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Abstract: Refractive index tomography compatible with conventional microscope is used for 
analyzing primary rat hepatocytes injury induced by pharmacological treatments. We found 
that mitochondria malfunctioning is correlated with refractive index variations.   
OCIS codes: (110.6955) Tomographic imaging, (100.6950) Tomographic image 
processing, (170.3880) Medical and biological imaging. 

1. Introduction

Quantitative label-free analysis of cells, based on the recovery of the refractive index (RI) distribution, allows 
obtaining valuable information of biological samples (morphological structure, volume, dry mass, etc.). Recently, 
the partially coherent optical diffraction tomography (PC-ODT) has demonstrated fast 3D RI recovery directly from 
intensity measurements by applying Wiener deconvolution [1]. This technique is compatible with conventional 
wide-field transmission microscope and enables the inspection of weakly absorbing and scattering objects.  
Diclofenac (DF) is a nonsteroidal anti-inflammatory drug is widely used to treat mild to moderate pain and which 
may lead to drug-induced liver injury typically when the consumption is excessive. The mechanism of DF-induced 
liver injury has been partially elucidated and involves oxidative molecules, mitochondrial and reticule endoplasmic 
injury in hepatocytes [2]. Metformin (ME) exhibits a protective effect against DF-induced liver damage in primary 
rat hepatocytes [3].  In this work, the chemical damage induced by a DF treatment applied over primary rat 
hepatocytes is assessed through the 3D hepatocyte RI distributions obtained with PC-ODT.  

2. Materials and methods

Primary rat hepatocytes (4.5 ⋅ 105 cells) were seeded on glass coverslips in 12-well plates. 12 h after incubation and 
4 h of attachment, the cells culture medium was removed and coverslips were washed three times with phosphate-
buffered saline (PBS, ThermoFisher scientific®). Then, cells were fixated using 4% paraformaldehyde (Merck®) 
solution in PBS for 10 minutes, and washed with PBS. 2% Bovine serum albumin (Sigma Aldrich®) in PBS was 
used to block non-specific binding of the antibodies for 30 min. Cells were incubated with DF (400 μM/L for 12 h) 
and without (control group), prepared 30 min before ME addition. Finally, the samples are mounted in Vectashield 
Antifade Mounting Medium (Vector Laboratories®, with RI of 1.450 ± 0.001), and then sealed between coverslips.  

For imaging the rat hepatocytes, we arrange the experimental setup displayed in Fig.1, comprising a conventional 
wide-field microscope with easily attached optical refocusing module (ORM). The microscope comprises a 
condenser lens with numerical aperture (NA) of NAc=0.78 (CSC2001, Thorlabs) which provides the sample 
illumination supplied by a quasi-monochromatic LED source (Texas Red, central wavelength λ0 =560 nm, 30 nm 
FWHM), and an objective lens (NAo=1.45, 60x magnification, Nikon Plan-Apo, oil immersion). A gaussian 
apodizing filter, designed according to Ref. [4], is inserted in the condenser aperture, to obtain a more reliable RI 
reconstruction. As the objective lens is infinity-corrected, a tube lens (TL, with focal length fTL= 20 cm) has been 
placed to provide a 2D slice of the sample located in the microscope’s focal plane recorded by the camera. By using 
the electrically tunable lens (ETL, Optotune EL-10-30-C-VIS-LD-MV, with an integrated offset lens with focal 
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length foff= -15 cm) one is able to optically scan in the surroundings of the microscope’s focal plane almost in real 
time [1]. The relay lenses RL1 and RL2 (with focal length fRL1= fRL2= 15 cm) are arranged in telescopic 
configuration. Finally, the 3D stack of through-focus intensity images of the sample is acquired by a sCMOS camera  
(Hamamatsu, Orca Flash 4.0, 16-bit gray-level) and stored in a computer for its processing.  
 

 
Fig. 1. Experimental setup for PC-ODT, including an inverted microscope attached to an ORM, comprising 
an ETL and two relay lenses (RL1, RL2) arranged in 4f-configuration between the tube lens and the camera. 

 

The 3D RI of cells belonging to four hepatocyte groups (20 cells in each group) has been reconstructed by PC-ODT: 
healthy (control), DF-treated, ME-treated and a treatment combining DF and ME (DF+ME). The 3D distribution of 
the cell RI contrast (Δn), defined as Δn= ns-nm is recovered, where ns is the cell’s RI and nm is the RI of the 
surrounding medium in which the object is immersed. The resolution of Δn values provided by PC-ODT is ± 0.002. 

 

 
Fig. 2. First row: 2D RI slices of control and DF-treated hepatocytes. Second row: 3D RI of the same cells. 

 
3. Results and discussions 

 
2D RI contrast slices, corresponding to healthy and DF-treated groups, are displayed in Fig. 2 (first row). The cells 
exhibit two big rounded nuclei. The maximum absolute difference in RI contrast is around |Δn|=0.03-0.04 and 
corresponds to small organelles (including mitochondria). Thus, the mitochondria RI vary between 1.41-1.42, which 
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is in good agreement with previously reported values with other techniques like differential interference contrast [5]. 
DF-treated cells exhibit isolated mitochondria which become densely packed, and show higher RI (corresponding to 
lower values of |Δn|). Conversely, the control group (and those ones treated with ME) display an interconnected 
mitochondria network and higher values of |Δn|. The 3D RI distribution is shown in Fig. 2 (second row), which 
enables the inspection of the mitochondria network in the scanned volume of the cell and evaluating the global 
structure of the cell. DF damaged cells displays a depletion of their structure in comparison with healthy ones.  
 
The averaged cell RI contrast, Δncell, takes into account all the cell content (the cytosol and organelles). However, 
for this study the more remarkable difference lies in Δnmit and this value does not significantly impact on cell RI 
contrast due to the small size of mitochondria and the limited proportion thereof with regard to entire cell volume. 
Mitochondria were segmented from the rest of the cells by using proper ranges for mitochondria RI contrast |Δnmit | 
∈ [0.015-0.045] and RI gradient |∇n|>0.15 (normalized to 0-1), thereby being characterized by a locally large 
gradient which enables their identification.  For statistically confirming the differences pointed by Fig.2, first the 
whole cells have been considered and their averaged RI contrast (|Δncell |) is obtained, as displayed in Fig. 3 (left 
panel). Secondly, the analysis has been limited to the cell mitochondria, and the mitochondria RI contrast (|Δnmit |) is 
recovered as shown in Fig. 3 (right panel). From the boxplots outcomes represented in Fig. 3, a relevant reduction of 
the median value of |Δnmit | is found in DF samples (0.0210) in comparison with the control group (0.0297), which is 
a decrease around 30 %. Moreover, it is observed that the median value of |Δnmit | in DF+ME group (0.0239) is 
significantly larger (about 13 %) than that of the samples only treated with DF. 
 
As a summary, the hepatocyte damage undergone after DF application can be detected by RI contrast changes in 
mitochondria, thus revealing mitochondria malfunctioning. Moreover, this study has verified that ME treatment is 
effective against mitochondria damage induced by DF, as stated in Refs. [2, 3], as it partially mitigates RI variations 
introduced by DF. These results have been validated by immunofluorescence analysis and respiration assays.  

 
Fig. 3. RI contrast of the whole cell groups (left panel) and mitochondria RI contrast (right panel).  
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