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RATIONALE AND OBJECTIVES. To investigate the mechanism of
anaphylactoid reactions to contrast media, in vitro histamine
release induced by magnetic resonance imaging, and iodinated
contrast agents was examined in a dog mastocytoma cell line.

METHODS. Two gadolinium (Gd)-based magnetic resonance
contrast agents, Gd diethylenetriamine pentaacetic acid (Gd-
DTPA), dimeglumine, and Gd-bismorpholide, and two iodi-
nated contrast agents, diatrizoate meglumine and iohexol,
were incubated with histamine-containing canine mastocy-
toma cells. Release of histamine into the supernatant was de-
termined at various contrast-medium concentrations after in-
cubation at 37°C for 30 minutes.

RESULTS. lodinated and Gd-based contrast agents caused re-
lease of histamine from mastocytoma cells at similar concen-
trations (50-150 mM). Mannitol, an osmotic stimulus, caused
release of histamine only at concentrations greater than 1,000
mM.

CONCLUSIONS. Histamine release from canine mastocytoma
cells does not appear to be solely due to osmotic effects, but
results from direct stimulation by contrast media. For all
agents examined, the concentration at which in vitro histamine
release occurs far exceeds the serum contrast media concen-
tration expected in routine clinical application. Direct release
of histamine from mast cells does not completely explain the
pathogenesis of idiosyncratic anaphylactoid responses to con-
trast media.
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THE PATHOGENESIS OF immediate generalized reactions
caused by iodinated radiographic contrast material is
controversial. Both immunoglobulin E (IgE)-mediated ana-
phylaxis and nonimmunologic mechanisms, based on direct
release of inflammatory mediators, have been proposed to
explain the occurrence of bronchoconstriction, urticaria,
and vascular collapse in association with radiocontrast ad-
ministration.' Gadolinium diethylenetriamine pentaacetic
acid (Gd-DTPA) dimeglumine, a metal-based contrast
agent for magnetic resonance imaging (MRI) has been in
clinical use since 1988, and adverse responses are rare.’
Nonetheless, drug reactions necessitating admission to a
hospital have occurred, and some have been anaphylactic in
character.”°

Mast cells are an important source of inflammatory me-
diators. They are found in most organs, including the skin,
and play a central role in IgE-mediated allergic reactions. In
addition, mast cells can be activated and induced to secrete
histamine in response to a variety of nonimmunologic stim-
uli. Two gadolinium (Gd)-based contrast agents, Gd-DTPA
dimeglumine and Gd-bismorpholide and two iodinated con-
trast agents, diatrizoate meglumine and iohexol, were eval-
uated for their ability to cause in vitro histamine release
from a canine mastocytoma cell line. These cells have been
well-characterized biochemically and functionally and share
important characteristics of normal human mast cells.” His-
tamine release induced by each agent was compared to
spontaneous histamine release from cells incubated without
contrast media and to histamine release induced by manni-
tol, a purely osmotic stimulus.®

Methods

Contrast Agents

Diatrizoate meglumine (Angiovist 282, Berlex Laboratories,
Inc., Wayne, NJ), iohexol (Omnipaque 300, Winthrop, New
York, NY), and gadolinium DTPA dimeglumine (Magnevist, Ber-
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lex Laboratories) were obtained commercially. Gadolinium bis-
morpholide, an experimental nonionic paramagnetic agent, was
provided by Schering A.G., Berlin, Germany. All contrast agents
were diluted in Tyrode’s buffer, pH 7.4, for incubation with cells.

Histamine Release from Mastocytoma Cells

Canine mastocytoma cells were isolated according to the
method of Lazarus, ct al.” Disaggregated cells were washed three
times in calcium-magnesium-free Tyrode’s buffer and then sus-
pended in complete Tyrode’s buffer containing 25 mM N-2-
hydroxyethylpiperazine-N'-Z-ethanesulforic acid (HEPES) and
0.1% bovine serum albumin. Replicate aliquots of cells were in-
cubated with calcium ionophore A23187 (Calbiochem), and with
varying concentrations of Gd-DTPA dimeglumine, Gd-
bismorpholide, diatrizoate meglumine, iohexol, and mannitol.
Calcium ionophore A23187 was used to determine maximum
stimulated release of histamine for each experiment, and mannitol
served as a control for the effect of osmolality. The osmolality of
selected samples was directly measured by freezing-point depres-
sion (model 3DII Osmometer, Advanced Instruments Inc.. Need-
ham Heights, MA). Included in each study were tubes that re-
ceived cells but no releasing agent for calculation of spontaneous
histamine release. Preliminary cxperiments indicate that the major
portion of histamine release under the preceding conditions occurs
at 1 to 2 minutes and that histamine levels remain stable for more
than 45 minutes. Incubations were conducted for 30 minutes at
37°C in polypropylene tubes with a final reaction volume of | ml.
At the end of the release experiment the reaction was stopped in
ice and the cells centrifuged at 450 g for 10 minutes. Supernatant
was separated from cell pellet, and perchloric acid was added to
both cell and supernatant fractions to a final concentration of 0.2
Mo lyse cells. Samples were stored at — 70°C until assayed for
histamine. Exclusion of the vital dyes erythrosin B and trypan blue
established cell viability before and after incubation with contrast
media.

Histamine Assay

Histamine was measured by an o-phthalaldehyde (OPT) spec-
trophotometric procedure modified for autoanalysis with an auto-
mated spectrofluorometric analyzer (Alpkem, Clakamus, OR).
Histamine concentrations =1 ng/ml were detectable by this
method. Histamine release was calculated as the amount of hista-
mine present in the supernatant fraction expressed as a percentage
of the total histamine in the supernatant and pellet fractions. The
value for spontaneous release was determined for cach cxperi-
ment. Contrast agents were analyzed at each concentration eval-
vated before incubation with mast cells to exclude direct interfer-
ence with the spectrophotometric assay.

Data Analysis

Histamine release was determined for each contrast agent at
concentrations ranging from approximately 0.8 to 700 mM for
diatrizoate meglumine and iohexol, and from 0.05 to 450 mM for
Gd-DTPA dimeglumine and Gd-bismorpholide. Each data point
represents the measured histamine release averaged from 4 to 10
experiments at each concentration. The mean value for spontane-
ous release of histamine was determined from tubes containing
only mastocytoma cells and Tyrode’s buffer. Histamine release in
the presence of each contrast agent was compared to that of cells
incubated without contrast media and of cells incubated with 1.8
M mannitol. One-way analysis of variance (ANOVA) was used to
determine the validity of the data generated. The significance of
histamine release at each measured concentration was evaluated by
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multiple comparison 1 test (Student-Newman-Keuls). Values rep-
resent mean * SD.

Results

All contrast agents examined caused significant (P <
-001) release of histamine compared with control mastocy-
toma cell samples incubated without contrast medium and
compared with histamine release due to maximal osmotic
stimulation. Figure 1 demonstrates the concentration depen-
dence of histamine release due to each contrast agent. To
assess the relative propensity of each agent to cause hista-
mine release, an arbitrary threshold of 10% was chosen.
This value is approximately two standard deviations above
the mean for spontaneous histamine release determined
from controls. The mean concentration causing histamine
release greater than 10% and maximum level of histamine
release were determined for each contrast agent. The results
are summarized in Table 1.

Mastocytoma cells incubated with maximal concentra-
tions of each contrast agent fail to absorb the vital dyes
erythrosin B and trypan blue. Our finding that cell mem-
branes remain intact indicates that measured release of his-
tamine was due to active secretion from viable cells, rather
than leakage from damaged ones.

Discussion

Previous examinations of iodinated contrast medium-—
induced histamine release have been performed in vitro by
stimulation of histamine containing cells extracted from dif-
ferent experimental animals, and, in vivo, by measurement
of serum histamine levels after contrast-medium adminis-
tration.”™"* This study considers in vitro histamine release
due to ionic and nonionic MR contrast agents using a stan-
dardized cell line that shares many properties of human
mast cells and is known to secrete inflammatory mediators
in response to immunologic and nonimmunologic stimuli.’
Representative ionic and nonionic conventional contrast
material were also examined for purposes of comparison
with Gd-based contrast agents under identical experimental
conditions.

Regarding ionic, iodinated contrast media, our results are
similar to those of Salem et al, who detected histamine
release from a preparation of human leukocytes at concen-
trations of approximately 250 mM sodium diatrizoate. Our
findings differ in two important respects. The sensitivity of
the dog mastocytoma cell appears to be greater than that of
the human leukocyte preparation used, as histamine release
from diatrizoate meglumine occured at a concentration of
126 + 50 mM. In addition, we did not detect a difference
in histamine release from the ionic and nonionic iodinated
agents examined in this study."’

Both iodinated and Gd-based contrast media caused re-
lease of histamine from cultured dog mastocytoma cells.
The maximum level of histamine release when cells were
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incubated with selected iodinated and MR contrast agents
was greater than both spontaneous histamine release and
that induced by mannitol (Figs. 1 and 2). lonic and nonionic
contrast media caused release of histamine at similar molar
concentrations. The effect of diatrizoate meglumine, 10-
hexol, Gd-DTPA dimeglumine, and Gd-bismorpholide on
dog mastocytoma cells is not due to osmotic induction of
histamine release, but rather reflects a direct stimulatory
action on the cells that depends on absolute concentration of
contrast material (Fig. 2).

We examined the clinical implications of in vitro hista-
mine release due to gadolinium-based and iodinated con-
trast agents. The mean concentration of contrast media

TABLE 1. Characteristics of Histamine Release due to
lodinated and Magnetic Resonance Contrast Agents

Concentration
causing >10%

histamine Maximum
release histamine
Agent in vitro (mM) release (%)
Diatrizoate 126 = 50 44 = 32
lohexol 184 = 78 61 + 33
Gd-DTPA 153 = 81 46 = 16
Gd-bismorpholide 48 + 26 68 =9
Mannitol 1000 (1286 mosm) 11416
Ca' * ionophore A23187 — 68 + 13
Spontaneous release — 46 =23

Concentration (M)

causing greater than 10% histamine release was compared
with an estimate for the equilibrium serum concentration of
cach contrast agent as administered in typical imaging stud-
ies. A 10% threshold was arbitrarily chosen and represents
a value approximately two standard deviations above mean
in vitro spontaneous histamine release from mastocytoma
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Fig. 2. Release of histamine from mastocytoma cells was ex-
amined with respect to the molar concentration of contrast
agent with which cells were incubated. (@) diatrizoate meglu-
mine; (O) iohexol; (¢) Gd-GTPA dimegiumine; (¢) Gd-
bismorpholide; (x) mannitol.
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cells. An estimate of serum concentration was determined
by the following formula:

Serum concentration = (CM X dose)/(Vy X weight)

where, CM = concentration of administered contrast agent
(mM); dose = the dose administered (ml); and V, = vol-
ume of distribution of contrast medium (ml/kg).

A body CT scan typically requires 150 ml of iodinated
contrast media. For diatrizoate meglumine and iohexol the
concentration of undiluted contrast medium is approxi-
mately 700 mM. The volume of distribution for both iodi-
nated contrast media and Gd-DTPA corresponds to that of
the extracellular space (~270 ml/kg for man).'*'> Assum-
ing uniform distribution in extracellular fluid, the estimated
concentration of diatrizoate meglumine and iohexol imme-
diately after administration in a 70-kg adult is given by:

Serum concentration = (700 mM X 150 ml)/
(270 ml/kg)(70 kg) = 5.6 mM

The concentration of diatrizoate meglumine causing 10%
histamine release in vitro is 126 = 50 mM. The concentra-
tion of iohexol causing 10% histamine release in vitro is 184
* 78 mM. These values are respectively 23 and 33 times
greater than the estimated serum concentration of the iodi-
nated contrast media examined (Table 2). It is possible,
under certain circumstances, for the local concentration of
iodinated contrast medium to approach a level that causes
10% histamine release in vitro. For example, transiently
elevated local concentrations of contrast material occur dur-
ing rapid-bolus arteriography. Alternatively, in susceptible
individuals, high local concentrations of contrast media
could cause release of histamine that might then initiate a
cascade of inflammatory mediators, independent of contrast
medium concentration.

The same analysis performed for Gd-DTPA, assuming a
dose of 14 ml and undiluted concentration of 500 mM,
yields an estimated equilibrium serum concentration of 0.4
mM. The concentration of Gd-DTPA causing 10% hista-
mine release in vitro is 153 = 81 mM. The concentration of
Gd-bismorpholide causing 10% histamine release in vitro is

TABLE 2. Comparison of in vitro Histamine Release to
Estimated Serum Contrast Media Concentration

Concentration
causing >10%
histamine release
in vitro (mM)

INDUCED IN VITRO HISTAMINE RELEASE

Estimated serum
concentration for
body CT or MRI

Estimatéd serrrum
concentration for
body CT or MRI

Agent examination (mM) examination (mM)
Diatrizoate 5.6 23
lohexol 5.6 33
Gd-DTPA 0.4 383
Gd-bismorpholide 0.4 118
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47 = 26 mM. These values are 383 and 118 times the
estimated equilibrium serum concentrations of these gado-
linium chelates respectively (Table 2).

Concerning contrast media related anaphylactoid reac-
tions, these data must be interpreted with caution. While the
dog mastocytoma cell model permits comparison of differ-
ent contrast agents under defined experimental conditions,
the use of nonhuman cell lines in the evaluation of clinical
phenomena is inherently limited. Furthermore, we chose
the incubation time of 30 minutes to permit comparison of
maximal histamine release at given contrast media concen-
trations. As there is a rapid decrease in local and systemic
contrast media concentration in humans following injection,
we obtained our data under conditions designed to be more
sensitive to contrast induced histamine release than would
be expected to occur in vivo.

We conclude that direct release of histamine from tissues
exposed to contrast media is an unlikely explanation for the
rare anaphylactoid reactions to Gd-DTPA observed in clin-
ical MRI practice. The concentration of Gd-based contrast
medium necessary to induce in vitro release of histamine is
100 to 400 times the estimated equilibrium serum concen-
trations following a standard administration. Upon exposure
to iodinated contrast agents, mastocytoma cells require con-
centrations approximately 20 to 30 times that of estimated
serum levels to release histamine in vitro. While direct his-
tamine release probably cannot explain the majority of ana-
phylactoid reactions to iodinated agents, concentrations suf-
ficient to cause histamine release might be achieved
transiently during high-dose, rapid bolus administration
studies such as pulmonary angiography. Experiments de-
signed to more closely approximate in vivo conditions
would be necessary to evaluate this possibility.
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Announcements

Contemporary Diagnostic Imaging, July 12-16, 1993, The Hilton Resort Hotel. Anchorage, Alaska. Sponsored by the Stanford
University Medical Center, Department of Radiology. Credit: TBA. Fee: TBA. Contact: Dawne Ryals, Ryals and Associates, PO Box
1925, Roswell, GA 30077-1925; call 404-641-9773, or fax 404-552-9859.

12th Annual Scientific Meeting and Exhibition of the Society of Magnetic Resonance in Medicine, August 14-20, 1993, New York,
New York. Sponsored by the Society of Magnetic Resonance in Medicine. Contact: the Society of Magnetic Resonance in Medicine, 1918
University Avenue, Suite 3C, Berkeley, CA 94704; call 510-841-1899, or fax 510-841-2340.

20th Annual Refresher Course of the International Skeletal Society, August 18-21, 1993, Toronto, Ontario, Canada. Sponsored by
the Radiological Society of North America. Credit: 24 Category | hours. Contact: Mary Ryals, Ryals and Associates, P.O. Box 1925,
Roswell, GA 30077-1925; call 404-641-9773, or fax 404-552-9859.

14th International Congress of Lymphology: Lymphatics, Lymph, Lymph Nodes, Lymphocytes, September 20-26, 1993, Part 1
(Scptember 20-21), Hyatt Regency, Bethesda, Maryland; Part 2 (September 22-26), Ramada Renaissance Techworld, Washington, DC.
Contact: 14th ICL Congress Secretariat, % M.H. Whitc, MD, Department of Surgery/General, the University of Arizona College of
Medicine, 1501 N. Campbell Ave., Tucson, AZ 85724; call 602-626-6118 or fax 602-626-0822 (Attn: Grace Wagner, Program
Coordinator).

40th Annual Meeting of the American College of Angiology, October 3-8, 1993, Hilton Hotel, Walt Disney World Village, Orlando,
Florida. Contact: Joan Shaffer, Meeting Coordinator, American College of Angiology, 1044 Northern Boulevard, Suite 103, Roslyn, NY
11576; call 516-484-6880, or fax 516-625-1174.
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