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Qualitative analysis on the volume change of erythrocyte

in X-ray hemolysis with cusp catastrophe

Kunihide Nishizawa

Radioisotope Center and Department of Radiology, Nagoya University School of Medicine,

65 Tsurumai-cho, Showa-ku, Nagoya, Japan

Research Field Code: 200
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A theroretical analysis on the appearance order of the volume variation of an erythrocyte with X-rays

irradiation is demonstrated by using the cusp catastrophe curves in a control space,

Three kinds of critical doses corresponding to the cell membrane tension for the wither, the equili-

brium and the burst are supposed. Dose-axis is divided into four regions by these critical doses. The

four kinds of phenomena appear in the following order; (1) recovery, (2) recovery with extrem shrinking,

(3) wither and (4) burst with the increase of the exposure dose. The modified orbits in the volume-

tension space are given for the four kinds of phenomena.
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Fig. 1 (A) Three dimensional manifold near the
orgin
x: Volume of erythrocyte
b: Tension of cell membrane
a: Exposure dose
(B) Cusp catastrophe curve in controle space
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Fig. 2. Relationships between exposure dose and
volume variation

C,: Catastrophe curve representing the translation
from lower attractor to upper attractor

C,: Catastrophe curve representing the translation
from upper attractor to lower attractor

be: Coordinate of the equilibrium point on b-axis

b,: Coordinate of the limit point for the burst
on b-axis

b,: Coordinate of the limit point for the wither
on b-axis

a,: Coordinate on a-axis for intersection of b==bEr
and C,

a,: Coordinate on a-axis for intersection of b=
b, and C,

ag: Coordinate on a-axis for intersection of b=
b, and C,

T,,~T,: Threshold point on upper attractor

T?;,~T’5: Threshold point on lower attractor
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be: Coordinate of the equilibrium point on h-axis
by: Coordinate of the limit point for the burst on

b-axis
by: Coordinate of the limit piont for the wither on
b-axis
Orbits () in (1), (2), (3), (4) represent the
recovery

I, recovery I, wither and burst respectivery

Fig. 3. Modified orbits on the volume-tension space
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