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Materials and Methods 

The experimental work was carried out at the Department of Information Technology, 
Mathematics and Physics of Moscow State Academy of Veterinary Medicine and 
Biotechnology. All animals were adult and healthy. Groups of animals: 11 cats and dogs 
aged 2–3 years (6 males and 5 females) and 18 horses (an equal number of males and 
females) aged 5–8 years. Animals’ blood was exposed to US during a period from 15 
seconds to 5 minutes. US therapy medical devices were: UST–1–01F, UST–5 and UST–1.02S, 
combined with thermostat U7c. We applied pulse mode – 10, amplitude modulation pulse 
ratio – 2, modulator model– GZ–112. We consider inhumane to receive regularly a large 
amount of blood from small animals for the extended biophysical series of experiments for 
reliable statistics. Therefore, the sonication technique has been specifically designed and 
tested in samples with the minimum volume. We adjusted the US exposure for each blood 
volume to receive the comparable results. Blood samples were sonicated under identical 
conditions (oscillator square, cooling fluid, circulative rate). The blood sonication was 
carried out in a temperature-controlled cuvette. Its walls were made of US conductive 
plastic. A coolant, distilled water, circulated continuously (so-called "flow-through cooling"). 
 



Morphological, biophysical and physiological studies on animal 

platelets after exposure to ultrasound (US) were conducted. The US 

carrier frequency was 0.88 MHz or 2.64 MHz, therapeutic levels of 

intensity ISATA — average over space and time intensity — were 

from 0.05 W/cm2 to 1.0 W/cm2. The physiologically active 

modulation frequency ranged in 10–150 Hz and 700–1000 Hz. The 

irradiated blood volume from dogs, cats and horses ranged from 1 to 

1.5 ml. No animals were harmed. The unused blood had been left 

over from the planned clinical and hematological studies in animal 

clinics and branches of the Academy was sonicated. 



Methods of analysis 
 

Blood of the same animal, untreated (intact specimens) served as a 

control in of the US effect determination on platelets. Smears were 

made and stained per the DIFF-QUICK technique: smears were fixed in 

absolute methanol 15 sec, were heated in dye solutions for 10 seconds, 

were washed with buffered water, were dried and were examined. US 

effects on cells (control and after the US exposure) were observed 

under a light microscope (immersion, transmitted light microscope 

«Mikmed-5», optical objective– 100x/1.25; ocular lens– 10x/18).  



Continuous ultrasound 

 

Platelets could be stained well after blood 

sonication with traveling continuous mode 

US wave from 20 to 45 sec with the intensity 

of 0.4 W/cm2, followed by the preparation of 

blood smears and differential coloring dyes. 



The impact of continuous ultrasound. The blood of 
a cat. (Left) Lysis of leukocytes. Intensity of US 0.4 W/cm2, exposure 

time 1 min. Groups and aggregation of thrombocytes are clearly visible. 
(Right) A group of platelets. Shape change. Aggregation. 



The blood of a cat. The generation frequency 
is 0.88 MHz, the traveling ultrasonic wave 

Ultrasound intensity ISATA 0.4 W/cm2
. 

Exposure time from 30 to 45 seconds 
1.0  W/cm2, 35 sec. Irreversible changes in 

leukocytes. Aggregation of platelets. 



The amplitude-modulated ultrasound 

 
The dyeing of platelets was performed after US exposure on blood samples. Depending on 

the US intensity different exposure was used. With 0.05 W/cm2 intensity we treated for 30–

40 sec, with intensity of 0.2 W/cm2 — 20–35 sec, of 0.4 W/cm2 — 15–30 sec, and with 

0.7 W/cm2 — for 10–20 sec (The carrier frequency was 0.88 MHz). At the same time, we 

imposed on these modes any number of the 10 – 30 Hz modulation frequency range or 

800 Hz, the duty cycle 2. The same result can be achieved using the carrier frequency of 

2.64 MHz & the intensity of 0.4 W/cm2 (exposure time 15–30 sec). The ranges of US 

intensity, active frequencies and time exposure found provides guaranteed quality of 

platelets coloring in all cases (regardless of the specific characteristics of the cells, blood 

storage conditions, animal status, & the presence of a pathological process) without 

impacting adversely on the other formed elements coloring. Increased exposure caused 

aggregation, change in platelet area and cytolysis. The method allows uniform deep 

differential staining of all blood cells, including platelets. Our findings can be used for 

non-invasive animals’ blood test.  



Blood of the dog. Change in platelet area after sonication 

Intensity 0.7 W/cm2,modulation 12 Hz, 

exposure time 25 seconds 

Intensity 0.4 W/cm2, modulation 10 Hz, 

exposure time 30 seconds 

 



Photo of blood. Change in area/aggregation of 
platelets in the ultrasound field with irreversible 
changes in leukocytes: cytolysis, karyorexis (Amplitude-

modulated ultrasound, parameters are not given) 
 



Destructive, cytolytic and several other effects of continuous and 

amplitude-modulated ultrasound were detected. The in vitro active 

frequencies’ spectra and intensities that affect the state of platelets 

were revealed. We recorded changes in platelet permeability, shape, 

deformation, rupture of the cytoplasmic membranes and trespassing. 

The possibility of directional acoustic impact on the state of the blood 

platelets & on the structure of their membranes was checked. We've 

worked out a technique of the deep color of all animal's blood cells of 

any kind to study the morphology, to diagnostic any cell membranes 

changes in and to identify morphological features of blood platelets. 



Smears of horse blood. Intensity 0.2 W/cm2, 
modulation 25 Hz, exposure time 40 seconds 

Aggregate of leukocyte and platelets 
Aggregate of leukocyte, erythrocytes 

and platelets 



Directed effects on platelets of domestic animals. 
Aggregation and destruction of cells with increased 

exposure 
After the sonication of the blood. Smears 
of horse blood. Stained platelets. 
0.2 W/cm2, 35 sec, frequency 10 Hz.  

Smears of dog blood. After the sonication of 
the blood. 0.7 W/cm2, 200 Hz, 15 sec. 
Aggregation of platelets.  



Conclusion 

In brief, we can point out some terms. 

1. Experiments on blood of animals in vitro have shown stable changes in platelet's 

state. There was revealed the dependence of the effect from: US exposure; 

modulation frequency; species of animals. 

2. Amplitude modulation allowed to perform equal–energy exposure on cells and to 

determine biologically active frequencies. 

3. Platelets cold be stained after blood sonication with traveling continuous mode US 

wave from 20 to 45 sec with the intensity of 0.4 W/cm2. 

4. The dyeing of platelets cold be performed after amplitude modulated US exposure 

on blood samples: with 0.05 W/cm2 for 30–40 sec, with intensity of 0.2 W/cm2 — 

20–35 sec, of 0.4 W/cm2 — 15–30 sec, and with 0.7 W/cm2 — for 10–20 sec. 

Modulation frequency ranged in 10 – 30 Hz or 800 Hz. 

5. The intensity increase or the use of other physiologically active frequencies at the 

same sonication time causes cellular destruction. 
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