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ABSTRACT

A high performance liquid chromatographic method for the
simultaneous determination of physostigmine and its degradation
products, eseroline and rubreserine, in pharmaceutical ointment
and injection dosage forms is described. The compounds are
separated isocratically on an octadecylsilane column using a
60:40 aqueous phosphate buffer pH 4.0-acetonitrile mobile phase
containing 0.6% sodium dodecyl sulfate at a 1.0 ml/min flow rate,
The column effluent was monitored by ultraviolet absorbance at 310
nm. Accuracy and precision of the method were in the 0.03 - 2,62
percent and 0,1 - 1.2 percent ranges, respectively, for the anal-
ytes studied. The method is linear for physostigmine, eseroline,
and rubreserine in the 5-1000 ug/ml range.

INTRODUCTION

Physostigmine is an anticholinesterase drug used in the

treatment of glaucoma and, more recently, for Alzheimer's disease
673
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Figure 1. Chemical structures of physostigmine and its degrada-
tion products, eseroline, and rubreserine.

(1,2). It is hydrolyzed enzymatically or in the presence of
alkali to eseroline, which can also be oxidized to rubreserine as
shown in Figure 1 (3). Degradation of physostigmine to rubreser-
ine is noted by the appearance of a red color to the sample.

Reported methods for physostigmine in dosage forms include acidi-
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metric (4), UV-VIS absorption (4,5), and chromatography (6,7).
The acidimetric and UV-VIS spectrophotometric procedures are non=-
specific and are not stability-indicating. The chromatographic
methods are HPLC based, but only assay for physostigmine and not
eseroline and/or rubreserine in dosage forms,

This paper describes an HPLC reverse phase ion-pair method
for the concurrent determination of physostigmine, eseroline, and
rubreserine. The procedure is shown applicable to ointment and
injection dosage forms where concentrations of physostigmine and
the degradation products can be determined with excellent accuracy

and precision.

EXPERIMENTAL

Materials

Physostigmine sulfate, physostigmine salicylate, and procaine
hydrochloride (internal standard) were obtained from Sigma
Chemical Co., St. Louis, MO 63178, Eseroline and rubreserine
were synthesized by the procedures of Salway and Ellis (8,9) and
Ellis (9), respectively. Sodium dodecyl sulfate was obtained from
Bio-Rad Laboratories (Richmond, CA 94804). Physostigmine sulfate
ophthalmic ointment, 0.25 percent USP (Lot. No. 1887), and physo-
stigmine salicylate injection, 1 mg/ml (Lot No. 85A056, O'Neal,
Jones and Feldman, Inc., St. Louis, MO 63043) were purchased from
a local hospital pharmacy. Acetonitrile (HPLC grade, J. T. Baker
Chemical Co., Philipsburg, NJ 07055) was used in preparation of

the mobile phase. All other chemicals were commercially available
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and were utilized as received. All water was double-distilled in

house.

Solutions

a.

HPLC mobile phase

A solution was prepared by mixing 600 ml of 0.05 M sodium
dihydrogen phosphate pH 4 (adjusted with conen phosphoric
acid) containing 0.6 percent sodium dodecyl sulfate with 400
ml of acetonitrile. The solution was filtered through a
nylon membrane (0.45 um MicronSep Magna Filter, Westborough,
MA 01581) and sonicated for 20 min prior to use,

Stock solutions of drugs and degradation products

Stock solutions (10mg/ml) of physostigmine sulfate, physosti-
gmine salicylate, eseroline, and rubreserine were prepared as
solutions in 0.1 M aqueous sodium dihydrogen phosphate pH
4,0, Serial dilutions of these stock solutions were used in
the preparation of working standards for calibration curves.
The solutions were stored at ambient temperature protected
from light,

Internal standard solution

A 100 pg/ml solution of procaine hydrochloride was prepared

in 0.1 M aqueous sodium dihydrogen phosphate pH 4.0.

Preparation of Dosage Form Samples

a.

Physostigmine sulfate ophthalmic ointment

An accurately weighed sample of approximately 400 mg of 0.25
percent physostigmine sulfate ophthalmic ointment was dis-

solved in 20 ml of n-hexane and transferred to a 60 ml
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separatory funnel where it was extracted four times with 20
ml aliquots of acetonitrile. The acetonitrile extracts were
then collected in a 100 ml volumetric flask containing 10 ml
of a 100 ug/ml solution of procaine hydrochloride in pH 4
phosphate buffer. Acetonitrile was then added to volume.

b. Physostigmine Salicylate Injection

One milliliter of the 1 mg/ml injection was accurately
pipetted into a 10 ml volumetric flask containing 1 ml of a
100 ug/ml solution of procaine hydrochloride in pH 4
phosphate buffer. Acetonitrile was then added to volume.

Instrumentation

The liquid chromatograph consisted of a Beckman Model 110B
pump (Fullerton, CA), a Rheodyne Model 9125 injector (Cotati, CA),
a Kratos Model 757 variable wavelength UV-VIS detector (Ramsey,
NJ) and a Hewlett-Packard Model 3390A integrator (Avondale, PA).

Operating parameters - flow rate 1.0 ml/min., detection
wavelength 310 nm, 20 pl loop, ambient temperature.

HPLC Column
A Brownlee (Santa Clara, CA) octadecylsilane cartridge column

5 um, 10 cm x 4.6 mm 1{.d. was used.

RESULTS AND DISCUSSION

A reverse phase HPLC method based on ion-pair chromatography
was developed for the analysis of physostigmine and its degrada-

tion products, eseroline and rubreserine, and applied to pharma-
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Figure 2. Typical chromatograms of rubreserine (1.86 min),
eseroline (4.65 min) procaine HC1l (5.14 min), and
physostigmine (6.0 min) on a 5 um ODS column using
60:40 aqueous phosphate buffer pH 4.0-acetonitrile

containing 0.6% sodium dodecyl sulfate at a 1.0 ml/min
flow rate with UV detection at 310 nm,

ceutical dosage forms. The separation of the three compounds and
procaine hydrochloride (internal standard) was achieved on a 5 um
octadecylsilane column using a 60:40 aqueous phosphate buffer pH
4,0 - acetonitrile mobile phase containing 0.6 percent sodium
dodecyl sulfate at a flow rate of 1 ml/min. A typical chromato-
gram of the separation using UV detection at 310 nm is shown in

Figure 2. The elution order was rubreserine, eseroline, procaine
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hydrochloride, and physostigmine with retention times of 1.86,
4,65, 5.14, and 6.0 min., respectively. Capacity factors (k') for
the four compounds in this chromatographic system were 1.0, 3.7,
4,2, and 5.1, respectively. The following resolution values were
calculated for each pair of compounds: rubreserine - eseroline,
8.2; eseroline-procaine, 1.3; procaine-physostigmine, 1.5. The
linearity of the procedure was determined using standard mixtures
containing 5 - 1000 pg/ml of physostigmine sulfate or salicylate,
eseroline, and rubreserine. Linear regression analyses of analyte-
/internal standard peak areas versus analyte concentration gave
correlation coefficients of 0.9999 (n = 5), 0.9993 (n = 5), 0.9997
(n = 6), and 0.9999 (n = 6) for physostigmine sulfate, physostig-
mine salicylate, eseroline, and rubreserine, respectively.

Accuracy and precision of the method were calculated based on

Table 1

Accuracy and Precision Data for Spiked Samples of Physostigmine
Sulfate, Physostigmine Salicylate, Eseroline
and Rubreserine

Accuracy, 22 Precision, % RSDb
Compound 75 ug/ml 750 wg/ml 75 ug/ml 750 pg/ml
Physostigmine Sulfate 1.82 0.96 0.6 0.3
Physostigmine Salicylate 1.52 0.03 1.0 0.3
Eseroline 2.62 0.41 1.0 0.1
Rubreserine 1.33 0.23 1.2 0.4

%Baged on n = 5

bBased onn=235
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assay of spiked samples of each analyte at 75 and 750 ug/ml levels
(see Table 1), The data indicate that the method provides excel-
lent accuracy and precision for all of the analytes and should be
suitable as a stability-indicating assay for physostigmine in
dosage forms.

Commercially available physostigmine sulfate ointment and
physostigmine salicylate injection dosage forms were analyzed
using the HPLC assay developed herein. The data shown in Table 2
indicate that the method gives acceptable recovery of drug from
both dosage form matrices. Solutions of each dosage form in

acetonitrile were then degraded by the addition of 10 ul of 10

Table 2

Assay of Physostigmine Sulfate and Physostigmine Salicylate
in Commercial Dosage Forms

Dosage Form Labeled Amt. Amt., Found in a Amt., Found
non-degraded sample in degraded
sample
Physostigmine 0.25% 0.245 = 0,005% 0.120%
Sulfate
Ointment
Physostigmine 1.0 mg/ml 0.948 + 0.005 0.879
Salicylate mg/ml mg/ml
Injection

8Based on triplicate determinations.

bBased on a single determination of sample degraded with base for
10 min, at ambient temperature.
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Figure 3. Chromatogram of physostigmine sulfate ophthalmic
ointment dosage form (A) before degradation (B) after
degradation with 107 sodium hydroxide for 10 min. at
ambient temperature.

percent aqueous sodium hydroxide solution for 10 min at ambient
temperature. Chromatograms of the physostigmine sulfate
ophthalmic ointment sample before and after degradation with base
are shown in Figure 3. The physostigmine salicylate injection
sample also gave comparable chromatograms before and after
degradation with base. Table 2 lists the amounts of physostigmine
sulfate or salicylate found in the base-degraded sample using our
HPLC method.

In summary, a stability-indicating HPLC assay for physo-
stigmine and its degradation products using fon-pairing techniques

has been developed and shown to be applicable to commercially
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available ointment and injection dosage forms. The method gives
excellent accuracy and precision data for all the compounds
studied and could be used to estimate quantities of eseroline and
rubreserine degradation products in a physostigmine dosage form if

desired.
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