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Statement of Purpose:  The purpose of this work is to 
develop an optimal formulation of a waterborne, in situ 
gelling polymeric material for aneurysm embolization.  
This material has the potential to provide many benefits 
for aneurysm embolization, such as material introduction 
without the use of organic solvents and elimination of 
“gluing” the catheter tip to the vessel wall, as is seen with 
many liquid embolic materials in use today [1].  The work 
done here focuses on a specific aspect of material 
optimization: varying pH and buffer strength to enhance 
delivery properties.  The time-dependent gel is formed by 
a Michael-Type addition reaction between polypropylene 
glycol diacrylate (PPODA) and pentaerythritol tetrakis-3 
mercaptopropionate (QT).  The reaction is initiated by a 
high pH solution, which results in the deprotonation of 
thiol groups located on QT, a quaternary-thiolated 
molecule [2].  The rate of gel formation is dependent on a 
variety of factors, such as the molarity of the initiating 
solution and the duration of component mixing, among 
other things [3].  The goal of this work was to elongate 
the material gel time and reduce the required pH of the 
initiating solution, while maintaining a low level of 
variation between experimental runs.  This was 
investigated through adjusting the molarity of the 
initiating solution while also reducing its pH, and 
analyzing the gellation characteristics of the resulting 
material. 
Methods: Gel precursor materials consisted of 
polypropylene glycol diacrylate (PPODA) molecular 
weight 540 and penterythritol tetrakis-3 
mercaptopropionate (QT), purchased from Sigma (St. 
Louis, MO).  The solution used to initiate the reaction was 
500 mM dibasic sodium phosphate (Na2HPO4).  Prior to 
mixing with gel precursors, the initiating solution was 
pH-adjusted to pH 10.3 or10.5 using 5N NaOH.  Prior to 
mixing, the organic gel components PPODA and QT were 
weighed out in 3 mL syringes such that there were an 
equal number of functional groups available to react.  
These components were premixed together by hand for 30 
seconds, using a syringe coupler to connect syringes.  The 
initiating solution, making up 25% by wt. of the precursor 
materials, was incorporated with the organic monomers 
by syringe mixing. The mix time of this step was varied to 
produce different gel times.  Characterization of the 
polymeric materials is done with rheology, whereby a 
rheometer was used to determine the gel time of the 
material.  Gel time was taken to be the time at which the 
material’s phase angle was equal to 45 degrees (δ = 45o).  
Results: McLemore et al. showed that using a higher 
molarity initiating solution (50 mM PBS to 100 mM PBS) 
resulted in a faster gel time (~10 min to ~ 6 minutes, 
respectively) with the standard deviation ranging from a 
gel time of about 0.5-1.5 minutes.  However, the initiating 
solution used in this set of experiments was PBS at pH 
12.6.  Results from work presented here, shown in Tables 
1 and 2, involve gel time experiments using an even 

higher molarity initiating solution, 500 mM dibasic 
sodium phosphate.  Gels were made using pH 10.5 and 
10.3 Na2HPO4, with mix times of 2 minutes and 3 
minutes.  The data shows that for each pH tested, 
decreasing the mix time resulted in longer gel times.  
Also, using a lower pH initiating solution resulted in 
longer gel times.  The standard deviations of the gel times 
for each experiment ranged from about 0.6 – 1 minute, 
which is comparable to results found by McLemore et al. 
Table 1:    pH 10.5  500 mM Na2HPO4 
Mix Time Gel Time (min) Avg. (min) Std. Dev. (min) 

2 min 
17.5 

17.33 0.96 16.3 
18.2 

  3 min 
< 4 

- - < 4 
< 4 

Table 2:      pH 10.3  500 mM Na2HPO4 

Mix Time Gel Time (min) Avg. (min) Std. Dev. (min) 

2 min 
30.81 

30.11 0.63 29.92 
29.60 

3 min 
27.65 

26.68 1.00 25.65 
26.74 

 
Conclusions: The preliminary experiments performed in 
this work were aimed at 1) slightly elongating the gel 
time, 2) reducing the pH of the initiating solution, and 3) 
maintaining low gel time variability between replicates, as 
compared to the results of the study performed by 
McLemore et al.  By using a higher molarity initiating 
solution, we were able to achieve these objectives.  A 
longer gel time will allow for a longer delivery time of 
this material through a catheter to the site of an aneurysm.  
Since the material takes a longer time to form a gel, there 
is a longer delivery window in which the material is able 
to be pushed through a catheter.  Furthermore, being able 
to use an even lower pH initiating solution will reduce the 
likelihood of adverse effects due to introducing a high pH 
material into the body.  Finally, in a clinical setting, it is 
of utmost importance to have a robust system in which 
material gel times are consistent.  We were able to show 
consistently low gel time deviations in the preliminary 
results of this work.  Future work will include a larger 
study to investigate different initiating solution pH and 
molarity combinations, such that statistical analysis can 
be performed.  Furthermore, the potential cytotoxic 
effects that may result from using a higher molarity 
initiating solution will be addressed. 
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