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To study structural--functional relations in the CNS a widely used method is that based 
on blocking brain structures by exposure to various factors: electric, temperature, chemical, 
and so on. Changes in the animal's responses after blocking of brain structures are then 
studied. However, the use of all known blocking procedures is accompanied by unavoidable dam- 
age to brain structures located above the blocked formation, and in addition, the operations 
are complicated by secondary phenomena in neighboring structures as a result of disturbance 
of the circulation in part of the vascular system. The method based on application of focused 
ultrasound (FITS) to block deep brain structures is known to be free from the above drawbacks 
[i, 2]. 

However, with the technique described previously it is impossible to induce such a block 
in an unrestrained animal, because the experimental procedure of application of FUS to deep 
brain structures requires fixation of the animal in a stereotaxic apparatus, to which the ul- 
trasonic generator is rigidly connected. The animal must therefore be immobilized or anesthe- 
tized. 

The aim of this investigation was to devise a method of studying functional changes after 
blocking of CNS structures through application of FUS in the course of performance of a behav- 
ioral act by the animal. The result of ultrasonic application was assessed by studying changes 
in electrical activity (evoked potential -- EP) of the optic tract. 

EXPERIMENTAL METHOD 

In the method developed, the fixing device with the ultrasonic generator is oriented in 
accordance with the coordinates of the structure to be blocked and is implanted on the ani- 
mai's skull, and ultrasound is applied during performance of a behavioral act by the animal. 
This device has a body consisting of a hollow cylinder, whose internal diameter corresponds 
to the external diameter of the ultrasonic radiator, and is filled with sound-conducting 
fluid, and a miniature piezoceramic ultrasonic radiator, shaped like the segment of a sphere 
1.8 cm in diameter with focal distance of 2.5 cm, and a working frequency of 0.975 MHz (Fig. 
i). To implant the apparatus, the head of the previously anesthetized animal was fixed in 
the halter of a stereotaxic apparatus. A midline skin incision was made, the muscles dissect- 
ed, and the part of the cranial bone above the structure to be irradiated was exposed. Using 
the indicator of the micromanipulator of the stereotaxic instrument, a point on the cranial 
bone located above the center of the area to be blocked was determined. A circle with its 
center as its point, and with a diameter equal to that of the radiator, was marked out on the 
animal's skull. A burr-hole of this diameter was then drilled. The body of the instrument 
was placed above the burr-hole and fixed to the skull with screws. The airtightness of fitting 
of the apparatus was ensured by the use of self-hardening plastic of the "Stirakril" type. 

The effect of blocking and the course of adaptation were monitored by recording electro- 
physiological parameters through implanted electrodes: cortical (a silver wire 0.3 mm in di- 
ameter insulated with varnish) and subcortical, bipolar (nichrome wire 0.i mm in diameter in- 
sulated with varnish). 
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Fig. i. Diagram of apparatus for local application of FUS to brain structures of an 
unrestrained animal, i) Body, 2) focusing radiator, 3) device for fixing body to 
animal's skull, 4) tight-fitting lid, 5) flange of body, 6) screws, 7) flexible ca- 
ble, 8) ultrasonic generator. 

Fig. 2. Reversible (a) and irreversible (b) changes in evoked potentials of optic 
tract before and after application of PUS (continuous irradiation). Explanation in 
text. 

The period of adaptation during which the normal brain activity of the animal was restored 
to its preoperative level (the amplitude of the EEG reached 20-30 ~V, a desynchronization reac- 
tion was observed during 5-10% of the recording time, and the level of correct conditioned-re- 
flex responses was 85%) as a rule lasted 3 days. The animal was then placed in an experimental 
chamber, the tight-fitting lid was removed, and the body filled with degassed physiological sa- 
line, warmed to 37~ The focusing radiator, connected by a flexible cable to the ultrasonic 
generator, was placed inside the body (Fig. i). The electrodes were connected through a plug 
and socket with a flexible cable to the input of a biopotential amplifier or electroencephalo- 
graph. 

EXPERIMENTAL RESULTS 

The possibility of reversible blocking of the optic tract by the use of continuous appli- 
cation of ultrasound was studied. With an intensity of ultrasound of 63 W/cm 2 and a duration 
of application of 30 see, a reversible blocking effect was obtained, consisting of initial de- 
pression and subsequent restoration of EP. The presence of this effect is illustrated by Fig. 
2a, in which traces of biopotentials 1 and 2 were obtained before application of ultrasound, 
and traces 3-8 at various times after application. Traces 9 and 10 were obtained 30 min after 
ultrasonic irradiation. Depression of all phases of EP will be noted. The shape of the EP 
was gradually restored 15 min after the end of irradiation, and in the initial stage of recov- 
ery the amplitude of the first stage of EP was higher than normal, whereas the amplitude of 
the second phase remained unchanged, although its latent period was appreciably lengthened. 
Recovery of all phases of EP was observed in this case after a few tens of minutes. 

If the duration of ultrasonic irradiation was increased to 60 sec, irreversible blocking 
of conduction of excitation, accompanied by irreversible damage to brain tissue was observed. 
Disappearance of all phases of EP after irradiation can be seen in Fig. 2b: Traces 1-3 were 
obtained before application of ultrasound, traces 4-6 a few hours after ultrasonic irradiation. 

The method described above can thus be used to study the dynamics of the phases of behav- 
ior during the first minutes of blocking of particular brain structures while the animal is 
performing a behavioral act; in this way additional reliable information can be obtained on 
the character of functioning of brain structures and on the localization of cerebral functions. 
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