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Heterogeneity of Human Mast Cells and Basophils

in Response to Muscle Relaxants

Cristiana Stellato, M.D.,* Amato de Paulis, M.D.,* Raffaele Cirillo, M.D.,T Pasquale Mastronardi, M.D.,%
Basilio Mazzarella, M.D.,§ Gianni Marone, M.D.1

The authors studied the effects of increasing concentrations (107
— 1072 M) of four muscle relaxants (succinylcholine, d-tubocurarine,
vecuronium, and atracurium) on histamine release from peripheral
blood basophils and mast cells isolated from human lung paren-
chyma, skin tissues, and heart fragments. Basophil granulocytes re-
leased less than 5% of their histamine content when incubated with
any one of the muscle relaxants tested. In contrast, mast cells showed
a significant heterogeneity in response to different muscle relaxants.
Succinylcholine did not induce histamine release from any type of
mast cell, and only high concentrations of d-tubocurarine (107 M)
caused histamine release from skin and lung mast cells. Vecuronium
concentration-dependently induced histamine release from skin and
lung—but not from heart mast cells—to a maximum of 7.2 £ 2.1%
and 4.9 * 1.4%, respectively. Atracurium concentration-dependently
caused significant histamine release from skin and lung mast cells
to a maximum of 46.2 = 15.1% and 30.6 * 6.0%, respectively. Atra-
curium (5 X 107% — 2 X 10™* M) also induced histamine release from
heart mast cells. The histamine release process from both lung and
skin mast cells caused by atracurium and vecuronium was extremely
rapid (t;; = < 1 min). The releasing activity of atracurium and
vecuronium on lung and skin mast cells was not reduced, and not
abolished, by lowering the temperature of the incubation buffer to
22° C and 4° C. Extracellular calcium did not affect the capacity of
atracurium and vecuronium to induce histamine release from lung
and skin mast cells. The releasing activity of atracurium on lung
and skin mast cells was not reduced by metabolic impairment caused
by preincubation with 2-deoxy-D-glucose plus antimycin A. Fur-

thermore, this release process was not reduced by preincubation of

lung and skin mast cells at 47° C for 20 min. These results confirm
that there are functional differences between human basophils and
mast cells and among mast cells isolated from different anatomic
sites in response to the four muscle relaxants tested. (Key words:
Histamine. Histamine-containing cells: basophils; mast cells, Muscle
relaxants: atracurium; succinylcholine; d-tubocurarine; vecuronium.)
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MUSCLE RELAXANTS are the drugs most frequently im-
plicated in anaphylactoid reactions occurring during gen-
eral anesthesia.! Such reactions have been attributed to
histamine release from human mast cells or basophils.??
This is supported by findings that muscle relaxants might
cause histamine release in vitro* and that histamine admin-
istration induces most of the metabolic and hemodynamic
alterations observed during allergic reactions.>”’

The mechanism of basophil and mast cell activation by
muscle relaxants is complex. In some cases, the drugs in-
duce specific IgE synthesis and the release of mediators
is the consequence of the interaction of drugs with specific
IgE bound on basophils and mast cells.>®® Alternatively,
muscle relaxants might induce histamine release by acting
directly on human basophils and mast cells.®>*!%!!

Preliminary observations indicate that human basophils
and mast cells isolated from different anatomic sites vary
in their histamine-releasing capacity when challenged with
several drugs. For example, d-tubocurarine induces his-
tamine release from skin mast cells,* but not from baso-
phils.'® In addition, morphine causes histamine release
from skin mast cells but not from lung and heart tissues.'?
The functional heterogeneity of human basophils and
mast cells is of great practical importance, and, recently,
techniques have become available to isolate mast cells from
human lung parenchyma,'® skin tissue,'* and human heart
fragments.'® Increasing evidence suggests that mast cells
from different tissues, or even from different anatomic
sites within the same tissue, may vary significantly as to
their morphologic, biochemical, and functional re-
sponses.15 Therefore, it seems of interest to evaluate the
effect of four muscle relaxants commonly used in clinical
practice (succinylcholine, d-tubocurarine, vecuronium,
and atracurium) with regard to their property to induce
histamine release from human basophils and mast cells
isolated from human skin tissue, lung parenchyma, and
heart fragments.

Materials and Methods

REAGENTS

The following were purchased: piperazine-N,N'-bis(2-
ethanesulfonic acid) (PIPES), elastase type 1, hyaluroni-
dase, chymopapain, collagenase, 2-deoxy-D-glucose, and
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antimycin A (Sigma Chemical Company, St. Louis, MO);
Hanks’ balanced salt solution (HBSS) and fetal calf serum
(FCS) (Gibco, Grand Island, NY); DNase, pronase, and
compound A23187 (Calbiochem, La Jolla, CA); and
RPMI 1640 with 25 mM Hepes buffer and Eagle's mini-
mum essential medium (MEM) (Flow Laboratories, Irvine,
Scotland). The following were donated: atracurium be-
sylate, d-tubocurarine chloride, and succinylcholine chlo-
ride (Burroughs Wellcome, Pomezia, Italy); and vecuron-
ium bromide (Organon Teknika, Rome, Italy). Rabbit
IgG anti-human IgE is a generous gift of Drs. T. and K.
Ishizaka (La Jolla Institute for Allergy and Immunology,
La Jolla, CA).

HiSTAMINE RELEASE FROM HUMAN BASOPHILS

After informed consent was obtained from all subjects,
approximately 50 ml blood was drawn into a final con-
centration of 0.008 M EDTA and 1.1% dextran 70. The
erythrocytes were allowed to settle for 90 min at 22° C,
and leukocyte-rich plasma was removed. The cells were
separated by centrifugation at 180 X g for 8 min; washed
twice in 23 mM PIPES (pH 7.35), 110 mM sodium chloride
(NaCl), and 5 mM potassium chloride (KCI) (P); and re-
suspended in P plus 2.0 mM calcium chloride (CaCly) (PC);
0.4-ml aliquots of the cell suspension were placed in Falcon
12 X 75-mm polyethylene tubes and warmed to 37° C.
All drugs were in powder form and were diluted imme-
diately before each experiment. Each was diluted to final
concentrations in the appropriate buffer and added to
tubes in 0.2-ml aliquots; incubation was continued at 37°
C for 45 min. After centrifugation, the cell-free super-
natant was assayed for histamine with an automated flu-
orometric technique.'® The net percentage of release was
calculated by subtracting the histamine released sponta-
neously by the unstimulated aliquots from the total his-
tamine release by cell aliquots lysed with 2% perchloric
acid.!” Mean spontaneous release of histamine in PC was
3.8% =+ 0.8% (mean =+ standard error of the mean {SEM))
of the available histamine content. The difference

between replicate histamine measurements was less
than 10%.

ISOLATION OF HUMAN SKIN MAST CELLS

Skin was obtained from patients undergoing either
mastectomy for breast cancer or elective cosmetic surgery.
Anesthesia in these patients was provided with the follow-
ing drugs: thiopental, pancuronium, atropine, and fen-
tanyl (premedication); and enflurane or isoflurane (anes-
thesia). Tissue was placed immediately in Eagle’s MEM
at 4° C and used within 1 h. The skin was separated from
the subcutaneous fat by blunt dissection. The fragments
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were washed twice in calcium- and magnesium-free HBSS
(CMF-HBSS) at 22° C and incubated in a solution of CMF-
HBSS containing 20 mg collagenase/gram wet weight of
tissue, 5 mg hyaluronidase/gram wet weight of tissue,
and 1,000 U/ml DNase for 3 hat 37° C under constant
stirring. The isolated cells were separated from the par-
tially digested tissue fragments by filtration through Ny-
tex® cloth (150-um pore size) and reserved. The remain-
ing tissue was digested a second time with a fresh batch
of enzymes for an additional 2 h at 37° C. The cells were
separated from the tissue fragments by filtration through
Nytex® cloth, washed twice, combined with the cells from
the first digestion, and washed again in CMF-HBSS. Yields
obtained with this technique ranged between 1 X 10°and
5 X 10° mast cells, and purities ranged between 1%
and 4%.

ISOLATION OF HUMAN LUNG MAST CELLS

Human lung tissue was obtained from patients under-
going thoracotomy and lung resection—in most cases for
lung cancer. In these patients, anesthesia was provided
with the following drugs: droperidol plus fentanyl and
atropine (premedication); and droperidol plus fentanyl,
thiopental, succinylcholine, and pancuronium (anesthesia).
Macroscopically normal lung tissue was dissected free
from pleura, bronchi, and biood vessels; minced into 5-
to 10-mm fragments; and dispersed into single-cell sus-
pension as previously described.!® Yields obtained with
this technique ranged between 3 X 10® and 8 X 10 mast
cells, and purities ranged between 1% and 8%. Mast cells
and basophils were stained with alcian blue and counted
in a Spiers-Levy eosinophil counter.

HISTAMINE RELEASE FROM HUMAN SKIN
AND LUNG MAST CELLS

Next, 0.4-ml aliquots of the cell suspension, containing
approximately 3 X 10* mast cells per tube, were placed
in Falcon 12 X 75-mm polyethylene tubes and warmed
to 30° C (skin mast cells) or 37° C (lung mast cells); 0.2
ml of each releasing stimulus was added, and incubation
was continued at 30° C (skin mast cells) or 37° C (lung
mast cells) for 30 min. Experiments with mast cells ob-
tained from the skin of adult donors were performed at
30° C because adult skin mast cells release better at this
temperature than at 37° C.'® The rest of the procedure
and the calculation of the percentage of histamine release
were identical to the methods described above for human
basophils. Mean spontaneous release was 9.2% * 1.5% of
the available histamine in human lung mast cell prepa-
rations and 6.3% = 1.0% in human skin mast cell prep-
arations.
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HISTAMINE RELEASE FROM HUMAN
HEART FRAGMENTS

Human cardiac mast cell studies were performed on
specimens of human right atrial appendages obtained
from patients undergoing cardiac surgery for valvular
correction or substitution, and aortocoronary vein graft.'®
Anesthesia in these patients was provided with the follow-
ing drugs: thiopental or diazepam, morphine or fentanyl,
pancuronium (premedication), and nitrous oxide (anes-
thesia). None of the patients had taken dipyridamole, as-
pirin, or any antiinflammatory medication for at least 7
days before the operation.

At the time of surgery, a fragment of atrial tissue re-
moved from the atriotomy site immediately was placed
in a polyethylene tube containing 10 ml calcium- and
magnesium-free Tyrode’s buffer (NaCl 8.0 g/1, KCl 0.2
g/1, NaH;POH,O 0.05 g/1, dextrose 1.0 g/1) at 4° C.
The sample immediately was taken to the laboratory and
processed within 90 min after removal. Only macroscop-
ically normal areas of heart tissue were studied, and these
areas meticulously were dissected free of adipose tissue.
Cardiac tissue was minced into approximately 1-mm pieces
with a tissue chopper equipped with a razor blade. The
plate was rotated 90 degrees, and the chopping was re-
peated. The chopped tissue was washed with 5 ml ice-
cold calcium- and magnesium-free Tyrode’s buffer (three
times) to remove contaminating peripheral blood cells.

Microscopic examination of thin sections of heart frag-
ments demonstrated the absence of peripheral blood cells.
Fragments of cardiac tissues randomly were placed in
tubes containing either 1 or 2 ml Tyrode’s buffer and
incubated at 37° C in the presence of drugs or buffer.
One sample was removed from each tube at the end of
incubation. Each sample was centrifuged (1,000 X g, 3
min, 22° C) and frozen (—20° C) for the subsequent de-
termination of histamine content. At the end of the ex-
periments, the wet weight of the heart fragments in each
tube was determined after the tissue was dried partially
by blotting on filter paper. Residual tissue histamine con-
tent was determined after tissue was boiled in 2% per-
chloric acid for 10 min. The cytoplasmic enzyme, lactate
dehydrogenase (LDH), was determined as previously
described'® and used as an indicator of cell viability. The
drugs used did not induce release of LDH from cardiac
tissue.

HISTAMINE ASSAY

Histamine concentrations in supernatants from lung,
skin, and cardiac mast cell preparations and from human
basophils were measured with the automated fluorometric
method of Siraganian.'® The presence of histamine in the
samples was confirmed by degradation with porcine his-
taminase, as described previously.'? The percentage of
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histamine release from unstimulated cells (spontaneous
release) was subtracted from the percentage of histamine
release from stimulated cells to obtain the net stimulated
histamine release.'” Cell aliquots lysed with 2% perchloric
acid were measured for total histamine content. At con-
centrations of 10™* M and greater, atracurium fluoresced;
therefore, for each atracurium concentration used, the
peak height for each atracurium concentration at 0 ng/
ml histamine was used as the background level and sub-
tracted from the subsequent experimental data. Similar
results were obtained when the percentage of histamine
release was calculated by evaluating the residual histamine
content of cell pellets exposed to various concentrations
of atracurium.

STATISTICAL ANALYSIS

The resuits were expressed as the mean = SEM. A
Kruskal-Wallis test was used for comparisons between the
groups. This test reduces to the Mann-Whitney (Wil-
coxon) test when there are only two groups. P < 0.05 was
considered statistically significant.

Results

In a first series of experiments, we evaluated the effects
of increasing concentrations (107 to 10™® M) of succi-
nylcholine, d-tubocurarine, vecuronium, and atracurium
on histamine release from peripheral blood basophils.
Succinylcholine and d-tubocurarine did not induce his-
tamine release from basophils obtained from 8 and 11
donors, respectively. The highest concentration (107> M)
of vecuronium and atracurium induced more than 5% of
histamine release from basophils in 1 of 9 and 5 of 12
donors, respectively (data not shown).

We next determined the effects of the same concen-
trations of the drugs on mast cells isolated from different
anatomic sites. In eight experiments performed with skin
mast cells, succinylcholine did not induce histamine re-
lease, whereas in seven experiments d-tubocurarine in-
duced a maximum of 3.1% =+ 1.3% of histamine release
at the highest concentration used (107® M). Vecuronium
concentration-dependently induced histamine release
from 10 skin mast cell preparations up to a maximum of
7.2% + 2.1% at 107 M (P < 0.01 when compared with
spontaneous release). In nine experiments, atracurium
caused histamine release that reached 46.2% =+ 15.2% at
the highest concentration used (107 M) (P < 0.01 when
compared with spontaneous release) (fig. 1), which was
significantly different_from that obtained with the same
concentration of vecuronium (P < 0.05), d-tubocurarine
(P < 0.005), and succinylcholine (P < 0.001). It is im-
portant to realize that the maximum percentage of his-
tamine release caused by 107 M atracurium in these ex-
periments ranged between 2.7% and 100%. To assess the
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FiG. 1. Effect of increasing concentrations of succinylcholine, d-
tubocurarine, vecuronium, and atracurium on histamine release from

mast cells isolated from skin tissues incubated 45 min at 30° C. The -

results are the mean + SEM. The bars corresponding to SEM are not
shown when they are graphically too small.

ability of the skin mast cells to respond to IgE- and non-
IgE-mediated stimuli, in each experiment cells also were
challenged with an optimal concentration of anti-IgE (3
pg/ml) or Ca®* ionophore A23187 (0.3 ug/ml). Anti-IgE
and A23187 caused 18.1% % 3.6% and 35.2% £ 6.0%
of histamine release, respectively.

The effects of various concentrations of muscle relax-
ants on the release of histamine from mast cells isolated
from lung parenchyma are shown in figure 2. In 8 ex-
periments succinylcholine did not induce histamine re-
lease, whereas in 11 experiments the highest concentra-
tion of d-tubocurarine induced 5.9% * 1.5% of histamine
release (P < 0.005 when compared with spontaneous re-
lease). The highest concentration of vecuronium used
(1072 M) released 4.9% + 1.4% of the histamine content
of 9 lung mast cell preparations (P < 0.05 when compared
with spontaneous release). Finally, atracurium concentra-
tions greater than 107° M concentration-dependently in-
duced histamine release from mast cells isolated from lung
parenchyma. In 16 experiments, the maximum percent-
age of histamine release caused by 107 M atracurium
ranged from 4 to 71%. The release of histamine caused
by atracurium at this concentration (30.6% =+ 6.1%, P
< 0.0005 when compared with spontaneous release) was
significantly different from that obtained with the same
concentration of vecuronium (P < 0.05), d-tubocurarine
(P < 0.005), and succinylcholine (P < 0.005). In contrast,
the histamine release caused by vecuronium (107> M) was
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not statistically different from that caused by the same
concentration of d-tubocurarine and succinylcholine.

As mentioned above, the histamine-releasing activity
of atracurium in human skin and lung mast cells varies
greatly from person to person. Figure 3 shows the indi-
vidual dose-response curves obtained with various con-
centrations of atracurium (107 — 107 M) in mast cells
isolated from skin tissue (n = 9) and lung parenchyma
(n = 14).

We also measured the effect of these drugs on the re-
lease of histamine from mast cells from human heart, using
a recently developed system.!® We found that succinyl-
choline, d-tubocurarine, and vecuronium did not induce
histamine release from human heart fragments in vitro
(data not shown). In contrast, in 15 experiments, increas-
ing concentrations of atracurium (107° to 2 X 107* M)
concentration-dependently induced the release of hista-
mine from human heart mast cells (P < 0.001 for hista-
mine release obtained at 2 X 10™* M when compared with
spontaneous release) (fig. 4).

We next evaluated the mechanism of histamine release
from skin and lung mast cells that was caused by atracu-
rium and vecuronium. In a first group of three experi-
ments, we evaluated the kinetics of histamine release from
both lung and skin mast cells caused by optimal concen-
trations of atracurium or vecuronium. Figure 5A shows
the results of three experiments in which we evaluated
the effect of atracurium on lung mast cells. The release
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FIG. 2. Effect of increasing concentrations of succinylcholine, d-
tubocurarine, vecuronium, and atracurium on histamine release from
mast cells isolated from lung parenchyma incubated 45 min at 37° C.
The results are the mean + SEM. The bars corresponding to SEM are
not shown when they are graphically too small.
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FIG. 3. Effect of increasing concentrations of atracurium on hista-
mine release from mast cells isolated from skin tissue (4) and lung
parenchyma (B) incubated 45 min at 30° C (skin mast cells) or 37° C
(lung mast cells). Each line corresponds to the results obtained in an
individual experiment.

process caused by atracurium (3 X 107* M) was fast, the
t1/2 being less than 1 min. Similar kinetics were obtained
with vecuronium (1073 M) (fig. 5B). Comparable time
courses of histamine release from skin mast cells were
obtained with atracurium or vecuronium (data not
shown).
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FiG. 4. Effect of increasing concentrations of atracurium on hista-
mine release from human heart fragments incubated 45 min at 37°
C. The results are the mean = SEM obtained in 15 experiments.
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F1G. 5. Kinetics of histamine release induced by atracurium (3 X 107*
M) (A), and vecuronium (1073 M) (B) from human lung mast cells. Values
are the means = SEM of the percent maximum histamine release ob-
tained in three experiments. The results are the mean * SEM. The
bars corresponding to SEM are not shown when they are graphically
too small.

In six experiments, we evaluated the releasing activity
of increasing concentrations of atracurium on mast cells
isolated from lung parenchyma at 37° C, 22° C, and 4°
C. As shown in table 1, the releasing activity of atracurium
was decreased, but not abolished, by lowering the tem-
perature of the incubation buffer from 37° C to 22° C
or 4° C. Similar results were obtained in three experi-
ments with mast cells isolated from human skin tissue (ta-
ble 1). Also, similar results were obtained in a series of
four experiments to evaluate the effect of the temperature
of the incubation buffer on vecuronium’s histamine-re-
leasing activity in lung and skin mast cells (data not shown).

The effect of the presence of extracellular Ca** (1 mM)
on the histamine-releasing activity of atracurium in mast
cells isolated from lung parenchyma and skin tissues is
shown in figure 6. In both systems, the releasing activity
of atracurium was unaffected by the presence or absence
of extracellular Ca**. The release from lung and skin mast
cells that was caused by atracurium and vecuronium was
not influenced by a wide range of extracellular Ca** con-
centrations (0.1-3 mM) (data not shown).
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TABLE 1. Percent Histamine Release: Temperature Dependence of Effect of Atracurium
Atracurium (M)
Temperature (°C) 3% 107 107 107 83X 107 107
Human lung mast cells*
37 0.3 +0.2 0.7 £0.4 5.5+ 2.0 11.1 £2.5 21.8 + 84
22 0.0 £ 0.0 1.0+ 0.6 2.6 +£1.0 5.1 %= 1.7 7.8+24
4 0.1+0.9 0.9+0.2 2.6 +0.7 4.8 +1.7 3.7+22
Human skin mast cellst
30 0.0x0.0 2.2+1.2 2.0 0.7 78141
4 0.0+0.0 23+23 1.7+ 1.2 4.5+ 28

* Mean + SEM obtained from six experiments.

The biochemical events underlying the histamine re-
lease from human mast cells caused by anesthetics are
unknown. We evaluated the effect of metabolic impair-
ment on atracurium-induced histamine release from hu-
man lung and skin mast cells. Table 2 shows that a 20-
min preincubation of human lung mast cells with 10 mMm
2-deoxy-D-glucose and 1 uM antimycin A did not affect
the histamine release caused by two concentrations of
atracurium. In contrast, in the same experiments, prein-
cubation with 2-deoxy-D-glucose plus antimycin A inhib-
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FIG. 6. Effects of various concentrations of atracurium on histamine
release from human lung (A) or skin (B) mast cells incubated in the
absence (open circles) or in the presence (filled circles) of extracellular
Ca?* (1 mM). Values are the mean + SEM obtained in five experiments.
The results are the mean + SEM. The bars corresponding to SEM are
not shown when they are graphically too small.

+ Mean + SEM obtained from three experiments.

ited the release of histamine induced by the Ca** iono-
phore A23187 by more than 80%.2° Similarly, in four
experiments, preincubation of skin mast cells with 2-
deoxy-D-glucose plus antimycin A significantly inhibited
the releasing activity of the same concentrations of com-
pound A23187 but did not affect the releasing activity
caused by the same concentrations of atracurium (data
not shown).

Heating cells to 47° C for 20 min denatures proteins
and inactivates the cellular metabolic processes.?! Table
3 shows that this treatment significantly suppressed the
releasing activity of compound A23187 in lung mast cells,
whereas it did not affect the releasing activity of two con-
centrations of atracurium. Similar results were obtained
when skin mast cells were subjected to the same protocol.

Discussion

The pioneering studies by Hirshman et al. and Tharpe
et al. clearly demonstrated that mast cells present in human
skin tissue are exquisitely sensitive to such diverse drugs
as atracurium, d-tubocurarine, and morphine.*'%%*? Our
results extend their observations by demonstrating the
existence of two levels of heterogeneity: 1) with respect
to the histamine-releasing activity of different muscle re-
laxants, and 2) with respect to the capacity of primary
effector cells of allergic reactions in humans (e.g., basophil
granulocytes and mast cells isolated from different ana-
tomic sites) to respond to each muscle relaxant.

Peripheral blood basophils are essentially unresponsive
to a wide spectrum of concentrations of the muscle relax-
ants used in this study. Therefore, the in vitro model of
basophil histamine release appears to be useful in detecting
patients who have specific IgE against a common epitope
present in several muscle relaxants.® Mast cells obtained
from different human tissues showed a pattern of sensi-
tivity to various muscle relaxants clearly different than
that of basophils. Furthermore, mast cells isolated from
different sites showed a remarkable degree of heteroge-
neity in response to a single muscle relaxant. In particular,
succinylcholine did not activate mast cells isolated from
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TABLE 2. Effect of Metabolic Impairment on Atracurium- and A23187-induced Histamine Release from Human Lung Mast Cells

Net Histamine Release (%)
Number of Inhibition of Histamine
Experiments Control +2dDG/Antimycin A Release (%)
Atracurium (M)
1073 6 21.6 + 4.6 23.3+3.9 0
3X10™ 6 128+ 4.2 13.2 £ 4.0 0
A23187 (ug/ml)
1 6 55.0 = 4.9 5.1 + 1.6% 90.7
0.3 6 22.3 +5.4 2.9 + 1.2¢ 86.9

Human lung mast cells were incubated 20 min at 37° C in the pres-
ence of buffer (control) or 2-deoxy-D-glucose (2dDG) 10 mM + anti-
mycin A 1 uM. Then the cells were challenged with the indicated con-
centrations of atracurium or compound A23187, and release was al-

lung parenchyma or skin tissue or present in cardiac frag-
ments, whereas vecuronium and d-tubocurarine induced
the release of a small percentage of histamine from skin
mast cells.

These results appear to contrast with the findings re-
ported by North et al.* However, the system used by North
et al. to challenge skin preparations with muscle relaxants
differed from our system. In fact, they used fragments of
foreskin suspended in buffer, whereas we used enzymat-
ically dispersed mast cells. As previously demon-
strated,'®*® enzymatic dispersion does not affect the ability
of cells to respond to IgE- and non-IgE-mediated stimuli.
In our experiments, anti-IgE and Ca** ionophore A23187
always were included as a positive control. Furthermore,
they used infant foreskins, whereas we used mast cells
from skin tissue obtained from adults. There is compelling
evidence that the age of cell donors significantly influences
the releasability of human basophils'” and mast cells,'®2*
and in vivo studies have demonstrated that histamine re-
lease after administration of atracurium or vecuronium
in children differs from that in adults.?® Taken together,
these observations emphasize that studies aimed at eval-
uating the in vivo or in vitro releasing capacity of muscle
relaxants and general anesthetics in general should con-
sider donor age.

lowed to proceed for 30 min at 37° C. Results are presented as the
mean * SEM obtained from six experiments.

* P < 0.05 when compared to control.

T P < 0.05 when compared to control.

The histamine-releasing capacity of atracurium has not
been evaluated systematically in previous in vitro studies
with human basophils and mast cells. However, several
clinical observations®>?6 and an in vivo study in rabbits®’
suggest that histamine release occurs after atracurium ad-
ministration. Our results demonstrate that atracurium
concentration-dependently induced histamine release
from the three types of mast cells used in this study. In
particular, atracurium was a potent stimulus for histamine
release from mast cells isolated from lung parenchyma
and skin tissues. It is interesting that atracurium’s hista-
mine-releasing activity in human skin and lung mast cells
varied remarkably between different preparations (see fig.
3). This in vitro observation might be related to the ex-
treme variability in histamine release observed after the
administration of atracurium in vivo.?*2¢

The biochemical pathways underlying the nonimmu-
nologic histamine release from human mast cells induced
by general anesthetics are essentially unknown. In this
study we have attempted to shed some light on the bio-
chemical characteristics of atracurium- and vecuronium-
induced histamine release from human mast cells. Our
results indicate that histamine release from skin and lung
mast cells that was evoked by both muscle relaxants has
a time course that is extremely rapid and certainly more

TABLE 3. Percent Histamine Release: Effect of Pretreatment at 47° C

HLMC HSMC
387°C 47°C 37°C 47°C
a b a b a b a b

Atracurium (M)

1078 16.6 16.5 33.6 16.0 6.8 24.9 7.1 18.0

3x10™* 4.6 9.4 10.9 10.7
A23187 (ug/ml)

1 54.0 49.2 0 21.5 30.8 20.3 0 17.5

0.3 49.0 19.4 0 4.5 15.4 9.2 0 7.0

Results are presented as the mean of duplicate samples. a and b
refers to separate experiments,

HLMC = human lung mast cells; HSMC = human skin mast cells.
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rapid than that of the release process initiated by IgE
cross-linking.20%%

Also, the role of extracellular calcium in histamine re-
lease induced by atracurium and vecuronium differs from
its involvement in the actions of compound A23187 or
anti-IgE."*?! In fact, the releasing activity of atracurium
and vecuronium in lung and skin mast cells is Ca** in-
dependent. It has been demonstrated previously that the
absence of extracellular calcium has little effect on the
histamine release from human skin mast cells that is caused
by morphine.?® It remains to be evaluated whether this
is a common biochemical characteristic of the histamine
release caused by various drugs used during general anes-
thesia.

Another original finding of this study is the peculiar
effect of the temperature of the incubation buffer on the
releasing activity of atracurium and vecuronium. In fact,
the releasing activity of atracurium and vecuronium in
lung and skin mast cells is reduced but not blocked by
decreasing the temperature of the incubation buffer to
22° C or 4° C. These observations raise the possibility

that these drugs induce the release of histamine from mast

cells through a biochemical mechanism that is, at least in
part, temperature independent.

Two series of experiments also were conducted to in-
vestigate whether the histamine-releasing capacity of
atracurium in human lung and skin mast cells is energy
dependent. Inhibition of glycolytic and oxidative metab-
olism within mast cells with the combination of 2-deoxy-
D-glucose plus antimycin A abolished the response of these
cells to compound A23187. In contrast, the activity of
atracurium was unaffected by metabolic impairment
caused by this procedure. Additional evidence that atra-
curium induces histamine release independently from in-
tact biochemical processes of the cells was provided by
the experiments demonstrating that heating mast cells to
47° C for 20 min prevented the response to the Ca**
ionophore while not inhibiting the histamine release in-
duced by atracurium. These observations could suggest
that atracurium, and probably other muscle relaxants, in-
duces a leakage of histamine from certain types of mast
cells but not from human basophils. Alternatively, atra-
curium and, presumably, vecuronium induce histamine
release from human mast cells through the activation of
biochemical pathways that are influenced, albeit slightly,
by temperature, extracellular calcium, and glycolytic and
oxidative metabolism. Additional studies are necessary to
clarify the biochemical effects of atracurium and vecu-
ronium on human mast cells.

The in vitro concentrations of drugs that we have used
are higher than those usually found in the peripheral
blood of patients undergoing general anesthesia per-
formed with the four drugs tested.?® However, it is pos-
sible that the local concentrations of these drugs during

MUSCLE RELAXANTS AND HISTAMINE RELEASE IN HUMANS

1085

or immediately after intravenous infusion might be rel-
evant, considering the variability in the releasing activity
of cells from different donors and variations of pharma-
cokinetics in different clinical conditions.?® In addition,
succinylcholine,® d-tubocurarine,® vecuronium,*-** and
atracurium?*?® can produce allergic reactions and he-
modynamic effects caused by release of histamine and
other mediators from basophils and mast cells. Lastly, al-
though our experimental procedures included extensive
washing of lung parenchyma, heart fragments, skin tissues,
and the isolated mast cells, we cannot exclude that drugs
used in premedication and for anesthesia could be re-
sponsible—at least in part—for the differences found in
the response to muscle relaxants between mast cells and
basophils.

The observation that the histamine-releasing activity
of various muscle relaxants varies with respect to the drug
and the type of cell examined may have practical impli-
cations. We suggest that future studies of the histamine-
releasing capacity of new drugs of this class of compounds
or other general anesthetics should include the systematic
evaluation of the capacity to induce the release of hista-
mine from peripheral blood basophils and tissue mast cells
isolated from lung parenchyma, skin, and cardiac tissues.
Furthermore, we suggest that the evaluation of the me-
diator-releasing activity of general anesthetics should be
evaluated on other mediators, such as peptide leuko-
trienes, synthesized by human basophils and mast cells'***
that exert profound hemodynamic effects in humans.*
The latter observation is particularly important because
previous work has demonstrated that prior administration
of H; and H, histamine antagonists can significantly at-
tenuate the effects of histamine release associated with
morphine administration during cardiac surgery.*® How-
ever, a recent study has demonstrated that the hemody-
namic changes associated with d-tubocurarine adminis-
tration are antagonized only partially by histamine antag-
onists.3” This raises the possibility that muscle relaxants
have direct cardiovascular effects independent of their
ability to release histamine or other mediators.

Additional in vitro studies using the experimental mod-
els described here might be useful to extend current
knowledge of the capacity of muscle relaxants and general
anesthetics to release histamine and other chemical me-
diators from human basophils and mast cells.

The authors thank Drs. G. Coco, G. Maisto, R. Rickler, and F. Ta-
tangelo for supplying lung and skin tissue specimens; O. Marino for
his excellent technical assistance; and Dr. V. Casolaro for his kind
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