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Abstract
Eucalyptus oil is a commonly used remedy for common colds. For a substance to be effective therapy in obstructive
airway diseases, it must reduce the viscosity of respiratory mucus. The present study evaluates the effectiveness of
eucalytpus oil added phospholipid mixtures as possible substitute therapies in diseases of altered mucus viscosity
by studying their effect on the viscosity of mucus gel simulants in vitro. Test formulations of surfactants consist-
ing of phospholipid-eucalyptus oil mixtures in the ratio of 1 part of oil to 9 parts of phospholipid were prepared. The
phospholipids used were dipalmitoyl phosphatidylcholine (PC), phosphatidylethanolamine (PE) and phosphatidyl-
glycerol (PG). The effects of these phospholipid-eucalyptus oil mixtures on the viscosity of Mucus Gel Simulant (MGS
– a polymeric gel consisting mainly of gum tragacanth and simulating respiratory mucus) was studied by applica-
tion of steady shear rates ranging from 0.512 to 51.2 s-1 in a concentric cylinder viscometer at 37°C. The change in
MGS viscosity, after incubation with surfactants, with application of shear rates was found to have a Non-New-
tonian flow and to follow the power law model with R2 values > 0.8. The addition of eucalyptus oil-phospholipid
mixtures caused a decrease in the MGS viscosity when compared with the effect of the phospholipid alone at both
low and high shear rates. The combination of PG with eucalyptus oil and of PG with eucalyptus oil and calcium
caused ratios of change in MGS viscosity < 1, i.e. they caused a decrease in the MGS viscosity. Thus, the addition of
eucalyptus oil improved the ability of the phospholipids to alter MGS viscosity. The combinations of PG with euca-
lyptus oil and PG with eucalyptus oil in the presence of calcium were even capable of lowering mucus gel viscosity
and should be further researched as possible substitute therapies for diseases of altered mucus viscosity.

Kurzfassung
Eukaluptusöl wird gewöhnlich als Hilfsmittel für gewöhnliche Erkältungen verwendet. Für eine Substanz zu einer
wirksamen Therapie bei chronischen Luftwegerkrankungen muss die Viskosität des Atemwegschleims reduziert
werden. Die vorliegende Studie bewertet die Effektivität der mit dem Eukaliptusöl versetzten Phospholipid-Mi-
schung als mögliche Ersatztherapie bei Erkrankungen durch veränderte Viskosität mit der Analyse der Effekte eines
Schleimgels an der Viskosität in vitro. Testansätze von Reinigungsmitteln, die aus Phospholipid-Eukaliptusöl-Mi-
schungen mit dem Konzentrationsverhältnis 1 Teil Öl zu 9 Teilen Phospholipid bestehen, wurden hergestellt. Die
verwendeten Phospholipid-Lösungen waren Dipalmitoyl-Phosphatidylcholyne (PC), Phosphatidylethanolamine
(PE) und Phosphatidylglyzerine (PG). Der Effekt dieser Phospholipid-Eukaliptusöl-Mischungen an der Viskosität des
Schleimgel-Simulants (MGS, ein polymeres Gel bestehend hauptsächlich aus Gummi-Tragacanth, simuliert die
Atemwegschleime) wurde in dem Schergeschwindigkeitsbereich von 0.512 – 51.2 s-1 in einem aus konzentrischen
Zylindern bestehenden Rotationsrheometer bei T = 37°C untersucht. Die Änderung der MGS-Viskosität, nach der
Inkubation mit dem Reinigungsmittel bei der angewendeten Schergeschwindigkeit äußerte sich in nicht-newton-
schem Fließverhalten und konnte mit dem Potenzgesetz mit dem Fließexponenten R2 > 0.8 beschrieben werden.
Das Hinzufügen von Eukaliptusöl-Phospholipid Mischungen führte zu einer Abnahme der MGS-Viskosität im Ver-
gleich mit dem Effekt der Phospholipide alleine sowohl bei niedrigen als auch bei hohen Schergeschwindigkeiten.
Die Kombination von PG mit Eukaliptusöl und von PG mit Eukaliptusöl und Calcium führte zu Änderungen in der
MGS-Viskositätsverhältnis kleiner eins, d.h. sie verursachte eine Abnahme der MGS-Viskosität. Demgemäß
verbessert die Zugabe von Eukaliptusöl das Vermögen von Phospholipids die MGS-Viskosität zu ändern. Die Kom-
bination von PG mit Eukaliptusöl im Beisein von Calcium reduzierte die Schleimgelviskosität und sollte als möglich
Ersatzheilmittel für Krankheiten durch veränderte Schleimviskosität weiter erforscht werden.

Résumé
L’huile d’eucalyptus est un remède couramment utilisé pour lutter contre les rhumes. Pour qu’une substance soit
une thérapie efficace contre les maladies liées à l’obstruction des voies respiratoires, elle doit réduire la viscosité du
mucus respiratoire. L’étude présentée ici vise à évaluer l’efficacité de mélanges d’huile d’eucalyptus et de phos-
pholipides comme thérapies de substitution possibles pour les maladies où la viscosité du mucus est altérée. Pour
ce faire, l’effet de ces mélanges sur la viscosité de gels de mucus simulés est étudié. Des formules tests de surfac-
tants composés de mélanges d’huile d’eucalyptus et de phospholipides à des ratios de 1 pour 9 respectivement ont
été préparées. Les phospholipides utilisés sont le dipalmitoyl phosphatidylcholine (PC), le phos-
phatidylethanolamine (PE) et le phosphatidylglycerol (PG). Les effets de ces mélanges sur la viscosité du gel de
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explained by the presence of semi-rigid rod like
structures as have been described in dilute sus-
pensions of xanthan gum [19]. The increase in the
viscosity of the MGS on addition of phospholipids
is in accordance with the finding of Vallejo et al
[20] that the addition of lecithin to surfactant sys-
tems causes an increase in the micellar volume
resulting in an increase in the viscosity. 

The addition of eucalyptus oil caused a sig-
nificant decrease in the ratio of change in MGS
viscosity at both low and high shear rates when
compared with that of the phospholipids with-
out any additive. No studies have been con-
ducted regarding the effect of eucalyptus oil on
the viscosity of polymeric gums. However, it is
postulated that the oils cause a conformational
change of the rigid rod like particles facilitating
a shear thinning and a decreased viscosity of the
gel-oil mixture. It is also possible that the oil
interacts with the phospholipid leading to the
formation of smaller micelles which prevent the
increase in viscosity caused due to the lipids
alone. The spatial dependence of the droplet size
distribution on addition of oils to a polymeric
mixture can be studied by a combination of
pulsed-field-gradient spin-echo (PGSE) nuclear-
magnetic-resonance (NMR) restricted diffusion
analysis and NMR imaging as suggested in a
recent study by McDonald et al [21] to better elu-
cidate the structure-rheology effects of oil-poly-
mer suspensions.

On comparing the surfactants at shear rates
of relevance to large, medium and small bronchi
namely 0.9, 0.7, and 0.25 s-1 respectively; the com-
bination of PG in the presence of eucalyptus oil
(PGEO) was found to perform better than Survan-
ta, ALEC and Exosurf. The combination of PG in the
presence of eucalyptus and calcium (PGEOCA)was
equivalent to Exosurf at all three levels of the air-
way tested. For a surfactant to be effective in
chronic obstructive airway diseases, it should
lower the increased mucus viscosity observed in
these conditions. Thus, PG in the presence of
eucalyptus oil formed a favourable surfactant
formulation as it caused a decrease in the MGS
viscosity at high shear rates (with a ratio of
change in MGS viscosity < 1) and obtained lower
values of ratios of change in MGS viscosity than
the commercial surfactants at all the shear rates
considered. PG in the presence of eucalyptus oil
and calcium was also a favourable surfactant and

performed equivalent to Exosurf at all the shear
rates of physiologic relevance

6 CONCLUSION
In the present study, PGEO and PGEOCA were
found to decrease the viscosity of mucus gel
simulants at a high shear rate of 51.2 s-1. The ratio
of change in mucus gel viscosity due to these sur-
factants was significantly lower than that of the
commercial surfactants and of the phospholipids
alone at all shear rates (n = 5, p < 0.05, Mann-
Whitney U test). The addition of eucalyptus oil
caused a significant lowering in the ratio of
change in MGS viscosity as compared with that
of the phospholipid alone. Thus, eucalyptus oil
appears to improve the effect of phospholipids
on the viscosity of mucus gel simulants. This
could prove as a basis for future research into
eucalyptus oil-phospholipid mixtures as possible
substitutes of bronchial surfactants in airway
diseases characterised by an altered mucus vis-
cosity. Of course it is to be remembered that the
present study is conducted in vitro and cannot be
directly extrapolated to in vivo conditions. Also
the study of viscoelasticity instead of pure vis-
cosity and the use of actual mucus samples
instead of polymeric gums in the form of mucus
gel simulants would be more informative from
an application viewpoint. Nevertheless, the pre-
sent study shows that phospholipid-eucalyptus
oil mixtures, as substitute artificial surfactants,
are capable of reducing the viscosity of mucus gel
simulants and do so far better than the com-
mercial surfactants. Thus, these formulations
should be further researched using actual mucus
samples and should be evaluated as possible sub-
stitutes for bronchial surfactants in obstructive
airway diseases.
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