
PROCEEDINGS OF SPIE

SPIEDigitalLibrary.org/conference-proceedings-of-spie

Feasibility study of Raman
spectroscopy for investigating the
mouse retina in vivo

Suman K. Manna, Marcos A. S. de Oliveira, Pengfei
Zhang, Ratheesh K. Meleppat, Che-Wei  Chang, et al.

Suman K. Manna, Marcos A. S. de Oliveira, Pengfei  Zhang, Ratheesh K.
Meleppat, Che-Wei  Chang, Edward N. Pugh, James W. Chan, Robert J.
Zawadzki, "Feasibility study of Raman spectroscopy for investigating the
mouse retina in vivo," Proc. SPIE 10474, Ophthalmic Technologies XXVIII,
104741J (19 March 2018); doi: 10.1117/12.2288790

Event: SPIE BiOS, 2018, San Francisco, California, United States

Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 6/25/2018 Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



Feasibility Study of Raman Spectroscopy for Investigating the Mouse 
Retina in vivo 

Suman K. Manna1, Marcos A. S. de Oliveira2, Pengfei Zhang1, Ratheesh K. Maleppat1, Che-Wei 
Chang2, Edward N. Pugh Jr.1, James Chan2 and Robert J. Zawadzki1,3* 

1UC Davis Eye-pod, Department of Cell Biology and Human Anatomy, University of California 
Davis, Davis, CA 95616 

2Department of Pathology and Laboratory Medicine, University of California, Davis, 
4400 V Street, Sacramento, California 95817 

3UC Davis Eye Center, Dept. of Ophthalmology & Vision Science, University of 
California Davis, 4860 Y Street, Suite 2400, Sacramento, California 95817 

 
*rjzawadzki@ucdavis.edu 

 

ABSTRACT  

The use of Raman spectroscopy in biochemistry has been very successful, particularly because of its ability to identify 
elementary chemical species. However, application of this spectroscopic technique for in vivo assessment is often limited 
by autofluorescence, which make detection of Raman signatures difficult. The mouse eye has been used as an optical 
testbed for investigation of a variety of disease models and therapeutic pathways.  Implementation of in vivo Raman 
spectroscopy in mice retina would be valuable but needs to be examined in context of the intrinsic auto-fluorescence 
artifact and potential light damage if high probing beam powers were used. To evaluate feasibility, a Raman system was 
built on a custom SLO/OCT platform allowing mouse positioning and morphological data acquisition along with the 
Raman signal from a desired retinal eccentricity. The performance of the Raman system was first assessed with a model 
eye consisting of polystyrene in the image plane (retina), using excitation wavelengths of 488 nm, 561 nm, and 785 nm to 
determine whether auto-fluorescence would be reduced at longer wavelengths. To improve the SNR, the combined system 
is featured with the optical compatibility for these three excitations such that their corresponding spectra from a typical 
region of interest can be acquired consecutively during single imaging run. Our results include emission spectra acquired 
over 10 s with excitation energy less than 160 J.s-1.m-2 for all wavelengths and corresponding retinal morphology for 
different mouse strains including WT, BALB/c and ABCA4-/-.  
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1. INTRODUCTION  
The physician’s ability to diagnose disease is enhanced by the timely availability of objective, quantitative diagnostic 
information. Successive advances in biomedical technology have been driven by the need to provide such information. 
Novel biomedical applications of optical spectroscopy, such as fluorescence, reflectance and Raman scattering, can provide 
information about the composition of tissue at the molecular level. Of these techniques, Raman spectroscopy can provide 
the most detailed information about the chemical composition of the tissue under study. Since the progression of disease 
is accompanied by chemical change on cellular scale, Raman spectroscopy can provide the physician with valuable 
information for diagnosing disease. Moreover, since light can be delivered and collected rapidly via optical fibers, which 
can be incorporated into catheters, endoscopes, cannulas and needles, as necessary, Raman spectroscopy can be performed 
in vivo in real time. Along with these successful invasive detection techniques still there is a strong need to detect the 
Raman signature in a non-invasive manner specially for monitoring a disease at very early stage. Mouse eye has become 
an in situ optical testbed for investigation of a variety of ocular disease models and therapeutic pathways [1,2]. 
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for 785 nm during the assessment of the system by using Polystyrene. Backscattered Raman light passed through a long 
pass filter followed by the dichroic filter and focused onto the collecting multimode fiber of core diameter 400µm and the 
NA of 0.39 which is matched with the collecting lens to have good beam coupling.   

2.2 Mouse preparation:  

Two different mouse strains -C57/Bl6J and Balb/c were used for this study. Mice were anesthetized using 1:4 oxygen and 
isoflurane gas mixture and thereafter placed on a positioning stage Fig.1b. The eye solutions- Tropicamide and 
Phenylephrine were used to dilate the eye and a lubricant eye gel was used for long time imaging without letting the eye 
dry. A temperature controller is used to maintain the temperature ~35℃ to avoid development of cold cataract.  

 
2.3 Fluorescein staining:  

Investigation of spontaneous Raman from two mouse strains are carried out with all the three excitation 
wavelengths. The result is presented in the next section. Briefly, the SNR of the spontaneous Raman is found 
to be low. Further, we have explored the possibility of enhancing spontaneous Raman signal by using extrinsic 
fluorescein as a contrast agent. Fluorescein is a biocompatible optically active dye. The typical absorption and 
emission bands are shown in Fig.2. 

 
Figure 2 absorption and emission spectra of fluorescein. 

The excitation wavelength of fluorescein is centered around 494nm. So, it is instructive to use Raman 
excitation wavelength well outside the fluorescein absorption band to avoid exciting phosphoresce. We used 
785nm excitation for this purpose. The delivery of fluorescein in mouse eye is done by tail-vain injection and 
15 minutes after the injection the mice are used for Raman spectroscopic study.   

 

3. RESULTS  
Our custom build Raman system on SLO-OCT platform is assessed with a known sample polystyrene with 
respect to all the Raman excitation wavelengths. The collimated beam is focused with a model eye with the 
replicated features of the mouse eye. The Raman emission form the polystyrene is plotted in Fig. 3. The 
acquisition time for all the experiments was kept the same, at 5s.  Once we confirmed the system is recording 
all the characteristic Raman peaks, we move to image mouse eye in the same setup. A parallel acquisition of 
mouse fundus by SLO using Raman excitation wavelengths confirms the correct mouse positioning before start 
of Raman spectrum acquisition from smaller Region of Interest (ROI). Our imaging system also allows us to 
adjust depth focus to optimize the Raman signal from any layer of the retina. 
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