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ABSTRACT: Methacholine chloride solutions, routinely used for testing bronchial
hyperreactivity, have been shown to degrade over time. The data published address-
ing the optimal conditions for methacholine chloride storage are conflicting and
incomplete. This study investigated the effects of a variety of conditions on the stabil-
ity of methacholine chloride.

Methacholine chloride, dissolved in phosphate buffered saline (PBS) or sodium
chloride (NaCl) at 50 and 0.39 g-L-1, was subjected to various light and temperature
conditions for 9 months. Methacholine chloride degradation was determined by high
performance liquid chromatography, and all solutions underwent bacterial and pH
testing.

By 9 months, all 50 g-L-1 solutions of methacholine chloride had degraded by
6.5+0.8%. All 0.39 g-L- solutions in NaCl had degraded by 11.0+0.3%. The 0.39 g-L-!
solutions in PBS which had been frozen, refrigerated or stored at room temperature
had degraded by 8.0%, 16.0+0.3% and 63.8+0.5%, respectively. The pH of metha-
choline chloride was 7.2 in PBS at 0.39 g-L-, 5.8 in PBS at 50 g-L-, 3.9 in NaCl at 0.39
and 2.7 in NaCl at 50 g-L-.. Bacterial contamination was minimal.

The results of this study demonstrate that methacholine chloride is more stable at
the higher concentration. However, the pH of the more concentrated solutions of
methacholine chloride in sodium chloride could cause bronchoconstriction in some
subjects. We therefore recommend storing methacholine chloride at 50 g-L-! in phos-
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Methacholine chloride, a synthetic analogue of the neu-
rotransmitter acetylcholine, is widely used in respiratory
function laboratories and epidemiological field studies,
with solutions of methacholine chloride being nebulized
and then inhaled as a nonspecific challenge test for bron-
chial hyperreactivity [1]. The accuracy of the methacho-
line chloride inhalation challenge test is dependent on the
use of precise concentrations of methacholine chloride.
However methacholine chloride in solution has been shown
to degrade over time [2-5]. To avoid both compromising
the accuracy of the methacholine chloride inhalation chal-
lenge test and unnecessarily discarding costly solutions,
further information on the stability of methacholine chlo-
ride is needed.

The data published concerning the maximum time and
optimal conditions for the storage of methacholine chlo-
ride solutions are conflicting. The Merck manual reports
that, after only 2 weeks, even refrigerated solutions of
methacholine chloride will lose sufficient potency to war-
rant them being discarded [2]. However, various other
researchers have reported shelf lives of methacholine
chloride dissolved in 0.9% sodium chloride (NaCl) rang-
ing 4-10 months for refrigerated solutions [3, 4], and 4-6
months for solutions stored at room temperature [3-5].
Furthermore, both the concentrations of methacholine
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chloride solutions and the assays used to determine the
level of methacholine chloride degradation differ mark-
edly between studies [3—7]. These differences have ham-
pered attempts at making direct comparisons between the
findings.

In practice, methacholine chloride dissolved either in
NaCl or phosphate-buffered saline (PBS) is used for inha-
lation challenges [1]. However, almost all methacholine
chloride stability research has focused on methacholine
chloride dissolved in NaCl. One report, which investig-
ated the effects of both solvents over a 3 month period,
found preliminary evidence that methacholine chloride may
be more chemically unstable when dissolved in PBS [1,
8]. It has also been suggested that bacterial contamination
may enhance the degradation of methacholine chloride sol-
utions [1]. This, however, remains to be conclusively de-
monstrated.

The available literature is inconsistent and, since some
of the previously reported shelf lives were only estima-
tions made by extrapolating data collected over a shorter
period of time [3], we elected to perform our own study
over an extended duration. To clarify the issue of accepta-
ble storage conditions, we investigated the effects of light,
temperature, concentration, solvent type and bacterial con-
tamination on the rate of methacholine chloride degradation.
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Materials and methods

Study design

We chose to investigate methacholine chloride solutions
at concentrations of 50 and 0.39 g-L!, dissolved either in
PBS or NaCl. These concentrations were the maximum
and minimum doses used in our bronchial provocation test
protocol, which was derived from the protocol used in
the European Community Respiratory Health Survey [9].
Each of the four combinations of methacholine chloride
concentration and solvent was stored in one of the following
environments for a period of 9 months: room temperature
and light; room temperature and darkness; or refrigeration
and darkness. At the beginning of the experiment, all solu-
tions of methacholine chloride were freshly prepared from
powder under sterile conditions, stored in rubber-sealed
glass vials and tested for bacterial content. Every 4 weeks,
1 mL aliquots were extracted from each vial using a sterile
syringe and needle and assayed by high performance lig-
uid chromatography (HPLC). In addition to the vials of
methacholine chloride, which were assayed monthly, rep-
licate vials were stored unopened under identical condi-
tions for the duration of the experiment, as a control for
bacterial contamination. Two vials containing methacho-
line chloride in PBS, one at each concentration, were
stored at -20°C for the duration of the experiment. At the
end of the experiment, the contents of each vial were
tested for bacterial contamination, assayed by HPLC, and
the pH of each was measured.

Methods

Methacholine chloride, in powder form, was obtained
from ACIC Inc. (Ontario, Canada) and stored in its origi-
nal container in a vacuum desiccator at 4°C. Methacholine
chloride was dissolved either in 0.9% sterile intravenous
saline infusion (Baxter Healthcare Pty Ltd, NSW, Aus-
tralia) or PBS consisting of 32.8 g NaCl (David Craig
and Co., Rocklea, Australia), 11.385 g sodium orthophos-
phate.12H,0 (Fluka via FSE, NSW, Australia), 1.25 g so-
dium dihydrogen phosphate.2H,0 (Fluka via FSE, NSW,
Australia), and made up to 4 L in water for injections
(Baxter Healthcare Pty Ltd, NSW, Australia). Aliquots
(25 mL) of these solutions were dispensed into rubber-
sealed glass vials. All methacholine chloride solutions
were made up under a laminar flow hood using standard
sterile techniques.

Each time a vial was sampled, the following technique
was used: firstly, the outside of the rubber seal on each
vial was disinfected with an alcohol swab; and then, using
a sterile 2.5 mL syringe and 21Gx1.25" needle, 1 mL of
air was injected into the vial and a 1 mL aliquot of metha-
choline chloride solution was drawn.

At the end of the 9 month period, bacterial contamina-
tion was assessed by plating out 0.5 mL aliquots from all
vials onto Colombia blood agar containing 5% sterile
defribrinated horse blood cells in 20 mL plastic Petri
dishes, and incubating these for 48 h at 35°C. This proce-
dure was performed under a laminar flow hood using
standard sterile techniques. These aliquots were taken
prior to the final assaying of all samples by HPLC, so that

those vials which had not undergone monthly sampling
would still be in an untouched state. The types of bacteria
present were identified by colonial morphology.

Analysis

The methodology for the HPLC assay used in this study
was a modification of the method described in detail by
Woobman et al. [6]. A prepacked 3.9x150 mm Waters Sym-
metry C18, 5 um column (Lot No. T52071 R21, Batch
No. 113) was used with a mobile phase of 20% ace-
tonitrile (Mallinckrodt, ChromAR HPLC grade, Biolab
Scientific Pty Ltd, Victoria, Australia) and 80% 1-heptane
sulphonic acid sodium salt (HiPerSolv for HPLC, BDH
Laboratory Supplies, Poole, UK) at 0.01 M in deionized
water. On this column, methacholine chloride had a reten-
tion time of 3.25 min. Methacholine chloride solutions, at
concentrations of 50 and 0.39 g-L-! were diluted 1/50 and
1/10, respectively, with deionized water prior to being
assayed.

Solutions containing only NaCl or PBS did not display
HPLC peaks with the same retention time as methacho-
line chloride. The concentration of methacholine chloride
was determined by comparing the HPLC peak heights of
methacholine chloride in the study samples with those
from standard solutions of methacholine chloride, which
were freshly prepared just prior to the analysis. The pH
of methacholine chloride samples was measured using a
Beckman @ 44 pH meter (Beckman, Melbourne, Aus-
tralia)

Results

Figure 1 shows the results for the 0.39 g-L-! solutions of
methacholine chloride over the 9 months under each of
the test conditions. At the end of 9 months, solutions of
0.39 g-L'! methacholine chloride in PBS stored at room
temperature had degraded by as much as 63.8+0.5%,
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Fig. 1. — Changes in the concentration of methacholine chloride solu-

tions, dissolved either in phosphate-buffered saline (PBS) or sodium
chloride (NaCl) at 0.39 g-L-! and subjected to various conditions of light
and temperature for 9 months. Values are the mean of three measure-
ments. —3—: 9% NaCl, light, room temperature (RT); —o— : PBS, light,
RT; ——: 9% NaCl, dark, RT; —a— : PBS, dark, RT; —v— : 9% NaCl,
dark, refrigeration; —w— : PBS, dark, refrigeration.
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whereas similar solutions which had been refrigerated or
frozen had degraded by only 16.0+0.3% and 8% (data
not shown), respectively. Exposure to light had no effect
on the degradation rate of these solutions. All 0.39 g-L!
methacholine chloride solutions in NaCl displayed a mean
degradation of 11.0+0.3% at the end of 9 months, regard-
less of whether they were stored at room temperature,
refrigerated, or exposed to light.

The 50 g-L-! solutions of methacholine chloride dis-
played a mean degradation of 6.5+0.8% at the end of 9
months. The rate of degradation was not affected by light,
temperature or the type of solvent used.

Three of the 26 vials tested displayed a positive result
for bacterial contamination. These vials were: 0.39 g-L!
methacholine chloride in PBS stored at -20°C in the dark
and unopened, 0.39 g-L! methacholine chloride in PBS
stored at room temperature in the dark and unopened; and
0.39 g-L'! methacholine chloride in PBS stored at room
temperature in the light and sampled during the experiment.
In each of these cases, the contamination was extremely
minor comprising a single colony of coagulase-negative
Staphylococcus (a common skin commensal). There were
no significant differences between the levels of metha-
choline chloride remaining in vials which had undergone
monthly sampling and the replicate vials which had re-
mained untouched.

Methacholine chloride in PBS displayed a pH of 7.2 at
0.39 gL'l and 5.8 at 50 g-L-1. When dissolved in NaCl,
methacholine chloride displayed a pH of 3.9 at 0.39 g-L-!
and 2.7 at 50 g-L-..

Discussion

Our findings clearly demonstrate that manipulating the
storage conditions of methacholine chloride solutions can
have a profound effect on the rate of degradation. These
data reveal that temperature, methacholine chloride con-
centration and the type of solvent in combination influence
the degradation rate of stored solutions of methacholine
chloride, whilst exposure to light has no apparent effect.

There are significant advantages in storing methacho-
line chloride at a high concentration. The most concentrated
solutions of methacholine chloride (50 g-L-1) displayed the
lowest level of degradation of all solutions in this study.
At high concentrations, methacholine chloride can be dis-
solved either in PBS or NaCl without adversely affecting
its stability, and refrigeration is not required to prolong the
shelf life of these solutions.

At low concentrations, the stability of solutions of
methacholine chloride is influenced both by temperature
and the type of solvent used. When dissolved in NaCl,
weak concentrations of methacholine chloride (0.39 g-L-1)
degrade at the same slow rate irrespective of whether they
are refrigerated or stored at room temperature. However,
when dissolved in PBS, the degradation rates of these sol-
utions are dramatically increased by raising the storage
temperature. It is, therefore, advisable to refrigerate or freeze
low concentrations of methacholine chloride if they have
been dissolved in PBS.

Whilst it has been suggested that bacterial contamina-
tion may accelerate the degradation of methacholine chlo-
ride solutions [1], our results indicate that this should not
be a problem if aseptic techniques are used when taking

samples. In the majority of cases, bacterial contamination
did not ensue as a result of taking multiple samples from
the vials in this study. The contamination which did occur
is more likely to have been introduced during the final
bacterial assay than as a result of taking monthly samples,
since two of the three apparently contaminated vials had
remained sealed for the duration of the experiment. How-
ever, it would be prudent to periodically assay metha-
choline chloride solutions for bacterial contamination if
they are being stored for long periods, especially if solu-
tions are being stored at room temperature.

Prima facie, it is preferable to dissolve methacholine
chloride in NaCl, since the less concentrated solutions
were more stable when this solvent was used. However,
NaCl does not have the pH buffering capacity of PBS.
Thus, the more concentrated solutions of methacholine
chloride in NaCl reached a pH as low as 2.7. In some sub-
jects, this may be sufficient to cause bronchoconstriction
by virtue of the pH alone [10]. For this reason, there is a
case for using PBS as a solvent for methacholine chloride
in methacholine challenge tests. We therefore recommend
that methacholine chloride solutions be stored in PBS,
rather than normal saline, and at a concentration of around
50 g:L'l. Such solutions can be stored with or without
refrigeration, in the light or dark, for up to 9 months, with-
out significant degradation.
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