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Target Audience: Researchers and/or clinicians with an interest in interventional surgery, image guided therapy, laser photothermal 
ablation therapy, non-invasive real-time temperature monitoring, and/or applications of gold nanoparticles. 

Purpose: Branched GNPs permit efficient near-infrared (NIR) photothermal transduction and should be applicable as photothermal 
transducers for targeted tumor ablation procedures. Due to their absorption cross-sections of the branched GNPs, branch GNPs should 
permit a much larger increase in temperature than nanorods or nanospheres on a per particle basis.[1] Branched GNPs mediated 
photothermal therapy can be carefully controlled to prevent inadvertent damage to local tissues, but also to focus on specific regions 
of the tumor. To this end, it is crucial to monitor the extent and distribution of heating during targeted photothermal cancer treatment. 
In our study, the photothermal heating properties of branched GNPs were evaluated and the potential for non-invasive MR 
thermometry were demonstrated to monitor heat distribution patterns generated by branched GNPs in phantoms with NIR laser.  

Methods: Branched GNPs were synthesized by Au nanocrystal growth in the presence of hydrochloroauric acid, L-ascorbic acid, 
silver nitrate and bile acid molecules. Morphologies, absorption spectra, size distribution of the synthesized branched GNPs were 
characterized with TEM, UV/vis, zetasizer and the photothermal-heating characteristics were investigated with a fiber-coupled NIR 
(808 nm) diode-laser. Then, the GNP solution was suspended at a concentration of 50 μg/mL within a 0.1% agarose phantom in a 
cuvette and illuminated at 1~2.5 W/cm2. An infrared (IR) camera was used to measure the temperature of samples. For non-invasive 
MR thermometry, we implemented real-time MRI temperature measurements based on the proton resonance frequency (PRF) to 
measure temperature changes within the prepared phantom containing branched GNPs during irradiation with NIR laser. All MRI 
phase measurements were obtained using a 7 Tesla MRI scanner (Bruker, Billerica, MA) and a gradient-recalled echo sequence (TE= 
1.22 ms, TR= 80.00 ms, flip angle= 40 degrees) or a field map sequence (TE= 4.00 ms, 5.01 ms, TR= 400.00 ms, flip angle= 90 
degrees). A phase change versus temperature change calibration curve was generated by placing the phantom within a temperature 
controlled environment and obtaining phase images as the temperature was varied from approximately 20 to 60°C, as confirmed with 
a thermocouple. Real-time temperature measurements were then obtained with a thermocouple and by scanning during phantom 
irradiation with a near infrared laser at 808  and powers of 1.0, 1.5, 2.0, and 2.5 watts for up to 5 minutes.  

Results: Strong absorbance in the NIR spectral region and high photothermal heat transducing efficiency (~60%) of the synthesized 
75 nm branched GNPs were characterized (Fig. 1a). During MR temperature mapping, the calibration data yielded strong linear 
correlations between phase and temperature change, with R2 values consistently greater than or equal to approximately 0.95. MRI 
temperature measurements during lasing showed consistently clear gains in temperature with increased lasing duration and lasing 
power.  The phase images shown in Fig. 1b provide a representative image depicting temperature change patterns. The localized 
photothermal heating only in a region containing the branched GNPs well demonstrated in serial slice MR temperature mapping with 
different depth. 

Discussion: Our synthesized branch GNPs generated heat 
more efficiently than Au nanorods or Au nanospheres each 
having a much smaller absorption cross section.[2] 
Temperature changes in agarose phantoms can be accurately 
detected as phase changes using MRI. The phase derived 
temperature patterns were reflective of the actual distribution 
of the branched GNPs and the data suggests that spatial and 
intensity modulation of heat transfer can be carefully 
controlled by application of the NIR laser beam.  

Conclusion: Branched GNPs with NIR radiation can 
produce high efficient localized heating and it was accurately 
detected using MRI as phase changes. Knowledge of the 
heating patterns provides a platform to further characterize 
the approaches for use in nanoparticles-mediated 
photothermal ablation cancer treatment. Further animal 
experiments are under way. 
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Figure 1: a) heating curve of branched GNPs solution with 808nm laser 
irradiation (2.5 W) and (inset) a TEM image of synthesized branched GNPs, b) 
Temperature maps from MRI measurements after conversion from phase 
differences. Shown are results after 5 minutes of lasing at 2.5 W. Right side 
depicts a slice approximately 2 mm above that shown in left.   
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