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ABSTRACT

A cranial window method modified for our experiment enabled to observe the cerebral microcirculation including the

hemodynamic changes, the leukocyte behavior, and the blood-brain barrier(BBB) function during pre- and post-

exposure to radio-frequency electromagnetic fields (EMF) with a loop antenna in rats. No noticeable changes in the

BBB function, the diameter of venule, and the number of sticking leukocyte were recognized under the present

conditions due to EMF exposure. However, further investigation of plasma velocity and the number of rolling leukocyte,

which were partially altered after due to EMF exposure, are needed. 

INTRODUCTION

Biological effects of radio-frequency electromagnetic fields(EMF) on the blood-brain barrier (BBB) function has been

extensively studied in experimental animals. Most of these studies, however, have been performed by the histological or

morphological investigations due to postmortem examination. Besides these, little information are available about the
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exposure effects of EMF on cerebral microcirculation. A closed cranial window (CW) method have been widely used

among many researchers as a beneficial method to investigate the cerebral microcirculation including BBB function [1].

We partially modified this method for evaluating the exposure effect to EMF on the cerebral microcirculation. Our

previous results from acute exposure effects of EMF using a monopole antenna showed that no noticeable changes have

been recognized due to EMF exposure [2]. The present study aims to investigate the acute exposure effect of EMF on

the cerebral microcirculation in rats using the loop antenna that enabled more local exposure to the brain than the

monopole antenna does. 

MATERIAL AND METHODS

Nineteen male Sprague-Dawley rats (B.W. 426±19 g) were used in the study. Both CW implantation and the intravital-

microscopic observation were performed under anesthesia with a cocktail (100mg/kg i.m.) of Ketamine hydrochloride

and Xylazine hydrochloride (10:1, w/w). EMF exposure system consisted of a small anechoic chamber and a loop

antenna. The head of rat was positioned 2mm under the loop antenna and was locally exposed to 1,439MHz

electromagnetic near-field TDMA (time division multiple access) signal for PDC (Personal Digital Cellular, Japanese

cellular telephone standard) system. The intensity of EMF exposure was controlled by average specific absorption rate

(SAR) of the brain at 0.2, 2.0, and 7.5W/kg as shown in Table 1. The EMF exposure duration was 10 minutes. After

exposure to EMF, the animal’s head was immediately positioned in a stereotactic frame for microscopic observations.

The exposure for 10 min and the observation for 20 min were performed sequentially from 0.2W/kg SAR. The pial

microcirculation within a CW was investigated by a fluorescent microscope equipped with an SIT camera and a

confocal scanning laser microscope. In order to measure hemodynamic changes, plasma velocities, leukocyte behavior

and BBB-function, two-types of fluorescent dye and fluorescent microparticles were administered via the tail vein.

Results are given as means±s.e. mean. The statistical analysis was performed by Student’s t-test or ANOVA.

RESULTS

In order to investigate the detail of hemodynamic changes and leukocyte behavior in the pial venule, each parameter

was separately measured at postcapillary venule (8-30µm) and collecting venule (31-50µm).

                         Table 1. The value of average SAR in the present experiment

Input 0.015 0.15 0.57 (W)

brain SAR 0.2 2.0 7.5 (W/kg)

whole body SAR 0.0097 0.097 0.36 (W/kg)



Hemodynamic Changes

The values of vessel diameters did not significantly change between pre- and post-exposure at any SAR values. The

maximal plasma velocity in the collecting venule was significantly decreased(p<0.01) due to EMF exposure at2.0W/kg

SAR, however, there were no significant changes in postcapillary venule due to EMF exposure at any SAR values.

Permeability of BBB

In order to evaluate the permeability of BBB due to exposure, sodium-fluorescein was administered after each exposure.

Extravasation of sodium-fluorescein from the pial venule was measured with the confocal scanning laser microscopy. In

all measurement points, the fluorescent intensity profile　did not change at any SAR values. FITC-Dx was administered

before EMF exposure in order to detect the extravasation of dye during exposure. The fluorescence in the brain surface

within pial microcirculation was measured with the fluorescent microscopy until the end of experiment. However, there

was no significant difference between sham group and exposure group in the fluorescent intensity at any SAR values. 

Leukocyte Behavior

The numbers of sticking and rolling leukocyte to the pial venular endothelia were measured. The number of sticking

leukocyte did not significantly different between pre- and post-exposures. The number of rolling leukocyte tended to

decrease corresponding to increasing SAR values. The number in the collecting venule at 0.2W/kg SAR was

significantly decreased(p<0.05) compared with those of pre-exposure.

 

DISCUSSION AND CONCLUSION

In the present experiment, we used a loop antenna for more local EMF emission to the rat brain. The average whole

body SAR was less than 1/20 of the average brain SAR. The average whole body SAR used in the present study keeps

below the level that may cause thermal effect due to EMF exposure.

No extravasations of both sodium-fluorescein and FITC-Dx from the pial venul were observed following EMF

exposure at any SARs. This indicates that no disruption of the BBB function have been recognized due to EMF

exposure emitted from the loop antenna which agrees with our previous results using the monopole antenna [2]. An

increase of sticking leukocytes to the pial venuler endothelia is closely related to induce to the disruption of BBB [3]. In

the present experiment, the number of rolling cell decreased due to EMF exposure at 0.2W/kg SAR, however, it was

also found that there were no changes in the number of the sticking leukocyte after exposure of EMF at any SARs. This

finding may support a hypothesis that EMF exposure does not disturb BBB function. 

The plasma velocity of the collecting venule significantly decreased at 2.0W/kg SAR. However, the venular

diameter, which is associated with the change of a blood flow, was not affected at any SARs. Thus, further studies on

this dissociation are needed.



Whereas the number of sticking leukocyte did not change after EMF exposure, the number of rolling leukocyte

tended to decrease corresponding to the increase in brain SAR. However, no significant differences were recognized

between the values of pre- and post-exposures, except for the values obtained from collecting venule at 0.2W/kg SAR.

In this study, we may need to consider a temporal effect of anesthesia, for one experimental sequence was 110 min from

the beginning to the end. The changes in rolling counts and plasma velocity may be affected with the depth of

anesthesia.

In conclusion, the results suggested that no noticeable changes in the BBB function, the venular diameter, and

the number of sticking leukocyte under the present EMF exposure conditions. However, a temporal effect may relate

with the changes of plasma velocity and rolling leukocyte counts. Further investigations are required.
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