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The effect of radiographic contrast media on erythrocyte membrane was investigated systemati-
cally by the measurement of osmotic fragility, volume change, shape change and viscosity of red cell
suspension, setting osmolality, viscosity and iodine content in order. Marked decrease in osmotic
fragility induced by contrast media was observed. The volume change of erythrocytes showed that the
permeability of contrast molecule across membrane was lower than that of NaCl. There was a little
difference in blood viscosity under the isoosmolality condition (300 mOsm/kgH,O) between ioxaglate
solution (1.46 cp), iothalamate solution (0.96 cp) and NaCl solution (0.8 cp), and little shape change was
induced by ioxaglate and by iothalamate under this condition. It became evident that the difference in
blood viscosity was due mainly to the difference in viscosity of contrast solution. Metrizamide caused
striking shape change and increase in blood viscosity under this condition. Increase in blood viscosity
was induced by hypertonic iothalamate solution under the condition of equal viscosity (1.29 cp, 641
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mOsm/kgH,0) and of equal iodine content (115 mgl/ml, 668 mOsm/kgH,0). These hypertonic
iothalamate solutions caused also remarkable shape changes, which were agreed with the shape
changes induced by hypertonic NaCl solution (661 mOsm/kgH,0). Ioxaglate solution, which
osmolality was almost isotonic under these conditions, had less rheological and morphological effect on
erythrocytes than iothalamate solution. It was made clear that rheological effect of contrast solution
originated not only in the viscosity of contrast solution but in the osmolality of it. There were little
difference in blood viscosity and in red cell shape between ioxaglate, iothalamate and NaCl solution
under the physiological condition (300 mOsm/kgH,0, 15.0 mgl/ml, 0.8 cp). Metrizamide, however,
caused obvious shape change and increase in blood viscosity even under this condition. It appeared
that the effect of metrizamide solution on erythrocyte membrane was not attributable to the viscosity
and to the osmolality but to the loss of membrane stability induced by some direct effect of
metrizamide on cell membrane. This study showed also that the iodine conjugated in contrast
compound was less toxic than free iodine ion.

In conclusion, it was revealed that the membrane stability of erythrocytes should not be changed
by contrast media, and that the osmolality of contrast solution was more important factor than the

viscosity and the iodine content of it concerning on the physiclogical behavior of erythrocytes.
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Table 1 Experimental conditions to study the effect of contrast media on blood
viscosity and red cell shape. (see Materials and Methods)

iti : /i cont
Experimental conditions Test solution “[ ég(): (&%ﬁ]} gnogn/‘gﬁ
a) iso-osmolality iothalamate 0.96 300 45.1
1.m; (300) (55.0)

ioxaglate 1

.46 300 121
1.6 (300D (148)
metrizamide 1.54 300 127
a.n (300) (155)
NaCl 0.8 300 =
0.8 (3000 =
b) equal viscosity iothalamate 1.29 641 109,
a.4 (716) (133)
ioxaglate 1.29 278 110
a.o (273) (134)
metrizamide 1.29 271 107
(1.4) (264) (1300
Na(Cl 0.8 300 =
(0.8 (3007 —
c) equal iodine content iothalamate 1.29 668 115
1.4 (749) (1400
ioxaglate 1.37 293 115
(1.5 (29D (1400
metrizamide 1.37 284 115
a.s (280) (140)
Nal 0.8 1919 115
0.8 (2275) (140)
NaCl 0.8 300 =
(0.8) (300) —
d) equal osmolality, viscosity iothalamate 0.8 300 15.0
and iodine content ©.8 (3‘_}9) (183)
ioxaglate 0.8 300 15.0
0.8) (300) (18.3)
metrizamide 0.8 300 15.0
0.8) (3000 (18.3)
Nal 0.8 300 15.0
0.8 (300) (18.5)
NaCl 0.8 300 =
0.8 (3000 -
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rizamide 71mOsm/kgH,0, ioxaglate 57mOsm/
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Fig. 1 Effect of contrast media on osmotic fragil-
ity of erythrocytes.
@ : NaCl solution, A : iothalamate solution, [J:
metrizamide solution, A : ioxaglate solution.
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Fig. 3 Viscosity of red cell suspension under the condition of iso-osmolality.
(A) : apparent viscosity as a function of shear rate, (B) : Casson’s plot of (A)
@ : NaCl solution, A : iothalamate solution, 4 : ioxaglate solution, [J: met-

rizamide solution
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Fig. 4 Red cell shape under the condition of iso-osmolality.
(A): NaCl solution, (B): metrizamide solution, (C): iothalamate solution,
(D) : ioxaglate solution
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Fig. 5 Viscosity of red cell suspension under the condition of equal viscosity.
(A): apparent viscosity as a function of shear rate, (B) : Casson’s plot of (A)
® : NaCl solution, & : ioxaglate solution, 4 : iothalamate solution, (] : met-

rizamide solution
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Fig. 6 Red cell shape under the condition of equal viscosity.
(A): NaCl solution, (B): metrizamide solution, (C): iothalamate solution,
(D) : ioxaglate solution
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Fig. 7 Viscosity of red cell suspension under the condition of equal iodine content.
(A) : apparent viscosity as a function of shear rate, (B) : Casson’s plot of (A).
@ : NaCl solution, A : ioxaglate solution, A : iothalamate solution, [J: metrizamide
solution, O : Nal solution
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Fig. 8 Red cell shape under the condition of equal iodine content.
(A) : Nal solution, (B) : metrizamide solution, (C) : iothalamate solution, (D) :
ioxaglate solution
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Fig. 9 Viscosity of red cell suspension under the condition of equal osmolality,
viscosity and iodine content.
(A) : apparent viscosity as a function of shear rate, (B) : Casson's plot of (A)
@ : NaCl solution, A : ioxaglate solution, [J : metrizamide solution
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Fig. 10 Red cell shape under the condition of equal osmolality, viscosity and
iodine content,
(A) : Nal solution, (B) : metrizamide solution, (C) : iothalamate solution, (D) :
ioxaglate solution
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Fig. 11 Effect of osmolality on red cell shape.
Each test solution was made by NaCl solution.
(A): 234mOsm/kgH,0, (B) : 300mOsm/kgH,0, (C): 398mOsm/kgH,0, (D) :
431m0Osm/kgH,0, (E) : 661mOsm/kgH.0, (F): 1,857mOsm/kgH.0

s % &, 400mOsm/kgH, 0 REE ¥ TI3MABZ L
ZRDRD, 430mOsm/kgH,0 38 ©—#ic
echinocyte I 28HBiL, Fig, 661mOsm/kgH,0
T &M @ echinocyte DIEFEIZIN 2 T shrun-
ken cell BHH, BFEFE DL & iz shrinkage
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DEEE &b, 1,857mOsm/kgH,0 Tix4 T Dk
MERAEE I shrinkage #7RL T o, Z DEB
RO EBE OFRELIETAFIZL - T, &
HROBEERHRI X % iRMEROHREZE LA S
M E i,
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Fig. 12 Effect of iodine on red cell shape.

k :
' :

D

(A): 20.5mgl/ml ioxaglate solution, (B): 20.5mgl/ml Nal solution, (C): 24.
6mgl/mi ioxaglate solution, (D) : 24.6mgl/ml Nal solution.

f) FMIROMBIZRIET = — FOER

EEHORVEVRIECES L3 — F & free
D — FOEE L HYBARBCT S bt Z DR
#fTotn, Nal BT, =— FregEiRoZic
FEGCARMERITZE L S EHF L, 20.5mgl/ml © Nal
B (332mOsm/kgH,0) Ti#9EH DR ER 23,
24.6mgl/ml @ Nal &% (443mOsm/kgH,0) T
T XTORMES echinocyte I, IIIZEH L T
W7o (Fig. 12B, D). ioxaglate ¥ T3, 24.6
mgl/ml iz B\ T—EiZ echinocyte 1 » HE % 2
o ¥ (Fig. 12A, C), = @ ioxaglate B
(24.6mgl/ml, 443mOsm/kgH,0) 1= J 5 THREZE
1b13431mOsm/kgH,0 @ NaCl B Ic L 5 F h
LIZIERI L TH » 72 (Fig. 11D), #€- T, ioxag-
late BWIC X 5 ARMIROMREE L, L LTHE
BROBBEEGHRCIDSDTHD, —F, Nal &
BFTOMBELBEE L CfreeD=— FOHE

ENFRTHh2ENBHIRShic, b, #E¥
FNCHES Lica — Fid, free 2 — Fickb~, #
MERB T 2 EEAERHAZ E A LT EEH¥
BA 17z,

4, # =

WA DRI BT ER i owT, &%
ROBRBESE, BEHEEY, MERVY= - rad
HEiR S BEL, ROIREOMTEME, FEE/L,
IMBCHEEE ] TR R L% BB I8~ A fs R i o
WCERET S,

ERH A IR BRI D A58 o i RUE R 238~
57, BEHUABR CERBELEAR XY BE TN
HRBR AT -7, WIFhoB#H b NaCl itk
NTHEERRBELBREAB LR Fig. D,
EHH D BE BT\ TN B B AR LD
EE&% 1T\, Ponder @ plot 2 7o f@bT X b, &
§¢#l (iothalamate) 12 X 2 AEEHA (2EE I

AAEEEE H47% HF55
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2B FEEDHRE L TNaClim tb N T 21
mOsm/kgH,0 O E YT 5 K2R & h, o
thalamate (%, FRIMERFED FE@MEHVMEL ZE 53585
- L (Fig. 2), —77, BRBEMSBEAR TR, io
thalamate 12 & - CTEMEH 2 NaCl iz b~ 50
YW I 2 CHI5TmOsm/kgH,0 # K LT+ % (Fig.
D. 5T, MEYEELER T R TRV,
EEHNC X 3 B MIEFI ARSI BT 2 (F T
ELT, ERAOFRMERE X35 BEEIER O &
b, EBEHSTFOESESBN L EECBE LT
WAHEHIYDTH LTI AT, Paul biz—FE
Eo&EFH% NaCl 0 @FELEERICN 2 710
EREEN, B L RABEEFAIC X 55 MERO
EAERL TS, X, Aspelin i3:&#4] & MK
ZEAELT~~ 2V » MEXRIEL, EEHO
EIENREZFZE~< 2 ) » HMEXBALT AL
RLTWALY, ZoEBRTHEBEEY—EILL
TELT, L LUEHARINC L 2B BEDE
ARl EEbhs, thbDEE TR, 4EH
B 2N Tx - TS A O AR MEREE iz B s 3 1 B
D—2, BI%, EHFH OMRMBRE 3T 5 %64
TR T ARLTER,

RMIRDBEDOEHEELHE LT 5313, 44
ATOERRMRBR X ERFT 5 A0EBE AT
TH 5%, 4EH 413, KMEROBEHEL T3 5
HED—2> L LTIRREE 2 RIE L, EFEI
BREGEOHELBBEL S, il Lt 2o
DEFRICL ) MEHELEL IR B0, Ban
TolcX S oD 4 —BEXERYTH
R, Bohic&RENEE LTk B1ER
THEPEPECTH2FITER, b,
Aspelin'V%> Schinbein® i3 3& 8 & ¥ fn % @ plas-
ma DK E L e MEDEY L 5FicX b, &
AR DR E D £ MRS R T B » 51 L 1
2, =a—F vk TDH 5 plasma D HEE & I
=a—bVETHILMOMED LY & I
FENCR I LI HBROEVETH 2P, &8
BESMFICIR T ioxaglate BIE (1.46cp) B
iothalamate %# (0.96cp) & NaCl ¥ (0.8cp)
THLWADMEKE T F G ERELENLD
h, TLLTEhRBROKEDZILERT 5
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RBRBELMIC I (§ER3-a), X, BROKE
E L BBIENE I B84, B viothalamate

B (641mOsm/kgH,0) (21214 F Dioxaglate

(47)

(278mOsm/kgH,0) 1= Ho~ T IMIEEL EE % BF & s
Ik 287z (Fig. 5), —hbid, EEH oMmE
FECRETERR, BREEDOHED RS
BEEOHENKEVERRBE LTS, Fig,

Fa-—-VF&EFEE (115mgl/ml) &EETOLEEEY
FlOKSEE & BFBE L MBHEE W R ET1EH L&
T5L (Fig. 1), HEOHRIHYLLHIBEED
BHROFVBEBETHHEELBRB, biriic,

Rand & Lacombe'™ 3 Rz BBE R UHEE 0 8 7z

AWEADERREAL, WREOEANTIEME

DERCHEAT 0N, BEENEL CHE
DR BZEROEACHRE U MRS E 0 Z ik
ZEAERBD LRI o1, EBELTWS,
IRMIRDOTGRERAL 2 2B &, ERBELMICE
\» T metrizamide /X e THREZE L % 8| 2 =
LTWwhDICX L, iothalamate J U ioxaglate
& A EHEBEE Y B 2T (Fig 4), Fic,
PR OBRBER OKE % 3512 4= A& P 1o 8
2z 5T b, FRMEROAE R metrizamide % B
T, NaCIBR LB LA ELLRVWENRE R
7=(Fig. 10), —7, SHERUVE 2 - F&H#TF T
%D iothalamate % (641mOsm/kgH,0 &% O
668mOsm/kgH,0) X3~ T @ Frifl & # ehino-
cyte II, III 2 UF shrunken cell i@ & X & 7= 7%
(Fig. 6,8), & hiXFREE D BFE(661mOsm/kg
H.0) @ NaCl B X 5 R ERTREZE L & 13 0E
MU THho-iz (Fig. 11E), Bl®, iothalamate &
W 1T 5 MR REE L E L LTRBEELEL
L 5bDTHS, Aspelin b F U Dawson 5 i1,
EBEATFRTO ) OMERLE T T
EHEL TV B0 Ly, z ¥ Aspelin &
DE|ETE, MBOKRMICHTE 2D, £
7-=F4772 VXA EELhAVREEL,LR
BDbh, EYHCTOVBELLHBEBE L TLHT
BEMEDEE 2D, Schiantarelli 52203 EFE L 27k 0L
ReEERE TR CBZE L, %% T iotha-
lamate T 2R L MR S FE
RLTEY, ThAEFEESE - MS THHENS
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OFEGENHER TS LBEADRRLE—HT S, &
DRRICERSME T, ERFDRMBREIC ZIET
ERRFERE 2L bR Ttk h ks nicd o
L E %%, fiu}g, Schiantarelli 13, SEEK
(611mOsm/kgH,O) T b RMEROFEBIL 2 &
ZFLicn & LTV 5A, bRk s EE 3
HBRICEROBEHREZRAVTWA, L ZANRE
FEZA X % FRMmERRE D 7K D F@® B (3FEF 1K
EVB, T, BREFROROKEEOE ED
HTEET 2B, BaXfTolkd b CEER
DREEY b HRBRBBROBRBEC AT
bF, ZhiCk b TEBENKIMEROTLRE
CRETERALZBETSHENTE S, 400mOsm/
kgH,O BE 0 & FEFRH TIIRIMER DO RE
3 EAEF L LI ERRER L T b (Fig. 110),
Schiantarelli b D&%, EEEE S O HRIMEBKH
EEDOFETERIZ L D & D discocyte iz d & - 7c
B, B, DichotcbExbhb, UEX
b, BBEED RIS GRIDERFE~OIEM & 1
KTHERBAL M7, ¥, BBEESLIC
PE 5 FRInER DTLRBZE(IL, FhicfE 5 IMEHEEE D
HEAEXEMTHLOTHB,

2 — FAGRMERELC RS HER o wTiE, M,
D TEHFIBFREOWE & 7o o7 Nal B % free
Da—FDavibe—ELTH, SEEHO<
VEVRIES L2 - FEDERICOWTHAN
7o, = — F &15mgl/ml C (¥ iothalamate & O°
ioxaglate \ZFRMER O FLRER ZE (L 22, Nal &
b ThriehbdBEBELEFIERI L
(Fig. 10A), = — FEoHEIMzE (20.5, 24.6
mgl/ml), Nal % ¥#& o ki B 03 B R
echinocyte DHIE XL, ZToBELHET L
(Fig. 12B, D), -—J, ioxaglate BW T, 24.6
mgl/ml 3\ T T BREEE/L Y Rz
T, LrbzoZ{bdFE LTHEROBRBESR
RCIBHEDThocGERI-D. BB, EFH
D — Fikfree ® = — FItlb~XCHRMEREEIC K
EFTERED TR L, ZofR
i, RWiEEE LA - FEEEYVIETE
B, Thict-s THESREENEL (X
LicWBR b, FRIOEBRECK LTI EBEEY T

(48)

loxaglate o R MERE 1= B i3 1EH

FXIRCEERLTW5B,
& = AT, Aspelin 5% metrizamide 23 o3

AN HANTELWHRE R &R THL I
BWLCTRHOD, “hixF«DERE—FTEL
DTHo-1 (Fig. 4, 6, 8 10), —7F, LMK
5B o e S filtration iz X 2 E MO B L T
I =R e B C shrinkage %77 L fe AR
Bz, metrizamide 1z X 52 it 4L
WIHEYRIFE R VCEBHLTHS, LrLE
DTt KB B\ T iX, metrizamide 13500
mOsm/kgH,0, fii % 1%1,100% ©*1,500mOsm/
kgH,O TH Y, BEEFHVPELRRS, f-
<, metrizamide DE~OIER L b 4, fhF0EF
BEHREL L DPFEBCBEN R EEZLRS,
FE, Stdubli b WEFE—@FEBE I BT, met-
rizamide I tb-x, ioxaglate 3ZIMEEIC B iE T
&oip e ExfiltrationEIC X hRL TV %%,
B & 0FEETIX, metrizamide (T TRTOLBETF
I\ TR EE R ORI O ZE L\ Bk & R
IRIRMBRRBOEAL R T EEC Uik, R, £18
FI4tET T, oSSR UL
5 NaCl B & 12 L vicd vk B3, met-
rizamide L Z h ba#L X2 i(Fig. 9), Z Dk
R, metrizamide D FRIMERE I B F3E B i1k
EPLRBEDHED LTl ho&HAIL bR
STHEFIC L A AR R LT 5, metriza-
mide IR E LTZ A 24 3 AT LT 5
ELEGRE RSB O H Ly, Ekeland & Ufla-
cker®i3, v FEANME~OEHFITEALES
FHME o f MR, BEEES#HF metri-
zoate 12T, metrizamide ® 22035 i
WIERHE LT\ 5, metrizamide 1%, ERROER
KA BT, FEROEFFNC KR Dz
, MTBHBCEETIERAI RN LT H8ED
Z bR 5P, 2 kit metrizamide OEEE T
CEIBHREELLNE, —7F, BRNBEIRE
Bz 3\ T, metrizamide TIXIREE 1 ZHH I8
534, Holtas b R2OK OFERGIZPCTRL
T\v%, 2O metrizamide 12 X 5 E&H R %, Tejler
BUEGRIREIC R 2B /ETECL A EL, £0
5 & LT metrizamide 12 J % M P B OREE %
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FRLTVWAHI, Zhid, &R L efkmEk
B+ 5 EANbA T THAELOhDHETH
%, ¥, Nilsson i, ioxaglate % A\ 7= BIREE
BREFEEOREARED T I EHEL T
%29).

EHEI R HRERECRCAES, Bhicdk
MRELBLBTIKTiea - VEBENLETH
5, Lirl, fEROEFH T2 - FaFELET
&, Thicf-TBBEIHAL, EFFEA
5 ElEE L #nT 5, MPEREEDS ~ 5L
WOIELL BBBEREROEHAICKL, BE
FExMRDL/2~1/3/ET 2 FBEREES
FHRZ0BENRTEE LY, $EOFERICL D,
BRBESYHIC L 5 RORECTT5BL &{F
AREEMNICRE R, 1, ioxaglate & R
ERBEEEFHTY, metrizamide (TR MERFEIC
B CHEVCVEENEFR2RETE LRI AL,
{€ - T ioxaglate (% iothalamate % metrizamide
IOV BERIEFALELDOND, ZhbORERI,
ioxaglate Z3E3E O EREHNC N TEFHIE AT
HOBEIEE BDOTEMTH S & T HEKBIM
HENCXF T B, —oDOEBZEMIRILE Bbh 3,
fhaw & LT, SFFIRMBRE S L CEERNF
AZzREILCENLETHY, X, EFF D=2 —
FEER LV LBRBECHENERRETF T, &
h b BBEEOH AL RMIMREICEHE L FRA YK
ETERBE LN, (£-T, SEFBRIL
X Y EBRREFIAE ST 2ENEE L,

5 % ¢ ®

1) BEEMEEERE L b, EFHIC X 2 BEMIE
ARSI RV hi, X, BEEE (X
DARMIRAEELDOER I b, BEFHFIX NaClic
HARTHRMERE D Fs@ i 2MEWCELR S R,
- T, EFAIC X 2BENEFEARRII, &
EH o T 2 EENER ORI LT, EEA
DEEFEBME S FECHEE L TV AELAHDTHD
iz hic,

2) S@FESLMET T3, ioxaglate, iothalamate
B U NaCl B TH b5 MEE L3 s
ELPRDONRT, JURMROFBBICIIZEAL
ERBEdLhishotn, foT, ZOMKHE
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DEZ, E&LTBEEOBEDER X 5HHHIE
L.

3) SHERVE= - FEHESETIE, Bt
iothalamate Z¥EI3ZE L\ IMEHE EE DA & FiRE
Blrxscl, ToBBELCIABECEE
NaCl 5% L 2IERI L TH -7z, —7F, ioxaglate
o hbof&HfTRIEEETHY, BBERE
LAERST, b mEkELHE LT &
fehotc, f-T, BEADO VI e o BRI,
HirEFHlokELLsboTiicl, bLAL
DORBEECERTHAENHE LI TR,

4) metrizamide 3 ZBBF, SHER S
a— FEHEOETOLHHT, B LIOE
BZ b L MK E DA RFHRL, Fig, T
32 S BALDE U T » e B AT T, B
T T RB AL & MBS EE DR & Ade, Bl D,
metrizamide OERL, BICBEEROKECREE
X Bb0TRRL, BEAOBE#MEHTHIE
BB BT o T,

5) BEH Oy EVBRESLLI-FIX
free ® 2 — Vil _RTEMEL DI VESHB L
o

6) LlEX b, EEH AR IMBREA~E BRI %
BIEI B WEBLETH Y, EFF 02— FEX
hd, HBES LILIRBEVEELREFCH
LIEMEER &R 5, 5 5 T, ioxaglatelLiothalamate
*° metrizamide X VB ERF L\ 25,

BEELHRB LD E Lo, BARERFRSHRE
HHE - FRERSERINEE =#E, B RERAER
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