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Abstract. Imidazoline derivatives, such as xylometazoline, naphazoline, tetryzoline, tramazoline or
oxymetazoline play an important pharmacological role as nasal drops in the symptomatic treatment of
rhinitis. When comparing the toxicological data of these substances, it is noticeable that
Oxymetazoline has an LDso value which is two orders of magnitude lower than all other imidazoline
derivatives. Thus, ten vials of commercially available oxymetazoline nasal drops already contain a
lethal amount. An explanation for this unusually high toxicity has not yet been found.
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1. Introduction

Many imidazoline derivatives are basic substances for pharmaceutical products. In 1941, the
pharmacological effect of imidazoline derivatives was discussed for the first time on mucous
membranes [1]. In 1955, Sahyun Labs secured several synthetic routes for imidazoline derivatives,
including the tetryzoline [2]. Xylometazoline was first produced by A. Hiini in 1959 [3]. This was
followed by the synthesis of oxymetazoline by W. Fruhstorfer and H. Miiller-Calgan in 1961 [4]. Since
the decongestant effect of oxymetazoline for the nose lasted longer than with other imidazoline
derivatives, an oxymetazoline product was part of the on-board pharmacy of Apollo 11 on its way to
the moon in 1969 [5].

Nowadays, the imidazoline derivatives xylometazoline, tramazoline, naphazoline, tetryzoline and
oxymetazoline are important drugs for nasal decongestion and as ingredients for eye drops. As a-
sympathomimetics, these substances (Figure 1.) are ai-adrenoceptor agonists. They are also used in
ophthalmology to treat allergic forms of conjunctivites. It binds to the same receptors as adrenaline. In
order to reduce nasal congestion during a cold, these substances have started their worldwide
triumphal march in over-the-counter nasal drops. An antiviral effect has also been found in
oxymetazoline. Viruses find fewer entrance gates to the nasal mucous membrane [6]. Oxymetazoline
thus reduces the duration of nasal congestion by 30 % [7]. Since the imidazoline derivatives also have
a systemic effect, they should not be used in the case of hypertension or heart diseases. Common
symptoms are also burning or dryness of the nasal mucosa. Also remarkable with these materials is
the privinism. A five-day use already results in a so-called nasal drop addiction. Withdrawal from the
medication leads to congestion of the mucous membrane and thus an increase in psychological strain,
so that permanent damage of the mucous membrane and bark formation are the consequences of
chronic use [8].
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Figure 1. Structure and LDso values of a few imidazoline derivatives

2. Toxicity

Cases of poisining by imidazoline derivatives have repeatedly been observed with children [9],
[10]. The tenfold 1 ml therapeutic dose of a 0.05 % oxymetazoline solution (about 0.5 mg substance)
already caused bradycardia and respiratory depression [11]. Together with alcoholic beverages
tetryzoline is often misused as a so-called rape drug [12]. In 2018, there was actually a case in South
Carolina, USA, where for three days a wife put large amounts of over-the-counter eye drops with
tetryzoline into the drinks of her unfaithful husband. The 64-year old man died and his wife was
charged [13]. All known LDso values of the pharmacologically important imidazoline derivatives are
shown in Table 1. The LDso values of the hydrochlorides of xylometazoline, naphazoline, tetryzoline,
indanazoline and tramazoline are between 190 and 1,260 mg/kg for oral administration to rats [14],
[15], [16]. Surprisingly, according to Hotovy et al. [17] the LDso value of oxymetazoline hydrochloride
(0.88 mg/kg) is two order of magnitudes lower. It is unusual that at about 1 mg/kg all toxicological
data assessed with rats are very similar, no matter whether the administration was subcutaneous,
intravenous or oral. For all other imidazoline derivatives the values for subcutaneous and especially
intravenous administration are significantly lower than for oral administration. With mice, however,
the LDso values differ significantly, as expected. At 34 mg/kg the LDs value for oxymetazoline
hydrochloride for subcutaneous administration is in the range of the comparable value of
xylometazoline.

19 years after Hotovy et al. Worstmann et al. analysed the toxicological characteristics of the new
indanazoline and, for comparison purposes, determined on this occasion once more the LDso values
of the hydrochlorides of tramazoline and oxymetazoline. At the same time, in comparison to Hotovy,
an even lower LDso value of 0.68 mg/kg was found in female rats [16]. Worstmann writes that
oxymetazoline in female rats is over 700 times more toxic than indanazoline. The LDso value for the
intravenous administration of oxymetazoline hydrochloride to mice is, however, with 11.7 mg/kg in
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the range of xylometazoline hydrochloride (12.5 mg/kg) [14], naphazoline hydrochloride (13.2
mg/kg) [21] or tramazoline hydrochloride (11.6 mg/kg). Even with indanazoline hydrochloride, the
value found of 22.3 mg/kg is only twice as high. With 22.9 mg/kg, the LDso value for the oral
administration of oxymetazoline hydrochloride to the female mouse is 33 times higher than that of
the female rat. Already in 1961 Hotovy et al.’s LDso values were about 11 times higher for oral
administration to mice than to rats.

Table 1. Lethal doses LDso in mg/kg of imidazoline derivatives

rat rat rat mouse mouse mouse
Substance [Ref.] oral s.C. iv. oral s.C iv.
Oxymetazoline HCI
Hotovy [17] 0.88 1.63 1.07 10 34 5
Oxymetazoline HCI
Worstmann [16] 0.68 229 11.7
Xylometazoline HCI [14] 230 90 12.5
Xylometazoline [18], [19] 180 63
Naphazoline HCI [15], [20] 1,260 385 265 170 13.2
Naphazoline [21] 200 6 170 16.5
Tetryzoline HCI [23] 785 500 35 345 245 39
Tetryzoline [18], [22] 335 252 48.1
Tramazoline HCI [16] 190 130 11.6
Tramazoline [18] 195 77
Indanazoline HCI [16] 481 16.3 179 22.3

Oxymetazoline would therefore be more toxic than mercury (II) chloride which has an LDso value
of 1 mg/kg for oral administration to rats [23]. Extrapolated to human beings, the lethal dose of
xylometazoline hydrochloride would be about 16.1 g. A 10 ml vial of xylometazoline nasal spray
contains 10 mg of the compound. Thus, 1,610 vials would contain the lethal amount which is about
the same as the content of a large bucket. On the other hand, 10 vials of oxymetazoline nasal spray (5
mg active substance per vial) with 50 mg oxymetazoline hydrochloride would already contain the
lethal dose, the same as the content of a champagne glass.
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Figure 2. Poison scale [24] of some ai-adrenoceptor agonists (HCI) and water [25]
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The big difference in toxicity between oxymetazoline and other imidazoline derivatives is shown in
Figure 2. by means of the poison scale [24] that shows the negative logarithmic values of LDso.
Imidazole and the alpha-blockers tolazoline and phentolamine are three other imidazoline
derivatives which are chemically similar to oxymetazoline. Nevertheless, the LDso values of 220
mg/kg [26], 400 mg/kg [27] and 1,000 mg/kg [28] (Figure 3.) are in the range of xylometazoline or
naphazoline. The high LDso value of phentolamine is quite remarkable, since this molecule also
contains a hydroxy function on a benzene ring, as in the probably over 1,000 times more toxic
oxymetazoline.
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Figure 3. Structure and LDso values of imidazole, tolazoline and phentolamine

The strikingly low LDso value of 0.68 mg/kg for the oral administration of oxymetazoline to the rat is
reported in several data sheets [29], [30]. Goldenthal collected various toxicological data and indicated
the value of 0.8 mg/kg for oxymetazoline [31]. Also the slightly higher Hotovy value of 0.88 mg/kg
was found [32]. The higher values for mice remain unconsidered.

3. Conclusion

The comparison with the available toxicological data of other imidazoline derivatives, however,
contests the generally accepted LDso value of 0.68 mg/kg for oxymetazoline hydrochloride. The
chemical functions and structure of oxymetazoline do not obviously explain the strikingly high
toxicity with rats. Therefore, new toxicological studies should review the data of Hotovy et al. and
Worstmann et al. of 1980, correct them, if necessary, or find an explanation for the high toxicity.
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