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Abstract: Apomorphine in solution undergoes rapid autoxidation, producing greenish colored 

solutions, making it difficult to formulate as a stable pharmaceutical solution. To identify the 

optimum antioxidant agent/combination for apomorphine solution, a high performance liq-

uid chromatography assay was used to study the stability of 50 µg/mL apomorphine HCl in 

0.1% L-ascorbic acid (AA), 0.1% sodium metabisulfite (SMB), 0.1% EDTA, and in selected 

combinations at 25°C, 32°C, and 37°C over a period of 14 days. The stability of apomorphine 

HCl (10 mg/mL) in 0.1% AA solution and in 0.1% EDTA solution at 25°C and 37°C was also 

evaluated. Apomorphine HCl solution (50 µg/mL) in 0.1% AA plus 0.1% SMB solution retained 

99.7% (at 25°C) and 95.9% (at 37°C) of the initial concentration, as 0.1% AA plus SMB solution 

minimized the reactive oxygen content in solution which, in turn, reduced the oxidation rate of 

apomorphine HCl, and there was no green coloration perceptible. Conversely, apomorphine HCl 

solution (50 µg/mL) in 0.1% SMB solution was unstable as only 0.53% (at 25°C) and 0.06% 

(at 37°C) of the initial concentration was retained after 14 days. All 10 mg/mL apomorphine 

HCl samples were stable in both studies. The initial concentration of apomorphine HCl solution 

markedly affected its rate of oxidation and discoloration. The addition of 0.1% AA to a current 

formulation of apomorphine HCl injection (Apomine®), which contains SMB as an antioxidant, 

was recommended as providing the most stable solution.
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Introduction
Apomorphine is a basic derivative of morphine formed by its acid-catalyzed 

rearrangement.1,2 The chemical structure of apomorphine was reported3 more than 

a century after its first synthesis.1 It is a nonselective dopamine D1 and D2 receptor 

agonist, which is utilized as rescue medication in late stage Parkinson’s disease.4 

Nevertheless, the compound is well-known for its instability in aqueous solution. In the 

presence of light and air, it spontaneously forms oxoapomorphine producing a green 

coloration. Garrido et al5 studied the effect of pH on the anodic oxidation of apomor-

phine reporting a complex mechanism. In highly acidic media oxidation of catechol 

occurred, whereas above pH 3 oxidation of the tertiary amine occurred. Above pH 6, 

apomorphine in equilibrium with oxoapomorphine was oxidized. Recently, Udvardy 

et al1 suggested that below pH 7 oxoapomorphine was the main degradation product 

with a quinone formed in alkaline media. At pH 6.4, they identified oxoapomorphine 

as the major degradation product with a phenanthrene as a minor (7%) additional 

product, which was brownish yellow in color. An earlier study of the kinetics of this 

reaction showed a marked increase in the rate of oxidation in solution from pH 5.2 to 

6.8.6 Oxidative instability has become a barrier to the formulation of apomorphine, 

particularly in aqueous solution.1
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Although the mechanism of autoxidation has been 

studied extensively in recent years, there are only a few 

studies that have investigated formulation factors aimed to 

improve the stability of apomorphine in aqueous solution.7–9 

For example, Wilcox et al9 identified that the addition of 

ascorbic acid or sodium metabisulfite (SMB) to apomorphine 

solution, at room temperature, could only significantly delay 

oxidation of apomorphine in solution for less than 1–3 days. 

The author also established that a higher concentration 

of antioxidant and lower storage temperature could also 

significantly reduce the rate of oxidation of apomorphine. 

However, the study had an information gap where the sample 

solutions were not buffered and color changes of the sample 

solutions were not reported. The initial pH of the sample 

solution could affect the rate of degradation of apomorphine, 

and a color change in solution was an important indication 

of instability of the solution. Similarly, Ng Ying Kin et al7 

found that 1 mg/mL apomorphine solution including 0.125% 

SMB was stable for more than 6 months at 4°C. In addition, 

they reported that apomorphine solution was less stable at 

a lower concentration (0.1 mg/mL), despite the addition of 

SMB and storage at low temperature (ie, 4°C), suggesting 

that SMB, which is a common antioxidant added to stabilize 

apomorphine injection formulation available on the market, 

might not be effective in preventing the degradation of 

apomorphine in solution.

Owing to limited data available from previous studies, 

a greater understanding of the oxidative degradation of 

apomorphine in the presence of antioxidants is necessary 

because it would contribute to improved formulations of 

apomorphine, which in turn increases the utilization and 

safety of this drug. This study aims to evaluate the stability 

of apomorphine HCl at standard and diluted concentrations 

in selected antioxidant systems in aqueous solution over a 

specific time period in order to identify the most effective 

antioxidant agent or antioxidant combination to minimize 

oxidation without any color change.

Materials and methods
Chemicals and reagents
Apomorphine HCl, purchased from Professional Com-

pounding Center of America ([purity – minimum 99%] 

Houston, TX, USA), was used throughout the study. 

L-ascorbic acid (AA) was supplied by Thermo Fisher 

Scientific (Waltham, MA, USA), EDTA was obtained 

from Sigma-Aldrich Co. (St Louis, MO, USA), and SMB 

was purchased from Mallinckrodt Inc (Phillipsburg, NJ, 

USA). High performance liquid chromatography (HPLC) 

grade acetonitrile and methanol were obtained from Sigma-

Aldrich Co. Water used throughout the study was prepared 

using a Milli-Q water purification system (EMD Millipore, 

Billerica, MA, USA).

Synthesis and extraction of 6-methyl-5,  
6-dihydro-4H-dibenzo[de,g]quinoline-10,  
11-dione (oxoapomorphine)
The procedures described by Abarca et al10 were adapted for 

the production and extraction of oxoapomorphine. Briefly, 

300 mg of apomorphine HCl was dissolved in 50 mL of 

water and mixed with 5 mL of glacial acetic acid before the 

mixture was cooled in an ice bath for 2 hours. Subsequently, 

40 mL of 0.1 M aqueous solution of potassium dichromate 

was added and the mixture formed a dark green/blackish 

color. Dichloromethane was added to extract the mixture 

and the organic layer was bluish in color. The organic layer 

was neutralized with adequate sodium bicarbonate, dried 

with anhydrous sodium sulfate, filtered and evaporated 

with a Rotavapor® R-210 (Büchi Labortechnik AG, Flawil, 

Switzerland) before it was purified using thin layer chroma-

tography (TLC) (refer to the section “TLC for Compound 1  

extraction” for the details of TLC procedures), giving a blue 

solid Compound 1. Compound 1 was then subjected to liquid 

chromatography–mass spectrometry (LC–MS) (refer to the 

section “LC–MS for apomorphine HCl and Compound 1 

analysis” for the details of LC–MS procedures) in order to 

identify its molecular weight.

Instrumentation
HPLC for assay validation and stability studies
The HPLC system consisted of a Agilent HPLC 1100 Series 

isocratic LC system (Agilent Technologies, Santa Clara, 

CA, USA) with diode array detector employed for assay 

validation and stability studies of apomorphine HCl solu-

tion. Separation of analytes was performed using an Apollo 

HPLC column (octadecylsilane-C18; 5 µM; pore size: 100 Å; 

length: 150 mm; internal diameter 4.6 mm; W.R. Grace & 

Co., Columbia, MD, USA). The mobile phase consisted of 

20% (v/v) acetonitrile and 80% aqueous solution of 50 mM 

orthophosphoric acid adjusted to pH 3.5 with 5 M sodium 

hydroxide. The HPLC was run with a flow rate of 1.0 mL/min 

and UV detection wavelength of 280 nm. The sample injec-

tion volume was 20 µL.

TLC for Compound 1 extraction
Alugram® TLC sheets (200×200×0.2 mm; aluminum foil, 

silica gel 60 layer, with fluorescence indicator UV254) and 
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ethyl acetate:hexane (9:1) mixture (mobile phase) were 

employed for the separation of apomorphine HCl and its 

degradants, Compound 1 (blue solid) was scraped off the 

TLC plates and dissolved in dichloromethane before analysis 

by LC–MS.

LC–MS for apomorphine HCl and Compound 1 
analysis
LC–MS 2020, using a single quad mass spectrometer 

(Shimadzu, Kyoto, Japan) assay was developed for apo-

morphine HCl and Compound 1 at ambient temperature. 

Optimized mass spectra were acquired with an interface 

voltage of 4.5 kV, a detector voltage of 1 kV, a heat block 

temperature of 400°C, and a desolvation gas temperature of 

250°C. Nitrogen was used as nebulizer gas at a flow rate of 

1.5 L/min and dry gas flow rate of 10 L/min.

Assay validation
Specificity
The specificity/stability indicating assay was modified from 

the procedures of earlier studies by Priston and Sewell11 and 

Ingram et al.12 There were two sets of samples consisting of 

2.5 mL of (100 µg/mL) apomorphine HCl solutions which 

included: 1) 1 mL of 0.1 M NaOH; 2) 1 mL of 0.1 M HCl; 

3) 1 mL of 6% H
2
O

2
; and 4) 1 mL of water (as control), 

respectively. Each sample was diluted to 5 mL with water, 

sealed in a volumetric flask and incubated at 25°C (water 

bath), and analyzed after 10 and 60 minutes’ exposure. 

Another two sets of samples were prepared and the study was 

repeated at 45°C (water bath). Mean residual concentration 

(µg/mL) and mean residual percentage of duplicate sets of 

samples were determined. Discoloration of the samples was 

also observed by the naked eye against a white background 

and recorded. The chromatograms were reviewed to ensure 

the analyte peak was pure.2

Linearity
Solution A (0.1% EDTA and 0.15% AA), as used by Ingram 

et al,12 was adapted for use in the preparation of standard 

solutions of apomorphine HCl (100 µg/mL). The 100 µg/mL 

solution was then used to prepare a set of standard solutions 

with concentrations of 5, 10, 20, 40, 50, 60, and 80 µg/mL. 

Each was analyzed in triplicate to obtain peak areas. Solu-

tion A was employed as the blank. Linearity of the standard 

plot was determined via least-squares regression analysis. 

The mean relative error of the observed versus calculated 

peak area and the mean value of relative standard deviations 

(RSDs) of the peak areas were calculated.2

Range
To assess the range of the method, the data from the standard 

curve were utilized to calculate the mean value of RSDs for 

each concentration involved in linearity assay. The accepted 

mean RSD was ,3%.2

Precision – repeatability
Quality control (QC) standards of 50 µg/mL were freshly 

prepared daily and analyzed to evaluate intra-day and inter-

day precision of the assay. The intra-day precision was 

determined by analyzing ten samples from freshly prepared 

QC solutions while the inter-day precision was obtained 

by analyzing QC solutions (in quadruplicate), which were 

freshly prepared daily for 10 days. The mean value of 

observed concentration, standard deviation, RSD, and the 

mean value of retention times for the intra-day and inter-day 

QC standards were calculated.2

Limit of detection and limit of quantitation
The limit of detection (LOD) was defined as the value of 

standard deviation of y-intercept of the regression line (σ)/

slope (S) multiplied by 3.3 (ie, 3.3 σ/s) while the limit of 

quantitation (LOQ) was defined as the value of standard 

deviation of y-intercept of the regression line (σ)/Slope (S) 

multiplied by 10 (ie, 10 σ/s).2,13,14 The LOD and LOQ were 

calculated from the data obtained from standard curve.

Stability studies
Stability of apomorphine HCl in antioxidant  
solutions
The stability of 1) apomorphine HCl solution without 

antioxidant; 2) apomorphine HCl in 0.1% AA solution; 

3) apomorphine HCl in 0.1% SMB solution; 4) apomorphine 

HCl in 0.1% EDTA solution; 5) apomorphine HCl in 0.1% 

AA plus 0.1% SMB solution; 6) apomorphine HCl in 0.1% 

AA plus 0.1% EDTA solution; and 7) apomorphine HCl 

in 0.1% SMB plus 0.1% EDTA solution were evaluated 

stored in sealed volumetric flasks at 25°C, 32°C, and 37°C, 

respectively in a water bath (±0.2°C) under typical laboratory 

conditions of light exposure. Solutions containing different 

antioxidants were adjusted to pH 4.0 using 0.01 M acetate 

buffer using a standardized pH meter (H8519N; Hanna 

Instruments, Woonsocket, RI, USA) before they were used in 

preparation of the sample solutions, which contained an ini-

tial concentration of 50 µg/mL apomorphine HCl. All of the 

samples were prepared in duplicate and analyzed immediately 

after preparation and subsequently sampled after 0.5, 1, 2, 4, 

8, 24, 48, 72, 96, 168, and 336 hours, respectively. Each of 
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the sample solutions was analyzed twice by HPLC, and the 

mean reading for the particular sample was determined.

The color of the samples was also observed every 24 hours 

while the pH of the samples was measured at the end of the 

kinetic runs. In order to be defined as a stable apomorphine 

HCl solution in this study (“Stability of apomorphine HCl in 

antioxidant solutions” section), the following criteria needed 

to be fulfilled: 1) the mean residual concentration (%) of both 

sets of samples, at the end of the study period, was within 

95%–105% of the initial concentration of the samples and  

2) no discoloration occurred in both sets of sample solutions that 

was visible to the naked eye, against a white background.

Stability of 10 mg/mL and 50 µg/mL (with and 
without acetate buffer) apomorphine HCl in 0.1% 
SMB solutions (purged with nitrogen)
To determine the effect of different initial concentrations 

of apomorphine HCl on the rate of degradation, two sets of 

10 mg/mL apomorphine HCl solutions in 0.1% SMB were 

buffered to pH 4.00 using acetate buffer, while another two 

sets were prepared without buffer. Note that all of the samples 

described in this section were prepared using nitrogen-

bubbled (60 minutes) water and the headspace was flushed 

with nitrogen in order to imitate apomorphine HCl injection 

(Apomine®) which is available commercially. Another two 

50 µg/mL apomorphine HCl in 0.1% SMB solutions were 

prepared using the same method as above to imitate a diluted 

apomorphine HCl injection. All of the sample solutions were 

sealed in volumetric flasks and evaluated at 25°C in a water 

bath (±0.2°C) under typical laboratory conditions of light 

exposure. The stability of the sample solutions was analyzed 

immediately after preparation as well as after 24, 48, 72, 

and 168 hours. Each sample solution was analyzed twice by 

HPLC, and the mean reading for the particular sample was 

determined. The color and the pH of the sample solutions 

were observed and recorded after 168 hours. A stable apo-

morphine HCl solution occurred when the two criteria were 

fulfilled as defined in the “Stability of apomorphine HCl in 

antioxidant solutions” section.

Stability of apomorphine HCl solutions (10 mg/mL; 
without nitrogen purging) in 0.1% AA solution and 
0.1% EDTA solutions
Two sets of 10 mg/mL apomorphine HCl solution, 0.1% AA 

solution (adjusted to pH 4.00 using acetate buffer) and two 

sets of 10 mg/mL in 0.1% EDTA solution (adjusted to pH 4.00 

using acetate buffer) were prepared in sealed volumetric 

flasks and equilibrated at 25°C and 37°C, respectively, in a 

water bath (±0.2°C) under typical laboratory conditions of 

light exposure for 72 hours. To be defined as a stable apomor-

phine HCl solution in this study (in this section), the particular 

sample had to fulfill the criteria as defined in “Stability of 

apomorphine HCl in antioxidant solutions” section.

Results
LC–MS for apomorphine HCl and 
Compound 1 analysis
As indicated in Figure 1A and B, retention times for apo-

morphine HCl and Compound 1 were 1.400 minutes and 

2.279 minutes, respectively, while m/z for apomorphine HCl 

and Compound 1 were found to be 268 and 264, respectively.

Assay validation
Specificity
The data from specificity/stability indicating assay (Table 1) 

show that apomorphine HCl degraded rapidly in 0.02 M 

sodium hydroxide and produced a brown colored solution. 

Addition of hydrogen peroxide also significantly increased 

the degradation rate although the rate was slower compared 

to forced degradation in sodium hydroxide. Apomorphine 

HCl solutions showed similar stability in 0.02 M hydro-

chloric acid compared to the control solution (apomorphine 

HCl in water).

As shown in Figure 2A–D, the peak of apomorphine HCl 

and the peaks of its degradants could be distinguished clearly 

in the chromatograms produced from the forced degrada-

tion of apomorphine HCl. This indicated that the conditions 

employed in this study could separate apomorphine HCl 

from its degradants.

Linearity
For a concentration range of 5–80 µg/mL, the standard curve 

of apomorphine HCl calibration solutions in diluent A was 

linear (y =61.613x+11.672; R²=0.9998; n=7). The mean 

relative error of the observed versus calculated peak areas 

was 0.80%, while the mean RSD of the observed peak areas 

was 0.39%.

Range
The mean value of RSDs for each concentration of the 

samples involved in the linearity assay was 0.39%, which 

was less than 3%.

Precision – repeatability
The mean (±standard deviation) and RSD for observed 

intra-day concentration (n=10) of the QC standards were 
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Figure 1 Chromatographs and mass spectra produced by liquid chromatography–mass spectrometry.
Notes: (A) apomorphine HCl; (B) Compound 1.

Table 1 Mean residual concentration (µg/mL) of apomorphine HCl solutions, mean residual concentration (%), and color observed 
after specificity assay/forced degradation

Reagent Temperature
(°C)

Time 
(min)

Mean residual apomorphine 
HCl concentration (µg/mL)

Mean residual apomorphine 
HCl concentration (%)

Observed 
color changes

Water 25 0 50.0 100.0 Colorless
10 49.9 99.7 Very light green
60 48.5 97.1 Light green

45 0 50.0 100.0 Colorless
10 49.7 99.4 Light green
60 47.5 95.0 Green

0.02 M NaOH 25 0 50.0 100.0 Colorless
10 0 0 Brown
60 0 0 Brown

45 0 50.0 100.0 Colorless
10 0 0 Brown
60 0 0 Brown

0.02 M HCl 25 0 50.0 100.0 Colorless
10 50.0 100.0 Colorless
60 49.7 99.4 Colorless

45 0 50.0 100.0 Colorless
10 49.8 99.6 Colorless
60 49.4 98.8 Colorless

1.2% H2O2 25 0 50.0 100.0 Colorless
10 43.8 87.6 Colorless
60 26.2 52.5 Colorless

45 0 50.0 100.0 Colorless
10 17.8 35.5 Colorless
60 4.7 9.3 Colorless

Note: Apomorphine HCl sample solutions for each assay were prepared in duplicate (n=2).
Abbreviation: min, minutes.
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Figure 2 Chromatographs of specificity assay/forced degradation of apomorphine HCl.
Notes: (A) Apomorphine HCl solution (without additive) (60 minutes at 45°C); (B) reaction of apomorphine HCl in 0.02 M NaOH (60 minutes at 45°C), no apomorphine 
HCl peak detected in the forced degradation by 0.02 M NaOH. (C) reaction of apomorphine HCl with 0.02 M HCl (60 minutes at 45°C); and (D) reaction of apomorphine 
HCl in 1.2% H2O2 (60 minutes at 45°C). The peak labels illustrate the retention times.

50.3±0.5 µg/mL of apomorphine HCl with an RSD of 0.97%. 

The mean (±standard deviation) and RSD for observed 

inter-day concentration (n=10) of the QC standards were 

51.0±0.9 µg/mL with an RSD of 1.79%.

The mean (±standard deviation) and RSD for observed 

intra-day and inter-day retention times (n=10) of the QC 

standards were 2.63±0.01 minutes with an RSD of 0.33% 

and 2.63±0.01 minutes with an RSD of 0.21%. The RSDs 
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for intra-day and inter-day concentration and retention 

times of the QC standards were within the acceptable range 

of #2%.15

LOD and LOQ
The LOD and LOQ values were 1.05 µg/mL and 3.18 µg/mL, 

respectively.

Stability studies
Studies on the stability of apomorphine HCl in 
antioxidant solutions
The natural logarithm (ln) of mean residual concentrations 

(%) of apomorphine HCl solutions in different antioxidant 

solutions against time at 25°C, 32°C, and 37°C is illustrated 

in Figures 3–5.

Figures 3–5 indicate that the rates of oxidation of apo-

morphine HCl in the sample solutions increased with tem-

perature. Table 2 shows that all sample solutions changed 

color at the end of the study, with the exception of those in 

0.1% AA plus 0.1% SMB and sample solutions in 0.1% SMB 

plus 0.1% EDTA (at 25°C only) as well as sample solutions 

in 0.1% AA plus 0.1% EDTA (at 25°C only) which remained 

colorless. The results also indicated that the discoloration 

of sample solutions intensified over the study time and 

with increased temperature. The studies in 0.1% AA did 

not follow first-order kinetics over the 336 hours of testing. 

Overall it was only the apomorphine in 0.1% AA plus 0.1% 

SMB solution at pH 4.00 that retained .95% of the initial 

concentration and remained colorless over the duration 

of the study.

It was also found that the pH of most of the sample 

solutions after 336 hours did not markedly change from 

the initial pH of 4.00. The pH readings of all samples 

indicated the pH remained confined within a tight range 

(pH 4.00±0.20) with the exception of apomorphine HCl 

in 0.1% SMB sample solutions at 32°C and 37°C, as well 

as apomorphine HCl in 0.1% AA plus 0.1% SMB sample 

solutions (at 37°C).

Although apomorphine HCl in 0.1% EDTA (ie, 99.20% 

at 25°C) fulfilled the first criterion of stability, it did not 

fulfill the second criterion as it turned light blue at the end 

of the study. Therefore, only apomorphine HCl in 0.1% 
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Figure 3 Natural logarithm (ln) of mean residual concentration (%) of apomorphine HCl solutions (50 µg/mL) in different antioxidant solutions over 336 hours at 25°C.
Notes: Apomorphine HCl sample solutions for each assay were prepared in duplicate (n=2). *Linear trend line of 0.1% AA solution (pH 4.00) did not include data points at 
96 hours, 168 hours, and 336 hours as the rate of reaction decreased significantly after 96 hours. #Value from apomorphine HCl in 0.1% SMB solution (pH 4.00) at 336 hours 
was not included as the value was zero (or approximately zero).
Abbreviations: AA, L-ascorbic acid; SMB, sodium metabisulfite.
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ln y =–0.03x+4.518
R²=0.978; n=2# 

0.1% ascorbic acid +0.1% sodium metabisulfite
(pH 4.00)
ln y =–0.00005x+4.603
R²=0.507; n=2 

ln y =–0.000x+4.607
R²=0.964; n=2 

0.1% EDTA (pH 4.00)

ln y =–0.001x+4.591
R²=0.966; n=2 

0.1% EDTA +0.1% ascorbic acid (pH 4.00)

ln y =–0.000x+4.604
R²=0.990; n=2 

0.1% EDTA +0.1% sodium metabisulfite (pH 4.00)

Figure 4 Natural logarithm (ln) of mean residual concentration (%) of apomorphine HCl solutions (50 µg/mL) in different antioxidant solutions over 336 hours at 32°C.
Notes: Apomorphine HCl sample solutions for each assay were prepared in duplicate (n=2). *Linear trend line of 0.1% AA solution (pH 4.00) did not include data points at 
96 hours, 168 hours, and 336 hours as the rate of reaction decreased significantly after 96 hours. #Values from apomorphine HCl in 0.1% SMB solution (pH 4.00) at 168 and 
336 hours were not included as the values were zero (or approximately zero).
Abbreviations: AA, L-ascorbic acid; SMB, sodium metabisulfite.

Figure 5 Natural logarithm (ln) of mean residual concentration (%) of apomorphine HCl solutions (50 µg/mL) in different antioxidant solutions over 336 hours at 37°C.
Notes: Apomorphine HCl sample solutions for each assay were prepared in duplicate (n=2). *Linear trend line of 0.1% AA solution (pH 4.00) did not include data points 
at 96 hours, 168 hours, and 336 hours as the rate of reaction decreased significantly after 96 hours. #Values from apomorphine HCl in 0.1% SMB solution (pH 4.00) at 
72, 96, 168, and 336 hours were not included as the values were zero (or approximately zero).
Abbreviations: AA, L-ascorbic acid; SMB, sodium metabisulfite.
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R²=0.997; n=2 
0.1% ascorbic acid (pH 4.00)
ln y =–0.0076x+4.5974
R²=0.993; n=2* 
0.1% sodium metabisulfite (pH 4.00)
ln y =–0.077x+4.565
R²=0.987; n=2#

0.1% ascorbic acid +0.1% sodium
metabisulfite (pH 4.00)
ln y =–0.000x+4.597
R²=0.659; n=2 
0.1% EDTA (pH 4.00)
ln y =–0.000x+4.607
R²=0.981; n=2 
0.1% EDTA +0.1% ascorbic acid (pH 4.00)
ln y =–0.000x+4.601
R²=0.983; n=2  
0.1% EDTA +0.1% sodium
metabisulfite (pH 4.00)
ln y =–0.000x+4.605
R²=0.95; n=2  
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Table 2 Mean residual concentration (%), color changes, and final pH values of apomorphine HCl sample solutions (which were 
colorless initially) after 336 hours

Apomorphine HCl in 
different solutions

Experimental 
temperature
(°C)

Mean residual 
concentration  
at 336 hours (%)*

Color of 
solution at 
336 hours

Time (day)  
when color 
change was  
first observed

Period of time  
where mean residual 
concentration was  
within 95%–105% (hours)

pH at 
336 hours#

0.1% AA 25 50.02 Copper 2 10 3.88
32 50.98 Copper 1 10 3.93
37 43.69 Copper 1 5 3.93

0.1% SMB 25 0.53 Very light yellow 11 ,5 3.84
32 0.05 Very light yellow 5 ,5 3.63
37 0.06 Light yellow 3 ,3 3.45

0.1% EDTA 25 99.20 Light blue 4 .336 4.02
32 90.17 Light blue 2 200 3.98
37 84.58 Emerald 0 120 3.92

0.1% AA +0.1% SMB 25 99.73 Colorless – .336 3.94
32 98.66 Colorless – .336 3.81
37 95.86 Colorless – .336 3.64

0.1% AA +0.1% EDTA 25 85.26 Colorless – 130 3.91
32 70.12 Yellow 4 45 3.98
37 74.51 Yellow 4 50 3.91

0.1% SMB +0.1% EDTA 25 88.37 Colorless – 95 4.02
32 77.53 Colorless – 70 3.90
37 70.72 Colorless – 50 3.91

Water (without antioxidant) 25 94.68 Light blue 2 310 4.08
32 81.23 Light blue 1 100 3.87
37 56.84 Emerald 0 25 3.96

Notes: Apomorphine HCl sample solutions for each assay were prepared in duplicate (n=2). The initial concentration of sample solutions was 50 µg/mL. *The acceptable 
limit of mean residual concentration at the end of period of stability study is between 95% to 105%. #Initial pH was buffered by acetate buffer to pH 4.
Abbreviations: AA, L-ascorbic acid; SMB, sodium metabisulfite.

AA +0.1% SMB was considered stable when compared 

with other antioxidant systems in this study. None of the 

apomorphine HCl solutions were stable when stored at 37°C 

at the end of the study period except apomorphine HCl in 

0.1% AA +0.1% SMB.

On the other hand, apomorphine HCl was found to 

be very unstable in only 0.1% SMB solutions where the 

apomorphine HCl in all experimental temperatures was 

essentially undetected at the end of the study, followed by 

apomorphine HCl in 0.1% AA solutions where the final 

concentration was approximately one-half of its initial 

concentration.

Studies on stability of 10 mg/mL and 50 µg/mL (with 
acetate buffer and without buffer) apomorphine HCl 
in 0.1% SMB solutions purged with nitrogen
The color of all sample solutions remained unchanged after 

168 hours. Table 3 and Figure 6 illustrate that both 10 mg/mL 

apomorphine HCl in 0.1% SMB solutions purged with nitro-

gen (ie, imitated apomorphine HCl injection) with buffer and 

without buffer, retained approximately 100% of their initial 

concentration. On the other hand, 50 µg/mL apomorphine 

HCl in 0.1% SMB solution with buffer (ie, imitated diluted 

apomorphine HCl injection) lost approximately 80% of the 

initial concentration while the 50 µg/mL sample solution 

without buffer retained approximately 60% of the initial 

concentration. Thus, the 10 mg/mL apomorphine HCl solu-

tions (both with buffer and without buffer and nitrogen 

purged) were considered stable as the remaining concentra-

tions were within 95%–105% of the initial concentration, 

and there was no discoloration after 168 hours. In contrast 

to the 10 mg/mL sample solutions, both 50 µg/mL sample 

solutions (nitrogen purged) with buffer and without buffer 

were defined as unstable.

Stability of apomorphine HCl solutions (10 mg/mL) 
in 0.1% AA solution and 0.1% EDTA solutions 
(without nitrogen purging)
Table 4 shows that the mean residual concentration (%) of 

apomorphine HCl in 0.1% AA solution (10 mg/mL) and 

apomorphine HCl in 0.1% EDTA solution (10 mg/mL) after 

72 hours were within 95%–105% of the initial concentration 

at 25°C and 37°C. None of the 10 mg/mL sample solutions 

changed in color at the end of the study period and therefore 

were considered stable as defined by the section “Stability 

of apomorphine HCl in antioxidant solutions”.
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Table 3 Mean residual concentration (µg/mL), mean residual concentration (%), color changes, initial pH and post-study pH of 
10 mg/mL and 50 µg/mL apomorphine HCl solutions (purged with nitrogen) after 168 hours

Experimental conditions Experimental 
temperature
(°C)

Mean residual 
concentration 
(%) at 168 hours*

Mean residual 
concentration 
at 168 hours

Color of 
solution at 
168 hours

Initial pH pH at 
168 hours

Apomorphine HCl (10 mg/mL) in 
0.1% SMB (buffered by acetate buffer)

25 102.2 10.2 mg/mL Colorless 4.00 3.81

Apomorphine HCl (10 mg/mL) in 
0.1% SMB (no buffer)

25 100.0 10 mg/mL Colorless 2.71 2.27

Apomorphine HCl (50 µg/mL) in 
0.1% SMB (buffered by acetate buffer)

25 20.8 10.4 µg/mL Colorless 4.00 3.88

Apomorphine HCl (50 µg/mL) in 
0.1% SMB (no buffer)

25 41.8 20.9 µg/mL Colorless 3.44 3.04

Notes: Apomorphine HCl sample solutions for each assay were prepared in duplicate (n=2). *The acceptable limit of mean residual concentration at the end of period of 
stability study is between 95% and 105%.
Abbreviation: SMB, sodium metabisulfite.

Figure 6 Natural logarithm (ln) of mean residual concentration (%) of 10 mg/mL and 50 µg/mL apomorphine HCl in 0.1% SMB solutions (with and without buffer; both 
purged with nitrogen) over 168 hours at 25°C.
Notes: Apomorphine HCl sample solutions for each assay were prepared in duplicate (n=2). *Linear trend line of 50 µg/mL apomorphine HCl in 0.1% SMB solutions (without 
buffer) did not include data points at 168 hours as the rate of reaction decreased significantly after 72 hours.
Abbreviation: SMB, sodium metabisulfite.
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ln y =0.00007x+4.618
R²=0.190; n=2 

10 mg/mL apomorphine HCl in 0.1%
SMB (buffered by acetate)

ln y =–0.00005x+4.618
R²=0.117; n=2 

10 mg/mL apomorphine HCl in 0.1%
SMB (no buffer)

ln y =–0.009x+4.664
R²=0.977; n=2  

50 µg/mL apomorphine HCl in 0.1%
SMB (buffered by acetate buffer)

ln y =–0.0075x+4.5307
R²=0.8852; n=2* 

50 µg/mL apomorphine HCl in 0.1%
SMB (no buffer)

Discussion
This study has investigated the influence of selected antioxi-

dant systems on the stability of apomorphine in solution in 

order to select the optimum antioxidant system. Two concen-

trations were selected, which were the commonly formulated 

one of 10 mg/mL and a diluted one which could be given 

as an infusion and represents a more difficult concentration 

to preserve. Of all antioxidant systems investigated in the 

section “Stability of apomorphine HCl in antioxidant solu-

tions”, 0.1% AA +0.1% SMB solution provided the only 

environment where, over the temperature range of 25°C to 

37°C, the concentration of apomorphine was 95% and the 

solution remained colorless for 50 µg/mL apomorphine HCl 

solution. On the other hand, apomorphine HCl appeared to 
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Table 4 Mean residual concentration (%), mean residual concentration (mg/mL) and color observation, initial pH and post-study pH of 
10 mg/mL apomorphine HCl (without nitrogen purging) in 0.1% AA solution and 10 mg/mL apomorphine HCl in 0.1% EDTA solution 
at 25°C after 72 hours

Experimental 
conditions

Experimental 
temperature
(°C)

Mean residual 
concentration 
at 72 hours (%)

Mean residual 
concentration at 
72 hours (mg/mL)

Color of 
solution at 
72 hours

Initial pH 
(buffered by 
acetate buffer)

pH at 
72 hours

10 mg/mL apomorphine 
HCl in 0.1% AA

25 99.4 9.9 Colorless 4.00 3.89
37 99.6 10.0 Colorless 4.00 3.92

10 mg/mL apomorphine 
HCl in 0.1% EDTA

25 99.5 10.0 Colorless 4.00 4.01
37 100.50 10.1 Colorless 4.00 3.98

Note: Apomorphine HCl sample solutions for each assay were prepared in duplicate (n=2).
Abbreviation: AA, L-ascorbic acid.

be least stable in 0.1% SMB solution in this study, to the 

extent that the stability profile of apomorphine HCl solution 

(without any antioxidant) was more stable than when formu-

lated in 0.1% SMB. This may indicate either SMB acts as a 

catalyst for the reaction when alone or specifically reacts with 

apomorphine under specific conditions. Abarca et al10 have 

proposed that the autoxidation of apomorphine (m/z 268) 

was initiated by the transfer of two electrons and two protons 

from apomorphine to an oxygen molecule with the formation 

of an intermediate and H
2
O

2
 before the intermediate product 

was further oxidized by H
2
O

2
 into apomorphine o-quinone 

(oxoapomorphine; MW 263), which caused the character-

istic greenish apomorphine aqueous solution. Compound  

1 (m/z 264) matched the description by Abarca et al10 and 

this indicated that Compound 1 was very likely to be oxoapo-

morphine. An earlier study by Wilcox et al9 showed that the 

degradation of apomorphine HCl could be delayed by increas-

ing the concentration of either AA or SMB in the solution. 

Nevertheless, Wilcox et al9 concluded that neither AA nor 

SMB could significantly delay the degradation for more than 

1–3 days when the solutions were stored at room temperature. 

This means that concentration increments of antioxidant for 

a single agent antioxidant in solution could not significantly 

stabilize apomorphine HCl in solution. Therefore, it is pro-

posed that the combination of 0.1% AA and 0.1% SMB is a 

superior antioxidant system for apomorphine HCl solution, 

compared to other antioxidants evaluated in this study. The 

antioxidant combination will provide additional antioxidant 

activity to the system. The most easily oxidized antioxidant 

would be expected to react with the dissolved oxygen in the 

system, leaving more antioxidant to minimize any oxidation 

of apomorphine, especially in the 50 mg/mL solution.

Decker et al8 indicated that apomorphine HCl solution 

(in 0.1% SMB solutions) turned yellow in color after being 

subjected to autoclaving at 120°C. The authors also suggested 

that yellow compound(s) might arise from the decomposition 

of apomorphine or a reaction between apomorphine and 

SMB.8 The results from the section “Stability of apomorphine 

HCl in antioxidant solutions” supported this description where 

the yellow colored 50 µg/mL apomorphine HCl solution (in 

0.1% SMB solution) was first observed on Day 11, Day 5, 

and Day 3 at 25°C, 32°C, and 37°C, respectively. Thus, we 

propose that the yellowish or brownish compound formation 

in 50 µg/mL apomorphine HCl in 0.1% AA solution or 0.1% 

AA plus 0.1% EDTA solution may be attributed to either 

the degradant(s) of AA16,17 or a product of reactions between 

AA and apomorphine HCl. It could also be the phenanthrene 

degradation product of apomorphine reported by Udvardy 

et al.1 As expected, the rate of degradation of apomorphine 

HCl (in all antioxidant solutions) increased with temperature, 

as shown by Wilcox et al9 previously. Notably, apomorphine 

HCl 50 µg/mL in 0.1% SMB solutions was stable for less 

than 5 hours at all experimental temperatures.

Moreover, from Figures 3–5, it is notable that the 50 µg/mL 

apomorphine HCl in 0.1% AA did not follow first-order kinet-

ics, where the rate of degradation of apomorphine slowed 

after 96 hours. This could be contributed to by a small 0.1 pH 

unit reduction or diminished oxygen in the sample solutions. 

Burkman6 reported an exponential decay between the rate 

of degradation of apomorphine and the pH of apomorphine 

solutions. Similarly, a pH-dependent degradation pattern 

of the 50 µg/mL apomorphine HCl in 0.1% SMB was also 

observed in the “Stability of 10 mg/mL and 50 µg/mL (with 

and without acetate buffer) apomorphine HCl in 0.1% SMB 

solutions (purged with nitrogen)” section where apomorphine 

was more stable at a lower pH, where the 50 µg/mL apomor-

phine HCl in 0.1% SMB without buffer was stabilized by a 

0.4 pH unit reduction compared to its counterpart with buffer, 

which only had a 0.12 pH unit reduction.

Interestingly, the results from sections “Stability of 

10 mg/mL and 50 µg/mL (with and without acetate buffer) 

apomorphine HCl in 0.1% SMB solutions (purged with 
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nitrogen)” and “Stability of apomorphine HCl solutions 

(10 mg/mL; without nitrogen purging) in 0.1% AA solution 

and 0.1% EDTA solutions” showed that apomorphine HCl 

in all 10 mg/mL samples remained stable, where the con-

centration of sample solutions were within 95%–105% with 

no discoloration during the study period, when subjected to 

either 0.1% SMB solutions (purged with nitrogen), 0.1% 

AA solution (without nitrogen purging) or 0.1% EDTA 

solution (without nitrogen purging). As discussed in the 

“Introduction” section, the similar concentration-dependent 

degradation pattern was also observed by Ng Ying Kin et al,7 

where the authors described that 0.1 mg/mL apomorphine 

HCl in 0.125% SBM solution retained approximately 50% 

of its initial concentration after 6 weeks (with discoloration 

of solution after 3 weeks) when incubated at 4°C, while the 

counterpart 1 mg/mL apomorphine HCl in 0.125% SBM solu-

tion retained at least 95% of its initial concentration under the 

same incubation conditions. Similarly, Priston and Sewell18 

also found that 10 mg/mL apomorphine HCl formulated in 

0.1% SMB did not change in color and pH value with 98% 

remaining at 8°C after 14 days and with 96% remaining at 

37°C after 7 days. The results from Ng Ying Kin et al7 and 

Priston Sewell18 indicated that apomorphine HCl solution 

with a higher concentration was more stable than its coun-

terpart with a lower concentration. On the other hand, it is 

postulated that the 10 mg/mL apomorphine HCl in 0.1% AA 

solution and the 10 mg/mL apomorphine HCl in 0.1% EDTA 

solution in the “Stability of apomorphine HCl solutions 

(10 mg/mL; without nitrogen purging) in 0.1% AA solution 

and 0.1% EDTA solutions” section might have changed 

color if the study period was prolonged. This postulation 

was based on the observation by Priston and Sewell,18 where 

10 mg/mL apomorphine HCl formulated in 0.1% AA plus 

0.05% EDTA solution darkened in color, changed in odor, 

and lowered in pH values over the 7-day incubation period 

at 8°C and 37°C. However, Ng Ying Kin et al7 suggested that 

apomorphine has an unpredictable concentration-dependent 

discoloration pattern where the concentration of apomorphine 

HCl solution may affect its timing of discoloration. Therefore, 

the exact timing of discoloration of sample solutions in the 

section “Stability of apomorphine HCl solutions (10 mg/mL; 

without nitrogen purging) in 0.1% AA solution and 0.1% 

EDTA solutions” can only be determined by a study with a 

longer timeframe in the future.

From the results of the “Stability of 10 mg/mL and 

50 µg/mL (with and without acetate buffer) apomorphine 

HCl in 0.1% SMB solutions (purged with nitrogen)” section, 

SMB, which is the antioxidant used in imitated apomorphine 

HCl injection could not effectively prevent the degradation of 

apomorphine HCl in the formulation (even though the sample 

was purged with nitrogen), especially when the product was 

diluted, with yellow colored compound(s) forming during 

the decomposition. However, if the 10 mg/mL imitated 

apomorphine HCl injection (purged with nitrogen) was not 

diluted, it had a relatively low oxygen to drug ratio com-

pared to its 50 µg/mL counterpart to oxygen in the stability 

study. It should be noted that the water which was used to 

prepare samples in the section “Stability of 10 mg/mL and 

50 µg/mL (with and without acetate buffer) apomorphine 

HCl in 0.1% SMB solutions (purged with nitrogen)” con-

tained low residual dissolved oxygen even after purging 

with nitrogen.19,20 Furthermore, some limited reaeration of 

the sample solutions was possible when samples were with-

drawn for analysis. Nevertheless, the study has found that the 

combination of 0.1% AA and 0.1% SMB solution provided 

the optimum antioxidant environment to limit the degrada-

tion, including visible color formation, for apomorphine 

HCl, even at a temperature as high as 37°C. Therefore, the 

authors recommend the addition of 0.1% AA to the current 

formulation of apomorphine HCl injection if it is to be used 

in other formulations.

One of the limitations of this study is that the duration 

of the study period is short (3–14 days), limiting the results 

to be applicable only to cases where apomorphine solution/

infusion is prepared for immediate issue to patients. Thus, 

the long-term stability of apomorphine HCl in 0.1% AA and 

0.1% SMB needs to be evaluated for long-term storage so 

that ready-to-use apomorphine infusion preparations with 

a lower concentration could be formulated for long-term 

infusions.

Conclusion
A combination of 0.1% AA +0.1% SMB solution provided 

the most stable pharmaceutical environment for apomorphine 

HCl solution at a concentration 50 µg/mL, where samples 

remained stable for at least 14 days at all experimental 

temperatures with respect to retention of concentration and 

absence of color formation. This enables the apomorphine 

injection to be further diluted and given as slow intravenous 

infusion for controlled administration. Apomorphine HCl 

50 µg/mL in 0.1% SMB solutions was stable for less than 

5  hours at all experimental temperatures. Therefore, the 

addition of 0.1% AA to the current formulation of apomor-

phine HCl injection, which contains SMB as an antioxidant, 

is recommended if it is to be used as an additive. Notably, 

10 mg/mL apomorphine HCl solution remained stable for 
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at least 72 hours (as defined by the experimental protocol) 

when 0.1% SMB, 0.1% AA or 0.1% EDTA were employed 

in the solution. This suggests that the degradation rate and 

discoloration of apomorphine in different antioxidant solu-

tions was affected by the initial concentration of apomorphine 

HCl in solution. Future research should establish longer term 

stability data, which could be utilized in the formulation of 

ready-to-use apomorphine infusion preparations with lower 

concentrations.
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