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Qualitative analysis on the volume change of erythrocyte

in X-ray hemolysis with cusp catastrophe
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Radioisotope Center and Department of Radiology, Nagoya University School of Medicine,

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



1018—(58)

M C ko ED alipEEOfEy akT5. %
fEC 3 AHERED DRRAEE bek 5. b=byk
MR Cob DZRRD a DOl a3k 5.

[bi|>[be| BIL, a>a;>a3Th5H ET5. fif
Wl I ag>aD P& X WAE O = — A D
fMxELB i, MaokEoRwR L E
BErrb )R ialhbnbThs.
RMFRCRG T B FROKRE S L 2THRD 4
DOBRFCHITTELHZ LTS,

(i) o>a>a Dy

b=be OFEMHTXEBE TS &, FimBRix
FEREROTEDT7 57 2 — ERBEIL, Ck
OFE TV EFTHLEIEZA LR 7 4 DRBEDT
EDOT V524 TFDO 75 22-~LE
5. 2T TUdENOWHZIC K35 RAME b
IO EOTHRMRETOT 22— 1%
SRR e o TRBErT 5. CLEopiE T/ WET 5%
EHUD AR s NEBOTTFOT7 +5 7 4 —
I EDT7 5 278—~,B5. FLTZIND
WEEFRICIRO T b=be DILDOFHRE~ LR S,
B, — B2 Uicikifniki g U Cmo 4R~
Rez riciesd. & cRBEIERT AEE IO
Sr—vifEbhs.

(ii) a;>a>a,Dif

b=be DM TXAMETH &, Rk
R ROTLo TS5 22— L2 BET5.
Cohoffiff TazETH L2 A r 7 4252
D, FOT S 72—-bTO7 V57 2—~¢
B5. - ZTvh Tadphzw i3 5BEEHoRR
b W/ b, KT TO7 52 2—F
RS> TBET 5. Cohoifi T c#d
5 H2A Y74 BIOCTOT7 +5 7 24—
IhW D7 o2 x—~EBS. T TR
DEEME X HEIE bk D bR EF V0TI
BRIXERin>T b=be @ PHyE~ RS, 0%
b — B UicRInERILINHE Lo kB~ RS
DTHBNB, Ty bE L H X vo¢, Rk
W —EETT DB I LT HIno AR
A, ORI UTEEATEERT 558 2 oFIHD <
x—vhfEbhs,

FUAREE S Hc iR Rl 1836% #1185

(iii) ag>a>agD i

b=be OFH R CXEEIBAT S &, FKifnskix
ERicPoT o7 327 2—EEBIT5.
CLoE Tao 35 h2Ar7 425820
D, EO7 1325 —-XDTFD7 5 25—~&
B5. cotd TIERD o pighical3 5 [RA
fif ik D LRI VO THMER L FOT F5 272
— k¥ smcinoTgiET2. C hoRE T
HETALFUIEA IR 74N B IDTFTO7 b
S2a—-kD DTV a-~NEB B, Lk
L T/ XDk b3 B R FE be & D /X
DT, —EEE UlckmIRis g 2 5 5 & Lt
PLDORE~NRELH Lis<FTHLTLE 5D TH
5.

(iv) ag>a DifE

PR be TXEEA BT S L, KRBT ER
RIE2C ED7 52 2—- L% BHT5. CL
OE Tz EdBEh 22740820,
o7 522X bTFO T I s a—~LE
5. & T TAXHZLC w3 2B o [R5 by X
DHKEVDT, —ER LIADTARIMERIE S 1%
PRI D L BALTLES>DTHS.
PlEoEmT & b 4 O GFEMbo R & HE
& DEIR ORI BAGRMFFEET B = LAV,
b, W5 XoiErgRTscoht,
WEREIE T, BT, %, BoBgrEbh
5.

3. b-X TR OEE

AR T DR AR 22 (x-b Z2H])
TOPHE D% L © /R 2 SV TBIERTT
5. TTHeCRED A B feoTb [ U T fE
L, P LR ORFMEOE Y2 2 T o
HEERA T2k, & & TN SLiE o R
fif% bifih EcElE L, SEcit U Climm e st
TERTH. HHMEEIDHE, Fig.2h b
xb HAHE X RZ20C, EbE>TLE
5. COXSELTEHEIKIEFiE3 (1) O
EHSXIG L, B Ik Fig.3 (2) OBuENK
5T 5. WML Fig. 3 (3) OBELNHIG
L, B2 Fig. (4) OB@ERNIET 5.



51411 H250
D A\ 3
b, bg ‘ by h,; b,
el
m (2)
Ty

3) 4

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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