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�� general featuresgeneral features

�� crosslinking methodscrosslinking methods
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IntroductionIntroduction

HydrogelHydrogel

–– 33--dimensional hydrophilic networkdimensional hydrophilic network

–– Good biocompatibility Good biocompatibility 

�� minimal tissue irritationminimal tissue irritation

�� low tendency for proteins and cells to adhere low tendency for proteins and cells to adhere 

Possible applicationsPossible applications

–– Drug delivery systemDrug delivery system

Release can be tailoredRelease can be tailored

–– Scaffold for tissue engineeringScaffold for tissue engineering

Degradation rate can be tailoredDegradation rate can be tailored

Growth factors can be incorporated Growth factors can be incorporated 

RGD peptides can be coupled to promote cell adhesionRGD peptides can be coupled to promote cell adhesion



IntroductionIntroduction

1.1. Chemical crosslinkingChemical crosslinking �� physical crosslinkingphysical crosslinking

2.2. Implants Implants �� injectable matrixinjectable matrix

high mechanical strength high mechanical strength 

toxicity/denaturation toxicity/denaturation 

•• Radical polymerization Radical polymerization 

•• Reaction of complementary groups Reaction of complementary groups 

(e.g. NH(e.g. NH22/COOH)/COOH)

•• Enzymes (e.g. proteases)Enzymes (e.g. proteases)

•• ……

•• CrystallizationCrystallization

•• Hydrogen bondingHydrogen bonding

•• Ionic interactionsIonic interactions

•• ……

Covalent bondsCovalent bonds NonNon--permanent bondspermanent bonds

selfself--assemblyassembly

weaker networkweaker network



Aim of the ProjectAim of the Project

Synthesis, characterization and evaluation of an Synthesis, characterization and evaluation of an injectableinjectable, , 

selfself--assemblingassembling hydrogel for hydrogel for pharmaceuticalpharmaceutical and and 

tissue engineering applicationstissue engineering applications



DesignDesign

dimethylaminoethyl methacrylate

O
O O

O

O

HO

O

O

HO

++

--

++
++

++ --++
++

++
--

----
--

--

O

O
N

O

OH

methacrylic acid

Dex-HEMA

Size: 2-20 µm



DesignDesign

++
++

++

++++

++

++ ++
--
--

--

----
--

-- --

++

--

++
++

++ --++
++
++
--

----
--

--

mixing

dex-HEMA-MAA

microspheres

network formation

O
O O

O

O

HO

O

O

HO

++

--

++
++

++ --++
++

++
--

----
--

--

O

O
N

O

OH

methacrylic acid

dimethylaminoethyl methacrylate

Dex-HEMA
dex-HEMA-DMAEMA

microspheres

Size: 2-20 µm



dex-HEMA-DMAEMA

microspheres
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Microsphere preparationMicrosphere preparation

•• Radical polymerization of dexHEMA, emulsified in an aqueous Radical polymerization of dexHEMA, emulsified in an aqueous 
PEG solutionPEG solution

•• initiation by KPS (=potassium initiation by KPS (=potassium peroxodisulphateperoxodisulphate) and TEMED ) and TEMED 
(=(=tetramethyltetramethyl ethylene ethylene diaminediamine))

dex-HEMA

PEG PEG

dex-HEMA

++
stirringstirring radicalradical

polymerizationpolymerization

waterwater--inin--water emulsionwater emulsion



Network formationNetwork formation

–– G’= G’= StorageStorage modulus (modulus (elasticityelasticity))

–– G”= Loss modulus (G”= Loss modulus (viscosityviscosity))

tan tan δδ= G’’/G’= G’’/G’

tan tan δδ= 0 = 0 →→ fully elasticfully elastic

tan tan δδ= = ∞∞ →→ Newtonian Newtonian 

0< tan 0< tan δδ< 1< 1 →→ viscovisco--elasticelastic

RheologyRheology

‘Study of flow and deformation’‘Study of flow and deformation’

Geometry: 20mm flat plateGeometry: 20mm flat plate

Gap: 500 Gap: 500 µµmm



Rheology: controlled strainRheology: controlled strain

Strength (modulus) of the network can be tailored by the solid cStrength (modulus) of the network can be tailored by the solid content of ontent of 

the hydrogelthe hydrogel
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Rheology: creep Rheology: creep 

dexdex--HEMAHEMA--MAA/dexMAA/dex--HEMAHEMA--DMAEMA DMAEMA 

mixturemixture

�� Elastic networkElastic network
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Rheology: creep Rheology: creep 

dexdex--HEMAHEMA--MAA/dexMAA/dex--HEMAHEMA--DMAEMA DMAEMA 

mixturemixture

dexdex--HEMAHEMA--MAA dispersionMAA dispersion

�� Elastic networkElastic network

Newtonian liquidNewtonian liquid
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InjectabilityInjectability

�� Reversibility of the network?Reversibility of the network?

Network Network 
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Degradation: Degradation: influence of influence of chargecharge
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Degradation: Degradation: influence of influence of chargecharge
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Degradation: Degradation: influence of influence of chargecharge
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Degradation: Degradation: influence of influence of chargecharge

Ratio +/Ratio +/-- �� degradation time degradation time ��

O
O O

O

O

HO

O

O

HO

++

--

++
++

++ --++
++
++
--

----
--

--

0 15 30 45 60 75 90 105 120 135
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

100+/0-

0+/100-

50+/50-

neutral

time (days)

s
w

e
lli

n
g

 r
a

ti
o

LL
Swelling ratio S=LSwelling ratio S=Ltt/L/L00



repulsionrepulsion

attraction attraction 

++

stabilization transition statestabilization transition state

normal situationnormal situation

dex-HEMA-MAA microspheres (R2)

dex-HEMA-DMAEMA microspheres (R3)
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In vitroIn vitro protein releaseprotein release
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In vitroIn vitro protein releaseprotein release
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In vitroIn vitro protein releaseprotein release

--

++ ----

--

++

++

++ --

--

--++

++

++

++
++

++

++
++

++

++ ++
--

--

--

--
--

--

-- --

dex-HEMA-MAA

microspheres

dex-HEMA-DMAEMA

microspheres

protein solutionprotein solution
Possible release mechanismsPossible release mechanisms

++

--

++

++

++ --++

++

++

--

----
--

--

++

--

++

++

++ --++

++

++

--

----
--

--



In vitroIn vitro protein releaseprotein release
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In vitroIn vitro protein releaseprotein release --
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•• Quantitative release of lysozyme and BSAQuantitative release of lysozyme and BSA

•• Full preservation of enzymatic activity of released lysozymeFull preservation of enzymatic activity of released lysozyme

Hydrogels composed of 15% microspheres and 85% bufferHydrogels composed of 15% microspheres and 85% buffer
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In vitroIn vitro protein releaseprotein release
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In vitroIn vitro protein releaseprotein release
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In vitroIn vitro rhodaminerhodamine--BB--dextran releasedextran release
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In vitroIn vitro rhodaminerhodamine--BB--dextran releasedextran release

Combination of release from positive and negative microspheres Combination of release from positive and negative microspheres 

gives a zero order releasegives a zero order release
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ConclusionsConclusions

�� Mainly elastic hydrogels are formed by mixing oppositely Mainly elastic hydrogels are formed by mixing oppositely 

charged dextran microspherescharged dextran microspheres

�� Reversible gelation occursReversible gelation occurs

�� Continuous diffusionContinuous diffusion--controlled release of proteinscontrolled release of proteins

�� Degradation behavior can be tailoredDegradation behavior can be tailored

Hydrogel properties can be tailored for various applications in Hydrogel properties can be tailored for various applications in 

drug delivery and tissue engineeringdrug delivery and tissue engineering
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