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Abstract

activity was found to be 73.5.

than that of 1,8-cineole.

Purpose: The anti-inflammatory effects of 1,8-cineole (eucalyptol) in the treatment of acute bronchitis and
treatment of chronic airway diseases like asthma as well as hay fever have been observed in clinical practice for some
time. The anti-inflammatory effect has been proven in numerous studies.

Material and methods: The effect of 1,8-cineole on the activity of cyclooxygenase and its two isoforms (COX-1
and COX-2) were analysed and compared with the effects of indomethacin and celecoxib.
Results: The ratio between the concentrations required to achieve 50% inhibition of COX-1 and COX-2 isoform

Discussion: For indomethacin, the ratio is 9.71 and for celecoxib 79.5. For indomethacin, it is about 10 times less

Conclusion: The present study provides useful data suggesting that 1,8-cineole is a specific COX-2 blocker.

Keywords: 1,8-cineole; Inflammation; Indomethacin; Celecoxib;
Cyclooxygenase; Eucalyptol

Introduction

1,8-cineole is found in many essential oils. It is the main ingredient
of both eucalyptus (70%) and rosemary oils, where its concentration can
exceed 45% [1]. Freeze drying and steam distillation, yields 99% pure
eucalyptus oil, from which a pure form of 1,8-cineole can be obtained.
In vitro studies have revealed secretomotor, expectorant, antispasmodic
[2,3], local hyperaemic and anti-inflammatory properties [4] for
naturally isolated 1,8-cineole (synonym: eucalyptol). Due to its efficacy
and excellent tolerability, 1,8-cineole has been successfully used for
decades for topical treatment of rheumatic disorders, as well as for
oral application to treat inflammatory diseases of the respiratory tract,
sinusitis, acute and chronic bronchitis and as a concomitant therapy in
COPD and steroid-dependent asthma [5,6]. The work of Juergens et al.
[7] has shown that 1,8-cineole inhibits the activity of cyclooxygenase.

It isknown that most of the frequently used cyclooxygenase blockers
also have undesirable side effects [8]. Nonsteroidal anti-inflammatory
drugs (NSAIDs) have analgesic, antipyretic, and anti-inflammatory
effects. They are in worldwide use, primarily for pain management.
However, taking NSAIDs is also associated with a significant number
of side effects. The side effects of taking NSAIDs are mainly mucosal
lesions, dyspepsia, gastrointestinal bleeding, ulcers, perforations, and stenosis.

The aim of this study is to determine the extent to which 1,8-cineole
influences the activity of cyclooxygenase (COX), COX-1 and COX-2
enzyme systems. The results were compared with the effects of
indomethacin, an analgesic in the NSAID group that acts as a non-
selective inhibitor of cyclooxygenase [9] (COX-1 and COX-2), and with
the effects of celecoxib. Celecoxib is a selective COX-2 inhibitor that is
used in the treatment of degenerative joint disease, chronic polyarthritis,
and ankylosing spondylitis. It relieves pain, inflammation, and fever.

Materials and Methods

COX-1 and COX-2 activity assay

Changes in the activity of COX-1 and COX-2 isoforms of
cyclooxygenase were measured with Standard Kit (Cayman Chemical,
USA). COX activity assay is a colorimetrical assay of the peroxidase
component of cyclooxygenases. Assay is based on the monitoring of the

appearance of oxidized N,N,N',N'-tetramethyl-p-phenylenediamine
(TMPD). According to the manufacturer protocol in each well of the
96-well plate the appropriated amount of Assay Buffer, Heme, standards
and samples were added. The colorimetric substrate was added. To
initiate the reaction arachidonic acid was used. After short incubation
at room temperature the absorption was measured on the plate reader
(Sunrise, Tecan, Austria) on 590 nm.

Changes in light absorption were measured with a photometer at
590 nm and converted to changes in activity with the following equation:

X oY1) _ 100 _(Ancox 1), 100)/Acox71 (2)100

n

Where 4 “**'® s the absorption at concentration ‘0’ of the test
substance

A,5,C " @ is the absorption at 100% activity of the enzymes
n = concentration of the substances in M

AnCOX(Z) = Light absorption at a wavelength of 590 nm

4 Cox )

Cox (2
AIOO e

= Light absorption at a wavelength of 590 nm
= Light absorption at maximum activity of the enzyme
1,8-cineole

The starting material, pure 1,8-Cineole, is isolated from Eucalyptus
oil, which is obtained from Eucalyptus globulus plants.
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Statistical methods

One-way analysis of variance (unifactorial ANOVA) was carried
out. Differences were regarded as statistically significant at a level of
p<0.05. The statistics programmes Prism 4.0 and Statistic 5.0 were used.

Results

Figure 1 shows the inhibitory effects of various concentrations of
indomethacin (0.0001 to 50 mg/L) on the activity of COX-1 and COX-2
isoforms of cyclooxygenase. Both dose-response curves are shown for
comparison. The results show that the inhibitory effect of indomethacin
is significantly greater on the COX-1 enzyme system than on the COX-2
isoenzyme.

Indomethacin reduced the activity of the cyclooxygenases at
concentrations as low as 0.01 mg/L. Cyclooxygenase activity was
completely inhibited at a concentration of 6.4 mg/L. The inhibitory
effects of 1,8-cineole were apparent at concentrations of 0.05 mg/L
(Figure 1). The maximum inhibitory effect on cyclooxygenase activity
was 86% at an 1,8-Cineole concentration of about 300 mg/L.

Figure 2 shows the inhibitory effects of 1,8-cineole on the activity
of the COX-1 and COX-2 isoforms of cyclooxygenase. The two dose-
response curves show effects similar to that of celecoxib (Figure 3).

Figure 3 shows the inhibitory effect of celecoxib on the activity of
COX-1 and COX-2 isoforms of cyclooxygenase. The two dose-response
curves show that markedly lower concentrations of celecoxib are
required to inhibit the activity of the COX-2 isoform of cyclooxygenase
than is the case with the COX-1 isoform.

Table 1 shows the concentrations of 1,8-cineole, indomethacin and
celecoxib required to inhibit the activity of the COX-1 isoform by 25,
50, 75 and 100%.

Table 2 shows the concentrations of 1,8-cineole, indomethacin and
celecoxib required to inhibit the activity of the COX-2 isoform by 25,
50, 75 and 100%.

Table 3 shows the degree of activity of the COX-1 isoform at
the concentrations of the three COX inhibitors that are necessary to
inactivate the COX-2 isoform by 50%.

Discussion

Undesirable side effects with the clinical use of prostaglandin
(PG) synthetase blockers are caused by the fact that all PG synthetase
blockers inhibit the activity of both the COX-1 and COX-2 isoforms to

Figure 1: Comparison of the inhibitory effect of various concentrations of
indomethacin on the activity of COX-1 and COX-2.

Figure 2: Comparison of the inhibitory effect of various concentrations of
1,8-Cineole on the activity of COX-1 and COX-2.

Figure 3: Comparison of the inhibitory effect of various concentrations of
celecoxib on the activity of COX-1 and COX-2.

Concentrations required to inactivate COX-1

Substance 25% 50% 75% 100%
Celecoxib mg/L 3.2+0.2 12.3+0.4 41507 -
1,8-Cineole mg/L | 10.4+£0.2 27.3+0.3 57.5+0.7 -
Indomethacin mg/L | 0.03 +0.01 | 0.06 +0.01 0.08 £ 0.01 1.10+0.03

Table 1: Concentrations of indomethacin, celecoxib and 1,8-Cineole required to
achieve 25, 50, 75 and 100% inhibition of COX-1 activity.

Concentrations required to inactivate COX-2

Substance 25% 50% 75% 100%
Celecoxibmg/lL | 0.18+0.02 | 1.2%0.04 57007 704 +0.9
1,8-Cineolemg/L | 1.4+02 | 7.8+04 28.7+0.6 -
Indomethacin =, 1/, 001 035:001 093:001 10.40%0.03

mg/L

Table 2: Concentrations of indomethacin, celecoxib and 1,8-Cineole required to
achieve 25, 50, 75 and 100% inhibition of COX-2 activity.

a greater or lesser extent, and thus, selective blockers are not available.

There are two isoforms of cyclooxygenase: COX-1 is an essential
enzyme that is present in many body tissues and regulates the production
of the prostaglandins in the stomach, which are needed to protect the
gastric mucosa. In this context, the release of PGF,, associated with the
contractile activity of the gastrointestinal tract is responsible for most of
the undesirable side effects.

COX-2 is an enzyme that is expressed predominantly during
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Level of activity of COX-1 at
the concentrations required
for 50% inhibition of COX-2

Concentrations required
for 50% inhibition of
COX-2 activity

Substance

activity
Celecoxib mg/L 1.20 £ 0.04 Celecoxib  95.4%
1,8-Cineole mg/L 7.80 £ 0.40 1,8-Cinecle  88.2%
Indomethacin mg/L 0.35+0.01 Indomethacin 3.4%

Table 3: Level of activity of COX-1 at the concentrations required for 50% inhibition
of COX-2 activity.

inflammation, and triggered by cytokines, endotoxins, tumour
promoters, growth factors, and tissue injury [10]. The more selectively
the COX-2 isoform is blocked, the lower the rate of undesirable side
effects.

In order to assess the selectivity of PG synthetase blockers, one
can determine the ratio of the molar concentration required for 50%
inactivation of the COX-1 isoform compared with that required for
50% inactivation of COX-2.

We investigated the effect of 1,8-cineole on the activity of
cyclooxygenase and its two isoforms, COX-1 and COX-2. The
concentration required to cause a 50% loss of COXI activity is for
celecoxib 200 times higher and for 1,8-Cineole 455 times higher than
for indomethacin.

In contrast, the concentration required to cause an activity loss
of 50% for COX2 is for celecoxib only three times higher and for
1,8-Cineole only 23 times higher than for indomethacin.

Furthermore, while a 50% loss of COX2 activity induced by
indomethacin coincides with an almost complete loss of COX1 activity
(96.6% loss of activity), a 50% loss of activity in COX2 induced by
celecoxib or 1,8-Cineole only coincides with a marginal to moderate
loss of activity in COX1 (4.5% or 11,8% loss of activity). Taken together
these results suggest that 1,8-Cineole preferentially inhibits COX2.

The present results confirm clinical experience obtained from
treatment of inflammatory diseases with 1,8-cineole.
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