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Abstract

Purpose: To explore the antiviral potential of Eucalyptus citriodora and Eucalyptus globulus essential
oils against zoonotic highly pathogenic avian influenza (HPAI) H5N1 and infectious bronchitis virus.
Methods: The extraction process of eucalyptus leaves was carried out using the steam distillation
method. The physicochemical properties of both essential oils were determined by gas chromatography
(GC) injection. The essential oils were then tested for toxicity and antiviral activity by liquid phase and
vapour phase methods in ovo. In addition to specific pathogen-free (SPF)-egg testing, the infectivity of
HPAI H5N1 and effectivity of the essential oils in the vapour phase in inhibiting the growth of HSN1 were
also tested using MTT assays.

Results: The result showed 100 % inhibition by both essential oils against 10° EIDso of HSN1 Al and
IBV for all concentrations that were administered through direct contact. In the vapor phase, complete
inhibition of 102 EIDso of HPAI H5N1 and IBV viruses was observed at 8 % concentration for both
essential oils, as confirmed by the absence of lesions on the embryos and negative HA test result.
Conclusion: Eucalyptus essential oils from E. citriodora and E. globulus may serve as potential
alternative natural products for combating zoonotic HPAI H5N1 and infectious bronchitis virus (IBV).
Further studies are needed to characterize their phytopharmaceutical activity and pathways as novel
antiviral agents against these viruses.
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INTRODUCTION

countries in the world.

Human-to-human

Highly Pathogenic Avian Influenza (HPAI) Virus
A (H5N1) was first isolated and characterized
from poultry in China in 1996 and has now
become endemic in domesticated poultry, wild
birds, and even humans in more than 60

transmission of H5N1 was first reported in 1997
causing severe health conditions in infected
patients [1]. In Indonesia, an endemic HPAI
H5N1 virus was reported to infect avian
population which then led to sporadic infection in
humans since 2005 [2]. This virus has been
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reported to have the second-highest infection
rate, with 200 reported cases, of which 168 were
fatal. Furthermore, the death rate in Indonesia
has been reported as the highest globally [3].
The infection of H5N1 in humans showed several
clinical manifestations, such as acute respiratory
syndrome, systemic organ failure and high
mortality rate. It remains the biggest threat to
economic losses among large poultry farms and
small farm holders. However, vaccination, the
main preventive program, results in highly
variable outcomes. One of the limitations of
these vaccines is vaccination failures resulting in
insufficient long-term protective immunity in birds
[4]. The rapid evolution of H5N1 virus by
antigenic drift and antigenic shift (reassortment)
has led to a decline or loss of vaccine efficacy. In
addition, mutations in viral surface proteins have
also resulted in antiviral drug resistance.

Infectious Bronchitis Virus (IBV), which is often
found to be co-infected with H5N1 infection,
originated from Gammacoronavirus genus and is
also responsible for huge economic loss in
poultry farms by causing respiratory system
disorders, decrease in egg quality and quantity in
the infected birds [5]. This infection affects the
respiratory tract, as well as the reproductive,
renal and digestive systems of chickens with
various clinical manifestations.

The virus is an enveloped virus with a single-
stranded positive-sense RNA genome  of
approximately 27 kb. The estimates of IBV
substitution rate (a0 - 1075
substitutions/site/year) are still remarkable and
yield notable evolutionary potential. This reflects
the heterogeneity of variants that have led to the
emergence of new serotypes and genotypes
globally. Due to its evolutionary ability, the
effectiveness of vaccination is very limited. This
is indicated by the continued occurrence of IBV
outbreaks in poultry farms that received
vaccination [6]. This condition is worsened when
infection between IBV and avian influenza virus
(AlIV) occurs simultaneously. Co-infection with
the viruses might increase the pathogenicity by
increasing the activation of NLRP3
inflammasome and inducing lethal inflammatory
response, resulting in lesions that are found in
several vital organs [7].

Indonesia is known for its enormous herbal plant
diversity which empirically has been utilized for
treatments such as anti-cancer, antimalarial, anti-
parasite, anti-diabetes, antimicrobial, antifungal,
anti-allergy, immunostimulants and also antiviral
[8]. Most herbal extracts and compounds have
been shown to regulate intercellular immune
function and proteins, as well as directly inhibit
the virus [9]. One of such product which
originated from herbal plants is in the form of
essential oils. Eucalyptus essential oils (EEO)
contain both major and minor phytoconstituents
which have long been used as traditional
medicine across the globe, including as an
antiviral therapy against influenza and other
respiratory diseases [10].

Indonesia’s herbal plants from the family
Myrtaceae namely Eucalyptus citriodora (E.
citriodora) and Eucalyptus globulus (E. globulus)
have the potential to be utilized as new antiviral
candidates. Therefore, this study explores the
potential of E. citriodora and E. globulus
essential oils as alternative natural products
against zoonotic HPAI H5N1, which poses
significant health risks to humans and poultry in
Indonesia, as well as against IBV, a major viral
agent of poultry infection that causes high
mortality and reduced egg production.

EXPERIMENTAL
Virus isolation and propagation

Local isolates of HPAI H5N1 (A/Muscovy
Duck/Banten/BR7/2013) and Infectious
Bronchitis Virus (IBV) were collected from
Banten Province, Indonesia and characterized as
reported [11]. Both IBV and HPAI H5N1 viruses
were propagated in Specific Pathogen Free
(SPF) embryonated chicken eggs following
standard procedure [12]. The viral titration test
was conducted according to established protocol
[13] (Table 1). Furthermore, Hemagglutination
Assay (HA) was performed to confirm the
presence of HPAI H5N1 using the OIE procedure
[14]. Molecular assay using reverse transcription-
polymerase chain reaction (RT-PCR) was also
conducted to confirm both IBV and HPAI H5N1
as described previously [11]. The isolated virus
was aliquoted in 1.8 mL cryotube and stored at -
80 °C for further testing.

Table 1: Viral particle of Gammacoronavirus (IBV) and Al H5N1 virus

Virus Lesion or Hemagglutination Assay Titer (Embryo RT-PCR
Embryonic death (Titre) infectious dose 50) Test

Infectious bronchitis virus Positive Not done* 105° EIDso / 1 mL Positive

HPAI subtype H5N1 Positive Positive (258/8l0g2) 10° ElDso /1 mL Positive

*Note: IBV does not spontaneously agglutinate chicken red blood cells [15]. EID: Embryo infectious dose
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Plant materials and extraction methods

Selected concentrations (2, 4, 8, 10, 20 and 30
%) of leaf essential oils from E. citriodora and E.
globulus were used for toxicity testing, diluted
with mineral oil. The Eucalyptus leaf was
collected from the Indonesian Spice and
Medicinal Crops Research Institute (Balittro),
Bogor, Indonesia and extraction process was
carried out using steam distillation method for the
leaf parts. First, leaf collection was carried out by
picking leaves from the 5t-year-old Eucalyptus
tree. Collected leaves were separated from
stalks and twigs and then inserted into the
distillation kettle without withering process to
avoid the loss of volatle compound.
Furthermore, the distillation apparatus was set to
above 200 °C inside the kettle and machine
pressure was set at 1 atmosphere. The
distillation process was carried out for four hours
and production of essential oils commenced after
two hours running. The average yield of essential
oils was ~1.3 % of the total leaves extracted
(w/w). The essential oils were further tested for
quality checking in the Quality Assurance
Laboratory (Balittro, Ministry of Agriculture).

Direct contact/liquid phase methods of
essential oils

The toxicity test for essential oils (2, 4, 8, 10, 20
and 30 %) was conducted using embryonated
chicken Specific Pathogenic Free (SPF) eggs (9
to 11 days old). A total of 0.1 mL of each
essential oil was injected into the eggs, with five
replicates for each concentration, including a
positive control (10° EIDso of IBV and H5N1 Al
virus) [16]. Based on the cytotoxicity results, the
SPF eggs were subsequently inoculated with a
mixture of 0.1 mL of each essential oil (2, 4 and 8
%) and 0.1 mL of 10% EIDs, of IBV and HPAI
H5N1, followed by incubation at room
temperature (22 °C) for 45 min. Furthermore,
0.2 mL of the mixed essential oil and virus
solution was injected into the allantoic cavity of
the SPF eggs, with five replicates for each group.
The inoculated eggs were incubated at 37 °C for
5 days and monitored twice daily (morning and
evening).

The result was analyzed as follows: (A) death or
defect of the embryo after treatment with the
Eucalyptus essential oil (EEO); (B) death or
defect caused by viral infection as a positive
control; and (C) death of the embryo in the
negative control. viability confirmation from HPAI
H5N1 was performed using the Hemagglutination
Test (HA/HI). Allantoid fluids from treated SPF
chicken eggs were aseptically harvested and

tested using 10 % normal chicken Red Blood
Cells (RBC).

Vapour phase method

Testing of the essential oils' activity against Al
H5N1 and IBV was conducted at three different
concentrations (2, 4 and 8 %) following a
modification of the method by Vimalanathan and
Hudson [17]. Aliquots (10 pL) of virus (10? EIDso)
were individually dried for 10 min on the
underside of the caps of sterile microcentrifuge
tubes within a biosafety cabinet. Test oils (500
ML) were added to each tube, and caps,
containing the dried viral film, were replaced. The
tubes were then exposed to the oil for 45 min at
37 °C. Phosphate-buffered saline (PBS)
containing Penicillin-Streptomycin  (Pen-Strep,
100 1U) was used as negative control. After
exposure, the caps were removed, and the dried
viral film was reconstituted in 1 mL of PBS with
Penicillin-Streptomycin (Pen-Strep, 100 IU; 200
pL/mL) and injected into the allantoic cavity of
SPF eggs (200 uL per egg) with five replicates.
The eggs were then incubated at 37 °C for 5
days and monitored twice daily (morning and
evening).

The analysis was carried out by using indicators
as follows: (A) Death or defect of the embryo
after Eucalyptus treatment; (B) Death or defect of
the embryo caused by the viral infection as a
positive control; (C) Death of the embryo without
any treatment; and (D) Hemagglutination (HA)
Test against HPAI H5N1 virus.

Cell culture and microculture tetrazolium
technique (MTT) assay

In addition to SPF-egg testing, the infectivity of
HPAI H5N1 and the efficacy of essential oils in
the vapor phase to inhibit the growth of H5N1
were tested on MDCK cells using MTT assays
[18]. The MDCK cells were cultured in 96-well
flat-bottom microplates. MTT results were
confirmed using HA test according to OIE
standards [19]. Unfortunately, attempts at viral
isolation using Vero cells were unsuccessful for
IBV. For the cell culture experiments, 0.5 mL of
E. citriodora and E. globulus essential oils at
concentrations of 2, 4 and 8 % were added to 2
mL microcentrifuge tubes. As a negative control,
0.5 mL of PBS containing Pen-Strep (100 IU)
was used. HPAI H5N1 virus, at a concentration
of 102 TCIDso/10 pL (Tissue Culture Infectious
Dose), was placed in the cap of each tube, which
was then tightly sealed and incubated at 37 °C
for 45 min. After incubation, the contents of each
tube cap were re-suspended in 1 mL of
Dulbecco's Modified Eagle Medium (DMEM)
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containing 2 % fetal calf serum (FCS) and added
to MDCK cells in the 96-well plate once
confluence reached 85 — 90 % (200 pL/well).
Five replicates were used for each concentration.
The treated MDCK cells were then incubated at
37 °C in a carbon dioxide (CO3) incubator for 48
h and monitored twice daily (morning and
evening). After 48 h the culture media in the
microplate were  examined using the
Hemagglutination Assay (HA) for HPAI H5N1.
The MTT assay was performed using the Cell
Proliferation Kit I (MTT) from Sigma (Cat no.
11465007001), following the standard protocol,
to assess the metabolic activity or cell death of
HPAI virus-infected cells. Absorbance was
measured at 620 nm using an ELISA microplate
reader.

RESULTS

Gas chromatography (GC) analysis revealed that
citronellal was the major constituent of E.
citriodora (76.07 %), followed by 1,8-cineole at
0.05 %. In contrast, E. globulus primarily
contained 1,8-cineole (83 %). The GC retention
time for citronellal peaked at 17.9 min, confirming
it as the main component, while the retention
time for 1,8-cineole peaked at 8.336 minutes.
The detailed parameters are presented in Table
2 and Table 3.

The toxicity of essential oils from E. citriodora
and E. globulus, administered via direct injection
into the allantoic cavity of 9- to 11-day-old SPF-
embryonated chicken eggs, was tested at three
different concentrations (2, 4 and 8%). The
results, presented in Table 4, indicate that the
essential oils at concentrations of 2 to 8 % did
not exhibit toxic effects on the embryonated
chicken eggs. However, at concentrations of 10
to 30 %, both E. citriodora and E. globulus
essential oils were toxic to the eggs.

Table 2: Physicochemical properties of Eucalyptus citridora essential olil

Parameter Result Standard quality range
Citronellal 76.07% >70%

Color Transparent Transparent to yellowish
Specific gravity 0.865 0.86-0.87
Absorbance -2° -(0°) to 20°
Refractive Index 1.4530 1.4510 -1.4640
Odor Specific to E. citriodora Specific to E. citriodora
Solubility in ethanol 70 % 1:2 <1:3

Table 3: Physicochemical properties of Eucalyptus globulus essential oil

Parameter Result Standard quality range
1,8-Cineole 83% > 80%

Color Transparent Transparent to greenish-yellow
Specific gravity 0.915 0.905-0927
Absorbance +5° -(0°) to 18°
Refractive Index 1.4637 1.4580 - 1.4700

Odor Specific to E. globulus Specific to E. globulus
Solubility in ethanol 70 % 1:4 15

Table 4: Toxicity test result of E. citriodora and E. globulus essential oils

Essential oils
concentration

Presentation of embryonic lesion in SPF eggs
(embryonic lesion/total embryonic eggs)

Toxicity test result

. globulus (10%)
. globulus (20%)
. globulus (30%)

PBS+Ab* (control) 0% (0/5)

E. citriodora (2%) 0% (0/5)

E. citriodora (4%) 0% (0/5)

E. citriodora (8%) 0% (0/5)

E. citriodora (10%) 80% (4/5)
E. citriodora (20%) 100% (5/5)
E. citriodora (30%) 100% (5/5)
E. globulus (2%) 0% (0/5)

E. globulus (4%) 0% (0/5)

E. globulus (8%) 0% (0/5)

E

E

E

60% (3/5)
100% (5/5)
100% (5/5)

Normal embryo, no toxicity
Normal embryo, no toxicity
Normal embryo, no toxicity
Normal embryo, no toxicity
80% toxicity

100% toxicity

100% toxicity

Normal embryo, no toxicity
Normal embryo, no toxicity
Normal embryo, no toxicity
60% toxicity

100% toxicity

100% toxicity

*Ab: Antibiotics (0.5 mL PBS containing Pen-Strep 100 1U)
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Thus, the 2 to 8 % concentrations of the
essential oils were selected for further analysis.
Following the toxicity test, the direct contact
(liquid phase) test was conducted using 103
EIDso of both the HPAI H5N1 and IBV viruses
(Table 5). Results from the direct contact test
showed that both essential oils successfully
inhibited 100 % of the growth of 103 EIDso of both
viruses, which infected SPF-egg embryos within

45 min. Additionally, the infected eggs treated
with the essential oils showed no lesions on the
embryos, and the HA test for the HPAI H5N1
virus was negative. Furthermore, the antiviral
activity of the essential oils from E. citriodora and
E. globulus was tested using the vapor phase
(Table 6). The results of MTT assay are
presented in Table 7, while the cytopathic effect
(CPE) is shown in Figure 1.

Table 5: The direct contact or liquid phase test result of E. citriodora and E. globulus essential oils against

10%EIDso Al H5N1 and IBV virus

Presentation of embryonic lesion in
SPF eggs (embryonic lesion/total

Essential oils
concentration

embryonic eggs)
HA test result (total positive result)

Result

10%EID =0 103 EID so
Al H5N1 IBV

E. citriodora (2%) 0% (0/5) 0% (0/5) Inhibits 100% of the growth of Al
Negative n.d H5N1 and IBV viruses

E. citriodora (4%) 0% (0/5) 0% (0/5) Inhibits 100% of the growth of Al
Negative n.d H5N1 and IBV viruses

E. citriodora (8%) 0% (0/5) 0% (0/5) Inhibits 100% of the growth of Al
Negative n.d H5N1 and IBV viruses

E. globulus (2%) 0% (0/5) 0% (0/5) Inhibits 100% of the growth of Al
Negative n.d H5N1 and IBV viruses

E. globulus (4%) 0% (0/5) 0% (0/5) Inhibits 100% of the growth of Al
Negative n.d H5N1 and IBV viruses

E. globulus (8%) 0% (0/5) 0% (0/5) Inhibits 100% of the growth of Al
Negative n.d H5N1 and IBV viruses

Virus control/ Positive 100% (5/5) 100% (5/5) Gammacoronavirus (IBV) and Al

control (Al H5N1 and IBV Positive (5) n.d H5N1 Viruses were detected

Virus) (100% growth of viruses)

Embryo control / Negative n.d n.d 100% embryo was normal, HA

control (PBS+Ab)

test result was negative

EIDso: Embryo Infected Doses so; n.d:

not done; HA: Hemagglutination

Table 6: The vapour phase test result of E. citriodora and E. globulus essential oils against 10?2 EIDso Al H5N1

and IBV virus

Presentation of embryonic lesion in SPF eggs

(embryonic lesion/total embryonic eggs)
HA test result (total positive result)

Essential oils

Result

concentration 10? EIDso 10? EIDso
Al H5N1 IBV
E. citriodora (2%) 100% (5/5) 100% (5/5) Unable to inhibit the growth of Al
Positive (5) n.d H5N1 and IBV viruses
E. citriodora (4%) 100% (5/5) 100% (5/5) Unable to inhibit the growth of Al
Positive (5) n.d H5N1 and IBV viruses
E. citriodora (8%) 0% (0/5) 0% (0/5) Inhibit 100% the growth of Al
Negative n.d H5N1 and IBV viruses
E. globulus (2%) 100% (5/5) 100% (5/5) Unable to inhibit the growth of Al
Positive (5) n.d H5N1 and IBV viruses
E. globulus (4%) 100% (5/5) 100% (5/5) Unable to inhibit the growth of Al
Positive (5) n.d H5N1 and IBV viruses
E. globulus (8%) 0% (0/5) 0% (0/5) Inhibit 100% the growth of Al
Negative n.d H5N1 and IBV viruses
Virus control (Al 100% (5/5) 100% (5/5) Gammacoronavirus (IBV) and Al
H5N1 and IBV Virus) Positive (5) n.d H5N1 Viruses were detected
(100% growth of viruses)
Embryo control n.d n.d 100% embryo was normal, HA test

(PBS+Ab)

result was negative

EIDso: Embryo Infected Doses so; n.d: not done; HA: Hemagglutination
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Table 7: MTT and HA test results of E. citriodora and E. globulus essential oils vapour phase on MDCK cells

Treatment Absorbance value HA Titer (log2) Description  CPE
102 TCIDso Al H5N1 virus

Positive control <0.107 3log2 Positive +
MDCK cell control/Negative

control >0.145 Olog2 Negative -
E. citridora 8% 0.134 Olog2 Negative -
E. citridora 4% 0.106 3log2 Positive +
E. citridora 2% 0.102 2log2 Positive +
E. globulus 8% 0.119 Olog2 Negative -
E. globulus 4% 0.105 3log2 Positive +
E. globulus 2% 0.103 3log2 Positive +

- - 3
e
l‘.

e >
a Ay
-’

o

-~

Figure 1: MDCK cells (A) normal MDCK Cells and (B) MDCK cells infected with Al virus subtype H5N1; (C, D, F
and G) corresponds to E. citriodora 2 %, E. citriodora 4 %, E. globulus 2 %, E. globulus 4 % against Al virus
subtype H5N1 in MDCK cell, respectively. E and H are E. citriodora 8 % and E. globulus 8 %, respectively,

against Al virus subtype H5N1 in MDCK cell

Results from the vapor phase test, using both
essential oils at the same concentrations and
with 45 min of exposure to both viruses, showed
that 2 and 4 % concentrations were unable to
inhibit viral growth. However, complete inhibitory
activity was observed at 8 % concentration for
both essential oils against 102 EIDso of HPAI
H5N1 and IBV viruses, as confirmed by the
absence of lesions on the embryos and negative
HA test result. A similar outcome was obtained
from the vapor phase test on MDCK cells, where
both essential oils effectively inhibited 102 TCIDso
of H5N1 virus. According to the MTT assay
results, E. citriodora and E. globulus at
concentrations of 2 and 4 % showed absorbance
(A) values similar to that of the viral control
(H5N1 102 TCIDsp; < 0.107), with values of 0.102,
0.106, 0.103, and 0.105, respectively. These
results indicate that the metabolic activity of
MDCK cells treated with E. citriodora and E.
globulus essential oils at 2 and 4 %
concentrations was comparable to that of the
positive control.

This result was further confirmed by positive HA
test, with titers ranging from 2 log2 to 3 log2,

indicating growth of the HPAI H5N1 virus in
MDCK cells exposed to the vapor phase of
essential oils at 2 and 4 % concentrations. These
findings suggest that both concentrations were
unable to effectively inhibit HPAI H5N1 virus
growth, as evidenced by the presence of CPE in
the MDCK cells. In contrast, the 8%
concentration of essential oil successfully
inhibited 100 % of the growth of 102 TCID50
HPAI H5N1 virus. This was further corroborated
by an average mean absorbance value close to
that of the MDCK control or negative control (=
0.145), with values of 0.134 and 0.119,
respectively. Additionally, the negative HA test
results and the absence of CPE in MDCK cells
after exposure to both essential oils at the 8%
concentration further support these findings.

DISCUSSION

Herbal plants are potential sources for new viral
drug development since they have diverse
phytoconstituents that potentially inhibit viral
replication and control virus infection by specific
mechanisms. The constituents of various
essential oils have significant antimicrobial
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activities, which make them potential agents
useful in the treatment of respiratory infections
caused by influenza or coronavirus [20]. The
essential oils from herbal plants have been
reported to suppress viral activity with diverse
mechanisms, one of which is via inhibition of viral
replication, or by preventing the spread of the
virus from cell to cell [20]. Antiviral activity of
essential oils has been reported on Herpes
simplex virus type-1 and type-2 (HSV-1 and HSV
2), pseudorabies virus (PrV), A3 influenza virus,
Junin virus (JUNV) and type-2 dengue virus
(DEN-2).

Essential oils generally contain a variety of
constituents with different chemical structures,
each of which has been reported to exhibit
distinct scents, properties, and specific
mechanisms of action in the human body [20]. In
this study, the essential oil of E. citriodora, which
contains citronellal as its primary constituent,
demonstrated 100 % inhibitory activity against
103 ElIDso of both the HPAI H5N1 and IBV viruses
when tested using the direct contact method with
45 minutes of exposure. In contrast, the oils at
concentrations of 2 — 4 % in the vapor phase test
were ineffective in inhibiting the growth of 102
EIDso and 102 TCIDso of the HPAI H5N1 and IBV
viruses. However, the vapor phase test showed
significant inhibitory effects at the 8 %
concentration, achieving 100 % inhibition of HPAI
H5N1 and IBV viruses. Previous studies have
reported that ethanol extracts of E. citriodora
leaves possess antiviral, anti-inflammatory, and
antioxidant activities [21].

Essential oil from E. citriodora is reported to
contain 32 active compounds, including
citronellol, linalool, isopulegol, spatulenol and
B-eudesmol. Despite its rich composition, only
one or two compounds are responsible for its
physiological function [20]. Some of these
compounds, such as citronellol, citronellal and
eucalyptol have been reported to have anti-
tuberculocidal activity, while citronellal, the main
component of the essential oil from E. Citriodora,
is known to have lower tuberculocidal activity.
This result shows the importance of synergistic
effects between the major and minor
phytoconstituents in developing new drugs or
medicines [21]. Several in vitro studies have
shown that essential oils have limited antiviral
activity, seen only on the viral envelope and in
the free-state virus, before viral attachment or
entry into the host. Hence, the essential oil of E.
citriodora (2, 4 and 8 % concentrations) may act
synergistically to exert antiviral activity against Al
H5N1 and IBV viruses. Moreover, both viruses
have an envelope structure which becomes the
cause of antiviral inhibition by the EEO [22].

The  phytocompound 1.8-cineole  (1,3,3-
Trimethyl-20-oxabicyclo (2.2.2) octane, also
known as Eucalyptol, 1,8-Epoxy-p-menthane;
European Pharmacopoeia Reference Standard)
is a major constituent of E. globulus essential oil.
It exhibited 100 % inhibitory activity against both
HPAI H5N1 and IBV viruses in the direct contact
test at all concentrations tested within 45 min of
exposure. In contrast, the vapor phase test only
showed significant inhibitory effects against the
HPAI H5N1 and IBV viruses at the 8%
concentration. Previous studies have
demonstrated that 1.8-cineole possesses diverse
pharmacological activities, including antiviral,
anti-inflammatory, anti-nociceptive, and
antimicrobial properties [24]. An in vitro study by
Cermelli et al [25] also reported that E. globulus
exhibits antiviral activity against the mumps virus.
Furthermore, the 1.8-cineole compound, being
the dominant constituent of E. globulus essential
oil, has demonstrated antiviral activity, including
against IBV. This anti-IBV activity may result
from chemical interactions between 1.8-cineole
and the RNA or nucleocapsid (N) protein of the
IBV virus. Another study found that 1.8-cineole
reduced influenza virus infection in experimental
mice by decreasing levels of interleukins (IL-4,
IL-5, IL-10) and Monocyte Chemoattractant
Protein-1 (MCP-1) in nasal lavage fluid, and IL-
1B, IL-6, TNF-a, and IFN-y in lung tissue. These
findings suggest that 1.8-cineole enhances
resistance to influenza virus infection by
modulating the inflammatory response in the
lungs [26].

Essential oil from Eucalyptus consists of a 1,8-
cineole compound (88 %) and is known to be
active towards HSV-1 in vitro. Eucalyptus
suppresses the HSV-1 multiplication up to
greater than 96 %. This result shows that the
antiviral activity against HSV-1 by the EEO may
be by directly inactivating the free-viral particle
and interfering with the virion envelope structure
which is required by the virus to enter the host
cell. These activities might be produced by the
synergistic effect of 1,8-cineole and other
phytoconstituents which triggers antiviral activity
against IBV and Al H5N1 viral envelope, both
through direct contact test or liquid phase and
vapour phase test [26]. The result is in tandem
with another study that reported that the antiviral
activity of 1,8-cineole may be by directly
inactivating the free-viral particle and interfering
with the virion envelope structure before the virus
enters the host cells [25].

The administration of essential oil may be
through direct contact (injection, dermal
absorption, etc) oral or inhalation. Administration
through the dermal route is usually used to treat
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skin infections caused by bacteria or yeast.
Meanwhile, both inhalation and oral
administration are used to treat many respiratory
infections such as bronchitis, asthma and
Chronic Obstructive Pulmonary Disease (COPD).
The volatility of oil extract enables them to reach
vast regions of the respiratory system via the
inhalational route. The administration through
inhalation of the EEO is considered a safe
method and has been applied in traditional
medicine. This procedure is carried out by mixing
a few drops of EEO in a hot-water bowl.
Nowadays, some invented devices have been
commercially produced to facilitate essential oil
administration through the inhalational route. A
recent study showed that essential oil of
Eucalyptus administered by direct contact or
liquid phase at various tested concentrations (2 —
8 %) was able to inhibit the 103EIDso of H5N1
and IBV viruses before viral penetration (pre-
treatment) into the host cells. On the other hand,
the vapour phase test of EEO was only effective
at 8 % concentration at lower viral concentration
i.e. 102 EIDso.

Limitations of this study

This result might be affected by the
concentration, time duration and optimal distance
between the administered EEO and viral
location. Hence, further study is required to
explore the potential antiviral activity of essential
oil from both species of Eucalyptus, administered
either through direct contact or inhalation,
against Al H5N1 or IBV virus. Also, this study
emphasized Indonesia’s herbal plant potential as
a source of natural products for further
exploration for possible drug development,
especially antiviral drugs. Further studies are
necessary to explore the mechanism and
interaction of the natural product compounds with
the viruses, such as the viral life cycle which
encompasses the entry mechanism, replication,
assembly and release mechanism.  Specific
target of the natural compounds and the
biological relationship between the viruses and
the hosts also requires further studies.

CONCLUSION

Essential oils from E. citriodora and E. globulus
show potential as antiviral candidates for the
treatment of HPAI H5N1 and IBV infections. The
study demonstrates that both essential oils
completely inhibit viral growth at concentrations
of 2, 4 and 8 % when applied via direct contact or
liquid-phase methods. In contrast, inhibition of
viral growth was only observed at 8 %
concentration when the oils were applied in the
vapor phase for 45 min. In this in vitro study, 1.8-

cineole likely contributes to the antiviral activity of
both essential oils, in combination with other
phytoconstituents. Essential oils of E. citriodora
and E. globulus could serve as complementary
treatments for viral diseases such as zoonotic
HPAI H5N1, which poses a significant public
health risk, and IBV, a persistent challenge for
poultry farms in Indonesia.
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