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The Effect of Radiographic Contrast Media (Ioxaglate) on the
Pressure-Flow Rate Relation of Erythrocyte Suspension
A Quantitative Analysis from the Perfusion of Bullfrog’s Hind Limbs

Susurnu Okada
Nippon Medical School 1st Hospital, Department of Radiology

Research Code No. : 502

Key Words : Radiographic contrast media, loxaglate,
Red blood cell, Red cell deformability,
Pressure-flow rate relation

The effect of radiographic contrast media on blood flow through vascular network was
investigated by measuring the pressure-flow rate relation of erythrocyte suspension, taking
physical and physiological conditions such as osmolality into account. The perfusion of the
bullfrog’s hind limbs was made by means of vertical tube method (Nichol et al, Am. J. Physiol.
1951) with a slight modification. The perfusion of contrast solution and of erythrocyte suspension
were carried out respectively to distinguish the effects of contrast media on vascular bed from
those on erythrocyte membrane. For the evaluation of the red cell deformability and of some
hydrodynamic factors in a flow, the hind limbs were fixed by the perfusion with glutaraldehyde
solution.

The flow rate decreased as the viscosity of contrast solution increased when the perfusion of
contrast solution was carried out using fixed hind limbs. The perfusion of contrast solution in the
intact hind limbs showed, however, that the osmolality and the chemotoxicity of contrast medium
had stronger effect on the pressure-flow rate relation than the viscosity of it. The effect of
contrast media on red cell deformability was studied by the perfusion of erythrocyte suspension
in fixed hind limbs, and the echinocytic shape change induced by metrizamide solution and by
hypertonic iothalamate sulution caused distinguished increase in flow resistance. When the
perfusion of erythrocyte suspension was carried out using intact hind limbs, the pressure-flow
rate relation was influenced not only by the effect of contrast media on red cell deformability but
by those on vascular bed, and ioxaglate had less rheological effect on pressure-flow rate relation
than metrizamide and iothalamate.

It could be concluded that contrast media should be isotonic, low viscous and less chemotox-
ic, and that ioxaglate was more preferable contrast medium than metrizamide and iothalamate.
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Fig. 1 Scheme of the perfusion of bullfrog’s hind limbs.
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&, FRIMEROEEEER T ieS < ER 2 BT
% fe b, WD H O & AR M ERIF W D E N %
EEREBR OCREERE D& 4 12T T o0,
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EFETHE, LUTFizEl T Poiseuille @ #:AI X
h EBWOHEMEE L RDLENTE B,

_ wR'4P
Q="%,L

ZZTQiLidE, R IFEORFE, 5 HE,

AP BEAR, LIEDOEITHS, #£-T,
[z&ﬁq
8x7L

RRAERERTY, —77, ROBREEER X—BAY
CiIE= =2 — b vIRETH Y, ZTOBERT
DEEIZ L - THT 52, BT rEEFEE TR
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2, BERBTIRERE £50, REEOMET
W, MEROZESLEL 57512, Poiseuille O3
THWT, ANHEERRD LTI TE R, o
T, WhEH >R D CRITICE T,
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Table 1 Experimental conditions of contrast solution.

Experimental conditions  Test solution ‘E{ég% (H?SO?I;]) I(:;{g}if;?)t
iso-osmolality iothalamate 1.29 300 47.5
1.3 (3000 (55.00
ioxaglate 2.34 300 128
(2.4) (300) (148)
metrizamide 2.54 300 134
(2.6 (300) (155
NaCl 1.0 300 =
1.m (3000 =
equal iodine content iothalamate 1.96 731 121
- 2.00 (749 (1400
ioxaglate 1.96 291 121
2.0 (291) (1400
metrizamide 2.06 281 121
2.0 (280) (140)
NaCl i 300 =
.0 (3000 =
a MB b E s,
(m1/min) [ i
15 = (B) EFFFRD & DE

o 0 20 30 40 50
P
tcmHQO)

-3 b=

Fig. 2 Pressure-flow rate relation of NaCl solu-
tion in the intact hind limbs.
® : 215mOsm/kgH,0, o : 300mOsm/kgH,0, 4 :
320mOsm/kgH,0, ®: 400mOsm/kgH,0, © :
749mOsm/kgH.0.

TH B, 320mOsm/kgH,0 75 Bzl EHYE
TL, BEEELFCHCEEMET LA, Tib
b, BRBEARGCIEECH EFRAYBIETE

HEFN624E 8 A25H

(11)

(i) BlE#lc X »EmER

[EE BB E A 2 EW L 7R o -t &R
RES R B AER & - 7 (Fig. 3). ZOfERA,
FEORE LEHT, BEHEBTERNAE
BRCMEDORBEMELEEL, BTl 2E
FRLTWA,

RS MF T3, iothalamate: 1.29cp, ioxag-
late : 2.34cp, metrizamide: 2.54cp &, B35 4
SRS EE R TR DI BROREE DR Ie - T 5,
HEO EFCHCHEIMET L, HEOHE T
~Nfo X SRR X VA E A RD S &,
iothalamate : 1.08cp, ioxaglate:1.64cp, metr-
izamide : 1.88cp & 7z - 7 (Fig. 3-A)., &= —F
FHCRBEROBRBERIKE  Rigo T30,
BV OFSEL, iothalamate : 1.96cp, ioxaglate :
1.96¢cp, metrizamide: 2.06cp &, FOZEiTbHT
NTHBH, E-RERR L » RDIRIXHERE I,
iothalamate : 1.59cp, ioxaglate:1.62cp, metr-
izamide: 1.69cp TH h, HEDOELED THT
P TH -7 (Fig. 3-B), UATFHRIhIBETH5S
B, BEIERE CRBEEDIERY 5 T, BHED
HESE-MRERCHELRIETHLE L L
Toote,
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Fig. 3 Pressure-flow rate relation of contrast solution in the fixed hind limhs.
A : iso-osmolality condition, B : equal iodine content condition. ® : 300mOsm/
kgH,0 NaCl, A : iothalamate, & : ioxaglate, 0 : metrizamide.
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Fig. 4 Pressure-flow rate relation of contrast solution in the intact hind limbs.
A': iso-osmolality condition, B : equal iodine content condition. @ : 300mQOsm/
kgH;0 NaCl, a : iothalamate, & : ioxaglate, 0 : metrizamide.
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Fig. 5 Pressure-flow rate relation of red cell suspension in the fixed hind limbs.
A : iso-osmolality condition, B : equal iodine content condition. ® : 300mQOsm/
kgH,0 NaCl (without REC), O : 300mOsm/kgH,0 NaCl, a : iothalamate, & :
ioxaglate, 0 : metrizamide.

Fig. 6 Red cell shape under the condition of iso-osmolality.
A': 300mOsm/kgH,0 NaCl, B: metrizamide, C: iothalamate, D : ioxaglate.
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L AMEE T RS EL <, X, metrizamide
tioxaglatelZ b~ THE BT ME T LT
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Elr i,

F2—V&EHETR, BROBECIAEREL
Zbhizuwd, iothalamate (731mOsm/kgH,0)
1L E5E, ioxaglate(291mOsm/kgH,0) % U'metr-
izamide (281mOsm/kgH,0) 13558 & BB FEA K
& Eith, 45T, iothalamateiz L 2 EET
BHEEA) ORI, & LTEEEN
BWicdTH b, —7F, ZO%HT T, metrizamide
1%, ioxaglateicto~, [EIEHE ORGSR T
BOET 8 < T Th - 7en'(Fig. 3-B), *
BERK TR ERRMEE T2 RLE, Zhid,
BEECHE LSO M &0 MEEEC T 5 EE
HIERTH» 5, ¥BBESHET TOEEHANC L

Kt = — VisH o E-HRBIfRic BuE 1R

HWBEOEN L, BROMEIZL - T, X, metri-

zamide TIX EEEOBEEMIER S b - T U
BERLTWD, M, EREGFTT, BEOL
LF, 2 — FELE(T S, freeda—F 1 4 v
LRI, SvEVRBIEESLIEEH D~ F
GHEERICEEAEERERIEZ VD T3,
2 — FOERGERL 5 5,

Ll E, SREEEEOER TIX, BFROED L
ebd, BBEECEVH BEDMERICN T 5F
R E-fRERRCHCEEY RIETENE L,
& ?’.;: - TC.

(C) FRMMERFBETE D FEN

(i) EE#E, nuclepore filter R UNH 7 =4
X HERER

IS B ¢ D 7 MEREFBEWE D FE- T B BIGR & Fig.
SIT7R T, FRIMERIF G iR o AR RE 13, S D NaCl
11.27cp, % E 44 T Tidiothalamate @ 1.46

Fig. 7 Red cell shape under the condition of equal iodine content.
A 300mOsm/kgH,0 NaCl, B : metrizamide, C : iothalamate, D : ioxaglate.
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cp, ioxaglate : 1.98cp, metrizamide : 2.33cp
THH, metrizamideD FEE THEL Hv» 72,
%2 — F&MBT TR, ioxaglate | 1.91¢p, io-
thalamate : 2.19cp, metrizamide : 2.28 cp &+
72 b, iothalamate & metrizamide @ i & £ T %
FELhof, ROBFHEROER T, HFRIMEKY
RELILE-HBBERCHELYRIET-D%, Kic
IRINER DT RE A AT,

FEREGERVE = - FEEToORMBRYRES
Fig. 6% O'Fig. Ti2/" 7. iothalamate!¥, 3§
FHETRZEA EWRBEMER S Sl o i,
%7 — V&M T34 T OFRILEK #echinocyte 11,
Iz &b &8, —#B o F#kMER % shrink X 8 7=,
ioxaglate CIXERFE & =2 — FEE2H T
RBIE(LDNZ & A LR bl i » 72, metrizamide

Fig. 8 Pressure-flow rate relation of red cell sus-
pension in the nuclepore filter under the condition
of equal iodine content.
® : 300mOsm/kgH,0 NaCl (without RBC), © :
300mOsm/kgH,0 NaCl, 4 : iothalamate, A : jox-
aglate, O : metrizamide
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Fig. 9 Pressure-flow rate relation of red cell suspension in the rigid glass tube
under the condition of equal iodine content.
A : perfusion of the solution, B : perfusion of red cell suspension. ® : 300mOsm/
kgH,0 NaCl (without RBC), © : 300mOsm/kgH,O NaCl, a : iothalamate, A :

ioxaglate, O : metrizamide.
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i3, WTFhOEHFTb £ okl % echinocyte
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Fig. 10 Pressure-flow rate relation of red cell suspension in the intact hind limbs.
A : iso-osmolality condition, B : equal iodine content condition. ® : 300mQOsm/
kgH,0 NaCl (without RBC), O : 300mOsm/kgH.0 NaCl, A : iothalamate, & :

ioxaglate, O : metrizamide
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BT 2 EENERC I A5FRELMTH S,
iothalamate X EEFETREEE T AT T
Hoteh’, %Fa— FE&EHEFT (731mOsm/kgH,0)
TRFE R T 2 metrizamide & » b BEETH -
7o, ioxaglate (X, HE ORI\ Gl (%
2 — F&H) TT, », invivo i \H GRE
TERE I X B RMIRFERORER) T, o
Fiz e, E-RERBGR T ST 2HBETHR LA
feh o7z (Fig. 10-B),

b, REIEERE A B\ o i BRIE 5 % o i
T, BROKER OKROROEMERT O 27k
LF, BEECHE B0 MEE -+ 5 1ER S,
- EBAfR i\ R A BT TR L,

4, & =

T4, ERAOBRBENFMROMIER
ORMIRIEERE O E i\ ER 2 R THE Y #
HLIY, &0, SEEFOBRBEBCRETIERY
FANBIBIE, LY in vivolZHWVWHRELTIT-
e =V EEBEACL Z2EREROZRCOW
T, HEFOEREMLI,

17, BFAOME T AERYA~NS D
CBEDOHDER Y T- 7. BIEEE TR, 8%
EiprnEcRETEFRYER LEs0 T, &
BOME KRR S BEIRE R, Morris
EKernb IR LA L 51, EEFIORE D EER
BT ELTH5—20RFTHLIHENBLMICK
-7 (Fig. 3), —7, REEEE CRBROME
DHIEOTREEDCIERAYHL T, EEEHT
TR b W RAE T @472 5> » 7-iothalamate 23,
&3 — F&# (731m0sm/kgH,0) TTiHEH=E
LWiREE T.25| & Lic (Fig. 4. BREE
HIEE R O EEICRIETERIC oW T ENEE
R OCME OFEBETELREEhT W5, I,
FEIRGITL, BhIREBE LM MEMRIEEIC K\ T, 1M
TEYRCNETARES CREET 2 MEREYR
LI E S hTwa, 2 b, RETHEE
X 5EREROKER, Thbd, BRBEFK
TR|EHAEFRLERL, MEMETTH L5
R (Fig. 4-B) o BHCFEIhDETH S,
L AT, &2 — FEHET DOmetrizamide i3,
B E# B Tlioxaglate L IZIFE L WHEETH -

fEfn624E 8 A25H

(17)

it 1043

7z (Fig. 3-B) 7%, KEIEHE Tllioxaglate iz
AT, BEROBBECHENZEE LIS &
bbb EERRBE TR LA (Fig. 4-B),
#€ T, metrizamidelLIM & 123 L C@BED
TER & BB b0 EENIER L FoE» 83
bl dhi, ZOFBRE, 7y rEEAEBIRA
AGEEFF A EA L, metrizamide 3.8 5% I
BMEN I Advb BT, MR R OREEEN
s & Lz, Gospos® iy B\ X I % 7r
3.

B EHE B\ e RIMERF SR OBR T, B
AN X 2 iRMIROREEICHE 5 BIUEET »°
MEETEFERTIENEBLE, Thbd, &
BT & &% (iothalamate) 1 echinocyte ZT F
O shrinkage % ## L (Fig. 7), X, metrizamide
X4 T O FRIMER % echinocyte Il 2 EH 28
(Fig. 6, Fig. ) 2%, ZhbBRBEICHEL %
RAHE TR E i (Fig. 5), bz,
Het, XA T2 L MES MM T2 HIEFE
L?, ZoXRBRIMRBE—EOEKR T, BEEER
Xo>THct, EREALTVWBZLEERETS
L, BRBESEFACL AHEETIEREE
BEETAEHEERTHEMIZELVWLDTH S H
IR L T\W5,

B & ol o 70 14T - 7 nuclepore filter
T X HERERTE, EHEETHIL D HE HE
CEBERBN, ZhiiFL LTBSEhicL 3
TEBTHArEIELNETno e [RC-Ci)].
Shénbein 5%, EEREIZ X - T4 U fzechino-
cyte II, IllZnuclepore filter® 3 & A & 3BiB L
HWERRLTEDY, ZhilsboEEREE-—
B35, BEERERCTIESEINREALL R
WELE, FE- DR BB GR D TELARED 5 0 S14F s o R o
—RICEFTI2E»L LEENCRENS, 2o
REGF OERFROARRKEL, TENELY
NERA—DfEA & 599 EHE Fig, 822560
7£ X 31z, nuclepore filteriz X 58T, -5
OFtEh O ik —SicEdh Ly, ThixESE
b, Ticbb, EEOE|l (EHZpore DX
tehh, EENCIIRLD) 2RLT5, #
BRIEEATHESE Y 0B Y B © & 3 ILEE
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BEREROFAEEOB EERT—20HTH S,
—7, B—TeRBERFEON 7 AE (EER650um,
R21llem) BV BERER TR, EHEETH
REBCE{RBEhiro7 (Fig 9. Tib
B, nuclepore filter 2. 0%, # 5 2% H\7zin vi-
troDEMER TIL, HRIMREEE T HEEOTE
REBBCRIETFERAYELSRBLTN % E3E
B,

BEAC X 2ERBBOEICOWT, B¥
EROROBEERAVNC L 5% OHENDH B,
Zhbinvivo DF T, MFOMEFE®, &2
2 3 v EREER T RS ORFHIMERT 57
b, BEFORBE, BE, RUBRCH-T5EEH
fERe LD ERFIc oW CTIRRBRBICFIETER
ERRLFRRETHSD, TOkD, kbl
DEEHT, Lidin vivolziEWHRBikDH bR
D, h = VA BRI SRR, in vivolgaT L
RTHHERLS & LY, Poiseuillen R0 # A
X B EER IeEATH AT RE /o3, ¢, screen filtra-
tiontECHE LU BB SE D L e VWEEEO B L
RTHHFRRE, BEAOEBEBHRITITTIER
ERERLIDORETFATHS EELRDD,
BE, SOORBRIMELCLhERLTNS,

ioxaglate 13#7 L < BAR E hic BB FBEEFH
T, fEROBEACES, BEREBECRETIER
Bdied, K S ORIER S Dl IR X
RTWBHIM20 . LSEIOEEHH b MR H3
SEAN A, ROBRECHTHIEAbEEA
EltwHENRE R, T b, ioxaglateld,
ThoFERITE T E-HEERCRIETHE
D3PIk o ey, & Db, SREEBE R B 7ok
MIRFPIROERERIC T \NT, T OHEAMEIE
EibOMDd o1 (Fig. 10), BARRii, ioxa-
glateld, %EEHET T, KE Hiothalamate X
h B\ 7o, iothalamatek W HEDOE T X 7-
L7chs, %a— P& (121mgl/ml) <& b i
BIETHDIeh - ie, FEOBERFERICES T
2 — FEEEN0mMEl/mBECBENFH IR
HEHL <, ioxaglate DEREBIRBICEIET(EH
%3, iothalamate°metrizamide X » 4 fx W E i
HETH 5,

(18)

W = — FERA O E-F R R E T ER

BlEX b, SEAREBEE ERICITVE, M
BEECHRMBRICK T 2 EEMEAI W, RO
HEMECENUETHL EERSLS,

I &

1. BEIERE A el 0 & B HI TS D W E
BRlb, BEOHE LRI AIEOE T H 80k
iR&Ri,

2, REERER AV SEEBE OB ER
Tk, % 2 — F444F Ciothalamate L ZETH
b, BEEOMEBFCRIEFTERICE - THEE
TaelERITHS, X, metrizamide (1M EEE
EXTARGCEBREMERICL - THRBE T3 &
o THEB L,

3. BEEHRE A B o i I BRI 3 W oD Y U B
L0, MR EELHE > EMHEETIZ L T,
RENDMETTHAEBEON ST, Thbb,
iothalamate i1 % = — N &£ T © echinocyte 28
T % O* shrinkage # 5| &#2 2 L, 3, metrizamide
FERGEMH, F2 - FEREOFICEWTY, i
U echinocyte BB %5 & - L, MEE T 5| %
g L,

4, KEEHEEZ B RMBREEER O ERSE
BT, SEFBROKEDLL LY, BEER
OIRADEEEA R, ROBREHHE & fEOHH
AEAL, E-MEERCEELRIELL, BEk
iothalamate B O£ E~OEEMIER & o
metrizamide 12 X 3 iEE T 2HBEECTH - 1o,

5, ioxaglate (B FEEHME <, MEBE T Uk
HRECHT2ERBEEAEALAT, Alhos
RECBWCTHREE T Db ot &b,
in vivo IZd W RO KRB BEBIC X 5 AR M EREE
BROERER T, holFHcE, RbitE
BT Teh -7,

6. DllX b, EEFRBERIERT, HEMEL,
ML ARMIRIT T 5 EENER? oW ESLE
THDHLIER SIS,

AR OEEOMEE L MEMELIE £ L BRERX
FH—-AHEEHE FEMERFCEE LB EERL ¥
. X, MR D ¥ Ui B RER K E M IREE s
E—Fh R A RE IR S, RO ERERCH
HEEHBY I LAAERHAEE-AEFHERINIEEH

HABEMEI H4TE #H85
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