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Abstract 

 
Purpose of this study was establishing of the suitable method for long term 

investigations of changes of the blood vessel diameter up to 60 min continuous measurements 
with the main aim to be detect possible changes in low frequency component of vasomotion at 
cutaneous microcirculation of Mice in vivo without using anesthetized animals. 

For investigation of microcirculatory changes of blood vessel diameter, it is 
necessary to be used as high as possible quality video images with high resolution 
(1591x1061 pixels), at this time the best method for this purpose is intravital microscopy, 
with high magnification and high resolution this method allow to be observed blood vessels 
from 5 to 100 µm, and to be determined also blood vessel wall and surrounded blood vessel 
cells. 

In this investigation BALB/c mice were used, and a Dorsal Skin-fold Chamber 
(DSC), were surgically implanted 4 days before the experiment. Intravital video-microscopy 
measurements of vasomotion in vivo were realized by 3CCD-camera, SONY Inc. and Nikon 
Inc. microscopy system. Fluorescence signal from the blood vessel, were enhanced by using 
DVS-3000 system (Hamamatsu Inc.) Vasomotion or temporal changes of the blood vessel 
diameter was measured by High-speed Digital Machine Vision System CV-2100 (KEYENCE 
Inc.), using an edge-gap detection algorithm (with a sampling time 389 ms), for on-line 
calculating the outer diameter of the blood vessels by means of fluorescence-image 
visualization (with precision 0.5 µm), after caudal vein injection of (from 50÷150 µl per 25g 
animal) Fluorescein Isothiocyanate (FITC)-labeled Dextrans from 60÷250 kDa concentration 
2.5% in PBS solution pH=7.5. 

First part of this study was set up the intensity of the fluorescence using different 
concentrations and molecular weight Dextrans for visualization of the blood plasma with 
enough high intensity and as low as possible effects on the blood viscosity.  

Set up of the edge finding algorithm from off-line calculations to on-line, for optimal 
detection of edges with certain fluorescence intensity. 

Set up of the blood vessel tracking algorithm, for following the blood vessel during 
spontaneous motion of the subcutaneous tissue. 

Set up the filtration algorithms for diminishing background noise, due to surrounded 
blood vessels.  

Set up the calculation from raw gap units to µm and obtaining the signal for time 
changes of blood vessel diameter in µm.  

Output of this modified method for intravital-fluorescent microscopy is opportunity 
to be measured for long period of time micro-blood vessels and their space-temporal 
characteristics which are essential for estimation of susceptibility of the microcirculatory bed 
on the action of different environmental factors. 

Optimal set up of the measurements parameters was applied for practical 
investigation of ELF-EMF action on blood vessel diameter. 



Introduction 
 

Main topic of data acquisition is obtaining of time significant data consist dynamical 
changes in the micro-vasculatory system, and standardization of the time working scale of the 
different methods used for frequency analysis. Without precise estimation of the time 
hierarchy of the system processes it could be impossible to be detected accurately enough 
different frequencies produce from different physiological processes in such a complicated 
system. 

Image analysis for most of the cases is provided using digitalization of the obtained 
signal to 8-bit gray scale and only allows us to resolve intensity of light changes, pixel by 
pixel, therefore obtaining of the high contrast image is the second also very important goal of 
our investigation 

 
Basic principles for obtaining of the high contrast and high-resolution images 
 

Microscope image acquisition-  
•Obtained Image must have very good resolution and as higher as possible contrast 

between blood vessel and background tissue, for that purpose important points are: 
•Case of study intravital-microscopy using REC with possible perspectives for using 

cranial window 
•Basic optics:  
•Nature of light-object can absorb, transmit or emit light, depending on the biological 

and especially biophysical processes that are involved. This light is registered by the specific 
sensors and as a consequence of that form the image. 

•Interaction of light and matter- types of interaction, which can take impact on the 
quality of the image: 

•Reflection and scattering of light- in our case of experiments using of Achromate 
0.45 filter give us very good contrast of the object (blood vessel) and decrease background 
noise (due to the surrounding tissue scattering of light).  

•Refraction- light passing trough the media with refractive indices n1 and n2- this 
effect is very common at the interaction of light with cells from surrounding tissue of the 
blood vessels.  

•Absorption- this characteristic takes in account only for colorful objects transparent 
objects do not have this characteristics-polarization light or staining with dyes is useful for 
this situation. 

•Fluorescence-This is a property of all materials, irradiation with light certain 
wavelength will cause the object to emit light of a different wavelength, (additional 
information mechanisms of Fluorescence). In our situation the natural fluorescence have a 
very weak signal therefore using of the fluorescence dye is necessary. Very important is the 
time of observation to be reduced, because of possible ionization of the tissue.  

•Calibration for the intensity measurements (Densitometry), digital images can be 
used to measure intensity information in the specimen. The gray value of the digital image 
can easy be related to properties such as optical density. If the system is not linear, a 
calibration function has to be determined. In our investigation we use. 

•Procedure for digitalization of the images image processing and image analysis. 



•System for video capturing and image sequence sampling (Adobe-premier 6.5), 
which make video sampling from 1/30 images up to 1/1 s images 

•Software for analyzing of the intensity of light and pike intensity of light finding 
provided comparative measurements of the input and output intensity of light, and create 
input/output calibration curve for the each video system that we use. 
 
Off-line video image analyzer (on the base of Origin-pro 7.0 software image analyzing 
tool)-working principles. 

 
Using NLSF function, Lorentzian transformations, multi peak fitting procedure for 2 peaks. 
With confidence bonds 95%, Iterations 100 using Levenberg-Marquard algorithm, image was 
analyzed and was find position of the maximum of intensity of light on the image which 
respond to the blood vessel wall  
 
Statistics and Frequency analysis 
 

Generation of algorithm (on the base of Orgin-pro-7.0 software), for analysis of 
oscillations of the diameter of the blood vessels from in microcirculatory bed at different 
positions and different sizes (2D-analysis). Up to this time more than 20 kinetics (from 20 
different animals) of changes of the blood vessel diameter were analyzed. Total number of 
analyzed images is more than 30 000 (each kinetic of changes of the diameter of the blood 
vessel is obtained by minimum 1800 images or 30 min video movie, 1f/s). 
 

Material and methods 
 
Animals 
 
Conscious male BALB/c mice (8-12 week old, 22-25 g, n=34; Charles River-Tokyo, Japan) 
were used in this investigation, and a Dorsal Skin-fold Chamber (DSC) made by Polyacetal 
resin (Duracon ™), were surgically implanted 4 days before the experiment. 
 
Imaging system  
 
Intravital video-microscopy was realized by means video system equipped (with 3CCD-
camera ExwaveHAD, SONY Inc. Tokyo), with video image enchasing system, video monitor 
(Panasonic Inc., Tokyo), and digital-video recording system (SONY Inc.), Fluorescence epi-
illumination system was composed by a fluorescence microscope (Optiphot XF-EFD2, Nikon, 
Tokyo), an objective (Plan-Fluor 20x, Nikon (Nikon Inc.).  
Video image signal was filtrated and strengthened, additionally by signal amplifier 
(Hamamatsu DVS-3000, Hamamatsu Inc., Tokyo), this signal amplifier allows being 
suppressed background fluorescence noise and expressing the signal from focused blood 
vessel only. 
Measurements of the vasomotion of micro-blood vessels (diameter between 45 -80 µm) in 
vivo were applied. Vasomotion or temporal changes of the blood vessel diameter was 
 



measured by High-speed Digital Machine Vision System CV-2100 (KEYENCE Inc., Osaka, 
Japan), using an edge-gap detection algorithm (389 ms sampling time), for calculating the 
outer diameter of the blood vessels by means of fluorescence-image visualization. This device 
include blood vessel tracking algorithm for eliminating any consequences by animal tissue 
movement and distortions due to animal behaviour. 
Edge-gap detection algorithm is based on the profile of the intensity of the fluorescence in 
measured area per one unit of time (389 ms) and especially by the distance between two 
maximums of intensity (edges) at certain camera sensitivity. This mode function of the High-
speed Digital Machine Vision System CV-2100 is very susceptible of quality of the image 
and especially the difference between dark and light areas. Edge gap this is distance between 
edges and output in units of pixels per one digital image frame. In preliminary experiments of 
setup the digital camera, we found that 4.88 pixels are equal of 1 µm real object size at 20X 
multiplying factor of the used microscope. 
Edge sensitivity function of High-speed Digital Machine Vision System CV-2100, specifies 
the amount of edges that this system will detect. A higher sensitivity will only detect the 
largest changes in intensity of the light while a lower sensitivity will pick up the smaller 
changes as well. 
After obtaining of the signal for whole period of measurement of edge gap distance digital 
data is convert by another algorithm from distance in pixels to blood vessel diameter in mm. 
Final part of the processing of the signal is done by curve-smoothing 11-point Savitsky-Golay 
algorithm. This kind of filtration of our data eliminates background noise obtained, by the 
internal camera noise or by low quality of the video image (external noise for measurement 
system).  
Prior to ELF-EMF exposure, fluorescein isothiocyanate-labeled dextran 250 kDa (FITC-
Dextran-250, 2.5 %( w/v) in PBS, 50 µl/25g bodyweight) was injected from caudal vein with 
aim to visualize blood plasma of the micro- vessels. 
 

1                                                 2 

 
 

Fig.1. Working screen of KEYENCE-camera (1) Intermittent-vasoconstricted state and (2) 
Intermittent-Vasodilated state of the 50 µm arteriole 

 

 
Results and discusion 

 
First step of our investigations was Improving of surgery-operation and installing 

techniques of chambers for investigation of microcirculation- CW, DSC, REC. 
As a result of that were obtained statistically significant number of animals which 

bring implanted observation chambers, through this chambers we was able to make direct 
observation of blood microcirculation in vivo in real time. 

 



 
 
 

 
 
 
 
 
 
 
 
 
 
Fig.2. Images from different types of chambers for investigation on microcirculation, Rabbit ear 
chamber (REC)-2a; Dorsal skin fold chamber (DSC)-2b; Cranial window (CW)-2c. 
 
 
 

Fig. 3. Densitometry profile of the image matrix and NLSF function for maximums finding and 
position calculation in pixels. NLSF algorithm find out two distinguished maximums with high 
probability and after that calculate distance between central point of these maximums in pixels, second 
phase calculated distance from pixels to µm. 
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After the frequency analysis of the signal we obtain two significant frequencies with 
specific amplitudes that are generated by the blood vessel and they are not dependent from the 
main hearth rate beat. 

Development of the frequency analysis is 2D-analysis of the distribution of the 
amplitude and frequency on the relative large area which consist different in diameter blood 
vessels 

 
 
 
 
 
 

 

 

Fig.4a. Changes in Blood flow 
velocity and blood vessel 
diameter at Stationary 
vasculatory state-2D-image 
matrix, color represent light 
intensity 

Fig.4b. Changes in Blood 
flow velocity and blood vessel 
diameter at Dilated vasculatory 
state-2D-image matrix, color 
represent light intensity 



 
 
 
Using this tool we can analyze amplitude of changes by processes with different time 

intervals or different frequencies, on the images with low magnification and to create activity 
maps of whole regions from microcirculatory bed. 
 
 

Conclusion 
 

In this interim report were described our preliminary investigations which main aim is 
to develop already existed methods such as Improving of operation and installing techniques 
of chambers for investigation of microcirculation- CW, DSC, REC. to prepare better systems 
for investigation of microcirculation and particularly BBB-microcirculation.  

Through provided preliminary investigations of in vitro experiments- EMF action on, 
blood viscosity, sedimentation, and surface electric charge we make interpretation of the 
obtained results from microcirculation in vivo, more specific and depictable  

Improving of Data acquisition and data management systems for in vivo 
investigations- video image analysis, intravital fluorescent microscopy, gave us opportunity to 
obtain with better enough resolution microscopic images and to analyze blood vessel with 
sizes between 7 and 90 mm, this is the main part of the blood vessels from microcirculatory 
bed usually not detectable by conventional methods such as ultrasound infrared or magnetic 
resonance methods. In this light intravital microscopy is one unique method for investigation 
of small blood vessels and their function. 
Analysis of frequency characteristics of microcirculation is one opportunity to be dissolved 
multiple complex signals generated by microcirculatory system, obtained single signals gave 
us way to make more precise our investigations and conclusions. 
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