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Dynamic theory on hemolysis of the X-ray irradiated
erythrocytes based on the catastrophe theory
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A theoretical analysis was made on the process of hemolysis of erythrocytes irradiated by X-ray in
a gradient vector field on a three-dimensional manifold, namely, a dynamic system. The term
‘catastrophe’ is used to designate a phenomenon whereby the erythrocyte translates from one attractor
to another attractor. A global picture of this system is given as an orbit on the manifold with a cusp
catastrophe. Two kinds of quasi-elastic limit of erythrocytes membranc are set on the orbit.  Hemolysis
is represented by the orbit beyond one elastic limit corresponding to the burst. The following three
patterns are presumed; the wither corresponding to an orbit below another elastic limit and two kinds

of recovery corresponding to a cyclic orbit occurring between the two elastic limits.
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Fig. 1. Schematic diagram of radiation hemolysis
of erythrocyte irradiated by X-ray and a-ray
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Fig. 2.
(1) Three-dimensional manifold near the origin
x-axis: Volume of red bloodcell
a-axis: Exposure dose
b-axis: Tension of cell membrane
(2) Transverse section in x-b plane for any ‘a’
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Ei=—(x8—ax+b), b=x-x. (1)
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Fig. 3. Qualitative picture for a dynamic system

in R®
(1) orbit having a stable equilibrium position(12)
——: Attractor
Threshold 7T: Translating position from one
attractor to another attractor
(2) Artificial orbit corresponding to hemolysis by
Xeray irradiation (---)
X,: Coordinate of E
La: Elastic limit of cell membrane
X,: Coordinate of Lx
A: Translated position on lower attractor
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Fig. 4. Orbit structure predicted theoretically ()

(1) Cyclic orbit representing recovery with swe-

lling and without shrinking beyond equili-
brium.

(2) Cyelic orbit representing recovery with swe-
lling and without shrinking beyond equili-
brium,

(3) Orbit corresponding to wither without reco-
very.
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Time

Fig. 5. Cenceptual picture representing volume
change of a cell in place of mathematical des-
cription
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