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Biochemical Aspects of Adverse Reaction of the Contrast Material

Akihiro Shirakata*, Yutaka Naoi*, Takao Tanaka*
and Hidenobu Takahashi**
*Department of Radiology, School of Medicine, Juntendo University
**Department of Chemistry of Hygine, Meiji College of Pharmacy

Research Code No. : 502
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Adverse Reaction

To elucidate the mechanism of adverse reactions of contrast media, the time sequential
changes of histamine, cyclic AMP and kinin system in dog after intravenous injection of ionic and
non-ionic contrast media were investigated. Non-ionic contrast materials we used were
Topamidol and Iohexol, and ionic contrast material was Iothalamate,

Statistical analysis showed no significant change of serum histamine and plasma cAMP
before and after the injection of a small amount of each contrast medium, but significant change
was obtained with a large amount of Iothalamate. The total kininogen level in the plasma
decreased when a large amount of contrast media was injected, but no significant change of total
kininogen level was obtained in dog. The result we obtained suggests that the intravenous
injection of non-ionic contrast materials does not have much effect on chemical mediator and that
contrast material activated the kinin-releasing system in dog plasma.
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Fig. 1 Structure of Iothalamate. 5-acetamido-2,4,
6-triiodo-N-methylisophthalamic acid
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Fig. 2 Structure of Iohexol. N,N’-bis (2,3-
dihydroxypropyD)-5-[N-(2,3-dihydroxypropyl)
acetamido]-2,4,6-triiodoisophthamide
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= — FERE, SAREFEMSCLD, 14
VRO LED IR\ KM = - VEEFITH B, £
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&, FAEA * v HE5FH lothalamate(Fig.
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} X%, lopamidol (Fig. 3) % hFhEBRKIT
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Fig. 3 Structure of Iopamidol. N,N’-bis (2,3-

hydroxy-1-hydroxymethylethyl)-2,4,6,-triiodo-5-
lactamide-isophthalamide
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Table 1 Time sequential changes of histamine in dog after administration of

small dose of contrast media.

Case Pre Post Smin. 10min. ! 20min.
— S | | B | b |
’:pamidol 4nl/kg 8 100001000 | 95631253 | 12638%19.26 | 112.00+1099 | 97.50% 1168
lohexol 4nt kg 15 w0.00%0.00 | 97.93% 797 | 2271181 | 9200%1247 | 103531229
lothalamate S5mi/ke 8 100.00F0.00 | 141.00%32.55 | 108.88+1362 | 125.00718.02 120.:25115;:
Saline S5mé/ke 15 i 100.00F0.00 | 11253%12.24 | 1103351332 | 121931572 IGE,ISiiiT,ZS:-
* . P <0.05, * % P <001, # % & 1 P <0.001
i V1B, cAMP fi, ¥ =/ —# v{HizoWTER+
5,
[ (1) ExZEvizo0T
e fomemiss  au (a)‘ Iohexol, Iopamidol, Iothalamate %38
| #4 (5) ml/kg H 5B D IR DO BB (FHE & 2
< S P HEARE) 35 X OFIE & DEDRE T Ie - 1o, #EH
" e ¥R t BER AV, (Table 1, Fig. O\
— (MEAN *35E) . e - .
h“+_ e ThbFERHEZ100% & LiclcmR LT,
e Pl Iothalamate ?ﬁ‘.’}ijﬁ“{j Piﬁ&ﬁc J:ﬁ'?i_’f_\“?- iI;,
®xw PO = e —
HREE L HIME & DEDOKRE T, KERHR LR
Pre Smin Tomin Wmin EHuvTho B:JI;‘FEﬁ IZBWTHHEEE l‘j:?g&):f& e

Fig. 4 Time sequential changes of histamine in
dog after administration of small dose of con-
trast media. (graphical presentation)
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(b) £&E##126.4 (33.0) ml/kg 5B TOL
PRI D AT & Fiffl & D2EDBE TiiTable 2, Fig.
5TART X 5 izlothalamate®¥ 581w 3\ ¢ |- 5H
DHELL, WMEELDEDKRETIE, BEHE (65.19
+16.39, ERREO.I%LLT), 5 41F (56.59 +
18.18, k&= 1%L F), 104E(45.33+17.98,
B 5 % LAT), 2070+ (51.37-£16. 34, bR 1

Table 2 Time sequential changes of histamine in dog after administration of

large dose of contrast media.

Case Pre ! Post Smin. i 10min. 20min.
lopamidol  26.4m¢/ke 5 100.0010.00 | 12040%26.45 | 1038012526 | 10260*15.38 | 107.80 1551
lohexol 26.4mé /ke _1-c|l lm.nni'n._u;_? 11]'_2;5-115.538 _ :umtz;.sit 145,80120_.8_9_ 144.40133.31
lothalamate 33.0m¢/ke 27 100.00F0.00 155-.191*1&33 155,5911213 145.3311193 15;1.3?11:3;3:
| Saline __"“33.t|;|;!}hg 12 i iun.uui‘u.uo. 8383+ 1274 94.25512.41' 871711503 ész,sui 983 |
* 1P <0.05, * % 0P C001, * %% . P <0001
BRFN624E11 4250 (105)
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Fig. 5 Time sequential changes of histamine in
dog after administration of large dose of contrast
media. (graphical presentation)

%LLT) TWIFhoRET b RECH L TEED
EfEA DTz, Lo, Iohexol, Iopamidol# 55
T, FEOEIIWThoRETLHEDR1-
fo.

B A& I VHZREWTIR, SEFFLEREHT
BEBEOELXRDT, X, KEFRGFHTHIEA
F vtk a — V& (Iohexol, Iopamidol) Ti%
BEEEXFEDIh -T2, LrL, 14 viEa—F
E## (Jothalamate) T, FifE & OB\
T&BHTEED LA LRI,

(0 EHECRTZERAMOEZORF T

Jeofz, Table 3iwmd &b, &4 (5) ml/
kg 5 BT, lohexol #55E & AB A KIF S
FHET, WThi200ECETEEEY RO
(fek®R 5 %LIT). K&26.4 (33.0) ml/kg #5
BT Iohexol ##5-5f & Topamidol #5-5£/#], lo
hexol ##5-Bf & Iothalamate 58, Topamidol
Pr58% & Tothalamate # 5-3#, lopamidol #5
HEEHAEARSER T, SRELIAEE
XD o7, LivL, Iohexol #5653 & A&
BABEEHE T, W05ECEFBEZ2RD (Bk
K5 %LLITF), Iothalamate #-5-8f & 4B &K
5 EH T, wThd lothalamate # 5 5 2%
#IE & b AEED LR YRS (B fER0.01
%LLT, 549ME-EKRE1%BLT, 105E. R
5%LTF, 2051f - fEkEER0. 1% LT,

EAEFFIARM O LB T, kiR s T,
A F v S A SR R B A KB R X
BEOLEREZTRTONBILD, i, 1AL
A AL ORO LB TREREL L 51,

(2) cAMP fl=>W\T

(a) HEEFLERSL G) ml/kg st 5
£ OB s L CRIE & DEDOBE Tk Table
4, Fig. 6 ® X 5 < Iohexol # 55 0 L F{#H A
DB BN, FEHEE LAEL OEORETITE
BERADIho T,

(b) #EBFIAEREH26.4 (33.0) ml/kg BT

Table 3 Difference of histamine between contrast media after administration.

4(5) ml/kg $x 5 3% 26.4(33.0)ml/kg 5%
Post | Smin. | 10min. | 20min. Contrast  Media Post | Smin. | 10min. | 20min.
(= | (=) | (=) | (=) lohexol and lopamidol (= [ (=] (=) ] =)
(=) | (=) (-) (=) Iohexol and lothalamate (.—) (=) PRSI [IRC)
= = | =] = lopamidol and lothalamate (=) | (=) | (=) | (=)
() (=) {(-) * lohexol and Saline (= =) * (=)
=y | (=) | (=) | (=) lopamidol and Saline (=) | (=y | =) | =)
(=) (-) (- (=) lothalamate and Saline * % % * % * * ok %

# 1 P<0.05, ##% :p<001, %% % p<0.001

BAERSE $4T8 E15



=Fi7

wE fih 34

1493

Table 4 Time sequential changes of cAMP in dog after administration of small

dose of contrast media.

Case Pre | Post 5 min. 10min. 20min.
lopamidol 4ml kg 6 100.0020.00 | 11550+ 898 | 96.33t1258 | 104.17%11.36 : 11450+ 13.00
lohexol 4nt ke 15 100.0010.00 | 12833+1356 | 133.20%17.92 | 12067 18,07 : 143.00%20.87
lothalamate Smé/kg 8 100.00%0.00 | 10750+ 972 | 9625+ 847 | 903gt 5.76 | 88.63% 7.21
Saline Smt/ke 15 100.00%0.00 i 97.87F 397 | 9867% 7.1 | 107.13F 440 i 11.60% 597
|
* 1 P <005, * % P00, * %% 0 P <0001
o0 TTHEEISEEY, 205 Ti213.044-4.49, fE®
150
1% T cHEB&E%2RD 1, —7, Iohexol #
. 5%, lopamidol HEBH CIXLFhOB L4
é [ aupe  BEEBDISo L,
100 k (MEAN Zsg) I : o = I
_% lohexal dnt/ig CAMP i B\ T, EBEHL B ER T3S
MEAN £5E)
§ lohatamate  5.0¢/4g BEX L, KEHELB T lothalamate ¥y 5.8
e ey S DARBOEBZRL T 5.
. Y
roun (© FHECRI»EFAMOEOKRN 2T
s 77z (Table 6), &4 (5) ml/kg FE5BET,
Iohexol #5-8f & Iothalamate # 5 B —205-@
Pre Smin 10min 20min

Fig. 6 Time sequential changes of cAMP in dog
after administration of small dose of contrast
media. (graphical presentation)

B 5 &£REOEER L O, §ifl & DEOBRET
(& Table 5, Fig. 71z7~7 X 5 I Iothalamate #¥
EWD LIRS, Thbb, EERCISTIE—
14.48+3.54, fabR=0. 1%L FCRifEL v HE
EMEX 58D, 105 Cik10.07+4.85, o 5 %L

IIERRE 5 % LT T lohexol ## 5B AE B B {E
% 7, lohexol # 5 3#F & A F g Ky 5, R
U lopamidol # 5-# & £ B A A &5 HH T
&4 BERTERES UL T THEDOBE R D,

lothalamate $% 5 B & 4= B8 Ak 35 5 BERST T 104
fE, 205 ECREBRES BT CEEOEMEY RS
7o, X, KiE26.4(33.00ml/kg #5-EE<iL, Iohex-
ol # 55 & Iothalamate # 58 C, EH D A
&3 5 % LA T lothalamate ¥ 5- B D & & 7o (€

Table 5 Time sequential changes of cAMP in dog after administration of large

dose of contrast media.

Case Pre Post 5 min. 10min. 20miin.
lopamidol  26.4m¢/ ke 6 100.0010.00 | 138.17+21.19 | 1433322588 | 142.17 2659 | 167.50%37.55
lohexol 26.4me/ke | 10 100.0010.00 | 124.10£13.15 | 136.10425.05 | 142502532 | 148.70%26.31
lothalamate 33.0mé/ke | 27 100.00%0.00 8&521* 15: 103.93% 4.16 | 11007k 4.;53 113.04% 142
Saline 33.0m¢/'ke 12 10000t0.00 | 9692% 671 | 10350+ 12.95 | 109.83F 7.76 | 114921120

* 1 P <0.05, * % 1R C0.01, * %% 1 P <0.001
FEf62411H258 (107)
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xR le, MhoEHHREHEICE, ZRHA
BEIREDRI T,

150 { lopamidol  26.4ni/ke
= (MEAN 5E)

lohexol 2640t/ kg
(MEAN T5E)

lothalamate  33.0n¢/kg

| %?’f .'4 (MEAN £5E)
100 P Saline 33.0mt/ ke
I (MEAN *5E)

* P
*x D P@0
ok [ POOLO0N

Pre Smnin 10min 20min

Fig. 7 Time sequential changes of cAMP in dog
after administration of large dose of contrast
media. (graphical presentation)

(3) F=/—H a2\ T

(a) £BEEFLVE 4G5 ml/kgZEFH o0
T, EBMOLHF LV, ffELDEOKRESY
Table 7, Fig. 8 iR Lz, W7 b &R TCILLA]
L) EFEEXRTHONS D, F{EEDED
BiE T, lopamidol H#EFEICOWTIX, EHET—
30.950+1.676, fEbEER0.1%LITOHEE LT,
54T —27.000+2.471, fEfEER0. 1% LU T OET,
105C—14.013+1.889, fEBE0.1%LF, 204
T—10.975+1.477, EERER0.1%BLTTER L
EFEOKT% Lo LIz, %7z, lothalamate #2555
T, BifE & DB CEE -22.89+4.880, 3 & —
19.52+3.721, 5 4 —20.5143.934, 104 —
11.34+2.3700 £ TR 1%L O F
DOIEE X7 Lz, -7, lohexol 5B TI1L, &5
RlE HAEE DB TRAEROERXE DRI

Table 6 Difference of cAMP between contrast media after administration.

| 45) mi/kg 5

26.4(33.0)ml/kg 3% 534

Post | Smin. | 10min. | 20min. Contrast  Media Post | Smin. [ 10min. | 2Omin.
= | = | = | = lohexol and lopamidol (=) | (=} | (=) | =
(=) (=) | 3 * lohexol and lothal * (=} L= (=)
(=) | (= | (= | (= lopamidol and lothalomate (=) | = | =20 (=)
* (= | (=) | (=) lohexol and Saline (=) | (=) | (=) | (=)
* =} | =) | (=) lopamidol and Saline =) | = | =) | =)
(=) | (=) * * lothalamate and Saline (=) =) | = (=)

% 1 P<0.05 % :p<00], %% @ p<000]

Table 7 Time sequential changes of kininogen in dog after administration of

small dose of contrast media.

Case Pre : Post
lopamidol 4...:{1\‘;; ' 8 mu.,uo.i'o.uau?" ;ET;;
lohexol 4m!/k\s: 15 1nn,mi'n,mn" sé.m::mn

_Iot;\alamate 5n¢7hg'___8_ __;Jnnu‘tnmn .ﬂl,lliiai:‘aé;ﬂ.
Csaine St/ 6 | woovtoom| smevtesm |

3min. | 5min. 10min. 30min.

78.35+9546 | 73.00%2471 | 85991889 | 89.03+1.476
ke | rxs|  dEx

9760+6.111 | 93.00%3850 | 7153922 | 108055393

s0.48+3.721 79.48%3934 | 88.66:52.370 { 924213473
* % * % % |

) [ | [
9370+4.251 | g7.08+3.128 | £9.88:E6565 | 82.33%6.234
| * % -

* [ P <0.05

# % 1P <001,

%% 0 P <0001

BAEMSEE 475 H15
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Fig. 8 Time sequential changes of kininogen in
dog after administration of small dose of con-

trast media. (graphical presentation)

1=,
BEOETERLL,

feds, £EAWEKTIE, 5418 305MECE

BEEHNZEI L TIL, lohexol BERED L&
MBI A+ =/ — ¥ EOEBH D I d iz,

W i 34

(b) #EHAIK®26.4 (33.0) ml/kg HEBic
DWT, ZRMOER S X, FiEE DEDKTE
Tk (Table 8, Fig. 9), &K EBIZEAL
DORFEIC B TETE™IIZH 5. Iohexol #3758
Tk, B #—47.136+3.435, 3 4 —52.558+
3.122, 5 4 —45.258+3.760, 104 —37.875+
3.568 THIME & DB TWTFh bERE.1%LTF
DEEILEERTRL, lopamidol ¥ 5T, E
#—50.371+5.596 TEBREK0. I% U T CHE DK
8 %, 3 4 —36.700+6.925, 5 % —38.271+
7.024, 104 —31.143+6.367CRREBRE 1 %LUTT
HEOEMEERL T35, ¥z, lothalamate 5
BT, E#-53.7516.99 T 1% LT T

1495

+10.77CRERIRES KL T TEEOBMELR L T
Wh, —H, £ABAREKTE, BeEBoE
D Teh o fio,

BEAARBEFICRECTE, *#=7 — ¥ Ui
1Ak - FERH, A4+ K= - FERA
EDAFBOETERL TV,

(© ZFRRCBTHEHFBOEOHRES 1T
77z (Table 9),

Iohexol #5-%f & Topamidol # 5 BTk, 4
fidml/kg BEFET, Btk BBRE5%LT), 10
7 (FEBRER 5 %BLUF), 304 (B 1%L ©
Wi d lopamidol #4 BE D E 1 (EE 2 52w,
$ I KE26.4ml/kg FERETIX, 3 HETREBRER
5 %L T T Iohexol ¥ EHOEFERE T 2 A
e,

Iohexol ##5-8% & Iothalamate # 5B & o i
T, KERSTRERMLOHEEEN Vb0
D, YEFET, 34, 549, 059 THEBRESY%
LIF T Iothalamate #¥ - B DB B O E T 2 B
7o,

Iopamidol # 5 ¥ & lothalamate $# 5.8 + ©
TR, WFhoREcd, £ L EEX
inus,

Iohexol # 58 & £ B AW AR EH T, L&
BETE, NSECERREKESEFHOEEE
& (BRRE 5 %BLUTF), ARZE T, B Bk
R1IBUT), 54 (BBRE1XBLT), 104 (&
faE 1 %LUF) T lohexol # 5B DA EDESE %
DI,

Topamidol ## 58 & £ B A AR ERFECIL, 4

BROEMEY, 34 —29.54+13.78, 104—32.83 BRS5T, E® BRELXLUT), 54 (ERX
Table 8 Time sequential changes of kininogen in dog after administration of
large dose of contrast media.
Case Pre Post 3min. l Smin. 10min. 30min.
lopamidol  26.4m¢/ke | 7 | 10000%000 @ 49631560 | 5330 593 | 61.73F 700 | sesst 637 | o4e3t g7
s — | e ] mex | @ xx] L) e e
lohexol 26.4me ke 12| woootooo | s28st3as | anaet 312 | semt 37 52.13% 357 | 8592+ 659
S R S 1L ST S Y N
lothalamate 33.0mf/ke | 13 10000t000 | 46252700 | 60461378 | 6963tz338 | s7a7HIONT | 96.10%19.59
| LR R ] & * !
| N W—— R 1.3 x| S S
Saline 330mt/ke | 6 | 10000000 | 811817961 | #328F 8602 s6.10% 8676 883F 6386 95.33F 6264
# 1 P <005 ®% 0P <001, %% 1P 0001
FEFI624E11 25 H (109)
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Table 9 Difference of kininogen between contrast media after administration.

4(5) ml/kg 528 26.433.0)ml/kg 358
Post 3min. | Smin. | 10min. | 30min. Contast  Media Post . 3min. | Smin. | 10min. | 20min.
* (=) | (=) * # % | lohexol and lopamidol (-) * (=) 1=y | =)
(=) # * (=) * lohexol and lothalamate | (=) | (=) | (=) | (=) | (=)
(=) | (=Y | (=) | (=) | (=) | lopamidel and lothalamate | (—) | (=) | (=) | (=) | (=)
(=) (=) (=) (=) * Iohexol and Saline k| kk k| k* % % (=)
* (=) * & (=) (=) | lopamidel and Saline & % (=) * {(—) (=)
* # (=) (=) (=) | lothalamate and Saline * * (=) (=) (=) (=)
* . p<0.05 %% :p<0.01, %% :p<0001
o B, 1, AR, lothalamate # 5B Had
Iohexol EB I L~ T = 2 — # V{EILE L,
- LA L, lopamidol #%5%f & lothalamate # 55§
;—},___._- / i Io:pamidol 26.4nt /Ky ED Fsljo)%% &i, % E 7‘: [ ==K Z’ﬁi'? et Eé L
; 1 MENN ESE)
Y| - plonear  masie UL, AUIEA A ha — FEEAITS, Iohexol
f;f%iﬁi Plpmemee Bt BEBOTAF = - ERBD IR, —F,
T Bk Iopamidol 13, 1 4 v ¥ = — F#&##l lothalamate
Lo LA F = — 7 v iEBEERRT.
= T # %=

Fig. 9 Time sequential changes of kininogen in
dog after administration of large dose of contrast
media. (graphical presentation)

1 %LLF) € Iopamidol #4580 A EOEE > iR
b, KEHS T, BEBRERER1IXLT), 54
(fEpE=E 5 %LLT) ¢ lopamidol # 58D EE /v
EEXRDS,
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I. Chemotoxic or local reaction

II. Systemic reaction

a.  Mediator release

b.  Antigen-antibody reaction
c. Psychogenic factor

d. Involvement of acute activation system
complement, coagulalion, Kinin
or fibrinolytic system

Fig. 10 Mechanism of contrast material reaction.
(E.C. Lasser)
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I

CHaCON \ / NHCOCH

Metrizamide

C\HJ
COOH
2 N -COCH,

HO[CHz)aNHOC Ij NHCOCH)NHOCI Iccmﬂcm

Fig. 11 Structure of Metrizamide and onag,late
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Hypothesis model

Radicgraphic contrast material

activation of complement system

C3a and C5a
l mast cell
adenylcyclase
s
:)\.ﬁllj/h ATP
ot
ADP
G
I
£
Q-Iis )

.
acceleration of 4/ S contraction of smooth muscle

vascular  permeability

Fig. 12 Conceptual model of mechanism of the
adverse reaction of the contrast material.
(Kondo)

Xlla
Plasma Plasma Glandular
Prekallikrein Kallikrein Kallikrein
High molltxlulur / Plasma Lo\:v mnle_ct.lm
weight Kininogen Kinin weight Kininogen
-+ Ki
Inactivate
Peptide

Fig. 13 Kallikrein-Kinin System
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