
Optimizing the Stability of Stimuli Responsive Capsules for 

Biological, Cell-Based Applications

Increasing the concentration of the Alginate or Gelatin 

improves core stability 
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Schematic: Method of capsule deposition and 

laser rupture
Many biological processes depend on gradients of soluble factors, most prevalently
cell signaling during tissue development. Such systems rely on precise timing and
organization of spatial cues. The goal of this research project was to optimize a system
to deliver a pattern of signals with precise spatial and temporal control. Previously, the
McAlpine Lab (UMN, ME) developed a system for creating capsules consisting of
aqueous cores containing specific factors to be released, that were covered by a
polymer shell containing gold nanorods.1 The shells were designed to be deposited via
3D printing and then ruptured by a laser in order to release their payload. The
nanorods varied in length and could thus be ruptured by different wavelengths of
light, allowing for temporal and spatial control over the timing of release of multiple
factors. These capsules can be applied to the delivery of proteins or small molecules
known to alter cell behavior. This research project aims to improve this system by
optimizing it for biological, cell-based applications. This means maintaining the cores
in an aqueous solution for longer periods of time by incorporating natural materials,
such as gelatin and alginate. This would increase the viscosity of the cores and thus
preserve their stability over time.

Methods and Materials

• The alginate and gelatin solutions were prepared by dissolving
each material in phosphate-buffered saline at the appropriate
concentration (%w/v) with heating and stirring overnight.

• Capsule cores containing Rhodamine 6G dye mixed with either
gelatin or alginate in a PBS solution were deposited onto
siliconized glass slides.

• PLGA, poly(lactic-co-glycolic acid), mixed with gold nanorods
was deposited on top of the cores. This can be done by either
pipetting or by 3D printing.

• The cores were then immersed in PBS and stored in a 37⁰
incubator, to simulate how they would be treated in cell
culture.

• The deposited cores were then imaged using fluorescence
microscopy at discrete time points ( 0, 2, ~24, ~168 hours).

• The images were then analyzed using Fiji to determine how the
intensity of fluorescence changed over time.

Conclusions

a: Pipetting the core solution containing a small molecule. b: Pipetting or 
3D printing the polymer shell on top of the core. c: Using a laser at a 
specified wavelength to rupture the capsule, releasing the desired small 
molecule.

Motivation: Current capsule core formulations exhibit loss of 

payload in aqueous solution*

Fluorescent images of the capsules without any 
addition of natural materials at a: 0 hours b: 2 hours
c: 24 hours. d: Plot showing loss of payload from the 
cores over time. This will act as our control. • The soluble factors do remain inside the capsule, but expand 

farther into the shell over time.
• Gelatin appears to promote a slightly better retention of dye in 

the cores.
• Increasing the concentration of either gelatin or alginate 

improves the stability of the capsule by increasing the amount 
of dye left in the original core volume, but over longer periods 
of time has less of an impact.

Limitations: 
• Rhodamine 6G and Rhodamine-conjugated dextran are meant 

to simulate small molecules and proteins that can be released 
to modulate cell behavior.  These molecules may experience 
side interactions with the gelatin or alginate that could effect 
capsule stability and release kinetics.
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Image based analysis of 
fluorescence intensity 
in the cores over time, 
normalized to initial 
intensity. 

Fluorescence 
intensity measured 
for cores containing 
two concentrations of 
alginate and gelatin 
(n = 3 capsules).

Motivation: Payload is maintained within the capsule shell 

until laser-triggered release *

a: The accumulation of fluorescence in PBS after rupturing the capsules was measured over 
time with a plate reader for capsules with cores containing the small molecule Rhodamine 6G. 
b: The same test was performed for capsules containing the large molecule Rhodamine-
conjugated dextran. The unruptured control shows minimal to no accumulation of dye in the 
PBS, suggesting payload lost from the core is still contained inside the polymer shell. 
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