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Introduction:  
Accidental laceration of the bladder is the most 

common complication (incidence up to 8.3%) of 
hysterectomy procedures performed on over 500,000 
women annually. These injuries are most commonly 
repaired by suturing and the bladder is drained by a 
catheter. Scar formation is among the complications that 
can interfere with recovery of normal bladder function. 
Biomechanically, the use of sutures and scar formation 
are especially undesirable because either can compromise 
the proper distension of the bladder during storage of 
urine. In addition, the use of catheters and collecting bags 
can severely diminish patients’ quality of life. Our long 
term goal is to develop a compliant tissue adhesive that 
will eliminate the need for sutures and actively inhibit 
scarring by release of nucleic acid-based therapeutics. We 
have recently described a new class of hydrogel tissue 
adhesives based on Tetronics®, 4-arm block copolymers 
of poly (ethylene glycol), and poly (propylene 
glycol).{Nagatomi et al. SFB 2007} These materials 
derive their mechanical properties from both covalent and 
non-covalent crosslinking mechanisms, providing 
improved mechanical properties relative to comparable 
PEG-based networks and compliance consistent with 
native bladder tissue. The objective of these studies was 
to characterize hydrogel adhesive properties (viscosity, 
gelation time, tissue bond strength) and the incorporation 
and release of plasmid vectors. 

Methods:  

Synthesis of Tetronic Hydrogels: Tetronics (BASF) 
T1107 (MW:15000, HLB:18-23) and T904 (MW:6700, 
HLB:12-18) were acrylated by reaction with acryloyl 
chloride, purified, characterized by 1H-NMR, and 
dissolved at varying T1107:T904 ratios (100/0, 75/25, 
50/50, 0/100) in 50 mM PBS (30% w/v). Acrylated 
Tetronics were crosslinked with a model thiol-containing 
compound (dithiothreitol, DTT) at a 1:1 molar ratio 
(acrylate:thiol) by Michael-type conjugate addition.  

Viscosity and Gelation Time: The viscosity of Tetronic 
solutions was evaluated by rheological analysis as a 
function of shear rate (0.01-1 Hz) at 4 and 37 °C. To 
measure gelation time, Tetronic solutions were mixed 
with DTT at 4 °C, immediately applied to the rheometer 
plate pre-warmed to 37 °C, and subjected to oscillatory 
shear deformation at 1% strain amplitude and 1 Hz 
frequency. Gelation time was determined as the crossover 
point between the storage and loss moduli. 

Tissue Bond Strength: Rat skin was cleaned to remove 
subdermal fat, bonded together in a lap-shear 
configuration (ASTM F2255) overnight at 37 °C, and 
strained to failure using a MTS Synergie 100. 

Hydrogel Degradation: Crosslinked Tetronic-based 
hydrogels were incubated in PBS, pH 7.4 at 37 °C with 

shaking and retrieved at bi-weekly time points. 
Degradation was calculated based on mass loss. 

Results and Discussion:  
Tetronic solution viscosity exhibited a shear-thinning 

response as a function of shear rate. At all shear rates, 
viscosity increased with increasing T1107 content and 
temperature (data not shown). This is consistent with the 
higher MW of T1107 and its greater capacity for 
thermally-induced gelation. Chemical gelation times were 
less than 3 minutes for all Tetronic formulations. The 
tissue bond strength of all Tetronic formulations ranged 
between approximately 10-25 kPa (Figure 1). Bond 
strength was significantly higher in all formulations 
including T904 relative to homogeneous T1107. This 
likely reflects reduced average macromonomer MW and 
subsequent increased number of reactive functional 
groups available to react with the tissue. Hydrogel 
degradation varied with respect to macromonomer 
composition (Figure 2). The time required for reverse 
gelation increased with increasing T904 content, 
consistent with increased crosslinking density. 

Conclusions and Future Work: 
Tetronic-based hydrogels exhibited rapid gelation 

times compatible with in situ tissue adhesive application. 
The bond strength was consistent with fibrin glues and 
existing hydrogel sealants. However, further improvement 
will be required in order to function independently as a 
primary means of fixation. Degradation times ranging 
between 2-5 weeks are consistent with the acute phase on 
the wound healing response. Ongoing studies are 
investigating the release kinetics and transfection 
efficiency of plasmid vectors encoding shRNA targeting 
knockdown of SMAD3, a critical intermediary in the TGF 
beta signaling pathway implicated in fibrotic scarring. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Tissue bond strength of Tetronic-based adhesives. 

Figure 2. Degradation of Tetronic-based adhesives. 


