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In investigations that we performed earlier (1], it was established that irradiation of different parts of the body
of a rabbit with continuous microwaves (A= 12,5 cm) of nonthermal intensity (7-12 milliwatts/cmz) causes a2 "chrono-

tropic effect® — a change in the sinus thythm, The effect is rapidly reversible; itis manifested during the irradiation
and for a short time afterward,
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Fig. 1, Relative changes in the cardiac thythm in rabbits, subsequent to irradiation of
the dorsal parts of the body with impulse microwaves A = 10 cm, 7 = 1 microsecond,
F = 700) of nonthermal intensity (P = 3-5 milliwatts/cm®), Each point represents the
mean of 16 uials, 1) Total dorsal irtadiation; 2) irradiation of the back; 3) israd-
fation of the head,

We considered it of unquestionable interest to carry out analogous investigations with impulse microwaves,
whose biological activity is sometimes apparently different from the action of the continuous type, The thermal ef-
fect of impulse microwaves is determined by their mean intensity, which is usually considerably lower than the im-
pulse intensity (proportionality cocfficlent — product of the duration of the impulse times the frequency of the im-
pulses). Thus, at a nonthermogenic mean intensity, the impulse intensity will be considerably higher,

In this report, we describe an experiment involving investigation of the sinus thythm in rabbits subsequent to
frradiation of diffcrent portions of their bodies with impulse microwaves, The results of these experiments ate com=
parcd to corresponding data, obtained carlier from trials employing irradfation with continuous microwaves,

EXPERIMENTAL METHOD
As the source of impulse microwaves, we used a generator (developed by the VNIIMIIO®), yielding a wave
length of A = 10 ¢m, a maximum impulsc cnergy of Pymp = 40 kilowatss, and a frequency F of from 1 to 700 tmp/
sec at an impulse duration of T = 1 microsccond. In our experiments, we uscd a frequency of 700 imp/sec, known
1o be higher than the frequency of possible physiological thythms, The average intensity of the irradiation P = 3-5
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milliwatts/cm® ~ approximately half that used in the experiments with continuous nicrowaves, The impulse intensity
exceeded the mean intensity by 1400 times,

To {rradiate the animals, we used the same set up as in the investigations with the continuous microwaves re-
ferred to above. The procedure, order in which the experiments were carried out {time of irradiation, irradiated area,
recording of the thythm, control experiments, etc), and methods of statistical analysis of the experimental data were
also the same as in the experiments with the continuous microwaves, The tials were carried out on 8 male rabbits,
weighing 3-4 kg.
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Fig. 2, Pelative changes in the cardiac thythm in rabbits, subsequent to irradiation of
the ventral parts of the body with impulse microwaves (A = 10 ¢cm, 7 = 1 microsecond,
F = 700) of nonthermal intensity (P = 3-5 milliwatts /cm!). Each point represents the
mean of 16 trials. 1) Total ventral irradiation; 2) irradiation of the stomach; 3) ir-
radiation of the head,

EXPERIMENTAL RESULTS
Figure 1 shows the data on the relative changes in thythm subsequent to irradiation of the dorsal portion of the
rabbit's body, With irradiation of the head and back, we observed acceleration of the rhythm, beginning toward the

end of the irradiation and markedly increasing after the exposure, Total dorsal irradiation led to acceleration only
after the irradiation,

TABLE 1, Change in the Percent of Cases of Slowing and Acceleration of the Sinus Rhythm in Rabbits, Subsequent
to Irradiation of Different Parts of their Bodies with Impulse Microwaves (A = 10 cm, T = 1 mictosecond, F = 700
imp/sec, P = 3-5 milliwatts/em?)

For 20 minutes of For 10 minutes after the ir-
irradiation radiation
Total - ; P
numbet change in change in {coef- [change in khangein! coef-
Pact of the body Irradiated of the percent jthe percentfficient  [the per-  fthe per- [ficient
of cases of cases  pfthe |centof kentof |of the
measure- \
ments showing ac-| showing |chrono- | cases cases chrono-
celeration | slowing {wopic |showing [showing | trople
(my) (m,) cffect (K] acceler- slowing [effect(K)
ation (my] (m,)
Dorsal side Entire surface 320 0 0 1.0 o | 0 1.0
Back 320 0 0 1.0 + 16 -21 1.47
Head 320 + 23 - 23 1,57 + 31 - 31 1.9
Ventral side Entire surface 320 -11 0 0.89 0 ¢ 1.0
Stomach 320 ~15 + 14 0,75 0 ¢ 1.0
Head . 320 =23 + 25 0,61 0 0 1.0
Symbols: + Increase in the percent of cases; — decrease in the percent of cases, {n comparison with the control,,
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Figure 2 presents the data on the relative changes in thythm subsequent to ventral {rradiation, In all cascs, we
observed slowing of the thythm during the irradiation, disappearing within the fiist § minutes after the exposure, It
must be noted that with gencral ventral irradiation the slowing was noted only at the end of the exposure,

Table 1 contains the results of statistical analysis of the experimental data, in the form of values for the ceef-
ficient of the mictowaves' chronotropic effect. The cocfficient of the chronotropic effect K = 100 + m,/100 + m,,
where m and m, correspond respectively to the percent expressions of the number of cases of acceleration and slow-
ing of th thythm as compared with the contol,

With dorsal irradiation, we noted a positive chronotropic effect (K > 1} conly in the case of head irradiation,
Total dorsal irradiation and irradiation of the back did not cause changes in the rthythm (K = 1), After the irradiation,
a positive chronotropic effcct was observed in two cases — with irradiation of the back and irradiation of the head,

TABLE 2, Comparison of the Nonthermal Action of Microwaves on the Sinus Rhiythm of Rabbits Subsequent to Con-

tinuous (A =

3-5 milliwatts/cnéa Irradiation

12,5cm, P = 7-12 milliwatis/cm®) and Impulse (A = 10 cm, A

= 1 microsecond, F = 700 imp/sec, P =

Continuous Irradiation

]

Impulse Irradiation

during irradiation after irradiation duting irradiation after irradiation
- Pl i o W P el I
Part of the body ieient - (ehang ficient & ficient ~ (change ficient | o8
irradiated ofthe in of the 2 of he |0 of the |3
chrong- ftherthythm the thythm | ° the thythm the thythm
. i chrono- . chrono- . chrono- h
uopic [relativeto . gelative to , relative to . jrelative to
tropic tropic tropic
effect icontrol control control control
effect effect effect
X) (numbexr ) (number ) {number ®) {number
of beats) of beats) of beats) of beats)
Dorsal side  Entire surface 1.0 0 1,0 0 1.0 0 1,0 + 4
Back 1.0 0 0,16 0 1.0 +1 1.47 +5
Head 1.3 +1 1.42 +95 1.57 +95 1.9 + 13
Ventral Side Entire surface 0.67 -8 0,67 -5 0.89 -3 1.0 0
Stomach 0.73 -3 0,91 Q 0,175 -5 1,0 0
Head 0,76 -2 1.0 +2 0,61 -8 1.0 0

Symbols: + acccleration of the thythm; — slowing of the rthythm in comparison with the control,

In all cases of venual irradiation we observed a negative chronotropic effect (K € 1), most manifest with ire
radiation of the head, less with iradiation of the stomach, and least with total ventzal irradiation,

The experiments performed made it possible to establish that irradiation of the dorsal and ventral parts of a
rabbit's body with impulse microwaves of nonthermogenic intensity causes a chronotropic cffect = a change in the
sinus thythm — duting irradiation and for a short time afterward, In many ways, this effect is similar 1o the chrono-
tropic effect of continuous microwaves, but there is also a difference between them,

We refer to the basic characteristics of the chronotropic effect for the impulse microwaves in comparison with
the corresponding characteristics of the chronotropic effect for the continuous type, this being analyzed from the com-

parative Table 2,

As we pointed out, there is a basis for regarding the chronotropic effect of microwaves as a vascular-vegetative
reactjon, reflexly arising as a result of direct action by the microwaves on reflexogenic zones situated in the super~

ficial tissues,

Above all, it must be noted that the effect of impulse irradiation was basically more manifest than the effect
of continuous irradiation, despite the fact that the mean intensity with impulse {rradiation was approximately half as
great, This is not difficult to understand if it Is taken {nto consideration that the jmpulse intensity exceeded the mean

by 1400 times,

With venural irradiation, using continuous mictowaves, the negative chronotroplic cffect was proportionately
greater with larger irradiated surface arcas. This relationship provided a foundation for regarding the effect as a
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result of direct action by the microwaves on receptors of the skin. With venual irradiation, using impulse micro-
waves, we also observed a negative chrototropic effect, but the proportional relationship to the imradiated surface
scemed to be inverse in this case,

With dorsal irradiation of the head, both of the continuous and impulse type, we noted a positive chronotropic
effect, more manifest in the latter case, One of the probable mechanisms in thie case is the direct action of the
microwavses on the cells of the brain,

Dorsal irradiation of the animal's back with continuous microwaves leads to a negative chronotropic effect,
while with impulse microwaves, the effect is positive,

We see that the chronotropic effect of impulse microwaves differs considerably from the cffect of the contin-
uous type, both in expressivity and in character, It is obvious that this difference can only be explained by first ana-
lyzing the mechanisin of nonthermal action of impulse and continuous microwaves, Here we can only note that with
impulse irradiation one can expect a direct action on deeper tissues thanwith continuous irradiation, This stems from
the fact that, in our experiments, the impulse intensity considerably exceeded the intensity of the continuous irra-
diation,

SUMMARY

Irradiation of various parts of the rabbit body with impulse microwaves (X = 10 cm, 1 microsec, 700 impulses/
sec) of nonthermal intensity (3-5 milliwatt/cmz) affected the sinus thythm during the irradiation (10 min) and im-
mediately after it (10 min). Irradiation of ventral parts caused a shift of the hythm in the direction of retardation
and of dorsal ones — in the direction of acceleration. This chronotropic effect of the impulse microwaves was more
pronounced than the effect of the continuous microwave irradiation (Communication I). The possible cause of this
difference lies in a deeper penetration into the tissucs of the impulse microwaves in comparison with the continuous
ones,
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