
Chemically crosslinked Hydrogel (Permanent)volume collapse)

(Do not dissolve)
Below LCST:
Swells

Above LCST:
Deswells

Physically crosslinked Hydrogel (Non permanent)
(Soluble-insoluble transitioi (Can Dissolve)

Below LCSTHydrogel dissolves
Above LCSTHydrogel takes longer to dissolve/becomes insolu




Materials and Methods

N-isopropylacrylamidéNIPAAM)

1-vinyl-2-pyrrolidinone(NVP)

1-hydroxycyclohexylphenylketongrgacure 184)

Poly(ethylene glycol) dimethacrylateBEGDMA )H(o\/\ f




LCST Modulation

PNIPAAmM water solutions and hydrogels exhibit
LCST of around 32°C

Incorporation of anydrophobiccomonomer
Decrease in LCST

Incorporation of aydrophiliccomonomer
Increase in LCST




Synthesis - Photopolymerisation

General rule

Physically crosslinked gelMonomer(s)+ initiator
Chemically crosslinked geMonomer(s)+ initiator
+ crosslinking agent

Cured under two UVA 340 UV lamps

Exposure to the UV light source produces free rasliby
decomposition of the light sensitive photoinitiatand this
Initiates polymerisation of the monomers




Initiator . Kept constant at 3wt% of total monomeric
content throughout study

Crosslinking agent Kept constant at 0.1wt% of total
monomeric content throughout study




Characterisation of samples
(1) Xerogel characterisation

Fourier transform infrared spectroscopy (FTIR)
Differential scanning calorimetry (DSC)

(2) Lower critical solution temperature determioati

Cloud point measurement
Differential scanning calorimetry

(3) Swelling analysis
Swelling studies




(4) Drug release analysis

Drug dissolution analysis

(5) Thermoreversible gelation analysis

Test tube inversion method
Rheological analysis
Drug dissolution analysis




Results and Discussion

(1) Xerogel characterisation
Nicolet Avator 360 FTIR, in attenuated total retlaace mode







TA Instruments 2920 Modulated DSC

Random copolymers
Amorphous in nature
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(2) Lower critical solution temperature determioati

Below LCST Above LCST




Gel AL(L1)

36.93C

) 0,2263J/g
Reversing Heat Flow (W/g)
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The LCST of the chemically crosslinked copolymerre
approximately 2.5°C lower than that of the pseutlegmples







GE' Al(l_]_) —e— Cloud point

—a— MDSC (onset)
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This ability to shift the phase transitio
temperature of the gels provides excelle
flexibility In tailoring transitions for specificses




(3) Swelling analysis
Swelling Ratio = Weight of swollen gel / Weight of dry gel
LCST (peak maximum valuey

38.92°C




(3) Swelling analysis

LCST (peak maximum valuey
36.56°C
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(4) Drug release analysis

Sotax® AT7 smart on-line dissolution system




Drug on Its own
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PVP on its own
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Physical copolymer hydrogels
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Chemical copolymer hydrogels
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(5) Thermoreversible gelation analysis

Test tube inversion method TA Instruments AR1000 Axdbesl Rheometer
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Conclusions

Novel hydrogels with negative temperature sensi
capabllities were synthesised

The properties of the novel temperature sensi
hydrogels were characterised using well establis

analytical techniques

The formulation was optimised, producing no
hydrogels that retarded the rate of drug releasa,
direct consequence of small changes In

surrounding environmental temperature, near 37/







Monolit
Hot me

Monolit
Agar

nic polymer matrices
t extrusion

Nic matrices containing

Monolithic matrices containing
nanoclays

Monolithic matrices produced
using supercritical fluid processing




 Monolithic devices or matrices
represent a substantial part of drug
delivery systems

e Matrix systems are prepared by
dispersing the active agent in a
soluble polymer carrier




e EXxtrusion is the process of
converting a raw material
Into a product of uniform
shape and density by
forcing it through a die
under controlled
conditions.

Extrusion is one of the
central processing
technigues for polymers
but has only recently
received attention for the
processing of
pharmaceutical matrices







Agar

 Chemically, agar is a polymer made up
of subunits of the sugar galactose

e Its chief use Is as a culture medium for
microbiological work.

 Other uses are as a laxative, a
vegetarian gelatin substitute, a thickener

for soups, In jellies & in ice cream.




Effect of agar filler on extrusion processing
conditions

30% MCC
20% MCC
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Effect of agar filler on extrusion processing
conditions
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Effect of filler systems on the viscosity of the ma trix




Effect of MCC filler systems on drug release
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Effect of Agar filler systems on drug release
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Viability [%]

Cytotoxicity

Cytotoxicity testing Is primarily used as a tool to
rank materials against each other in terms of their

potential to cause cellular damage

MTT assay indicated a
tolerable, concentration-
dependent decrease in cell
viability (<15 %)

0 0.25 0.5 0.75 1 1.25
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Genotoxicity

H202 Control [50 pM]

PEO/Agar 1.25 [% w/V]
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No major increase In tail moment was obtained with
Increasing concentrations of the test samples




Nanoclays

e Inorganic nanoparticles (organically
modified layered silicate)

e strong interfacial interactions

* melt intercalation process




Nanocomposites of polymer and organically modified layered
silicate (OMLS) are of particular interest. They have
Improved properties such as increased mechanical strength,
decreased gas permeability, decreased flammability and
decreased biodegradability of biodegradable polymers due to
the strong interfacial interactions between matrix and OMLS
as opposed to conventional composites




Rheological Analysis of Nanoclay Blends




Mechanical Properties




Drug Release Studies




Nanoclay testing




Conclusions
(Agar System)

* Increase In matrix viscosity was a
direct result of percentage inclusion
of filler.

e The agar filler slowed down the
release of the pharmaceutical agent
In an acidic environment




Conclusions
(Nanoclay System)

« Nanoclay addition Increases the
strength and therefore the integrity of
the dosage form

« Nanoclay provides “tortuous path”
through the polymer matrix thus slowing
dissolution times.




Preparation of monolithic
matrices for oral drug delivery
using a supercritical fluid

assisted hot melt extrusion
process




A supercritical fluid is
defined as a substance
for which both pressure
and temperature are
above the critical
values. The use of
supercritical CO, as a
solvent In the
processing of various
niodegradable /
piocompatible polymers
for pharmaceutical and
medical applications
has garnered much
attention Iin the last
decade.
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