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ABSTRACT

The frequently used sympathomimetic drug phenylephrine has been studied by electrospray ionisation-
mass spectrometry. The stability of the adrenoceptor agonist was examined by investigations of the
pharmaceutically used salts phenylephrine hydrochloride and phenylephrine bitartrate. Photostability
has been studied by use of an irradiation equipment emitting a solar radiation spectrum. The exper-
iments were carried out by analysis of aqueous drug solutions before and after irradiation treatment.
The phenylephrine derivative with unsaturated side chain originating from the drug by loss of one water
molecule has been detected as the major degradation product of both phenylephrine salts the hydrochlo-
ride and the bitartrate. Further degradation and oxidation products were detectable already in the full
scan mode demonstrating a low stability of the drug. Tandem mass spectrometry and multiple stage mass
spectrometry experiments enabled the establishment of fragmentation schemes of both salts for the first
time. Irradiation treatment indicated that phenylephrine bitartrate is more prone to degradation than
the hydrochloride because of an additional decomposition sensitivity of the tartaric acid counter ion. An
interaction between phenylephrine and its counter ion degradation products via a nucleophilic addition
mechanism is suggested to be the explanation for the detected ion signals after irradiation treatment of
phenylephrine bitartrate.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Phenylephrine belongs to the group of adrenoceptor agonistic
drugs with predominantly o; sympathomimetic properties. It has
got negligible action on a;, receptors and a low [3 receptor activity
[1]. Phenylephrine is a synthetic compound with almost exclu-
sively direct sympathomimetic action and relatively little indirect
effects via the noradrenaline (norepinephrine) release pathway [2].
It is widely used as a decongestant either as an oral medicine or
locally as a mucosa decongestant for unspecific and allergic con-
junctivitis, sinusitis and nasopharyngitis. Furthermore, the drug is
part of some antihaemorrhoidal ointments and is often applied as
a mydriatic in ophthalmology to facilitate retina visualisation [3].
When utilized systemically phenylephrine increases blood pres-
sure which explains its therapeutic use as a vasopressor for patients
with hypotension. Since hypertension is the primary side effect of
phenylephrine the drug should be avoided for congestion treat-
ment of hypertension patients [4].
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Chemically phenylephrine is 3-(1-hydroxy-2-methylamino-
ethyl) phenol. Synonyms are neosynephrine, m-synephrine,
neooxedrine, adrianol and others. Compared to its physio-
logically occurring counterparts adrenaline (epinephrine) and
noradrenaline (norepinephrine) it is not hydroxylated at position
four of the aromatic ring [5]. Therefore it is more lipophilic and also
active after oral administration despite a systemic bioavailability
of only around 40% [6,7]. Phenylephrine is the only a sympath-
omimetic with phenyl-2-amino-ethanol basic structure which is
therapeutically used as the pure (R)-(—) enantiomer and not as a
racemic mixture [5].

Recently the drug became more interesting again. The Combat
Methamphetamine Epidemic Act of 2005 imposed severe restric-
tions on the sale of pseudoephedrine containing drugs in the
USA [8]. Pseudoephedrine is used as a decongestant as well but
in contrast to phenylephrine it is more lipophilic, has a central
stimulating effect and an abuse potential is ascribed to the sub-
stance. The act allows the sales of pseudoephedrine containing
medicines only from locked cabinets or behind the counter after
presentation of photo identification of the purchaser and fur-
ther restrictions as a means of controlling the illicit production of
methamphetamine [9]. Since the withdrawal of the decongestant
phenylpropanolamine in a lot of countries due to abuse con-
cerns and possible links to cerebrovascular stroke, phenylephrine
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is almost the only systemic nasal decongestant in common use
worldwide now. Phenylephrine has been increasingly marketed as
a substitute for pseudoephedrine. A lot of drug products have been
reformulated using phenylephrine instead of pseudoephedrine to
avoid the restrictions on sale [9,10]. Simultaneously a controversial
discussion on the efficacy of phenylephrine and its ability to act as
a substitute on a par with pseudoephedrine began resulting from a
lack of up to date clinical trials for phenylephrine [9-14].

Fig. 1 shows the chemical structures of the phenylephrine base,
its salts mainly used pharmaceutically and the most important
related natural and synthetic compounds.

Another consequence of the Combat Methamphetamine Epi-
demic Act was the approval of phenylephrine bitartrate (phenyle-
phrine hydrogentartrate) as an active ingredient in OTC cough and
cold products in effervescent dosage forms by the FDA in August
2006 additionally to phenylephrine hydrochloride [15]. Possibly
phenylephrine bitartrate is regarded as a more stable salt compared
to the hydrochloride. There exist many investigations reporting a
low stability of the hydrochloride salt in aqueous solution on one
hand and an increase of the hydrochloride degradation induced by
interaction with other actives in combination products on the other
hand [16].

Astonishingly, a study establishing an exact degradation mech-
anism of the molecule could not be found despite the multiplicity of
examinations on the stability of phenylephrine and phenylephrine
containing drugs carried out over the last five decades [17-21].

Therefore, in this article the stability properties of the
pharmaceutically used salts phenylephrine hydrochloride and
phenylephrine tartrate are studied.

The fragmentation of phenylephrine and its degradation caused
by UV-light were studied to our knowledge for the first time at a
molecular level using electrospray ionisation-mass spectrometry
(ESI-MS). ESI as a soft ionisation method enabled the analysis of
phenylephrine and its degradation products without artificial frag-
mentation after UV exposure. However, structural elucidation was
possible using the capabilities of an ion trap mass analyser [22],
namely tandem mass spectrometry (MS/MS) and multiple stage
mass spectrometry (MS™) analysis [23,24].

This experimental setting is in line with the recommendations
of the ICH guidelines on stability testing for new active substances
where forced degradation studies with the drug substance and the
identification of potential degradation products and pathways are
required as a base data package before subsequent steps can follow
(e.g., focused method development, drug product scrutinies, etc.)
[25-27].

The aims of the present study can be summarised as follows: (A)
mass spectrometric fragmentation experiments of phenylephrine
hydrochloride and phenylephrine bitartrate to allow the establish-
ment of fragmentation schemes in the positive and the negative
ion mode, (B) studies on the photostability of the drug salts after
irradiation treatment by an equipment emitting a solar radiation
spectrum, and (C) comparative stability assessment of both phar-
maceutically used phenylephrine salts.

2. Materials and methods
2.1. Materials

Phenylephrine hydrochloride and phenylephrine bitartrate
were obtained from Boehringer Ingelheim Fine Chemicals (Ingel-
heim, Germany) in pharmacopeia defined grade. Phenylephrine
hydrochloride complied with the specifications of USP, Pharm Eur,
JP and IP. Phenylephrine bitartrate has been certified to meet the
specification of the USP monograph. Methanol of gradient grade
was purchased from Merck (Darmstadt, Germany).

2.2. Sample preparation

For the experiments aqueous solutions of phenylephrine
hydrochloride (100 wM) and phenylephrine bitartrate (100 M)
were prepared by use of doubly distilled water.

The sample solutions were freshly prepared immediately prior
to irradiation treatment and mass spectrometric investigations
respectively.

2.3. UVirradiation

For the irradiation experiments before mass spectrometry
an OSRAM Vitalux 300W equipment (OSRAM, Augsburg, Ger-
many) emitting a solar radiation spectrum has been used. The
distance between the bulb and the sample was 500 mm. Prior
to irradiation, the samples (5.0ml) were transferred to open
glass dishes of 55mm diameter. Thereby, the optical path-
length was 2.1 mm and a homogeneous exposure was assumed
in spite of light scattering. All samples were irradiated for
120 min.

2.4. Mass spectrometry

The mass spectrometric analysis was carried out using a
Finnigan LCQ ion trap mass spectrometer with ESI interface
and integrated syringe pump (Thermo Finnigan, San Jose, CA,
USA).

Electrospray ionisation-mass spectrometry was performed in
the negative and positive ion mode respectively. After dilution
by 1:5 the aqueous samples were mixed with methanol in the
ratio 1:1 to guarantee a stable electrospray. The samples were
infused via a syringe pump (10 pl/min). Tandem MS and MS"
experiments were used to obtain structural information. The ion
optics of the LCQ mass spectrometer were tuned to the drug
peaks to allow recordings in the best resolution mode at max-
imum intensity. The conditions and instrument settings which
were implemented for the experiments were as follows: ESI
source voltage 4.02-4.08 V; capillary temperature 215-225 °C; cap-
illary voltage +£17.0-17.5V; octapole 1 offset voltage +4.0-5.0V;
octapole 2 offset voltage +-7.0-8.0 V; interoctapole lens offset volt-
age +87.0-89.0V; source fragmentation offset voltage 0.0 V. For
MS/MS experiments isolation width adjustments between 2 and 3
mass units were applied. The relative collision energy utilized for
MS/MS and MS" ion trap experiments varied from 5% to 40% which
corresponds to mass analyzer fragmentation voltages between
0.25Vand 2.0V.

All mass spectrometric operations were carried out four times
resulting in similar spectra.

3. Results and discussion
3.1. Phenylephrine hydrochloride

Fig. 2 shows the positive ion mode mass spectrum of phenyle-
phrine hydrochloride. The protonated molecule ion [M+H]" of
the phenylephrine base was detected at m/z=168. Surprisingly,
another ion signal at m/z=150 has been detected as well in the full
scan mode without attendance of fragmentation energy as used for
the MS/MS experiments. The signal was assigned to the dehydrated
phenylephrine illustrated also in Fig. 2. Besides natural instability
of the drug molecule ESI in-source fragmentation has to be consid-
ered to account for this observation as well. However, no additional
source fragmentation collision energy has been applied to facilitate
this process.

Fig. 3 shows the positive ion mode tandem MS (MS/MS) and
multiple MS mass spectra of phenylephrine hydrochloride. To our
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Fig. 1. Chemical structures of phenylephrine and related natural and synthetic compounds.

knowledge for the very first time ESI tandem MS and ESI-MS"
fragmentation experiments of the sympathomimetic drug phenyle-
phrine were conducted for structural elucidation.

Fig. 3(A) shows the tandem mass spectrum of m/z=168. The
m/z=150 ion as the dehydrated phenylephrine was detected as
the only fragment in this experiment. Further fragmentation of the
m/z=150ion in a MS3 experiment led to several peaks at m/z=135,
m/z=132, m/z=121, m/z=119, m/z=109 and m/z=91 (Fig. 3(B)).
The MS* experiment of the main peak detected at m/z=119 gave
rise to an ion signal at m/z=91 (Fig. 3(C)).

Fig. 4 shows the full scan mass spectrum of phenylephrine
hydrochloride in the negative ion mode. Fragmentation experi-
ments were not successful in this case. This can be explained with
the elimination of chlorine by charge entrainment after MS/MS
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Fig. 2. Positive ion mode ESI mass spectrum of phenylephrine hydrochloride.

fragmentation. The charged chlorine owns a too low m/z ratio to be
detected under these conditions and the neutral rests are invisible
because of the missing charges.

Fig. 5 illustrates the results of the structural assignments in the
negative and in the positive ion mode.

Interestingly, in the positive ion mode only one ion (m/z=132)
has been generated by retaining the secondary amine function after
the fragmentation experiments. This is in good accordance with the
early observations of EI-Shibini et al. [18]. The disappearance of the
secondary side chain amino group has been used to investigate the
rate of phenylephrine degradation in aqueous solution kinetically.
The results indicated that the decomposition follows a first order
kinetic equation with a pH-dependent reaction rate.

The deprotonated molecule ion [M—H]~ was detected at
m/z=166 in the neagative ion mode. Furthermore several chlorine
ion adducts were measured showing the typical isotope pattern of
chlorine 35 and chlorine 37 with its proportion of approximately
3:1. The presence of one or two chlorine ions could be revealed
easily by assessment of the ion intensity.

The ions at m/z=196/198 were assigned to the phenylephrine
derivative ions deriving from oxidative cyclisation. The indole
derivative formation can be regarded as an analogue of the
adrenochrome reaction of the pyrocatechol adrenaline [28] and
explains that the intensity proportion of m/z=196/198 does not
match to the chlorine isotope pattern. This is because the m/z=198
is generated by two ionic species. Surprisingly, this oxidation prod-
uct has been detected in the full scan mode under normal ESI
conditions without further energy supply. This cyclic conversion of
phenylephrine into 5-hydroxy-N-methyl-indoxyl under oxidative
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Fig. 3. Positive ion mode ESI mass spectra of phenylephrine hydrochloride. (A) Tan-
dem mass spectrum of m/z=168. (B) MS? spectrum of m/z=168, m/z=150. (C) MS*
spectrum of m/z=168, m/z=150, m/z=119.

conditions has been proposed by El-Shibini et al. as well without
proofing this suggestion by decomposition product identification
[18]. In contrast Millard et al. [29] did not detect indols by their
GC-MS investigations. The mass spectrometric ion signals follow-
ing phenylephrine degradation experiments of this group were
assigned to isoquinoline derivatives as oxidation products. As a
reaction mechanism a Pictet-Spengler reaction was supposed.

The detection of different degradation products in the pos-
itive and in the negative ion mode already in the full scan
mass spectrometry mode by use of the soft ionisation technique
of electrospray in our experiments suggests that phenylephrine
hydrochloride is not a very stable drug substance and should be
handled with caution when formulated to drug products.
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Fig. 4. Negative ion mode ESI mass spectrum of phenylephrine hydrochloride.
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Fig. 5. Scheme of the phenylephrine hydrochloride decomposition after multiple
stage MS experiments in the positive ion mode and signal assignment in the negative
ion mode.

This outcome is in good accordance with the research results of
other groups obtained by colour analysis [30], by UV absorbance
measurements after cationic exchange resin separation [31], by
GC-MS following trimethylsilyl derivatization [29], by HPLC [32]
and by LC/MS [33].

Ithas been proved by our experiments for the first time via signal
assignment to the exact degradation product structures.

In contrast, recently Kiser et al. were able to show that phenyle-
phrine hydrochloride is stable for at least 30 days when stored in
propylene syringes at —20°C, 3-5°C and 23-25°C when diluted
to 100 pg/mL in 0.9% sodium chloride injection [34]. Aim of this
study was to provide a protocol that allows the preparation of the
syringes in advance and their storage over a specific period.

3.2. Phenylephrine bitartrate

The mass spectrometric experiments with phenylephrine bitar-
trate in the positive ion mode gave identical results as measured
by use of the hydrochloride.

The spectra obtained in the negative ion mode are demonstrated
in Fig. 6.
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Fig. 6. Negative ion mode ESI mass spectrum of phenylephrine bitartrate. (A) Full
scan mass spectrum. (B) Tandem mass spectrum of m/z=149.

Fig. 6(A) shows the low intensity of the deprotonated molecule
ion [M—H]|- at m/z=166. The dehydrated phenylephrine at
m/z=150 has been detected again. The ions with the most intense
peaks were recorded at m/z=149, m/z=87 and m/z="73. Addition-
ally a weaker signal at m/z=105 has been recorded.

Further fragmentation of the base peak at m/z=149 resulted in
m/z=87 as well and new ion signals at m/z=131, m/z=103 and
m/z=>59.

All the detected ions were assigned to structures as demon-
strated in Fig. 7.

The species measured in the negative ion mode are related to the
tartaric acid anion which is present as a counter ion in phenyle-
phrine bitartrate. Surprisingly, the tartaric acid moiety was also
found to be a source of instability. Again, already in the full scan
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Fig. 8. Positive ion mode ESI full scan mass spectra after 120 min irradiation. (A)
Phenylephrine hydrochloride. (B) Phenylephrine bitartrate.

mode decomposition products were analysed resulting from car-
bonic acid degradation this time.

3.3. Irradiation experiments

Fig. 8 represents the results of the irradiation studies with both
molecules phenylephrine hydrochloride (Fig. 8(A)) and phenyle-
phrine bitatrate (8(B)). These experiments were carried out as
photostability tests simulating natural drug substance aging by use
of forced conditions.

It can be gathered from the spectra that irradiation treatment
induced the formation of different secondary products at both
salts. Irradiation of phenylephrine hydrochloride gave only four
additional peaks (m/z=230, m/z=256, m[z=275, m[z=277) with
lower intensity than the signals already known from the experi-
ments without irradiation (protonated molecule ion at m/z=168
and dehydrated phenylephrine at m/z=150).

Luduena et al. had reported the formation of adrenaline after UV
irradiation experiments and subsequent photofluorometic deter-
mination [35]. The group used bioassays for the experiments where
an increase in biological activity of the irradiated samples has been
measured. Adrenaline is readily ionised in ESI and should appear
at m/z=185. However, under the conditions used in this study, no
adrenaline was detected. Chafetz and Chow reported an adrenaline
content of about 2% of the initial content which they were able to
detect by HPLC and gas chromatography after irradiating phenyle-
phrine solutions for several hours by a shortwave UV source [36].
This photochemical hydroxylation has been stated by the authors as
an exotic reaction in vitro because oxidative attack at the electron
rich four position of the ring system is quite unlikely to occur.

The irradiation of phenylephrine bitartrate resulted in six new
ion signals (m/z=180, m/z=192, m[z=210, m[z=222, m[z=234,
m/z=252) and a novel base peak at m/z=210.

The ion signal at m/z=180 can be assigned to several structures.
The formation of isomeric isoquinolines as a result of oxidative side
chain alteration and subsequent ring closure has been suggested by
Millard et al. [29]. The structures of these tetrahydroisoquinoline
derivatives are illustrated in Fig. 9 for completeness. To our minds
the open chain phenylephrine derivative structure at m/z=180 is
more probable. Interestingly, only phenylephrine bitartrate shows
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the ion signal at m/z=180 after irradiation treatment. Millard et al.
also suggested 3-hydroxybenzaldehyde as a degradation product
in their proposed oxidation pathway for phenylephrine in aque-
ous solution [29]. This ion should appear at m/z=123 and was not
detected under the conditions used in this study.

Recently Marin et al. have investigated different pharmaceutical
formulations against the common cold containing acetaminophen,
phenylephrine hydrochloride and chlorpheniramine maleate [37].
As aresult anew compound was isolated and identified for the first
time as a product formed from the interaction between phenyle-
phrine and maleate. Based on this findings further investigations
have been carried out by Wong et al. including the synthesis of
the possible interaction products and their MS and NMR char-
acterization [38]. It was concluded that the compound observed
during the short and long term stability studies of the pharma-
ceutical cold preparations is a “Michael addition” product between
phenylephrine and maleic acid.

According to these findings and according to the measured
instability of the tartaric acid ion as illustrated above, Fig. 9 shows
structural suggestions for the ion signals detected after phenyle-
phrine bitartrate irradiation.

The rationale for this hypothesis is the interaction of phenyle-
phrine with its own counter ion tartaric acid under the
experimental conditions of the study. The nucleophilic addition of
the secondary amine phenylephrine to the carbonyl compounds
(tartaric acid decomposition products) is supposed to be the reac-
tion mechanism. Vinylogic carbonyls as tartaric acid degradation
derivatives would be able to react via a “Michael addition” as a
nucleophilic addition special case in analogy to the findings of
Wong et al. for maleic acid. Phenylephrine acts as a typical neutral
nucleophilic agent at any rate.

These results show that the pharmaceutically used phenyle-
phrine salts phenylephrine hydrochloride and phenylephrine
bitartrate are prone to degradation and therefore should be handled
carefully during pharmaceutical processing.

Maybe these drawbacks of the phenylephrine containing drugs
could be overcome by use of the sympathomimetic in form of more
stable salts. Besides the hydrochloride and the bitartrate the use
of phenylephrine tannate and phenylephrine pivalate is described
in the literature [39,40]. Generally, the absence of carbon double
bonds in the counter ion of the salts should avoid interactions
via the nucleophilic addition pathway as described in this work.

Further efforts to synthesise tailor made phenylephrine deriva-
tives with optimised properties such as increased bioavailability
and enhanced stability led to the development of phenylephrine
oxazolidines [41]. Another approach was the synthesis and char-
acterisation of bioreversible phenylephrone derivatives [42]. The
preparation of a “caged” phenylephrine as a product of selective
derivatization on the amine function was an approach to probe
the mechanism of a receptor mediated vasoconstriction in isolated
adult rat mesenteric arterioles [43].

Due to the rapid developments in the area of mass spectrome-
try mainly in the last three decades and the resulting versatility
of the modern equipment MS has become a preferred tool also
in doping control laboratories allowing a fast analysis of con-
trolled substances [44,45]. Against this background the present
study should be of interest additionally for forensic analytical
investigations. Even though the production of methamphetamine
from phenylephrine is much more difficult compared to the var-
ious straightforward reactions for the clandestine manufacturing
of methamphetamine from pseudoephedrine, phenylephrine has
a certain potential to appear in methamphethamine case sam-
ples as well. Considering that it becomes clear that unequivocal
identification methods for each of these chemically quite simi-
lar molecules are required. This task is much more a challenge
when taking into account that there are unique fragmentation
products of phenylephrine and methamphetamine but common
fragments as well [44]. MS fragmentation analysis based on
the initial findings of the present study could be used for this
application after development and optimisation of an adequate
method.

4. Conclusion

In this study electrospray ionisation-mass spectrometry with
ion trap analyser has been applied to investigate the com-
plex matter of the degradation of phenylephrine, a widely used
sympathomimetic drug substance. The two pharmaceutical salts
used most frequently, namely phenylephrine hydrochloride and
phenylephrine bitartrate, were included into the examinations. It
was shown that the dehydrated phenylephrine derivative is the
major degradation product of both salts under the test conditions
employed. The detection of this species was possible without any
fragmentation energy in the positive ion full scan mode.
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To elucidate the mechanism of phenylephrine hydrochloride
decomposition at a molecular level, fragmentation experiments
were conducted. In the positive ion mode MS/MS, MS3 and MS*
spectra were recorded allowing structural signal assignments for
the first time. The negative ion mode mass spectrum revealed sev-
eral chlorine ion adducts and an ionic species which is suggested
to be an indole derivative resulting from oxidative cyclisation.

Fragmentation experiments of phenylephrine bitartrate in the
positive ion mode led to the same results as observed for
the hydrochloride. The investigations in the negative ion mode
revealed the instability of the phenylephrine bitartrate counter ion
tartaric acid. Several decomposition products have been identified
already in the full scan mode. More degradation was observed after
specific fragmentation in the MS/MS experiment. Structural assign-
ments to all the detected peaks succeeded in this case as well.

Photostability studies carried out after irradiation treatment
suggest that phenylephrine bitartrate is more prone to degra-
dation than the hydrochloride. This is ascribed to an instability
of both parts of the salt — the protonated phenylephrine as
well as the anionic counter ion. Considering the results of other
research groups published on this topic recently the ionic structures
detected after phenylephrine bitartrate irradiation were suggested
to be products of an interaction between phenylephrine and its
own counterion degradation derivatives via a nucleophilic addition
mechanism.

The results indicate that phenylephrine salts are molecules
which should be handled with special care during pharmaceutical
processing to avoid decomposition and interactions. The quantifi-
cation of the degradation products detected in this study should be
carried out by liquid chromatography-mass spectrometry (LC/MS)
accompanied by NMR identification and characterisation of these
products. This will generate further data and options allowing a
more detailed stability prognosis and predictions in a quantitative
manner as well.
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