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Nanotattoo Development

Steps for designing biodegradable nanotattoos
1. Do the tattoos respond to changes in sodium and within physiological extracellular sodium levels?

2. Are the analytical properties of these tattoos different from those previously developed?

3. Are the tattoos selective for sodium over potassium, a common interferent?

4. Nanotattoo lifetime in vitro?

5. Nanotattoo degradation in vitro?

6. Nanotattoo biodistribution in vivo?

7. Nanotattoo degradation in vivo?
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Nanoclinical Analyzer
At Northeastern University, we are developing a nanoclinical 
analyzer to non-invasively monitor important physiological 
analytes such as glucose.  The analyzer is a three component 
system.  An injector (1) will be used to minimally-invasively place 
the nanotattoos (2) into the upper layers of the skin.  The 
fluorescence signal from the nanotattoos will then be read using a 
handheld optical reader (3).  The reader will provide the user with 
their measurements of the analyte concentration of interest.  The 
focus of this poster is the sodium nanotattoos (2).  They were 
selected because their sensing mechanism is well-characterized 
and because of the importance of monitoring hyponatremia. 

Hyponatremia is the most common electrolyte imbalance and has 
a high incidence rate in the elderly and endurance athletes.  It 
specifically affects at least 30% of the elderly in nursing homes 
and causes gait disturbances and falls in this population.  The only 
way to monitor hyponatremia is through blood sampling.  A 
nanoclinical analyzer would enable the non-invasive monitoring 
of sodium levels which could be translated into both the clinical 
and primary care setting. 

The sensing components are encapsulated  
within a hydrophobic probe and isolated 
from the surrounding aqueous medium. 

Nanotattoos

The benefits of a hydrophobic probe 
include: 
1. The use of non-biological recognition 

elements
2. It reduces non-specific binding to 

proteins
3. The components are maintained at the 

proper sensing ratio
4. It allows for a fast and reversible 

response
5. The probe surface can be functionalized

Hydrophobic Probe

The sensing mechanism requires three main components:
1. Neutral ionophore (L): recognition element for sodium
2. Neutral chromoionophore (C): fluorescent indicator
3. Negative Additive (R) : maintains charge neutrality
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Sensing Tunability

When no sodium is present within the system, the 
chromoionophore is protonated and the tattoos 
are highly fluorescent.  When sodium is present, 
the ionophore extracts sodium into the tattoo and 
the chromoionophore deprotonates to maintain 
charge neutrality within the tattoo.  The 
deprotonation results in a loss of fluorescence 
intensity.  The changes in fluorescence intensity 
can be used to monitor sodium levels.

By changing the ratios of components, the tattoos 
can be tuned to respond to fit specific design 
criteria.  This tunability is well-characterized and 
mathematically described.

Nanotattoo Characterization
1. The nanotattoos yielded a calibrate response to sodium (red) 

with the center of their dynamic range at physiologically relevant 
sodium concentrations.

2. PLGA-based tattoos also had a similar response to sodium  
when compared to previously developed PVC-based tattoos 
(black).

3. PLGA-based tattoos did not experience interference from 
potassium chloride found at extracellular levels (data not 
shown).  

In Vitro Lifetime

Day 1
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In Vitro Degradation

• Nanotattoos were calibrated at  
Day 1, Day 7, and Day 14 after 
fabrication

• They ere stored in buffer at 
37°C when not being used for   
measurements

• No change in response over 
this period

5. Using scanning electron microscopy,  we did not see any 
signs of degradation or changes in morphology  of the 
tattoos over 14 days.  The tattoos were stored at 37°C when 
not being imaged.

• Nanotattoos were injected intradermally along  

the backs of nude mice (Figure 1).  

• Experimental mice were injected with 2 different 

concentrations of nanotattoos.

• Control mice were injected with buffer solution 

(no nanotattoos).  

• Fluorescence measurements were taken 

immediately after injection and after

approximately 24 hours.  

• Mice were sacrificed after 24 hours and skin and 

tissue samples were excised for analysis

After 24 hours, there was a significant decrease in fluorescence intensity 
at the injection site (Figure 2).  From the confocal images of the 
remaining nanotattoos, we see that they have been phagocytosed by 
cells.  We also investigated sensor accumulation in other major organs 
of the body.  The liver is of particular interest since this is the most 
common accumulation sight for nanoparticles.  We found evidence of 
tattoo accumulation in the liver and spleen, but no accumulation in the 
kidneys and lungs.    

A

B

6. After 24 hours, the nanotattoos were phagocytosed into cells 
and there was evidence of accumulation in the liver and 
spleen.

7. No nanotattoo degradation was visible in vivo.  

Conclusions and Future Work
Steps for developing biodegradable nanotattoos
 1.  Respond to changes in sodium levels at physiological levels
 2.  Analytical properties similar to our previously developed nanotattoos
 3.  Selective for sodium over potassium
 4.  Nanotattoo lifetime in vitro of at least 14 days
 5.  Nanotattoo degradation in vitro was not visible after 14 days
 6.  Nanotattoo biodistribution in vivo showed evidence of accumulation in the liver and  

spleen and phagocytosis in the skin
 7.  Could not determine nanotattoo degradation in vivo
Future Work
• Explore other biocompatible and biodegradable polymers and plasticizers
• Develop techniques for minimizing phagocytosis at injection site
• Perform more biodistribution studies including investigating the lymph nodes and 

excretion products

Biodegradable Nanotattoos

Goal for 
nanotattoo 
placement

Tattoos

Current 
injection site

Previous work in our lab developed nanotattoos composed of 
plasticized-polyvinyl chloride (PVC) and their use was 
demonstrated in vivo.  These tattoos were subcutaneously 
injected into mice and were able to fluorescently track changes 
in sodium levels in the local environment (Figure 1). 
Unfortunately, rapid migration of nanotattoo particles away 
from injection site was evident.  Although the ultimate goal for 
nanotattoo placement is in the epidermis where tattoo 
migration would be minimized, currently our injection 
techniques are not efficient enough to embed tattoos only in 
this thin tissue region (Figure 2).  

Since it is apparent that regardless of the placement of the 
tattoos there could be some percentage of particles that diffuse 
systemically, it is advantageous from a regulatory perspective 
that the nanotattoos be biocompatible and biodegradable.  
Therefore, if any particles migrate away from the injection site, 
they will be degraded and excreted from the body.  With this in 
mind, we developed nanotattoos that incorporate only 
biocompatible and biodegradable polymers and plasticizers.  
Poly(lactic-co-glycolic acid )(PLGA) and a citrate plasticizer 
were selected because they are known to degrade into naturally 
occurring metabolic by-products.  
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4. The tattoos have a lifetime of at least 14 days in solution.
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