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Summary

A stability indicating HPLC assay method was developed for analysis of pilocarpine nitrate in indicator reservoirs used in the
cystic fibrosis indicator iontophoretic device for sweat induction. The method can selectively detect pilocarpine and the degradants,

isopilocarpine, pilocarpic acid and isopilocarpic acid.

Introduction

Cystic fibrosis is a hereditary disorder in in-
fants, children, and young adults whose sweat
chloride content is abnormally high. The fre-
quency of this disorder is between 0.5 and 1.0%
of live births (Cystic Fibrosis Foundation, 1974).
A diagnosis of this disease involves quantitative
analysis of the chloride content in the sweat,
which is generated by iontophoretic delivery of
pilocarpine through the skin to stimulate the
sweat glands. The success of this quantitative test
depends on the technique used in the test, pro-
duction of sufficient sweat, and the reliability of
the quantitative chloride test. The pilocarpine
content in the reservoir must be ascertained by a
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reliable quantitative analytical method. Degrada-
tion of pilocarpine has been reported in many
pharmaceutical products (Mair and Miller, 1984;
Balansard et al., 1986; Ibrahim et al., 1987; Sidhu
et al., 1987) with the main degradants being isopi-
locarpine, pilocarpic acid, and isopilocarpic acid.
A selective analytical method is necessary to as-
say quantitatively the pilocarpine nitrate content
in the presence of degradation products. Ultravi-
olet (UV) spectrophotometric methods are un-
suitable due to interference by UV absorption of
nitrate ion and degradants such as pilocarpic
acid, isopilocarpine and isopilocarpic acid at the
lower UV region. A titration method (Official
Methods of Analysis, 1984) is also expected to be
interfered with by the degradants and may not be
sensitive enough for our purpose. Numerous pa-
pers have been reported describing HPLC proce-
dures for assay of pilocarpine in the presence of
its degradation products (Bundgaard and Hansen,
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1982; Szepesei et al.,, 1983; Rendi et al., 1984;
Wood and Robinson, 1984; Popl et al., 1985;
Mitra and Mikkelson, 1988; Vespake et al., 1988).
However, most reported HPLC methods did not
effectively separate pilocarpine and isopilo-
carpine. In this communication, we report an
isolation method and an HPLC stability-indicat-
ing assay for pilocarpine nitrate in reservoirs.
Pilocarpine, isopilocarpine, pilocarpic acid, and
isopilocarpic acid were selectively detected by the
method.

Experimental

Materials and apparatus Pilocarpine nitrate
reservoirs were manufactured by Promeon, a divi-
sion of Medtronic, Inc., Minneapolis, MN. HPLC
grade methanol (0.029% water, Baxter) was used
in the mobile phase. Reference standard pilo-
carpine hydrochloride was obtained from U.S.P.C.
Inc., Rockville, MD. Pilocarpine nitrate raw ma-
terials (USP grades) obtained from Midland Sci-
entific, EM, and Spectrum Chemicals were dried
in a vacuum oven at 105°C for 2 h before use.
Isopilocarpine nitrate (reagent grade) and pilo-
carpine nitrate (reagent grade) were obtained
from Aldrich. Potassium phosphate and sodium
choride were purchased from Mallinckrodt.

The release of pilocarpine nitrate from reser-
voirs was monitored by measuring the absorbance
of extraction samples using a Shimadzu UV-160
spectrophotometer equipped with a Shimadzu
CPS temperature controller. The temperature of
the cell compartment was maintained at approx.
20.0° C. The stability of the spectrophotometer
was ascertained by recording the absorbance of
the 0.9% saline solution at 230 nm over a period
of 4 h. No significant change in absorbance was
observed.

HPLC apparatus and conditions An HPLC
stability-indicating method for the pilocarpine ni-
trate reservoir was developed using the following
apparatus and conditions. All the pilocarpine
samples were analysed using Hewlett Packard
(HP) 1090 M liquid chromatography apparatus
equipped with an HP 1040 M UV-VIS Diode
Array detector and an HP chemstation data ac-

quisition system, together with a reverse-phase
column (Supelcosil LC-18 DB P /N 5-8358; 5 um)
of 25 cm X 4.6 mm 1.d., obtained from Supelco. A
guard column (Supelcosil LC-18 DB P /N 5-9565)
obtained from Supelco was used in conjunction
with the HPLC apparatus. The HPLC conditions
were as follows: injection volume, 50 wl; flow
rate, isocratic at 1.5 ml/min; column tempera-
ture, 60°C; mobile phase, methanol (209%):
monobasic potassium phosphate (0.073 M) (pH
7.7) (80%); detection wavelength, 215 nm.

Generation of degradants Pilocarpic and
isopilocarpic acid were prepared by hydrolysis of
pilocarpine nitrate and isopilocarpine nitrate, re-
spectively, in 0.1 M KOH for 2 h. The alkalinc
solution was acidified to pH 5.5 using 85% phos-
phoric acid.

Treatment of the cystic fibrosis pilocarpine ni-
trate reservoir extracts The hydrogel began to
break into pieces after 6 h of agitation. Subse-
quently, the debris caused problems in obtaining
clear solutions for absorbance mecasurements.
Two centrifuge test tubes were filled separately
with 5-7 ml of the white milky extraction solu-
tion. The test tubes were centrifuged (Beckman
model TJ-6) at 5000 rpm for 30 min. The test
tubes with clear supernatant werc carcfully trans-
ferred to a test tube rack. A 3 ml plastic syringe
equipped with a precision glide needle (BD 21G1)
(both from Becton Dickinson and Co., Ruther-
ford, NJ) was used to withdraw the clear super-
natant. The needle was replaced with a Nylon
Acrodisc 0.45 wm disposable filter assembly (Gel-
man Sciences). The solution was forced through
the filter assembly. 1.0 ml of the clear filtrate was
diluted to 6.0 ml with 0.9% saline solution for
UV absorbance measurement or for HPLC analy-
$is.

HPLC analysis of the pilocarpine extracts The
pilocarpine nitrate was extracted according to the
procedure described above. Samples were with-
drawn at appropriate time points and analyzed by
HPLC.

HPLC stability-indicating method The stabil-
ity-indicating method was developed by consider-
ing (a) precision, (b) accuracy, (¢) linearity and
range, (d) selectivity and (e) limit of detection of
the method. The method was applied to the anal-



ysis of some freshly manufactured and some ex-
pired pilocarpine nitrate reservoirs. A reference
standard pilocarpine hydrochloride was used in
the standard curves and for calibration of a pilo-
carpine nitrate raw material. Prior to chromato-
graphic analysis of reservoir extraction samples, a
standard curve was prepared from a series of
aqueous standard solutions prepared from pilo-
carpine nitrate reference material. The reservoir
extract samples were analysed by HPLC and the
standard curve prepared. Pilocarpine concentra-
tions in samples were calculated using the ab-
sorbance peak area in conjunction with the linear
relationship derived from the standard curve.

The UV spectra of degradants (isopilocarpine,
isopilocarpic acid and pilocarpic acid), nitrate,
and pilocarpine as recorded on the HP diode
array detector and chemstation data acquisition
system were taken directly from the print out.
The absorption spectra are similar for all these
compounds.

Results and Discussion

The extraction method for the analysis of pilo-
carpine from the reservoir was developed consid-
ering two potential problems: the stability of pilo-
carpine under the extraction conditions, and the
efficiency and the quantitation of the extraction
method. Stability of pilocarpine has been exten-
sively investigated in the past (Conners et al.,
1986). Basically, in solution there are two
degradative reactions: (a) the epimerization about
the a-carbon to form isopilocarpine, and (b) the
hydrolysis of the ester linkage of the lactone ring,
resulting in production of pilocarpic acid and
isopilocarpic acid. The hydrolysis reaction is sus-
ceptible to both specific acid/base and general
acid /base catalyses, although the water catalytic
constant has not been reported in the literature,
possibly due to its very low value. Epimerization
occurs predominantly at alkaline pH. From the
pH-rate profile of pilocarpine, it is predicted that
the pH of maximum stability is about 5.2, Under
the present extraction conditions, using 0.9%
saline solution or deionized water, pilocarpine is
expected to be stable, as shown by the quantita-
tive recovery of pilocarpine from some new reser-
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voirs (discussed further below, under Accuracy).
The efficiency and the quantitation of the extrac-
tion method were demonstrated by the release
profile of pilocarpine and the quantitative recov-
ery of pilocarpine, as discussed below.

Release of pilocarpine by HPLC analysis of the
pilocarpine extracts

A release study indicates that after the reser-
voir began to disintegrate after about 6 h of
agitation, the UV absorbance of the extracts in-
creased at a much faster rate and, eventually, the
total quantity of apparent pilocarpine nitrate ex-
ceeded the label claim. This is due to UV ab-
sorbance interference of ingredients released into
the extract and the non-selectivity of the UV
spectrophotometric assay at 230 nm. The similar-
ity in the spectra makes UV spectrophotometry
an unsuitable method for our purpose. The ab-
sorbance of the extract is due to the total ab-
sorbance of all ingredients present and, there-
fore, with a different ratio of the ingredients
quantitative assay would be very difficult. In or-
der to assay quantitatively the pilocarpine in the
extract, it is necessary to employ a selective
method such as HPLC to isolate pilocarpine from
the impurities. An independent experiment by
HPLC analysis was carried out to determine the
pilocarpine equilibrium extraction time. The re-
sults shown in Fig. 1 indicate that the minimum
equilibrium time is 6 h.
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Fig. 1. Equilibration of the pilocarpine extraction.
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Stability-indicating assay of pilocarpine

Precision of injection and detection system sta-
bility Six individual injections of a pilocarpine
hydrochloride solution of 323.4 ng/ml were anal-
ysed by the HPLC system and the peak area
counts of pilocarpine for each injection were
recorded. The relative standard deviation of the
six analyses was 0.23%.

Accuracy Six freshly (about 1 month old)
manufactured reservoirs containing 1.0% of pilo-
carpine nitrate were extracted by the present
extraction method and assayed for pilocarpine
nitrate content by the stability-indicating HPLC
method. The average recovery percentage is
99.1% with a relative standard deviation of 0.32%.

The recovery percentage of pilocarpine nitrate
from the reservoirs demonstrates the accuracy of
the HPLC analytical method. The HPLC method
was further applied to analysis of pilocarpine
nitrate raw materials obtained from three differ-
ent vendors:

Vendors Purity (%)
Spectrum Chemicals 99.7
EM 99.7
Midland Scientific 100.2

Linearity and range Seven standard solutions
of pilocarpine nitrate were prepared and each
standard solution was analysed three times by
HPLC. The average peak area counts were calcu-
lated and plotted vs the concentrations (ug/ml)
of the standard solutions. The slope of the regres-
sion line is 27.7 with a negative intercept, —36.3
and the correlation coefficient is 1.00. The re-
gression analysis is based on pilocarpine nitrate
concentrations ranging from 8.0 to 970.0 pg/ml.

Selectivity The selectivity of the HPLC ana-
lytical method is demonstrated by acid hydrolysis
of pilocarpine and isopilocarpine to generate pi-
locarpic acid and isopilocarpic acid (see Experi-
mental). To demonstrate the ability of the pre-
sent HPLC method to detect selectively pilo-
carpine and isopilocarpine, which can be difficult
to separate chromatographically, a mixture of the
two compounds was analysed by the method. At
pH 5.5, where pilocarpine is most stable, pilo-
carpine and isopilocarpine were added to the
mixture of degradants in order to see whether the
HPLC method could separate and detect all in-
gredients. The chromatogram of such a mixture is
shown in Fig. 2, which shows a nitrate peak at ¢
of 1.036 min, a pilocarpic acid peak at 2.722 min,
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Fig. 2. Chromatogram of a pilocarpine solution containing all of its degradants.



an isopilocarpic acid peak at 3.399 min, an isopi-
locarpine peak at 8.368 min, and a pilocarpine
peak at 9.218 min. All the peaks of the com-
pounds are well separated.

Limit of detection The lowest concentration
of pilocarpine nitrate showing a statistically sig-
nificant difference from the sample blank was
1.62 pg/ml. The lowest and the highest concen-
trations of pilocarpine nitrate with relative stan-
dard deviation less than 5% were 8.09 and 970
wg/ml, respectively (see Linearity and range).

Degradants The degradants generated by acid
hydrolysis were pilocarpic acid and isopilocarpic
acid. This is due to instability of both pilocarpine
and isopilocarpine under highly alkaline condi-
tions (0.1 M KOH).

Chromatograms of expired reservoirs In order
to detect degradants generated in reservoirs, a
new (1 month old) and an expired reservoir (5
years old) were extracted and examined for
degradants by the HPLC analytical method. For
the new reservoir, the major peaks are for pilo-
carpine (£ = 9.04 min) and nitrate (¢z = 1.8 min).
However, for the old reservoir, detectable
amounts of pilocarpic acid (¢z = 2.71 min), isopi-
locarpic acid (¢z = 3.40 min) and isopilocarpine
(g = 8.3 min) were observed.

Conclusions

A stability-indicating HPLC assay method has
been developed for analysing the pilocarpine ni-
trate content in reservoirs used in the Medtronic
Cystic Fibrosis Indicator System,
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