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ABSTRACT  

Vasoactivity is an important physiological indicator of cardiovascular health which is frequently measured using ex vivo 

vessels to determine functional mechanisms and evaluate pharmacological responses. Currently, there are no imaging 

methods available to assess vasoactivity in multiple vascular beds of living animals noninvasively. In this work, we have 

developed methods to use photoacoustic tomography to assess vasoactivity in vivo in systemic vasculature of living 

animals. A spherical-view photoacoustic tomography system was used to monitor acute vasodilation in the whole abdomen 

of a pregnant mouse in response to injection of G-1. After 3D image reconstruction, the diameter of the iliac artery and 

photoacoustic signal intensity of a placenta over time was measured. The artery and placenta had differential response to 

the vasodilator G-1. We validated the observed vasodilation of artery by monitoring the change in cross-sectional diameter 

of an individual artery using standard B-mode ultrasound imaging.  
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1. INTRODUCTION 

Vasoactivity is an important physiological indicator of cardiovascular health. Impaired vasoresponse to pharmacological 

or mechanical stimuli can indicate endothelial dysfunction which is associated with high cardiovascular risk and metabolic 

diseases like atherosclerosis1, hypertension2, peripheral arterial disease3, diabetes4, chronic kidney failure5 etc. 

Vasoactivity is frequently measured using isolated vessels using wire or pressure myograph to determine functional 

mechanisms and evaluate pharmacological responses6-8. The limitations of these methods are that they are ex vivo, and 

may not represent the in vivo physiology, and that the laborious measurements are only practical for a single vessel or 

small selection of vessel anatomies. Noninvasive methods like high-resolution ultrasonography have been used for flow 

mediated vasodilation9,10 or pulse wave velocity measurement for measuring arterial stiffness11. Although these methods 

are noninvasive, the measurement is applicable for single and superficial vessels. We sought to develop non-invasive 

imaging methods to assess vasoactivity in multiple vascular beds of living animals to provide a more complete 

representation of whole-body vascular function.  

 

Photoacoustic imaging could be a potential imaging method to assess vasoactivity noninvasively. In photoacoustic 

imaging, nonionizing nanosecond pulses of light excite chromophores in the tissue, which induces thermoelastic expansion 

of chromophores and generates a broadband acoustic wave12. This acoustic wave can be detected using a broadband 

acoustic array transducer. This technique has been applied in oncology13,14, angiogenesis15,16, cardiovascular diseases17-19 

and ophthalmology20-22. Hemoglobin generates a very strong photoacoustic signal which can be used to visualize vascular 

anatomy within the body, including highly vascularized internal organs16,23,24. The generated photoacoustic signals can be 

acquired with tomographic systems which create 3D volumes. For example, we have previously used a spherical-view 

photoacoustic tomography system to capture anatomical structure of different vascular beds and function simultaneously25. 

These tomography systems can acquire 3D volumetric whole-body image of small animal in single rotation23,26. 
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In this work, we used the spherical-view photoacoustic tomography system to monitor the acute response of vasodilator 

G-1 in the systemic vasculature. G protein-coupled estrogen receptor (GPER) plays a role in estrogen-mediated protection 

of the cardiovascular system in women. G-1, a selective agonist of G protein-coupled estrogen receptor (GPER) causes 

endothelium-dependent vasodilation27 and decreases blood pressure in ovariectomized rats28. The vasodilation observed 

with photoacoustic tomography was validated by monitoring the change in cross-sectional diameter of an individual artery 

using B-mode ultrasound imaging. 

2. MATERIALS AND METHODS 

To assess the ability of the photoacoustic tomography system to monitor acute vasoactivity, we used a timed pregnant CD-

1 mouse at gestational day 16 following a protocol approved by the Tulane University Institutional Animal Care and Use 

Committee (IACUC). The animal was anesthetized by isoflurane (1-3%) mixed with oxygen gas (1-2 L/min). Before 

imaging, a jugular vein catheter was placed for the administration of vasodilators. Then the animal was transferred to the 

imaging platform and submerged in a deionized and degassed water bath heated to 36℃.  
 

To demonstrate imaging of acute vasodilation, we administered G-1, a G protein-coupled estrogen receptor (GPER) 

agonist8. GPER agonist G-1 (100089335, Cayman Chemical, Ann Arbor, Michigan) was dissolved in 50% DMSO and 

50% ethanol and diluted in PBS for administration. A volume of 0.1 mL at a dose of 100ug/kg of body weight followed 

by 0.1 mL saline was administered to the circulatory system through the right jugular vein catheter tube while imaging. 

 
Figure 1. (a) A photoacoustic tomography system (TriTom). (b) A schematic diagram of photoacoustic tomography system. 
(1) Arc array transducer, (2) Animal holder with nose cone, (3) Anesthesia tube, (4) Imaging chamber, (5) Heating pad, (6,7) 
Optical fiber terminals.  (c) Flow chart of experimental method. 

 
A photoacoustic tomography system (TriTom, Photosound Inc., Houston, TX) (Figure 1(a)) with a 6 MHz central 

frequency arc array transducer was used to acquire all images of the mouse abdomen using a nanosecond pulsed tunable 

laser (Phocus HE, Opotek, Carlsbad, CA). A schematic diagram of the tomography system is shown in Figure 1(b). To 

illuminate the object of interest, two optical fiber terminals mounted in the imaging chamber at 90 degrees with respect to 

the vertical plane of the arc array transducer. The other two optical fiber terminals mounted at 45 degrees were placed to 

deliver light at 532 nm wavelength. A stepper motor was attached to the nose cone to rotate the object of interest 

mechanically while imaging. The field of view of the system was 30×30×30 mm, and a full image was acquired in 36 

seconds. The 3D images were acquired before, during and after drug administration at 808 nm. As 808 nm is the isosbestic 

point of the optical absorption of hemoglobin and oxyhemoglobin, we used 808 nm for image acquisition. The images 

were reconstructed using a standard modified back-projection algorithm integrated with the TriTom system29. The speed 

of sound was adjusted for each scan to optimize the resolution of the reconstructed image. All the images were processed 
in Matlab (Mathworks, Natick, MA). The 3D images were then visualized in Amira (Thermo Fisher Scientific, Waltham, 

MA). 
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3. RESULTS 

The change in diameter of the iliac artery and the change in the photoacoustic signal intensity of specific vascular features 

were measured to estimate the extent and temporal characteristics of the vasodilation. Figure 2(a) and (b) present the 
reconstructed 3D volume of PA image of mouse whole abdomen at gestational day 16 at 808 nm. The diameter of the 

artery was measured from the 2D slice of the sagittal plane of the artery using full width at half maximum, and the change 

of diameter vs. time is shown in figure 2(c). Figure 2(c) also shows the change in average PA signal intensity of the 

placenta vs. time, where PA signal intensity of the placenta was measured from a manually segmented 2D slice of the 

placenta. The imaging shows the peak vasodilation of the iliac artery at ~13 minutes post injection, while the PA signal 

intensity of the placental vasculature did not change over the observed time period. 

 

 
Figure 2. Visualization of 3D photoacoustic tomography image of whole abdomen of a pregnant mouse at 808 nm (a) pre-
injection and (b) 13 minutes post-injection. (c) Plot of change in diameter of iliac artery (blue color) and plot of change in 
average photoacoustic (PA) signal intensity (orange color) vs. duration. The yellow box indicates iliac artery and yellow circle 
indicates the placenta in (a) and (b). Scare bar is 5 mm. 

4. CONCLUSION 

In this work, we demonstrated the ability to monitor systemic acute vasodilation in vivo using photoacoustic tomography 

imaging. The iliac artery showed a similar time response of peak vasodilation as the cross-sectional change in diameter of 

an individual artery using standard B-mode ultrasound imaging. On the other hand, the placenta manifested a different 
response to the vasodilator, when compared to the response of the artery.  In future work, these methods can be used to 

assess differential systemic responses to vasoactive therapies. 
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