
Abstract 

Quantitative BioImaging enables measuring and following processes in cells and 
biological samples.  This work shows results of “label-free,” real-time, quantitative 
measurements with a recently developed phase microscopy technique providing 
instantaneous, dynamic measurements of live cells. This system utilizes a pixelated 
wire grid polarizer mask in front of the camera sensor to capture phase and 
polarization in a snapshot. Images of cell optical thickness (OT) topography are 
generated from quantitative phase data and processed to obtain relative optical 
volume (OV = OT * A), quantify morphological changes, and determine changes in 
dry cell mass (DCM α OV). Live cells were prepared on #1 coverslips or coated 
slides. These results show a number of different applications of this technology.   
Be sure to see the video files on the iPad. 
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Applications  
! Morphological Studies 
! Mechanistic Studies 
! Tissue Dynamics 
! Quantify & Track Cellular Motion 
! Process Monitoring 
! Quantify Cellular Changes with Treatment 
 

 
! Objectives:  

 20X (NA 0.45)  
 & 50X (NA 0.8) 

! 1X or 2.25X FOV lenses 
! Source wavelength:  

 511 or 660 nm 
! Fast data acquisition  

 – no scanning 
! Real-time processing  

 – 15 fps 
! Vibration insensitive 

Microscope  
Specifications 

Like a color camera, this sensor sees in phase and polarization. 
It captures multiple relative phase shifts simultaneously to 
determine image phase as well as brightfield, phase contrast, 
dark field and DIC images. Fast data acquisition using short 
exposure times with a pixelated phase mask enables 
measurement of moving samples without blurring or scanning.  

Enabling Technology 

Paramecium Cilia 

Paramecium cilia motion in real-time. This 
125mm area was phase imaged at 50X with 
660nm source. The OT scale has a 475nm range. 
Note variations in cilia and vacuole. [See Movie] 

Optical Volume of Vesicle Transport 

(upper left) 3D plot of myoblast optical thickness showing vesicles 
taken at 40X with a 511nm source. (lower images) Sample images 
showing tracking of vesicle clusters over 14 minutes. (upper right) 
Plot showing how the optical volume of these clusters changes with 
time.  Note that as clusters merge, the optical volumes sum with 
agreement to within 0.4%. [Research Partner: Sanofi-Aventis, 
Tucson, AZ]  

Beating Rat Cardiac Myocytes 

3D topographic maps showing relative optical thickness of embryonic rat 
cardiac myocyte cells cultured on a #1 coverslip. Measured in a Bioptechs 
FCS3 perfusion chamber at 37°C with 40X at 660nm. [See Movies] 

Optical Volume Changes w/Treatment 

Relative optical volume over time series of 200 datasets of cell culture 
above. The same area of cells is compared before and after pushing IPHC 
(isoproterenol hydrochloride).  Note changes in both strength of 
contractions and speed of contractions.  These are indicative of changes in 
the force of the contractions. Contraction strength cannot be determined 
without quantitative volumetric data. 

Blood flow through a 44 x 33 µm area in the cardinal 
vein of a live, anesthetized 3-day old zebrafish at 20X 
with 511nm source. [See Movie] 

Zebrafish Blood 

Optical thickness of a single epithelial cell 
imaged at 40X with a 511nm source. (A) 
Pseudocolored optical thickness. (B) 
Simulated DIC. (C) Cell gradient magnitudes. 
(D) Cell membrane boundaries. 

Cell Boundaries 

Plots showing the changes in relative dry cell mass (α to 
optical volume) as a function of time for 5 different mast 
cells in the process of releasing histamine.  These 
preliminary plots have been normalized to show the 
relative changes. [Research Partner: Jason Reed, Virginia 
Commonwealth University, Richmond, VA]  

Dry Cell Mass of Histamine 

Myocyte morphology measured 
over 1:20 hours taken at 40X with 
511nm source. (left) shows a 
single isolated cell as it changes. 
(right) plots variations in the major 
and minor axis of the cell.  
(15 frames over 1:20 hrs).   
[Research Partner: Sanofi-Aventis, 
Tucson, AZ]  

Quantify Morphological Changes 

Microscope schematic for epi-illumination with a Linnik 
interference objective. Transparent samples in liquid are 
imaged in double-pass under a coverslip on a reflective 
surface. This system measures relative integrated optical 
thickness (OT) [or optical path difference (OPD)]. OT is 
proportional to physical thickness and index of refraction 
variations. 

Optical Layout 

Images of a nassula (50 x 80µm protozoa) obtained from a single 100 µs 
snapshot at 50X with a 660nm source. (a) Brightfield (irradiance or intensity). 
(b) Phase contrast (interference – a single interferogram). (c) Simulated 
darkfield (phase gradient magnitudes). (d) Simulated DIC (x-gradient). (e) 
Pseudo-colored OT (optical thickness determined from phase).  (f)-(g) 
Enhanced OT images. (h) 3D topographic OT plot.  Plots in bottom row have 
same color scale.  

Image Types 

Video Examples on iPad  
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Optical Volume 
      = Area *  
Optical Thickness 

Optical Thickness 
      = Index * 
Physical Thickness 

Dry Cell Mass      
= Constant * 
Optical Volume 


