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Abstract

A simple stability-indicating HPLC assay has been developed for physostigmine salicylate, capable of following its
degradation. A 250 x 5 mm i.d. column packed with 10 um Bondapak C,; was used, with a mobile phase of
acetonitrile—ammonium acetate (pH 6.0; 0.1 M) (50:50, v/v) and flow rate 1.2 ml min ~'. All peaks are eluted in < 10
min and the method has good precision. The optimum wavelength for detection of degradation products is 305 nm.
Application of the assay for a commercial preparation of physostigmine salicylate for injection is presented. © 1999

Elsevier Science B.V. All rights reserved.
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1. Introduction

Physostigmine salicylate (eserine salicylate) is
one of a number of medical drug antidotes
against certain psychochemical warfare agents.
The decomposition path of physostigmine has
been studied [1]. Hydrolysis initially removes the
urethane group to produce eseroline, a colorless
compound. Subsequent oxidation yields rubreser-
ine, a red compound, which is in turn converted
into eserine blue or eserine brown (Fig. 1).

The anticholinesterase activities of physostig-
mine salicylate and its degradation products have
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been examined. In vivo, the degradation products
are at least 1000 times less active than physostig-
mine as anticholinesterase agents [1]. Lack of
coloration does not indicate full anticholinesterase
activity, because eseroline, the colorless product
of the hydrolysis, possesses little or no such activ-
ity.

Various authors [2-5] have described separa-
tion and determination of physostigmine and its
degradation products. Somani and Khalique [2]
separated physostigmine from eseroline in biologi-
cal fluids but did not detect other degradation
products. Others separated physostigmine from
rubreserine but either resolution between
physostigmine and eseroline was poor [3], or the
total elution time required was very long [4]. Yang
and Wilken [5] required gradient elution and a
high flow rate in order to achieve good resolution
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Fig. 1. Decomposition path of physostigmine.

of physostigmine and its degradation products and
an acceptable physostigmine peak shape. Quinn
and Stewart [6] used a post-column fluorescence
ion pair extraction system, which is too compli-
cated to be used as a routine assay. None of these
authors studied the rate of appearance of the
degradation products. The United States Pharma-
copeia assay for physostigmine [7] is not designed
to separate physostigmine from its degradation
products. We found that the use of benzyl alcohol
and benzaldehyde in this method masks peaks of
the degradation products.

The objective of this study was to develop a
simple stability-indicating HPLC method for the
determination of physostigmine in the presence of
its degradation products. Using this method, we
were able to identify the main degradation prod-
ucts and to follow their rates of appearance during
thermal degradation of physostigmine salicylate.

2. Experimental
2.1. Materials

All reagents were of analytical reagent grade and
fresh double distilled water was used. Physostig-

mine base, physostigmine salicylate and salicylic
acid were obtained from Sigma, acetonitrile and
ammonium acetate were purchased from E. Merck
and glacial acetic acid was obtained from Fru-
tarom, Israel. Physostigmine salicylate for injec-
tion (40 mg lyophilized) was purchased from Abic
Pharmaceuticals, Israel.

2.2. Instrumentation

The liquid chromatograph consisted of a
Hewlett-Packard HP 1090 liquid chromatograph
equipped with an HP 3396A integrator and a diode
array UV detector capable of recording spectra of
the chromatographic peaks. The column (250 x 5
mm i.d.) packed with reversed phase 10 um Bonda-
pak C,5 was purchased from HPLC Technologies,
UK The injector was fitted with a 20 pl loop.

2.3. HPLC conditions

The optimum mobile phase was acetonitrile-am-
monium acetate (pH 6.0; 0.1 M) (50:50, v/v), flow
rate 1.2 ml min ~!. The pH of the aqueous compo-
nent was adjusted with glacial acetic acid. Where
other conditions were used these are specified.
Detection wavelengths of 248 and 305 nm were
used.
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2.4. Thermal degradation of physostigmine
salicylate

A solution of 300 pg ml~' physostigmine sali-
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Fig. 2. HPLC separation of physostigmine salicylate, detected
at (i) 248 nm and (ii) 305 nm.
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Fig. 3. Spectrum (220-450 nm) of the physostigmine peak,
showing maxima at 248 and 303 nm.

cylate in water was placed in a boiling water
bath. A sample was taken every 15 min for 2 h,
cooled, diluted to 150 pg ml~—' with acetonitrile
and chromatographed.

2.5. Assay of physostigmine salicylate for
injection (40 mg)

The lyophilizate was reconstituted with 10 ml
of water and filtered by a syringe filter (0.45 um)
into a 20 ml volumetric flask. The wvial, the
syringe and the filter were washed with water
and brought to volume of 20 ml to give a
2 mg ml~!' solution. One milliliter was further
diluted in a 10 ml volumetric flask, 4 ml
of water were added and the volume made up
with acetonitrile to obtain a 200 pg ml—! solu-
tion.

A 200 pg ml~' solution of standard
physostigmine salicylate was prepared in
50% acetonitrile by dilution of a more
concentrated stock solution prepared in acetoni-
trile.
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Fig. 4. Thermal degradation of physostigmine salicylate followed at 305 nm.
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3. Results and discussion

3.1. Chromatographic separation of physostigmine
salicylate

Fig. 2 shows the separation of 150 pug ml—!
physostigmine salicylate. By separate injections
of salicylic acid and physostigmine base, the
peaks were identified as salicylate (2.5 min) and
physostigmine (8.3 min). The UV spectrum of
the physostigmine peak (Fig. 3) shows maxima
at 248 and 303 nm, with no absorbance in the
visible range.

3.2. Optimization of chromatographic conditions

The mobile phase of acetonitrile-ammonium
acetate (pH 6.0; 0.1 M) (50:50, v/v) with flow
rate 1.2 ml min—"' provides optimum conditions
of retention time and minimum tailing of the
physostigmine peak without requiring excessive
flow rates. Reduction of the buffer concentration
to 0.05 M ammonium acetate increased the re-
tention time of physostigmine and the peak
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Fig. 5. Spectrum (220-450 nm) of the peak at 5.5 min,
identified as eseroline.
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Fig. 6. Spectrum (220-600 nm) of the peak at 3.5 min,
identified as rubreserine.

tailed significantly. Increasing the proportion of
the organic component from 50 to 60% short-
ened the retention time of the salicylate peak
but had very little effect on the physostigmine
peak.

For the assay of physostigmine greatest sensi-
tivity is achieved at 248 nm, the wavelength of
maximum absorption (Fig. 2i). During thermal
degradation studies, however, it was found that
some degradation products have low ab-
sorbances at 248 nm. The optimum wavelength
for following thermal degradation was 305 nm,
because at this wavelength physostigmine and its
degradation products were found to have similar
specific absorbances. The peak area of
physostigmine, however, is considerably reduced
at this wavelength (Fig. 2ii).

3.3. Detection of degradation products at 305 nm

The degradation path of physostigmine is
shown in Fig. 1. For a stability-indicating assay,
the physostigmine peak must not be subject to
interference from degradation products and the
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latter should be visible. To demonstrate that this
method is stability indicating, it was used to fol-
low the thermal degradation of physostigmine
salicylate in aqueous solution (Fig. 4). The ex-
periment was performed in a boiling water bath
in order to achieve full degradation of physostig-
mine salicylate within 2 h.

The first degradation product to appear had a
retention time of 5.5 min. The peak increased
until 1.25 h and then began to decrease. Its
spectrum (Fig. 5) shows maxima at 242 and 315
nm, i.e. it is colorless. Hence it might be esero-
line, which is the first degradation product and
which decreases as it is oxidized to rubreserine.

The second degradation product to appear in
the series of chromatograms was the peak at 3.5
min, first visible after 0.5 h and increasing
steadily with time. Its spectrum (Fig. 6) shows
peaks at 300 and 480 nm. This is compatible
with the red color of rubreserine, which was
seen to be more intense in successive samples.

A third degradation peak at 9.9 min appeared
after 0.75 h as a shoulder to the physostigmine
peak. It increased in intensity as the latter de-
creased until after 2 h it was the only peak of
the two. Its spectrum was weak, indicating that
it might be only a minor degradation product,
with maxima at 305 and 500 nm, i.e. it is col-
ored.

3.4. Identification of the peak at 9.9 min

The possibility that the 9.9 min peak might be
eserine blue, the degradation product of rubre-
serine in the degradation sequence, was checked.
A sample of eserine blue was prepared from
physostigmine by the method of Ellis [8], dis-
solved in a small volume of acetonitrile and
filtered to give a dark blue solution. With a
detection wavelength of 550 nm the blue com-
pound was pinpointed to a retention time of 6.0
min and its spectrum showed a maximum above
600 nm. Hence the 9.9 min peak was not eserine
blue and no detectable amount of eserine blue
was present in the boiled physostigmine samples.
Eserine blue has a UV maximum absorbance at
about 312 nm and hence would have been de-
tected at 305 nm if present.

The sample of physostigmine salicylate after
boiling for 2 h was boiled for a further 3 h. Its
red color assumed a brownish tint, but it did
not turn blue. The chromatogram showed a ru-
breserine peak of similar intensity to the 2-h
sample. Eseroline had almost completely disap-
peared, but the 9.9 min peak was no stronger.
From the degradation pathway of physostigmine
(Fig. 1) and the color of the solution it can be
concluded that this peak is probably eserine
brown. Eserine brown does not appear to have
been detected in earlier HPLC studies of
physostigmine. Further investigation is required
to obtain a firm identification.

3.5. Assay of physostigmine salicylate for
injection

As a test of this newly developed method we
assayed a vial of physostigmine salicylate for in-
jection, manufactured 14 years earlier and stored
at room temperature. The vial contained 275 mg
of dry lyophilizate, of which 40 mg was
physostigmine salicylate.

The sample and standard were each chro-
matographed five times in order to calculate pre-
cision data. The UV detection wavelength was
305 nm.

The results showed an assay of 99.5%, with
RSD < 1.5% for both sample and standard. The
chromatograms of sample and standard were al-
most identical. No trace of degradation products
was visible and a ‘peak purity’ check of the
physostigmine peak in the sample showed it to
be a single peak.

4. Conclusions

A simple stability-indicating HPLC assay with
good precision has been developed for physostig-
mine salicylate, capable of following its thermal
degradation. Physostigmine, salicylate, eseroline,
rubreserine and (probably) eserine brown are all
separated. 305 nm is the optimum wavelength
for detection of degradation products. However,
if assay sensitivity is critical, 248 nm is prefer-
able.
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A l4-year-old sample of lyophilized physostig-
mine salicylate was assayed by this method. No
chemical degradation was found, showing that
dry physostigmine salicylate is stable.
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