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Experimental and Clinical Studies of Non-Ionic Isoosmolality
Contrast Medium (Iohexol 140)
—I. The Effect of Isoosmolality Contrast Media on Red Cell Shape—-

Natsuki Tajima
Department. of Radiology, Nippon Medical School

Research Code No. : 502
Key Words : Contrast media, Iohexol, Erythrocytes, Osmolality

The effect of radiographic contrast media upon erythrocyte membrane was investigated by means of
shape change of red cell, setting systematically osmolality, viscosity and iodine content in order. Under
isotonic condition, there was little substantial difference between iohexol solution, diatrizoate solution
and NaCl solution concerning on erythrocyte morphology. The shape changes to echinocyte II and III
were brought about by diatrizoate solution under the condition of equal viscosity or of equal iodine
content, whereas little shape change was induced by iohexol solution which osmolality was lower than
that of diatrizoate solution under these condition. Metrizamide solution caused striking shape changes
not only under several conditions mentioned above but under physiological condition. Any shape change
was induced by iohexol and diatrizoate solution under physiological condition, but about 25% of
erythrocytes were transformed to echinocyte I, IT by Nal solution. This experiment indicates clearly that
iohexol is preferable contrast compound to diatrizoate and to metrizamide. It becomes evident that
osmolality of contrast medium is more important factor than viscosity of it concerning on a mor-
phological behavior or erythrocytes, and that the iodine conjugated in contrast molecule has less toxic
effect on erythrocyte membrane than free iodine ion.
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Table 1 Chemical structures and physical properties of contrast media
The values were obtained from official publication.

lonic Non-ionic
Official name Diatrizoate Metrizamide Iohexol
Trade name Urografin Amipaque Omnipaque
coo- Hﬂ‘tﬁ!: CONHCH2 i':H[!HrEIHI
| | un-'b—-'*r"‘ju OH 'I ][l OH
Chemical :[ e CHILO~,, CONHCHzCHCH20H
CHLON HHCOcl: ]I [I HOCH EIII‘!HI Y ‘
~ 2! H
structure i GHco sy — v g
chy !
C11HoI3N204 C18Hz2 13N308 C19Hz613N309
Molecular weight 613.92 789.10 821.17
. H H -:‘""""--. -‘-‘-'"""---.
Salt meglumine,sodium e e —————
Concentration( % ) 60 62 65
I content(mg/ml) 292 J00 J00
Osmolality (mOsm)| about 1800 480 690
Viscosity (cp) 38~42 6.2 6.1
pH 6.0~ 11 14~16 6.8~176

AFRIZE T, BEERE LiTos&H2E 2
TEENEREZTV, EFAOL>LWThoRTF
DR MERE A LS ER 2 RIS h 2 X, X
M3F ISR BEMIEAC A v &R H (iohexol 140
mgl/mD) OFEPHER OV TREZMZ L,

II. e A&

ARMIRIBRES FOREBIREL b RML, HEE
# & L heparin 10U/ml % L7, M¥ki800
GX 104 ®Ik#, plasma K O buffy coat # g%
L, HEPES buffer (10mM, pH7.4) *&¥r150
mM NaCl BT 3 EIgE L, FREEH I
diatrizoate( B A& > = -- U v 2), iohexol (Nyegaard,
Oslo), metrizamide(HA& > = — ) v 7)o &
T, T OB To B % Table 112777, Table
107 -2 —3EZHOARETH 5.

£ TORBER L HEPES buffer 10mM %
WpH 7. ACRR L, T EMALZRPGKTH
ML, RRBEOBERE%300mOsm/Kg H,0 iz
R LCRBRR (a), ABRBEOREXR]L.4cp iC
A LRRR(D), ABRBRO=2-FaEEY
140mg/ml IFAEE L 7= B[ (O RERLE, &

(52)

2, FROGHEHIEH &FRO NaCl I A #2Y
CERL, RREBEO 2 - VFEEELZ%ED Nal
B O3 - VEEEICHYT 518, 3mg/ml 1 FH
BLCEBRRLEN LA, & ORSEERREN (+
0.05cp) CHABBIBHWOKE LI L L <0.8cp
Thote (d), TRTOEBRRKBVTEED
NaCl B X 2HEBRETWABE L, L4
KRROERRBBEOBREIE, HERVPa—-FE
A% Table 2 iwR¥T, BBEIIKSHETHRE
&t (Precision systems, Inc. Osmette A), %
L < B LA RBFEE (B8 OSM-1 % v,
SR FISEFiR E BURSEE R GRS 2 AWT
ML 7o,

ZABRBEWK]L.8mlic~=< 7 Y » +{E50%D %
#ARIMIR0, 2ml % I 2 R T204 7 incubate 5,
NaCl # BEHRN L BEBE* & RBRBROBBE
EEL L LT1% gltaraldehyde BB ¥ (25mM
phosphate buffer, pH7.2) TEF L, TMD &8
5 TS (Nikon) #* A\ T4008: T RE
B E R~

HAERSEE $46E HI5
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Table 2 Experimental condition to study the effect of contrast media on red cell

shape.

Viscosity at 37°C and osmolality of the each test solution were measured in our
department, and iodine content was calculated. The pH of test solutions was
adjusted to 7.4 with 10mM-of HEPES buffer.

* Mixed solution of isotonic contrast medium and isotonic NaCl solution. (see

materials and methods)

: - : Visc. Osm. [ content
Experimental conditions Test solution (cp) (mbsm) (mg/mb)
a) iso-osmolality Diatrizoate 1.0 300 59
Iohexol 13 Joo 118
Metrizamide 1.7 300 155
NaCl 0.8 300 -
b) equal viscosity Diatrizoate 1.4 688 139
Iohexol 1.4 335 133
Metrizamide 1.4 264 130
NaCl 0.8 300 -
c¢) equal iodine content Diatrizoate 1.4 694 140
Tohexol 15 349 140
Metrizamide 15 280 140
Nal 0.8 2275 140
NaCl 0.8 300 =
d) equal nsmolality, viscosity | :*Diatrizoate 0.8 300 18.3
and iodine content * [ohexol 0.8 300 18.3
* Metrizamide 0.8 Joo 18.3
Nal 0.8 Joo 18.3
NaCl 0.8 300 —

ITI, #&% 5

a) FRBEEH

FREEEZBT TR, EEFABROBER D
- FEHREIIE 4RI H{EXRLTV5(Table
2). HFRBRBWIC X % HRMIERE O RBIC RAET1F
AxFANS L, iohexol TIXIZ & A KHREELA
ZbhT, diatrizoate 12 X - T T IcHREZ AL
Mh & »bhte, Metrizamide 133 U\ ZREZE L
OERBIL,3EA DK% echinocyte 1M
B LEe (Fig. 1), “hib, SELETT
% iohexol K O diatrizoate 237z M Bk D RE 1= K
ETEREEMTH 55, metrizamide (ZFAZE /r
TERZ IS THELE ST iz 7z,

b) EXESRG

FREETRERRBBROKE,V R 5, K
CBRBROWEY—EC L ERY T ok, 0%k
IR T, diatrizoatelX &5k (688mOsm/Kg
H,0), iohexol i%i2/3%3E (335mOsm/KgH,0),

MEAI614 3 F25H

(53)

metrizamide (3E5E (264m0Osm/KgH,0) <#H -
7z(Table 2).lohexol Tiki>T HieTHREZE(L L o>
ZbRinh o oA, diatrizoate VLER & s i A HESE
1t. (echinocyte 11, 111 ®{EFE % O shrunken cell)
O ER I LA(Fig. 2), = o diatrizoate iz L %
WRREALR, EOFREETTOIABRICL SR
diatrizoate DEEIEA $ H 5 43, diatrizoate ©
BHEE (688mOsm/KgH,0) 12 X 5 & & H3URIE X
%, Metrizamide & (3 {65E (264mOsm/Kg
H,0) T echinocyte 23 Uit { W&HTTH B IT
b b, 13 A EDFRINE % echinocyte 11,
Il iz %z 7= (Fig. 2). = DfE&RI1L, metrizamide
HPRIMERBE 6 U D AEFEH] & (3R BRI S0
ECEENEREZRIFLAFERHR R L T W
5,

c) EIa—-FEFEEHG

FIL 2 - FEREERDOHBEICE, X h4EE~OF
BoLin EEEINEE LA, =— FESEEY
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Fig. 1 Red cell shape under the isoosmolality condition. (see Table 2)
A; NaCl solution, B; Metrizamide solution, C; Diatrizoate solution, D;
Tohexol solution

Fig. 2 Red cell shape under the condition of equal viscosity (see Table 2)
A ; NaCl solution, B; Metrizamide solution, C; Diatrizoate solution, D;
Tohexol solution

(54) AABERNSE 5546%
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FA—ic PR LR YT o, Bk, 22— M2k
MBI RIFTER Iz oW T b a3+ %%, Nal
B xR\ freea—-FEvEvyBRICEESL
fog— FEDERLDSWT AN, BBEIL, Nal
(2275m0sm/KgH,0) F 0%, diatrizoate (694
mOsm/KgH,0) 13%5E, iohexol (3% F 55 (349
mOsm/KgH,0), metrizamide (3.(3/Z45E (280
mOsm/KgH,0) T# -7z (Table 2). Iohexol T
BhTFrhBEEILERD T E RN,

diatrizoate % echinocyte II, I & O"—#ic shru-
nken cell % 3 &%, metrizamide 134 T DRI
Bk % echinocyte II, 11l ieZ %, Nal BW LIz & A
& o gk B % & B shrunk X # 7o (Fig. 3).
Diatrizoate #* iohexol ¥z kb L 7 I BR i 12 EL 82 Y
MCERRRIE LD, SHKESGTOERT
YA bhicX it s LTREBEDOE S DRI X
5, Metrizamide (& Z O8-& 12 b i BRI w5t
LD THWER %2 B Lz, Nal Bi A FRimER
B B E L e L R, shrunken cell 2305
iR & 5 ieE L LTHEEH2275m0sm/KgH, 0
EELBREETHAHFICL DN, KOEKRT

AT LS —Micitfree D —Fick 288
HR-Tw5,

d) FREIE, THE, Fa—-FSHAER% (&
LML) _

HFRBREW OB EHE (300mOsm/KgH,0), ¥
(0.8cp), BU'=— F&%EE (18.3mg/ml) k3~
TR—T® Y, BIFEBEIEML: L Ll 2 (Table
2). Tohexol J2 U* diatrizoate 3.7k M Bk D FREZE
LA B Rish - 7o b3, metrizamide 134 BRE
echinocyte % H 8 X472, ¥, metrizamide "Ti3,
DL S EBHEG T COMEE R 2E
AT A odic, Fig 4ici3 LB Lo i\ F
% BT, Nal L, #925% DRMEk % echino-
cyte, RU—#E IIwZ 2 7 (Fig. 4. BI'®, free
Da-FIRVEVBRES LI - L,
PRIMBREEC 33 5 5 A58 < Rk D REZE L %
BFERTHENHBA LA, Xy, £BEHEH
T ¢ iohexol F U diatrizoate 37 I B I iz B
FETHEE, NaClBREBEALEEDLLRWE
DE LMLl otc, ZhiZH L, metrizamide (&
EBPMEHTICR T, ROKECHECERY

Fig. 3 Red cell shape under the condition of equal iodine content (see Table 2)

A; Nal solution,
Iohexol solution

ABFI614E 3 A25H

(55)

B; Metrizamide solution, C; Diatrizoate solution, D;
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Fig. 4 Red cell shape under the condition of equal osmolality, viscosity and
iodine content. (see Table 2)
A; Nal solution, B; Metrizamid solution, C; Diatrizoate solution, D; Io-
hexol solution
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v, £ %

EYH D HRMBRE R THEC oW TORE
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DORBE, HE, = - FEFELRIYEILET
FRMBROVELEEL, BEFFHOLOWThoR
FARFRMRBPEC LEERAE2RIET O %A
<, T hHEELVEFHOSGEOWTORE
Totz.

BRI 3\ T metrizamide (3B i T B
BrOERZLTW5DIKL, diatrizoate B
Ut iohexol ki & A ETWBELEZ O &2 & F
(Fig. 1, Bic, B¥RBROBBEER OURE & 3%
WCABRPEEEN IR 2 5751, RMEROMAEX
metrizamide ¥ B\ T NaCl B & i3 & A L E
bbhitWENRRENE (Fig. 4. —7F, SHER
V% 3 — V&4 T TEE O diatrizoate i1 TLREEE
1t. (echinocyte II, [ ®{EZE % O° shrunken cell)

(56)

ZglEs L Lic (Fig. 2,3), NaCl CR% 0B
FEoER (700mOsm/KgH,0) #{Eh #-iz & =
5, AEOKBREIELRL (Fig. 5, A). #-7T,
diatrizoate I X 5 = o B2 {LiL, diatrizoate
DOEHEFAL DM, T L THEEORER (688
K 0694mOsm/KgH,0) iz X 5 = & A3[EF L7z,
b, BEAORODRE~DOIEMZ, BEED L
Ao THEBATAZ EXABELNE T,
Aspelin 5", SEEANIERETH D O
BEOERITLEREL TS, LrLELD
HETIE, 2V b r—LOKRMIECI T 2D,
ZET—F 4777 VXD EBRBRAWEBEL
PRED b, EFFCOBRELLBHIL T
% ] BEME 2N E D, 352, Schiantarelli H211E E
LicriEk# AN EFEEECHEL, $ET
13 diatrizoate X TR LR bRl
WERRLTED, Zhid, #ABHELUITS
BRBEOMENEERT S LEEORRE L —BT
530TH5H, ZORRCERRKMTIE, BEHN
ARMBRE I RIETERRERE 2 bhTwie kb

HABEREE 468 3%
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Fig. 5 Red cell shape under the different osmotic condition made by NaCl

solution.

A; 700mOsm/KgH,0, B ; 400mOsm/KgH,0

LRAENNENEF 25, f, Schiantarelli
LIlEEBEREF (680mOsm/KgH,0) T %7k
MEROMBILE R EFELIEELTWHH,
DFRIMER* EE 3 5 BRI RO B EWR 2 AT
W5, &I AMBBRBEZEIC L 5 KOMRMNERES
WEERIFHITKE WY, §E - T, BEEF ORI
Rex0: IOWTEET 2RI, FBHENRT-
LI RBEEROBEEL bRBRBEOBREEC
Hheicihhidie iy, 400mOsm/KgH,0 &2
EOBBE TIROROHBEEITE L - EY
EXIFEFR LT Fig. 5 B), X, Reinhart &
i & 9 655mOsm/KgH,0 THAEZE{Lr B bh
ZZEbHEIRTV5, B Schiantarelli &
DO}|E ZERER S OARIMIRAERE OBEEIRIC X
h & D discocyte IZ b & Tk, BRI
tholebE2zbRB,
EROBEHF T - VEEEYHT L hIC
HoTRBEGHEAL, EFAEACHES BEE
LINT 5, SEOKBRIZX Y, BIEEKCHER
Shamd = — FEER (140mg/ml) kT,
diatrizoate (694mQOsm/KgH,0) =tk L, iohexol
DOJRBEE (349mOsm/KgH,0) 34E <, IR
CEETEEo i ERRE T (Fig 3),
€ 5 T, iohexol i diatrizoate X b i EHH
E%2X5. X, iohexol BIERDEFHICI LS
FHREACH S BIEENBO BB THE LTS
ERRAYER S o3 2 90— D A FARHL & B
s,

- FRMRECRETEECoWT, K

FEFI614F 3 A25H
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B - M REHAIBAF O L 7z - 7 Nal B %
freeda—Foav be—ns LTHA, ESEH
DRVYEVRILER Licg — FEDERIZOWT
HATHER, EEAGM T2 3\ diatrizoate
B O iohexol (2R MERILAER BAL X o 0 izt
L, Nal BRIV REELE O &6 & Lic(Fig. 4),
ChIVEEHOs— Fidfrred=—F L
AR FIF T HE D TR EL BB L
o, LOFRB—-HT, BWEEEYELACS —
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TEREBVELRESRV-EYEKT S,

& AT, Aspelin B3 metrizamide 7'Mt D3
A LELWBELEY O E 5 o THY I
LTEI™M, CTh3EZORKRL—HTHL0
Thote (Fig. 1, 2, 3, 9, —7F, HBomkkE
X7 4N —Ee AT EVEDORE T,
metrizamide (Xl D EHHF L b o M BR B e BE
THER IV ELTWS, chi i, &%
¥ T shrunk U7ciRMERICE L, metrizamide iz
X % echinocyte A DESE D 18 <, = D
BELREVECIEEYRIES VW EERLT
Wh, LALEOT - RBRIZ BT, metr-
izamide (£500mOsm/KgH,0, fib #/ 1x1100% ¢
1500mOsm/KgH,0 TH h, BEFESHENEL <
#ich, $#-T, metrizamide DFE~DIER X b
b, fAFOBRBEHRENL D EECBhIERE
Exbhd, btk EELR, BREELXE-—K
FE L 784, metrizamide (3 AlFII L L AR Bk
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BHEEOHEYE L (HEAIER2FXRELTY
510, 4 [E DK T, metrizamide 733N T DEH
TTELWHEEBELXOEBSZ L L,
metrizamide 23FRIEREICFIETER L, HES
BEEOHFROL TR MoEFAE Rz
BFCX2HELYHMRBEL T3, Table 1125w
ah5 kL 5ic, metrizamide I fllg8E LT/
2V I VHFCTWARELEGRERS O LA
Tebs,

Metrizamide & R UFE4 4 v #EEEHITH, io-
hexol 1%, FRMEREICHT 2EENIERTELA
ERobhT, X, #EXROEEH TH 5 diatr-
izoate It L X WEBRBETH 5%, BEEICX
AER bBEMTH b, diatrizoate % metrizamide
IhERCERHIEEZORD, ERELT, &
FAI MBS L, metrizamide w&bHh 5
IO REENERYRIES VWEILETHD,
X, EFFlOa - FEEELI Y IBREENEER
HF¥ T, BEEOHKIRMIREICETEIERL
BIETERBE LM o, Lichia T, EEH
DEREEZXTE S DR FFEICESTHENEE
L\,
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iohexol J¢ U diatrizoate ZRMER D ERE% 1T &
AEBLERED oI, SHE (1.4cp) BUE
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BE L 7z,
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