BYSTERESIS PHENOMENA OF BIOLOGICAL

SYSTEM
BY

R, El-Awady™

ABSTRACT 3

In this work we tried to find the effect of cyclic stress
on the behaviour of biological systems. The effect was repeated
many time and the reponse of the biologiosl system was mesuured.
The stress was chosen to be the step changes in envirommental
pressure and the response was the resgpiratory rate. The exper-~
iment was repeated ten times.

I NTRODUCTTON:

It is well known that, nonlinesr systems are classified
into two clasees. The first class is nonlinear system with mem-
ory. The second class is memoryless nonlinesr system. In the
first class a hysterisis relation exsists between the gtimulus
and the response, and in tbhe second, sucb relation can not exs-
ists. However in a previous work [1], the relation between the
change in envirommentgel pressure and the respiratory rate of
certain sample of bilologlical system was shown to be in the first
class of nonlinear system. The nature led us to study the effect
of cyclic stress on the behaviour of blologicel systems. The
gtudy concerned the c¢yclic changes in envirommental pressurs,
and the resplratory rate.

The animsl was put in a special pregsure cbember. The
pressure in the chember could bte changed through special valves
connectsd to 1t.
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Ten samples (dogs) were selected for the study. Each
sample was ansesthetised by pentobarbitone., A block diasgram
of the overall system is shown in Fig. (1).

THE TEST EXPERIMENT:

. e e e S -

In an attempt to change the emvirommental pressure we
needed a room which may indure changing the pressure by incre-
ase or decrease. The size of this room should be suitable “or
the size of the enimal used which is the dog in our experiments
and ten dogs were used. The dimensions of this room were des-
igned to be 150 x 120%100 om. Fig. (2).

Mg. (2) The Chamber used.

To let the required obanges be amooth a metallic tank
which can sustain a pressure of 10 atmospheres is connected
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to the chamber through a control valve. The pressura in the

tank is altered by a compressor. This tenk is utilized when

we want to elevate the pressure in the chsmber above atmosph-
eric pressure, as shown in Fig. (3).

Fig. (3) Pressure tank.

On the other hand for lowering the pregsure an evacuat-
ion pump is used to evacuate other four tanks oonnscted in
geries and these tanks are connected by another control valve
to the room, Fig. (4).

The animals used were dogs the weight of which ranges
from 15 - 20 kgm. Anogsthesia wae achieved by Ether inhalat-
jon followed by pentobarbitone given by the intera vemous root,
the pentobarbitone is a long acting anseathetic,

The two electrodes of the transducer were ingerted subcu-
tepeously on the right and left hemithorax anteriorly, as

illustrated in Mg, (2), The animel is then introduced inside
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Fig. (4) Series Tanks.

the pressure room, which is then closed and the pressure inside
it i8 changed by means of the control valves. A4t first the
pressure inside the chamber is atmospheric and the respiratory
rate and respiration curve are recorded omn a paper. Then the
pressure 1s decreased several times (-0.,1, -0.3, -0.4, -0.5
atmospher) respectively, each time the respiratory curve gre
recorded. After recording the curve at the pressure of -Q.5,
the pressure inside the pressure room is incregsed several
times in succession (-0.5%, =-0.4, =-0.3, =0.1, zero) the same
curves are recorded every time.

The pressure is then allowed to increase from zero level
{(atmospheric pressurc) several times (+0.2, +0.3, +0.6, +0.8,
and then +1.0) each time the seame curves are recorded.

After reaching the pressure of +1.0, the pressure in
chamber is allowed to drop gradually to {(+0.d, +0.6, +0.3,
+0.2, then zero level again) and the same curves sre recorded.



.08« Mansoura Bulletin June 1977.

In this way the animal is subjected to a cycle of charges
starting by decrease of the pressure returning to normal level
the:a increamse in pressure and after werds returnlng back to
normal.

The same cycle is repeated again and the same data recorded.

HYSTERESIS CHATACTERISTIC:

Table (1) and Flg. (5) shows the effect of repeating the

cycle of changes in pressure twice on the same animal.

Table (1)
P r/m = P r/m = rate_7
per minute per minute
0 40 ~0.1 490
-0.1 41,1 ~0e3 Hi
-0, 3 41,9 0.4 Q4.4
0.4 43,6 ~0.5 51.3
0.5 46,2 0.4 49,1
~0.4 46 0.3 46,2
~0,3 44 -0.1 46
~-0.1 4247 0 41
0 40,4 +0.2 41
+0.2 29.2 +0.3 A4
+0.3 377 +0.6 33,5
+0.6 34,0 +0.8 30,1
+0.8 32.7 +1.0 2.2
+1.0 9.2 +0.8 31,1
+0.8 33.5 +0.6 33,5
+0.6 34.8 +0.3 24
‘ +Ce3 3747 +0.2 37
+0.2 38 .8 Y 37
C 39,0
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LISCUSSION AND CONCLUSION:

From Table and Fig. (5) we found that on decreasing the
enviromental pressure the respiration rete exhlbits on s
certain way of change. On returning the pressure from -0.5
to zero egaln the change will exhiblt on another way, and the
valua of respirstion rate st the next zero will differ from
the first one. The same will take place in case of increasing
the preesure and then decreasing 1t. I.e. the biological sys-
tem has a bhysterisis character. &oreover on repeating thirs
cyclic action, we found that the hysterisis charscter shifted
to the left as in Fig., (5). Our explanation to this phenomena
1s that the blological eystem 1s e learning system.,
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