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Abstract

Background: Intravenous morphine use is associated with elevated histamine release leading to
bronchoconstriction, edema and hemodynamic instability in some patients. This study evaluated
the possibility that sulfite, which is present as a preservative in many morphine preparations, might
contribute to histamine release in vitro.

Results: The human mast cell line, HMC-1, was exposed to various morphine concentrations, in
the absence of sulfite, under cell culture conditions. Clinically attained concentrations of morphine
(0.018ug/ml and 0.45pug/ml) did not cause increased histamine release from mast cells. There was
a significant increase in histamine release when the morphine concentration was increased by | [84-
fold (668pg/ml morphine). Histamine release from mast cells exposed to morphine and/or sulfite
required the presence of prostaglandin H synthetase. Histamine release in experiments using
sulfite-containing morphine solutions was not statistically different from that observed in
morphine-only solutions.

Conclusion: Sulfite in sulfite-containing morphine solutions, at concentrations seen clinically, is
not responsible for histamine release in in vitro experiments of the human mast cell line, HMC-I.
This does not preclude the fact that sulfite may lead to elevation of histamine levels in vivo.

Background A number of clinical studies have demonstrated an

Morphine is among the most common analgesic agents
used in the intensive care setting. It is usually adminis-
tered parenterally as an intravenous infusion. Despite its
efficacy, its use is associated with a number of hazards
including respiratory depression [1], tolerance [2], physi-
ological dependence [2] and abstinence upon discontinu-
ation of treatment [2]. Less frequent, but perhaps more
profound, is the bronchoconstriction, edema and hemo-
dynamic instability seen in some patients following intra-
venous bolus doses of the drug [3-7]. These effects have
been attributed to histamine release from mast cells by
morphine [3-7].

increase in plasma histamine concentration following
intravenous morphine administration [3-7], but these
studies generally fail to provide details concerning the for-
mulation of the morphine employed. Most of the mor-
phine used in both clinical practice and for clinical
investigations contains sodium bisulfite as a preservative
[8]. Until the mid 1980's sulfite preservatives were gener-
ally considered universally safe; however, their status was
changed after the receipt by the FDA of more than 250
reports of serious and life-threatening reactions related to
sulfite exposure through both diet and therapeutic agents
[9,10].
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In the body, sulfites are generally oxidized by the mito-
chondrial enzyme sulfite oxidase and non-toxic metabo-
lites are excreted in the urine [11]. A small amount of the
sulfite, either ingested or injected may also be metaboli-
cally activated by a number of other enzyme systems
including xanthine oxidase [12], peroxidase [11] and
prostaglandin H synthetase [13]. As an electron acceptor
in these reactions or through electron transfer from tran-
sition metals such as copper and iron, sulfite may accept
an electron from the resulting hydroxyl, superoxide or sul-
fate radicals [14] leading to the formation of sulfite
radical.

Sulfite radicals are chemically reactive and have been
implicated in lipid [15], protein [16] and nucleic acid [17]
oxidation as well as neuronal injury [18]. They may stim-
ulate neutrophils to release oxygen free radicals and aug-
ment the free radical response to other neutrophil
activators [19]. In addition, their generation has been
shown to contribute to oxidative stress resulting in sulfite
toxicity and impaired B-cell function.

The potential generation of free radicals from sulfite pre-
servatives may confound our understanding the associa-
tion of morphine with histamine release in man. A
number of studies have demonstrated that, when exposed
to free radicals, mast cells may release histamine [20-26].
It is possible; therefore, that the histamine released fol-
lowing morphine infusion may be the result of the forma-
tion of sulfite radicals from the preservative rather than
the morphine itself. This study evaluated the possibility
that sulfite and its activation might contribute to hista-
mine release by mast cells in vitro.

Results

Mast cell histamine release

Total histamine content of mast cells was calculated by
freezing and thawing suspensions for 3 cycles. Cell sus-
pensions containing 500,000 cells/ml released 1.27pg/ml
(0.21) histamine, corresponding to 2.53 pg (0.41) hista-
mine per mast cell.

Mast cells stimulated with 0.25ug/ml calcium ionophore
released 63% (7.2) of total histamine.

Effect of sulfite-free morphine concentration on histamine
release

The effect of histamine release from mast cells treated with
both clinically attained concentrations of morphine and
concentrations above those seen clinically was
determined.

To chemically defined reaction mixtures, morphine was
added at varying concentrations (18 ng/ml, 450 ng/ml,
6.68ug/ml and 668ug/ml). Enzymes causing free radical
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activation were not present. The blank sample contained
no morphine. Reaction mixtures were incubated in a
water bath at 37 °C for 60 minutes. Experiments were per-
formed in triplicate. Histamine release from samples was
determined following derivitization with o-phthaldialde-
hyde and mercaptoethanol using high-performance liq-
uid chromatography as detailed below. Histamine release
from reaction mixtures was expressed as a % of total his-
tamine present in the cell pellet.

Histamine release from reaction mixtures containing mor-
phine at all concentrations was not statistically different
(p > 0.1) from histamine release from blank samples
(Table 1).

To verify the time dependence of histamine release, a mor-
phine concentration of 668 pg/ml was tested. Release was
detectable as early as 5 minutes after the addition of drug
and appeared to plateau between 40 and 60 minutes (Fig-
ure 1).

Effect of sulfite-containing morphine solutions on
histamine release

To determine whether the addition of sodium bisulfite
causes increased histamine release from mast cells,
sodium bisulfite at a concentration of 0.1% of morphine
concentration (the % of sulfite present in morphine most
formulations) was added to the reaction mixtures
described previously. Blank samples contained neither
morphine nor sulfite. Specimens were incubated, dried,
re-dissolved, derivitized and analyzed as above.

There was no statistical difference in histamine release at
any concentration of morphine with sulfite compared
with blank samples (Table 1).

Reaction mixtures containing 668ug/ml morphine with
0.1% sodium bisulfite were incubated for 5, 10, 20, 40
and 60 minutes yielded results identical to those observed
in the absence of sodium bisulfite (results not shown).

Effect of prostaglandin H synthetase on histamine release
from mast cell reaction mixtures

Prostaglandin H synthestase may catalyze free radical for-
mation [20]. The first experiment investigated its effect on
mast cell histamine release in the absence of sulfite and
morphine. This ensured that any increase in histamine
release in subsequent experiments was not due to the
effect of the enzyme only.

Prostaglandin H synthetase was added to reaction mix-
tures at a concentration of 25 mU. In reaction mixtures
containing no drug, the enzyme was added to mast cell
samples containing neither morphine nor sulfite. Con-
trols contained no enzyme.
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Concentration-effect of morphine in the presence of prostaglandin Hsynthetase on histamine release from the mast cell line

HMC-I (mean of 3 experiments).

Reaction mixtures containing the enzyme alone (no
sulfite or morphine) produced similar histamine release
compared to blank samples (3.2% (0.7) of total and 2.9%
(2.6) of total respectively). The presence of prostaglandin
H synthetase had no effect.

The effect of clinically attained concentrations of mor-
phine in the presence of prostaglandin H synthetase on
mast cell histamine release was investigated. In vivo stud-
ies show histamine release at these concentrations of mor-
phine [3-7]. Morphine sulfate was added to the mast cell
solution at clinically attained concentrations of 450 ng/ml
(a typical peak in vivo concentration following an intrave-
nous morphine bolus) and 18 ng/ml (a typical steady-
state concentration during a 20 pg/kg/hour morphine
infusion) [27]. Mast cell histamine release from higher
concentrations of morphine (668ug/ml and 6.68ug/ml)
was also investigated.

Blank samples contained water instead of morphine. All
samples contained 25 mU of prostaglandin H synthetase.
Specimens were incubated, dried, re-dissolved, derivitized
and analyzed as described below. Histamine release val-
ues are shown in Table 2. There was no statistical differ-
ence between histamine release from morphine samples
at both clinically-attained concentrations (18 ng/ml (p =
0.87) and 450 ng/ml (p = 0.08)) and histamine release
from blank samples. Histamine release from HMC-1 cells
incubated with morphine 668ug/ml and 6.68ng/ml were
significantly increased compared with blank samples (p =
0.03 at both concentrations). Results are shown in table 2.
Maximum histamine release (16.1% of total (6.3))
occurred at the highest concentration of morphine

(668ug/ml) (Figure 1).
The effect of sodium bisulfite 0.1% in varying concentra-

tions of morphine in the presence of prostaglandin H syn-
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Table I: Histamine release from HMC-1 cells stimulated with varying concentrations of morphine with and without sulfite Histamine
release expressed as a percentage of release of histamine in comparison to control (SD). As a control, the HMC-1 cells were allowed to
freeze and thaw for 3 cycles to release the remaining histamine from cells. Each value represents the mean (SD) of triplicate
determinations.

Morphine concentration (pg/ml) Histamine release (% total)* Sodium bisulfite

+ -

0 2.9 (2.6)
0018 2.5 (0.75) 32(1.1)
0.450 1.7 (0.4) 2.6 (0.4)
6.68 1.8 (0.6) 22(13)
668 2.1 (0.06) 2.8 (0.2)

Table 2: Histamine release from HMC-1 cells stimulated with varying concentrations of morphine with and without sulfite in the
presence of prostaglandin H synthetase. Histamine release expressed as a percentage of release of histamine in comparison to control
(SD). As a control, the HMC-1 cells were allowed to freeze and thaw for 3 cycles to release the remaining histamine from cells. Each
value represents the mean (SD) of triplicate determinations.

Morphine concentration (pg/ml) Histamine release (% total)* Sodium bisulfite

+ -

0 2.9 (2.6)
0018 33(29) 45 (1.4)
0.450 6.5 (0.9) 6.7 (1.8)
6.68 8(0.3) 6.2 (1.5)
668 17.6 (7.8) 16.1 (6.3)

thetase was investigated. This preservative is present in
many morphine preparations and its effect on histamine
release from mast cells is determined here. Morphine was
added to the mast cell samples at concentrations of
668ug/ml, 6.68ug/ml, 450 ng/ml and 18 ng/ml. Sodium
bisulfite was added to samples at a concentration of 0.1%
of morphine concentration. Controls contained mor-
phine only. Each sample also contained 25 mU of pros-
taglandin H synthetase. Specimens were incubated, dried,
re-dissolved, derivitized and analyzed as described below.
Reaction mixtures containing morphine 668ug/ml with
0.1% sodium bisulfite showed a statistically significant
increase in histamine release compared with blank sam-
ples (p = 0.03). There was no statistical difference in his-
tamine release between morphine only samples at all
concentrations and samples containing morphine and
0.1% sodium bisulfite (Table 2) (morphine 668pg/ml (p
= 0.8), morphine 6.68ug/ml (p = 0.13), morphine 450
ng/ml (p = 0.89) and morphine 18 ng/ml (p = 0.56).
Sulfite did not have any additive effect on histamine
release from mast cells in the presence of morphine and
prostaglandin H synthetase.

Studies looking at plasma histamine levels following mor-
phine administration in humans have shown peak hista-

mine levels within 5 minutes of administration [3,4,6].
This experiment investigated whether maximum hista-
mine release occurred at a similar time in vitro in the pres-
ence of the enzyme prostaglandin H synthetase. HMC-1
cells were incubated at 37°C for 5, 10, 20, 30 and 60 min-
utes with morphine 668pg/ml, 0.1% sodium bisulfite and
25 mU prostaglandin H synthetase. The cells were centri-
fuged and the supernatant was examined for the presence
of histamine and expressed as a % of total histamine.

Histamine release was time dependent with a maximum
effect after 1 hour of incubation (Figure 2).

Interestingly, reaction mixtures containing a typical peak
morphine concentration (450 ng/ml) showed a
significant increase in histamine release in the presence of
prostaglandin H synthetase compared with no enzyme.
This was true for both sulfite-free (p = 0.003) and sulfite-
containing (p = 0.009) morphine solutions. This suggests
that even at clinically-attained morphine concentrations,
it is not only possible to cause the metabolic activation of
sulfite, but also that of morphine.

The effect of sulfite alone (without morphine) on hista-

mine release from mast cells was investigated. To 4 mast
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Figure 2
Time response effects of morphine 668 pg/ml in the presence of 0.1% Na bisulfite and 25 mU prostaglandin H synthetase on
histamine release in HMC-1 cells (mean of 3 experiments).

Table 3: Histamine release from HMC-1 cells stimulated with varying concentrations of sulfite-only solutions in the presence of
prostaglandin H synthetase. Histamine release expressed as a percentage of release of histamine in comparison to control (SD). As a
control, the HMC-1 cells were allowed to freeze and thaw for 3 cycles to release the remaining histamine from cells. Each value
represents the mean (SD) of triplicate determinations.

Sulfite concentration (ng/ml) Histamine release (% total)
0.018 2.8 (0.3)
0.45 1.93 (0.35)
7 4.5 (0.7)
670 9.7 (0.65)

cell reaction mixtures, varying concentrations of sulfite  In the presence of prostaglandin H synthetase, sulfite
(0.018 ng/ml, 0.45 ng/ml, 0.007ug/ml and 0.67pug/ml)  resulted in histamine release from mast cells. There was a
were added. These concentrations of sulfite correspond to  significant increase in histamine release (9.7% (0.65) of
the concentration of sulfite present in morphine solutions  total) in the reaction mixture containing 0.67ug/ml sulfite
of 18 ng/ml, 450 ng/ml, 6.6pg/ml and 668ug/ml. To each  (p = 0.01). There was no statistically significant difference
sample 25 mU prostaglandin H synthetase was added.  in histamine release compared with blank samples at all
The highest concentration of sulfite (0.67ug/ml) was  other concentrations of sulfite (0.018 ng/ml sulfite (2.8%
incubated for 10, 20, 40 and 60 minutes to assess time  (0.3) of total, p = 0.91), 0.45 ng/ml sulfite (1.93% (0.35)
dependence. The reaction mixtures were incubated, cen-  of total, p = 0.53) and 0.007ug/ml sulfite (4.5% (0.7) of
trifuged and analyzed as described below. total, p = 0.36) (Table 3).
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The time-dependent experiment showed histamine
release of 8% of total (3.3) at 10 minutes incubation,
7.7% of total (2.2) at 20 minutes, 10.5% of total (6.1) at
40 minutes and 9.7% of total (0.65) at 60 minutes.

Discussion

Our experiments showed similar histamine release from
the mast cell line HMC-1 stimulated with morphine with
or without 0.1% sodium bisulfite. Maximum histamine
release was 16.1% of total in morphine only samples and
17.6% of total in morphine with 0.1% sodium bisulfite
samples. This percentage is similar to other studies of his-
tamine release in the human mast cell line HMC-1, where
maximum release was 20-30% [28-30]. In our study, the
concentrations of morphine and sulfite required to
achieve maximum histamine release were significantly
higher than concentrations seen clinically. Reaction mix-
tures containing sulfite only also caused significant hista-
mine release at high concentrations. Blank samples,
containing neither morphine nor sulfite, did not cause a
significant increase in histamine release (Table 2). These
results suggest that at high concentrations, both sulfite
and morphine could be responsible for elevated hista-
mine release from mast cells. In addition to the formation
of the sulfite radical from sulfite, it is possible that carbon-
centered or nitrogen-centered free radicals are being gen-
erated from the metabolic activation of morphine [20],
thereby inducing mast cell histamine release.

HMC-1 cells contain histamine and release their hista-
mine content in response to various exogenous stimuli
[28-30]. Our study showed no evidence of elevated hista-
mine release from mast cells when stimulated with mor-
phine and/or sulfite at concentrations seen clinically
(both peak and steady-state). Although HMC-1 exhibits a
phenotype similar to that of human mast cells [31], it is
possible that immature cells (cell lines) are less sensitive
than mature (primary) cells [28]. The model used is an
artificial system and may not represent physiological con-
ditions. In addition, maximum histamine release
occurred after a one hour incubation. This is significantly
different from the in vivo situation, where maximum
release usually occurs within 5 minutes of morphine
administration, and suggests that we were not able to sim-
ulate exactly the human environment where histamine
release occurs. It is likely that although the sulfite radical
is formed rapidly in vitro, it may take some time for its
effects to become evident [32].

Metabolic activation of sodium bisulfite may occur
through a variety of mechanisms. We investigated a
number of enzyme systems and our final model used
prostaglandin H synthetase. Other enzyme systems
(horseradish peroxidase/ hydrogen peroxide and hypox-
anthine/ xanthine oxidase) did release histamine in our

http://www.biomedcentral.com/1471-2210/4/21

model (results not shown), but they produced excess
background interference in the chromatograms and made
identification of peaks difficult. Activation of sulfite fol-
lowing morphine administration may not occur through
this mechanism, however, and is another possible flaw in
our aim to construct a model similar to the one that exists
in vivo.

Morphine has been shown to cause significant histamine
release in vivo, but it has not been investigated whether
sulfite, in the form of the sulfite radical, is the cause of this
release. Our study finds that sulfite in sulfite-containing
morphine solutions, at clinically attained concentrations,
is not responsible for histamine release in in vitro experi-
ments of the mast cell line HMC-1, but this does not pre-
clude the fact that sulfite may lead to marked elevation in
histamine levels in vivo. The release of a significant
amount of histamine with either sulfite or morphine at
concentrations higher than those seen clinically suggests
that both substances may be responsible for histamine
release from mast cells. Further clinical research studies
need to be performed to examine this possibility.

Conclusions

Our study finds that the sulfite in sulfite-containing mor-
phine solutions, at concentrations seen clinically is not
responsible for histamine release in in vitro experiments of
the mast cell line, HMC-1, but this does not preclude the
fact that sulfite may lead to marked elevation in histamine
levels in vivo. Our experiments suggest that at high concen-
trations, both morphine and sulfite are responsible for
histamine release from mast cells. Further in vivo research
needs to be performed to examine this possibility.

Methods

Preparation of HMC-I cells

Human leukemic mast cells, HMC-1 [33] were kindly pro-
vided by J. Butterfield, Rochester, Minnesota. This cell line
shows many characteristics of immature mast cells. They
have been shown to release histamine following stimula-
tion [28-30] Cells were carried in 75 cm? vented tissue cul-
ture flasks (BD Falcon, Franklin Lakes, NJ) containing
Iscoves modified Dulbecco's medium (Sigma, St.Louis,
MO) with 10% iron-supplemented calf serum (Hyclone,
Logan, Utah) and monothioglycerol 1.2 mM (Sigma,
St.Louis, MO). Incubations were conducted in a humidi-
fied atmosphere at 5% CO, and 37°C. Cells were passed
weekly and fed only when necessary (evidence of color
change in media).

To pass cells, the cell suspension was placed in a 50 ml
polypropylene centrifuge tube (BD Falcon, Franklin
Lakes, NJ) and centrifuged at 250 x g at 4°C for 10 min-
utes. The culture medium was discarded and the cells were
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re-suspended in fresh medium. Cell density was main-
tained at 500,000 cells/ml.

Chemicals

Reagent grade O-phthaldialdehyde (OPA), mercaptoetha-
nol, dihydrogen sodium phosphate, disodium EDTA,
sodium bisulfite, morphine sulfate, hydrogen peroxide,
xanthine oxidase, boric acid and phosphate buffered
saline (PBS) were purchased from Sigma (St.Louis, MO,
USA). Methanol (HPLC grade), acetonitrile (HPLC grade)
and sodium hydroxide were from Fisher Scientific
(Hampton, NH). Phosphate buffered saline (PBS) pH 7.4,
contained 120 mmol/L NaCl, 2.7 mmol/L KCI and 10
mmol/L phosphate. Horseradish peroxidase was pur-
chased from Cooper Biomedical. Prostaglandin H syn-
thetase was purchased from Calbiochem (Darmstadt,
Germany).

Determination of histamine release

Mast cell suspensions, containing approximately 500,000
mast cells were, aliquoted into 1 ml samples. These were
rinsed 4 times with 4 ml of PBS, pH 7.4. Cells were then
re-suspended in 1 ml PBS. Reaction mixtures were supple-
mented with morphine, sulfite and prostaglandin H syn-
thase at this stage according to experimental design,
unless otherwise specified. Reaction mixtures were incu-
bated for 60 minutes in a water bath at 37°C. Reactions
were stopped by centrifugation at 250 x g for 4 minutes at
4°Cand placed on ice. Then 200yl of the supernatant was
collected and dried under nitrogen at 40°C.

Histamine in the supernatant was measured using derivi-
tization with OPA and mercaptoethanol (ME) as
described [34]. Dried samples were re-dissolved in 100ul
of derivitisation buffer (0.4 M boric acid adjusted to pH
9.5 with 1 M sodium hydroxide) and then derivitized with
20 pL of a freshly made 1:1 mixture of OPA (3.8 mM in
methanol) and ME (2.5 ml/L in methanol) and analyzed
within 30 minutes. The derivitized samples were used for
chromatography.

The response of HMC-1 cells to the stimulant calcium
ionophore was investigated to assess the releasability of
HMC-1 cells. 0.25pg/ml calcium ionophore was added to
mast cell suspensions. Reaction mixtures were incubated
and analyzed as above.

Recovery of total histamine from cells

To extract the remaining histamine from the original sam-
ple, the mast cell pellet in suspension was frozen and
thawed 3 times. It was then centrifuged at 250 x g for 4
minutes and 200ul of the supernatant was dried under
nitrogen as described previously. Samples were re-dis-
solved, derivitized and analyzed as above. Histamine
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release during morphine incubations was expressed as a
percentage of total histamine release.

Chromatography system

Histamine was measured by high-performance liquid
chromatography using a Varian model 5500 chromato-
graph. The mobile phase was 0.1 M dihydrogen sodium
phosphate and 1 mM disodium EDTA with 16% metha-
nol and 14% acetonitrile adjusted to pH 6.4. The flow rate
was 0.8 ml/minute.

Separations were performed using a 15 cm x 4.6 mm, Ace
5 C18 reversed-phase cartridge column (Advanced Chro-
matography technologies, UK). A Zorbax C8 guard col-
umn with a 5 micron, 4.6 x 12.5 mm analytical guard-
column cartridge (Agilent technologies, Palo Alto, CA)
was used. Fluorescence detection was used with the fluor-
imeter (Varian 9070) set at an excitation of 348 nm and
an emission of 444 nm (determined by running individ-
ual excitation and emission spectra on the fluorometer).

Chromatographic conditions involved the use of a mobile
phase gradient to optimize peak separation. A linear gra-
dient starting at 90% mobile phase, 10% acetonitrile and
ending at 80% mobile phase, 20% acetonitrile took place
over 20 minutes. The column was washed by increasing
the acetonitrile to 30% by 22 minutes and by 23 minutes
the proportions were returned to the original values. The
length of each run was 30 minutes.

Data analysis

Values are expressed as a mean +/- SD of 3 experiments.
One-way analysis of variance was used to determine the
significance of the difference between groups. Results
were considered significantly different when p < 0.05.

Authors' contributions

EG participated in experiments and drafted the manu-
script. JB conceived of the study and participated in its
design. CM suggested the methodology of experiments.
All authors read and approved the final manuscript.

Acknowledgements

The authors wish to thank Carolyn Myers, Ph.D. and Anita Pettigrew, MS
for their assistance in assay development and Mary Thomas for her expert
assistance in the preparation of the manuscript. This work was supported
in part by a NIH Pediatric Pharmacology Research Units grant HD-31323-
09.

References

. Miller RR: Clinical effects of parenteral narcotics in hospital-
ized medical patients. | Clin Pharmacol 1980, 20:165-171.

2.  Bhargava HN: Diversity of agents that modify opioid toler-
ance, physical dependence, abstinence syndrome, and self-
administrative behaviour. Pharmacol Rev 1994, 46:293-324.

3. Rosow CE, Moss J, Philbin DM, Savarese JJ: Histamine release dur-
ing morphine and fentanyl anesthesia. Anesthesiology 1982,
56:93-96.

Page 7 of 8

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6155387
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6155387
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7831382
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7831382
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7831382
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6172999
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6172999

BMC Pharmacology 2004, 4:21

20.

21.

22.

23.
24.

25.

26.

Fahmy NR, Sunder N, Soter NA: Role of histamine in the hemo-
dynamic and plasma catecholamine responses to morphine.
Clin Pharmacol Ther 1983, 33:615-620.

Philbin DM, Moss ], Akins CW, Rosow CE, Kono K, Schneider RC,
VerlLee TR, Savarese JJ: The use of HI and H2 histamine antag-
onists with morphine anesthesia: a double-blind study.
Anesthesiology 1981, 55:292-296.

Doenicke A, Moss |, Lorenz W, Hoernecke R: Intravenous mor-
phine and nalbuphine increase histamine and catecholamine
release without accompanying hemodynamic changes. Clin
Pharmacol Ther 1995, 58:81-89.

Flacke JW, Flacke WE, Bloor BC, Van Etten AP, Kripke BJ: Hista-
mine release by four narcotics: a double-blind study in
humans. Anesth Analg 1987, 66:723-730.

QOustric-Mendes AC, Huart B, Le Hoang MD, Perrin-Rosset M, Pailler
FM, Darbord ]JC, Prognon P, Gard C, Pradeau D: Study protocol:
stability of morphine injected without preservative, deliv-
ered with a disposable infusion device. | Clin Pharm Ther 1997,
22:283-290.

Food and Drug Aministration: Sulfite Update. FDA Bull 1984, 14:24.
Food and Drug Aministration: Sulfiting agents: revocation of
GRAS status for use on fruits and vegetables intended to be
served or sold raw to consumers: final rule. Fed Reg 1986,
267:681-689.

Mottley C, Mason RP: Sulfate anion free radical formation by
the peroxidation of (Bi)sulfite and its reaction with hydroxyl
radical scavengers. Arch Biochem Biophys 1988, 267:681-689.

Sun X, Shi X, Dalal NS: Xanthine oxidase/hydrogen peroxide
generates sulfur trioxide anion radical (SO3.-) from sulfite
(SO3(2-)). FEBS Lett 1992, 303:213-216.

Mottley C, Mason RP, Chignell CF, Sivarajah K, Eling TE: The forma-
tion of sulfur trioxide radical anion during the prostaglandin
hydroperoxidase-catalyzed oxidation of bisulfite (hydrated
sulfur dioxide). | Biol Chem 1982, 257:5050-5055.

Neta P, Huie RE: Free-radical chemistry of sulfite. Environ Health
Perspect 1985, 64:209-217.

Kaplan D, McJilton C, Luchtel D: Bisulfite induced lipid oxidation.
Arch Environ Health 1975, 30:507-509.

Yang SF: Destruction of tryptophan during the aerobic oxida-
tion of sulfite ions. Environ Research 1973, 6:395-402.

Hayatsu H, Miller, RC: The cleavage of DNA by the oxigen
dependent reaction of bisulfite. Biochem Biophys Ressearch
Commun 1972, 46:120-124.

Beck-Speier I, Leng, A.: Responses of human neutrophils to
sulfite. | Tox Environ Health 1994, 41:285-297.

Zaloga GP, Marik P: Sulfite-induced propofol oxidation: a cause
for radical concern. Crit Care Med 2003, 31:981-983.

Di Bello MG, Masini E, loannides C, Fomusi Ndisang J, Raspanti S, Bani
Sacchi T, Mannaioni PF: Histamine release from rat mast cells
induced by the metabolic activation of drugs of abuse into
free radicals. Inflamm Res 1998, 47:122-130.

Masini E, Palmerani B, Gambassi F, Pistelli A, Giannella E, Occupati B,
Ciuffi M, Sacchi TB, Mannaioni PF: Histamine release from rat
mast cells induced by metabolic activation of polyunsatu-
rated fatty acids into free radicals. Biochem Pharmacol 1990,
39:879-889.

Masini E, Giannella E, Palmerani B, Pistelli A, Gambassi F, Mannaioni
PF: Free radicals induce ischemia-reperfusion injury and his-
tamine release in the isolated guinea pig heart. Int Arch Allergy
Appl Immunol 1989, 88:132-133.

Mannaioni PF, Masini E: The release of histamine by free
radicals. Free Radic Biol Med 1988, 5:177-197.

Palmerani B, Pistelli A, Gambassi F, Giannella E, Masini E, Mannaioni
PF: Histamine release by free radicals during prostaglandin-
H-synthetase dependent oxidation of xenobiotics. Pharmacol
Res Commun 1988, 20:437-438.

Mannaioni PF, Giannella E, Palmerani B, Pistelli A, Gambassi F, Bani-
Sacchi T, Bianchi S, Masini E: Free radicals as endogenous hista-
mine releasers. Agents Actions 1988, 23:129-142.

Masini E, Lodovici M, Fantozzi R, Brunelleschi S, Conti A, Mannaioni
PF: Histamine release by free radicals: paracetamol-induced
histamine release from rat peritoneal mast cells after in
vitro activation by monooxygenase. Agents Actions 1986,
18:85-88.

27.

28.

29.

30.

31
32

33.

34.

http://www.biomedcentral.com/1471-2210/4/21

Bray R, Beeton C, Hinton W, Seviour JA: Plasma morphine levels
produced by continuous infusion in children. Anaesthesia 1986,
41:753-755.

Schedle A, Samorapoompichit P, Fureder W, Rausch-Fan XH, Franz
A, Sperr WR, Sperr W, Slavicek R, Simak S, Klepetko W, Ellinger A,
Ghannadan M, Baghestanian M, Valent P: Metal ion-induced toxic
histamine release from human basophils and mast cells. |
Biomed Mater Res 1998, 39:560-567.

Hosoda M, Yamaya M, Suzuki T, Yamada N, Kamanaka M, Sekizawa
K, Butterfield JH, Watanabe T, Nishimura H, Sasaki H: Effects of rhi-
novirus infection on histamine and cytokine production by
cell lines from human mast cells and basophils. | Immunol 2002,
169:1482-1491.

Watanabe Y, Todome Y, Ohkuni H, Sakurada S, Ishikawa T, Yutsudo
T, Fischetti VA, Zabriskie |B: Cysteine protease activity and his-
tamine release from the human mast cell line HMC-1 stimu-
lated by recombinant streptococcal pyrogenic exotoxin B/
streptococcal cysteine protease. Infect Immun 2002,
70:3944-3947.

Nilsson L, Blom T, Kusche-Gullberg M, Kjellen L, Butterfield JH, Sun-
dtrom C, Nilsson K, Hellman L: . Scand | Immunol 1994, 39:489-498.
Baker M, Gregerson M, Martin M, Buettner G: Free radical and
drug oxidation products in an intensive care unit sedative:
Propofol with sulfite. Crit Care Med 2003, 31:787-792.
Butterfield JH, Weiler D, Dewald G, Gleich GJ: Establishment of an
immature mast cell line from a patient with mast cell
leukemia. Leuk Res 1988, 12:345-355.

Jensen TB, Marley PD: Development of an assay for histamine
using automated high-performance liquid chromatography
with electrochemical detection. | Chromatogr B Biomed Appl 1995,
670:199-207.

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

Publish with BioMed Central and every
scientist can read your work free of charge

"BioMed Central will be the most significant development for

disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK
Your research papers will be:
« available free of charge to the entire biomedical community
« peer reviewed and publishedimmediately upon acceptance
« cited in PubMed and archived on PubMed Central

O BioMedcentral

« yours — you keep the copyright

Page 8 of 8

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6839633
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6839633
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6115596
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6115596
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7543038
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7543038
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7543038
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2440351
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2440351
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2440351
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9548210
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9548210
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9548210
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2850769
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2850769
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2850769
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1318848
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1318848
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1318848
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6279657
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6279657
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6279657
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3830699
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=241301
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12627021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12627021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9562337
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9562337
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9562337
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1690007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1690007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1690007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2468611
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2468611
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2473947
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2473947
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2458603
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2458603
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2455972
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2455972
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2425599
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2425599
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2425599
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3752440
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3752440
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9492216
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9492216
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12133975
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12133975
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12133975
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12065540
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12065540
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12065540
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8191224
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12626985
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12626985
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12626985
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3131594
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3131594
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3131594
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8548010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8548010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8548010
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Results
	Conclusion

	Background
	Results
	Mast cell histamine release
	Effect of sulfite-free morphine concentration on histamine release
	Effect of sulfite-containing morphine solutions on histamine release
	Effect of prostaglandin H synthetase on histamine release from mast cell reaction mixtures
	Table 1
	Table 2
	Table 3


	Discussion
	Conclusions
	Methods
	Preparation of HMC-1 cells
	Chemicals
	Determination of histamine release
	Recovery of total histamine from cells
	Chromatography system
	Data analysis

	Authors' contributions
	Acknowledgements
	References

