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Communication

Efficacy of anise oil, dwarf-pine oil and chamomile oil
against thymidine-kinase-positive and
thymidine-kinase-negative herpesviruses

Christine Koch, Jurgen Reichling, Roland Kehm, Mona M. Sharaf,
Hanswalter Zentgraf, Jirgen Schneele and Paul Schnitzler

Abstract

The effect of anise oil, dwarf-pine oil and chamomile oil against different thymidine-kinase-positive
(aciclovir-sensitive) and thymidine-kinase-negative (aciclovir-resistant) herpes simplex virus type 1
(HSV-1) strains was examined. Clinical HSV-1 isolates containing frameshift mutations in the thymidine
kinase (TK) gene, an insertion or a deletion, yield a non-functional thymidine kinase enzyme resulting in
phenotypical resistance against aciclovir. The inhibitory activity of three different essential oils against
herpes simplex virus isolates was tested in-vitro using a plaque reduction assay. All essential oils exhibited
high levels of antiviral activity against aciclovir-sensitive HSV strain KOS and aciclovir-resistant clinical
HSV isolates as well as aciclovir-resistant strain Angelotti. At maximum noncytotoxic concentrations of
the plant oils, plaque formation was significantly reduced by 96.6-99.9%, when herpesviruses were
preincubated with drugs before attachment to host cells. No significant effect on viral infectivity could
be achieved by adding these compounds during the replication phase. These results indicate that anise
oil, dwarf-pine oil and chamomile oil affected the virus by interrupting adsorption of herpesviruses and
in a different manner than aciclovir, which is effective after attachment inside the infected cells. Thus the
investigated essential oils are capable of exerting a direct effect on HSV and might be useful in the
treatment of drug-resistant viruses. Chamomile oil did not reveal any irritating potential on hen’s egg
chorioallantoic membrane, demonstrated the highest selectivity index among the oils tested and was
highly active against clinically relevant aciclovir-resistant HSV-1 strains.

Introduction

Herpes simplex virus type 1 (HSV-1) is a widespread human pathogen that causes epidermal
lesions in and around the oral cavity. The symptoms caused by herpes infections are usually
self-limiting but can be extensive and prolonged in immunocompromised patients. All
members of the family Herpesviridae are able to establish a latent infection (e.g. HSV in the
nervous system that can be reactivated quite frequently). Several drugs are currently available
for the management of HSV infections, such as aciclovir. Aciclovir, a guanine nucleoside
analogue, has been widely used for the therapy of herpesvirus infections; its preferential
phosphorylation by the HSV-encoded thymidine kinase (TK) makes it a selective antiviral
drug (Cassady & Whitley, 1997; De Clercq 2004). The HSV-1 TK is a multisubstrate enzyme
that phosphorylates a broad spectrum of purine and pyrimidine nucleoside substrate analogues.
In the case of aciclovir-resistant herpetic infections, antiviral therapy with foscarnet or
cidofovir is indicated. In immunocompromised patients, a prolonged antiviral therapy is
required, resulting in the emergence of drug-resistant mutants in approximately 4-7%
(Christophers et al 1998; Chakrabarti et al 2000; Chen et al 2000). This trend has led to the
search for alternative anti-herpetic agents that have a wide range of efficacy without serious
adverse effects, and which are effective against viral strains resistant to current antiviral agents.

Essential oils of many plants have been widely used in traditional medicine (Reichling
1999). Recently, the anti-herpes activity of several essential oils from different plant sources,
as well as of various constituents of essential oils, was demonstrated (Sivropoulou et al 1997;
Benencia & Courreges 1999; Bourne et al 1999; De Logu et al 2000). The anti-herpes activity
of Australian tea tree oil and peppermint oil has been published (Carson et al 2001;
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Schuhmacher et al 2003). Here we report studies on the
antiviral activity of three essential oils against TK-positive
and TK-negative clinical HSV-1 isolates where therapy with
aciclovir failed.

Materials and Methods

Essential oils and aciclovir

Different essential oils were investigated — anise oil
(Illicium verum), dwarf-pine oil (Pinus mugo) and chamomile
oil (Matricaria recutita) (purchased from Caelo, Hilden,
Germany). To confirm the pharmaceutical quality and identity
of the essential oils tested their chemical composition was
analysed quantitatively and qualitatively by GC and GC/MS
methods as described previously (Schnitzler et al 2007). All
essential oils tested met the standard demands of either current
pharmacopoeias or literature data (Blaschek et al 2006); they
were dissolved in ethanol and added to the cell culture
medium. For each essential oil one defined batch was ordered
for all antiviral assays, thus always the same batch of oil was
used. To guarantee the reproducibility of the essential oil
composition, each sample of each batch was analysed by GC
and GC/MS. All analysed essential oil samples contained the
same spectrum and same amount of individual components
with negligible differences. Thus a high quality and
reproducibility of the essential oils used in antiviral assays
was assured. Aciclovir was purchased from Glaxo Smith Kline
(Bad Oldesloe, Germany) and dissolved in sterile water.

Cell culture and viruses

RC-37 cells (African green monkey kidney cells), Vero cells
and MCDK cells were grown with Dulbecco’s modified
Eagle’s medium (DMEM) supplemented with 5% fetal calf
serum, 100 U mL™" penicillin and 100 1g mL™" streptomycin.
Aciclovir-sensitive herpes simplex virus type 1 (HSV-1) strain
KOS and aciclovir-resistant strain Angelotti, as well as
clinical isolates 1246/99 and 496/02, were used (Schnitzler
et al 2007). Strain Angelotti exhibits a single point mutation
in the pyrophosphate binding site of the DNA polymerase
gene, where alanine is replaced by valine in the 14-amino acid
conserved binding site (Knopf 1987).

Polymerase chain reaction and DNA sequencing

Amplification of HSV DNA was performed using 5 uL of
the eluted DNA in a total reaction volume of 50 pL as
described previously (Chibo et al 2004). PCR products were
purified and sequenced in the forward and reverse direction.

Cytotoxicity assay

For cytotoxicity assays, cells were seeded into 24-well plates
at a density of 5 X 10* cells per well and incubated for 24 h at
37°C. The medium was removed and fresh DMEM contain-
ing the appropriate dilution of the essential oils was added
onto subconfluent cells (Soderberg et al 1996). The cytotoxic
concentration of the drug, which reduced viable cell number

by 50% (TC50), was determined from dose—response curves.
Each experiment was performed with ten replicates and
repeated three times.

Mode of antiviral activity

Inhibition of virus replication was measured using a plaque
reduction assay with RC-37 cells (African green monkey
kidney cells), Vero cells and MCDK cells. By reference to the
number of plaques observed in virus-infected controls, treated
with 1% ethanol but no addition of essential oil, the
concentration of test compound that inhibited the plaque
number by 50% (IC50) was determined from dose-response
curves. Each experiment was performed with six replicates and
repeated three times. To determine the mode of antiviral action,
cells were pretreated with essential oils before viral infection,
viruses were incubated with essential oils before infection and
cells and viruses were incubated together during adsorption or
after penetration of the virus into the host cells as previously
described (Reichling et al 2005). Essential oils were always
used at the maximum noncytotoxic concentration. Each test
was run with six replicates and repeated three times.

HET-CAM assay

The HET-CAM assay (hen’s egg test — chorioallantoic
membrane) was used to determine the irritation potential of
chamomile oil (Mdller et al 2006). Fresh, fertile eggs were
incubated at 37.8°C and 70% humidity for 72 h. Five
millilitres of albumin were removed from the eggs with a
syringe followed by another 96-h period of incubation.
For the HET-CAM assay the eggs were used on day 9 of
incubation. A 50% mixture of cream and water was injected
under the CAM to increase visibility of the CAM’s vessel
system. Essential oils were applied to the CAM at different
concentrations until the irritation threshold of the individual
oils were detected. For documentation, the eggs were placed
under a stereo microscope, equiped with a digital camera.
Olive oil, the non-irritating solvent for essential oils, served
as negative control. HET-CAM assays were performed with
six replicates and repeated three times.

Statistical analysis

Cytotoxicity assays with different essential oils, mode of
antiviral action at different steps of viral replication and
HET-CAM assays with different essential oils were compared
statistically. Results were expressed as means * standard
deviation (s.d.) and differences between treatments were
examined using a nonparametric test (Mann—Whitney method).

Results

Characterization of thymidine-kinase-negative
HSV-1 clinical isolates

RC-37 cells were infected with thymidine-kinase-negative
(aciclovir-resistant) HSV-1 clinical isolates 1246/99 and
496/02, strain Angelotti and the thymdine-kinase-positive



(aciclovir-sensitive) strain KOS, which served as a control.
Infected cells were incubated with medium containing
25 ug mL™" aciclovir for 4 days. Viral replication of the
aciclovir-resistant HSV-1 isolates 1246/99, 496/02 and strain
Angelotti was not significantly inhibited by the drug
aciclovir whereas the plaque formation of strain KOS was
reduced by about 90% (data not shown). Foscarnet was
effective against all HSV-1 strains and no mutations in the
polymerase gene were detected. Both clinical isolates
revealed a single point mutation in the coding sequence of
the TK gene. An insertion was found in strain 1246/99 at
position 436, a deletion was detected in the middle of the
TK gene at position 551 in strain 496/02. Both frameshifts
probably result in deficiency of TK activity, in strain
1246/99 by changing more than half of the amino acid
sequence and in strain 496/02 by a premature stop codon in
the new reading frame at position 916.

Cytotoxicity

All essential oils were dissolved in ethanol and added to the
medium at a final concentration of 1% ethanol. The effect of
the oils on the growth of eukaryotic cells was examined
at dilutions from 1 mg mL™" to 0.1 yg mL™". The toxic
concentration (TC50) of the tested essential oils was
determined as 160 ug mL™" for anise oil, 40 ug mL™" for
dwarf-pine oil and 30 pg mL™" for chamomile oil (Table 1).
The MTT formazan assay for cytotoxicity of essential oils
was conducted in parallel but revealed very similar results
for toxic and maximum nontoxic concentrations. Maximum
noncytotoxic concentrations for the essential oils are shown
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in Table 1; cells incubated for four days with maximum
noncytotoxic oil concentrations did not reveal any influence
on morphology and viability.

Efficacy of essential oils against HSV-1 strains

Pretreatment of cells with the essential oils did not reduce
virus production; however, pretreatment of HSV with each
essential oil before infection caused a significant reduction
in infectivity ranging from 96.6% (anise oil) to 99.9%
(chamomile oil) for strain KOS and from 98.5% (anise oil) to
99.9% (chamomile oil) for the aciclovir-resistant isolate
1246/99. HSV strains incubated in 1% ethanol without
essential oil served as untreated control (Table 2). When
these essential oils were added only during the adsorption
period, virus titres were reduced by about 70-80%.
Interestingly, no significant effect on viral growth could be
observed when the essential oils were added exclusively to
the overlay medium after viral adsorption during the
replication period immediately following the removal of
the unadsorbed virus inoculum. A clearly concentration-
dependent activity of chamomile oil was demonstrated in the
dose-response curves (Figure 1). Similar concentration-
dependent results were obtained with anise oil and dwarf-
pine oil; IC50 values for all oils tested are shown in Table 1.
The effect of essential oils was also investigated in Vero cells
and MDCK cells, two other permissive cell lines for HSV.
Similar results to RC-37 cells were obtained; a reduction of
virus titres between 84% and 92% was detected when HSV
strains were incubated with essential oils during the
adsorption phase and even a more than 98% reduction

Table 1 Toxic concentrations, selectivity indices and irritation threshold of different essential oils for HSV-1

Essential oil Maximum TC50 (ug mL™) IC50 (ug mL™) Selectivity Irritation
noncytotoxic index (SI) threshold
concn (g mL™)

Anise oil 100 £ 8 160 £ 19.2 40 £ 4.0 4 90%

Dwarf-pine oil 30+ 3.6 40 + 4.4 7+0.84 6 100%

Chamomile oil 10+1.2 30+42 0.3 £0.045 100 Not detectable

Table 2 Effect of anise oil, dwarf-pine oil and chamomile oil on infection of HSV-1 strains

Anise oil Dwarf-pine oil Chamomile oil

KOS Ang. 1246/99  496/02 KOS Ang. 1246/99  496/02 KOS Ang.  1246/99  496/02
Pretreatment cells ~ 101.4 102.4 108.7 93.9 102.2 95.9 112.2 91.3 96.6 89.6 105.2 94.4

+74 +59 +3.6 +3.2 +9.0 +183 =*126 +9.0 +9.7 +84 =+ 141 +123
Pretreatment virus 3.4 0.5 1.5 0.4 1.3 0.2 0.1 0.1 0.1 0.2 0.1 0.2

+24 +0.3 +0.5 +0.3 +0.8 +0.2 +0.1 +0.1 +0.1 +02 +0.1 +0.2
Adsorption 28.5 232 19.8 22.7 222 28.1 19.9 24.5 18.7 29.7 21.0 223

+4.0 +32 +44 +29 +32 +4.1 +33 +3.9 +19 +3.0 =*28 +4.1
Replication 97.7 114.2 114.6 111.7 96.3 105,7 105,7 108.2 92.0 89.7 92.9 96.4

+19.1 +184 160 +132 £152 =+175 =*115 +168 £112 +9.0 =£10.5 +14.0

Remaining infectivity is indicated in % compared with untreated controls. HSV-1 strain KOS (aciclovir-sensitive), Angelotti (Ang.; aciclovir-resistant),
and aciclovir-resistant HSV-1 strains 1246/99 and 496/02 derived from patients who failed therapy with aciclovir were used.
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Figure 1 Dose-response curves for chamomile oil against indicated
HSV-1 strains. Virus strains were preincubated for 1 h at room temperature
with increasing concentrations of chamomile oil and immediately tested in
a plaque reduction assay. Reduction of viral titres are shown as percentage
of plaque-forming units (pfu) compared with untreated controls.

could be achieved by preincubating the virus before
infection. These results indicate an antiviral effect of
essential oils on HSV independent of the cell line used.
When 1000-fold higher herpesvirus titres than mentioned
above were preincubated for 1 h with different essential oils
and subsequently highly diluted viral suspensions were tested
in plaque assays, the viral infectivity was reversed. This
indicates adsorption inhibition rather than viral inactivation
by a virucidal mechanism.

A

R

To gain more insight into the mode of action against HSV,
the virus was incubated with chamomile oil concentrations
ranging from 1 pug mL™' to 10 mg mL™" for 1 h at room
temperature and several thousand viral particles were
subsequently analysed by electron microscopy. No obvious
effect on the viral envelope or structure could be observed
compared with untreated virus. However, this method was
not sufficiently precise enough to affirm that the envelope is
not affected by a lipidic compound.

Selectivity index and irritation potential

Selectivity indices for different essential oils were calculated
as the ratio TC50/IC50 and are given in Table 1. Anise oil
and dwarf-pine oil exhibited low selectivity indices;
chamomile oil revealed the highest selectivity index of
100 among the essential oils tested. In view of their topical
application and to assess the possible irritation potential of
these essential oils to skin and mucous membranes, their
irritation threshold concentration was determined using
the HET-CAM (hen’s egg test — chorioallantoic membrane)
assay. Plant oils were applied to the chorioallantoic
membrane of embryonated eggs at concentrations ranging
from 10% to 100%. Anise oil displayed a threshold of 90%,
dwarf-pine oil a threshold of 100% and chamomile oil did
not reveal any irritating behaviour, either diluted or undiluted
(Table 1, Figure 2).

T —

Figure 2 HET-CAM assay (hen’s egg test — chorioallantoic membrane) was used to determine the irritation potential of chamomile oil; drugs were
applied to the chorioallantoic membrane. A. Olive oil, the solvent for essential oils, served as negative control and caused no irritation of the
chorioallantoic membrane. B. 0.5% SDS-solution represents a positive control and induces visible haemorrhage. C. 100% Chamomile oil showed no
irritation potential on the chorioallantoic membrane.



Discussion

Resistance to aciclovir in HSV infection is often caused by
mutations in the viral thymidine kinase genes (Chibo et al
2004; Andrei et al 2005). An insertion for isolate 1246/99
located between the ATP-binding site and the nucleotide-
binding site and a deletion in the open reading frame of
the thymidine kinase gene of isolate 496/02 located about
30 nucleotides downstream of the nucleotide-binding site
have been detected. Both frameshifts result in expression
of a non-functional enzyme, which leads to phenotypical
aciclovir resistance.

We have analysed the inhibitory effect of several essential
oils against herpes simplex virus infection in-vitro. Pretreat-
ment of the cells with the essential oils had no effect on the
production of infectious virus and plaque formation was not
affected. The same results were found when the essential oils
were added during the replication period of the infection
cycle. However, all tested essential oils exhibited high
levels of antiviral activity against aciclovir-sensitive and
aciclovir-resistant HSV-1 strains in viral suspension tests. At
maximum noncytotoxic concentrations of the compounds,
plaque formation was significantly reduced by 96.6-99.9%,
when herpesviruses were preincubated with essential oils.
Addition of the essential oils during the 1-h adsorption period
also resulted in virus inhibition up to 90%. These results
indicate that anise oil, dwarf-pine oil and chamomile oil
affected the virus before attachment and in a different
manner to aciclovir since plaque formation of aciclovir-
resistant isolates HSV-1 1246/99 and 496/02 was signifi-
cantly reduced. Preincubated viruses were exposed for
2 h to the drugs and were more inhibited than viruses treated
with essential oils for only 1 h during the adsorption period.
During adsorption, viral and cellular receptors interact and
during viral replication, herpesviruses spread from cell to cell
and form plaques. An inhibition of cell-to-cell infection via
lateral diffusion by the essential oils of Artemisia arbor-
escens has been reported recently (Saddi et al 2007).
However, inhibition of plaque development or reduction of
plaque size was not observed for the essential oils of anise
oil, dwarf-pine oil and chamomile oil. These essential oils
probably interacted directly with viral particles and inhibited
attachment to host cells. When 1000-fold higher herpesvirus
titres than mentioned above were preincubated for 1 h with
different essential oils and subsequently highly diluted viral
suspensions were tested in plaque assays, the viral infectivity
was reversed. This indicates adsorption inhibition rather
than viral inactivation by a virucidal mechanism. Electron
microscopy studies did not reveal any obvious change in
viral structure after incubation with the plant-derived oils.
This is in accordance with the hypothesis of an interfering
effect of essentials oils with the virus that prevents binding
or uptake of the virus into the host cell. These results suggest
that the investigated essential oils interfere with virion
envelope structures or might mask viral compounds that
are necessary for adsorption or entry into host cells. An
interaction of tea tree oil, which has similar properties
against HSV in-vitro, with the cell membrane of Escherichia
coli was reported recently (Cox et al 2000). A dissolution of

Effect of selected essential oils on herpesviruses 1549

the HSV envelope by treatment with oregano essential oil has
been described (Siddiqui et al 1996). Sandalwood oil was
reported to show no virucidal effect when incubated with
herpesvirus before infection but inhibited the replication
significantly when it was added after the adsorption period.
Thus, different mechanisms of antiviral activity of different
essential oils seem to be present. The inhibition of HSV by
anise oil, dwarf-pine oil and chamomile oil appears to occur
before, or during, adsorption but not after penetration of the
virus into the cell. It remains to be determined whether
the inhibitory effect of essential oils is due to binding of the
essential oil to viral proteins involved in host cell adsorption
and penetration.

Interestingly, TK-negative strains were significantly inhib-
ited by the essential oils: the titre of HSV was reduced by
about 99%. Since essential oils are able to inhibit aciclovir-
resistant HSV-1 isolates, the mechanism of interaction
between these compounds and aciclovir with HSV must be
different. Aciclovir inhibits virus replication by interference
with the DNA polymerase inside the cell, whereas essential
oils probably interact with HSV before it enters the cell. Viral
resistance to aciclovir represents a particular problem — the
prevalence of resistance in aciclovir-treated immunocompro-
mised individuals is approximately 4-7% (Christophers et al
1998; Stranska et al 2005). Therefore, other anti-herpetic
agents that are effective against viral mutants resistant to
current antiviral agents are of great interest as topical
additional treatment. The successful application of tea tree
essential oil against herpetic infections in patients for the
treatment of recurrent herpes labialis has been reported
recently (Carson et al 2001, 2006). Essential oils could be
used as topical treatment for herpetic infections and might
even be effective against aciclovir-resistant strains that had
been described previously for labial and genital herpes
(Gaudreau et al 1998; Chibo et al 2004; Stranska et al
2005). The results of our study support the concept that the
antiviral effect of essential oils is due to direct interaction with
viruses before attachment. This interaction might also affect
extracellular herpesviruses released from host cells and lead to
effective antiviral treatment for herpes labialis, as demon-
strated previously (Carson et al 2001).

Chamomile oil did not cause any irritation even when
applied undiluted to the highly sensitive chorioallantoic
membrane. In comparison with other tested essential oils
chamomile oil revealed the highest selectivity index of 100.
Considering the lipophilic nature of chamomile oil, which
enables it to penetrate the skin, antiviral activity against
both aciclovir-sensitive and aciclovir-resistant HSV-1, lack
of irritating potential and high selectivity index, chamomile
oil might be a promising topical therapeutic agent in the
treatment of recurrent herpes infection.
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