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Abstract

This work explored the compositions of a crude extract of peels of Citrus xc aurantium using a gas chromatography-mass spectrometry
(GC-MS) technique. The crude extract of peels of C. X aurantium was analyzed by GC-MS revealing the presence of limonene as the
major compound, accounting for 93.7% of the total. Virucidal activity of the oil of C. x aurantinm peels against influenza A virus
HINT was evaluated by the ASTM E1053-20 method. Moreover, the virucidal activity was also investigated of D-limonene, the
major terpene in essential oils of C. x aurantinm, and its enantiomer L-limonene. The essential oil of the C. x aurantinm peels produced
a log reduction of 1.9 to 2.0, accounting for 99% reduction of the virus, while D- and L-limonene exhibited virucidal activity with a
log reduction of 3.70 to 4.32 at concentrations of 125 and 250.0 pug/mlL, thus reducing the virus by 99.99%. Previous wotk found
that D-limonene exhibited antiviral activity against herpes simplex virus, but L-limonene, an enantiomer of D-limonene, has never
been reported for antiviral activity. This work demonstrates the antiviral activity of L-limonene for the first time. Moreover, this work
suggests that concentrations of 0.0125% to 0.025% of either D- or L-limonene can possibly be used as a disinfectant against viruses,
probably in the form of essential oil sprays, which may be useful disinfectants against the airborne transmission of viruses, such as
influenza and COVID-19.
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Introduction human immunodeficiency virus,” dengue virus," rabies,” entero-

. 6-8 . . 9-11 : :
virus, ~ and influenza viruses are undeniable. Diseases

Viral infections have become a global health concern by reason caused by viruses have been public health problems worldwide,

of the pathological consequences of the viral diseases and the . .
p el 9 and, therefore, effective and safe antiviral drugs are needed to

high contagiousness of the viruses. Although scientists have . .
fight against these viruses.

been paying attention to viral infections for a long time ago,
interest towards the infections has recently been increased

noticeably due to the current global pandemic of coronavirus

disease 2019 (COVID—19) which first emerged in Wuhan City, ;Chzlla[l:hogn Gr’;;duatlf Lnsﬁ;i}tluae, l;rogram in Chemical Sciences, Chulabhorn
. . . . . oY cademy, Bangkok, Thailan

Chlna mn 2019'_ COVID-19 disease is caused by a hlghly conta- 2Fa}culty of Tr(})pica_l iledicine, Mabhidol University, Bangkok, Thailand

glous coronavirus, namely severe acute respitatory syndrome 3Mae Fah Luang University, Chiang Rai, Thailand

coronavirus 2 (SARS—COV-Z)-l As of December 10, 2021, “Chulabhorn Research Institute, Bangkok, Thailand

there were approximately 267 865 289 COVID-19 cases with *CHE, Ministry of Education, Bangkok, Thailand

5 285 888 deaths worldwide.” Even though vaccines and antivi-
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Influenza virus has been a serious public health problem
worldwide, and has seasonal epidemics and periodic pandem-
ics.!? However, nowadays, the most serious virus infection is
SARS-CoV-2 or COVID-19, which has been a critical
problem throughout the world, significantly disrupting human
daily life. In 2020 to 2021, there have been 2 main drugs, remde-
sivir and favipiravir, used for the treatment of COVID-19.">"*
However, these were originally not designed for the treatment
of COVID-19. Remdesivir was previously designed to treat
hepatitis C and Ebola virus, while favipiravir was formerly
used for the treatment of influenza virus. Recently, most drug
designs for the treatment of COVID-19 employed structures
of antiviral drugs originally designed to treat other viral diseases.
For example, 2 new drug candidates for the treatment of
COVID-19 were designed from boceprevir or telaprevir,
which are known protease inhibitors, and they are commonly
used for the treatment of hepatitis C virus."” Therefore, infor-
mation on antiviral activity, regardless of its efficacy against
COVID-19 virus, is crucially important for the development
of antiviral drugs. The examples of anti-COVID-19 drugs
(remdesivir and favipiravir) 11 and drug candidates s origi-
nally designed for the treatment of other viruses, and not
COVID-19 virus, underscore the importance of the findings
of new antiviral compounds, which may be useful for
anti-COVID-19 drug development. The present work has dem-
onstrated an antiviral activity of essential oils from bitter orange,
Citrus x aurantium L., as well as limonene.

Plant-based natural products have widely been using to treat
both infectious and noninfectious diseases in traditional medi-
cines as well as in Western medicine heretofore. Plant essential
oils have broad biological activities against pathogens including
16723 Hssential

oils also provide various benefits, for example, relieving

antibacterial, antifungal, and antiviral activities.

migraine,”* having antioxidant activity and tyrosinase inhibitory
activity,”” being used as nutraceuticals,”® and for the treatment
of Alzheimer’s discase.”’ Recently, essential oils have been
widely used as food preservatives or additives, replacing chem-
ical additives, that is, nitrate and nitrite.”* > Essential oils could
give effects at the cellular levels, that is, activating GABA and
olfactory receptors, and transient receptor potential channels,
and thus transferring signals to the olfactory bulb and the
brain.”* Since the outbreak of COVID-19 has spread world-
wide, a few reports recently proposed that essential oils could
be potential agents for the treatment of this deadly virus.”>™**
Recent evidence revealed that essential oils could be used for
the management of upper respiratory tract symptoms in
patients with COVID-19.* Inhalation of steam with essential
oils released from boiling water containing herbs is widely
used in Thailand for home remedies of COVID-19 patients;
this method can relieve breathing difficulties of patients with
severe acute respiratory illness and lung injury.

Citrus has complex taxonomy. Bitter orange has many
names, for example, Citrus x aurantium L., Citrus aurantinm 1.
var. amara, and Citrus anrantinm var. myrtifolia. A spiny evergreen
tree, Citrus x aurantimm L., is native to Southeast Asia. While

bitter orange (C. aurantium) has been widely studied for its
chemical constituents, biologically active compounds of the
vatiety Citrus x anrantinm native to Southeast Asia have rarely
been chemically explored. GC-MS analysis of the volatile chem-
ical constituents in peels of Iranian C. aurantium revealed 4
terpenes,
[5—piner1e,44 while the essential oil of leaves from Indian C. aur-

major limonene, P-myrcene, o-pinene, and
antium contained 3 major compounds, 2-f pinene, 8-3 carene,
and limonene (28%)." Crude extract of C. amrantinm peels
showed a protective effect against cisplatin-incited renal
damage in rats. " Synephrine alkaloids in C. awurantinm were
used for the treatment of overweight and obesity,47 while essen-
tial oils from C. amrantinm wete able to prevent/control oral
infections caused by bacteria.*® It is known that essential oils
of citrus plants have various biological activities and applica-
tions, that is, antimutagenic, antioxidant,49 and antimicrobial
activities,” applications in food,”"”* and anti-inflammatory
and analgesic activities.” Citrus essential oils were reported to
have antiviral activity, for example, against hepatitis A virus,”*
and recently they have received attention because of their poten-
tial use for the treatment of COVID-19 virus.?>>°
flavonoids from citrus could prevent Zika virus infection in
human cells,”” and they might have potential for COVID-19

5860
treatment.”

Moreover,

Herein, we report the essential oil compositions
of peels of C. x aurantinm and their antiviral activity against
influenza A virus HIN1, as well as virucidal activity of limo-
nene, the major terpene in essential oils of C. x aurantinm.

Results and Discussion

Peels of C. x aurantium were extracted with dichloromethane to
give an extract, which is an essential oil. GC-MS analysis of the
oil was performed, which revealed D-limonene as the major com-
pound. D-Limonene and L-limonene, as well as an extract of C. x
anrantinm peels, were evaluated for virucidal activity.

Identification and Quantification of the Chemical Constituents
of the Essential Oil of C x anrantinm Peels

In Thailand, C. x anrantium is locally known as “Som Za,” which
has a distinct orange odor, different from that of Citrus aurantinm.
In the present work, peels from fruits of C. x aurantinm were
extracted with dichloromethane to give an essential oil extract.
GC-MS analysis was used to analyze its components (Table 1).
Limonene was the major component (93.7%). Recent work
reported that essential oils from leaves of C. x aurantium had
linalyl acetate as the major compound (63.4%), but D-limonene
formed only 1.57%.°! The commercial essential oils of C. x anran-
tinm had 94.7% of D-limonene, but this previous report did not
indicate the plant part, that is, leaves or peels, from which the
essential oils were obtained.” It is worth mentioning that essential
oils obtained using different extraction methods, that is, hydrodis-
tillation, solvent extraction, and supercritical fluid extraction, may
have different percentages of compounds, and thus having differ-
ent chemical compositions.
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Table 1. Chemical Composition of Essential Oil of Citrus x anrantinm Peels.

No. Retention time (min) Compound Cal RI* Adams RI” % Area (mean+s.d., n=23)
1 6.51 o-Thujene 925 924 0.09 +£0.02
2 7.40 Heptanol 959 959 0.124+0.03
3 7.65 Sabinene 968 969 0.05+0.02
4 8.15 Myrcene 987 988 1.27 +0.05
5 8.53 Octanal 1001 998 0.55+0.07
6 9.49 Limonene 1028 1024 93.71 +0.07
7 10.95 Benzyl formate 1070 1067 0.29 £0.08
8 12.13 Linalool 1103 1095 0.08 +0.02
9 12.29 Nonanal 1107 1100 0.24 +0.04
10 12.99 trans-p-Mentha-2,8-dien-1-ol 1124 1119 0.06 +0.03
11 15.03 Nonanol 1174 1165 0.07 +0.02
12 15.92 o-Terpineol 1196 1186 0.14+0.03
13 16.51 Decanal 1210 1201 1.28 +0.09
14 16.77 Octanol acetate 1216 1211 0.14 +0.05
15 17.48 Nerol 1233 1227 0.17 +0.06
16 19.32 Citronellyl formate 1276 1271 0.18 £0.07
17 20.85 2-Adamantanone 1312 1310 0.59 +0.08
18 21.41 Myrtenyl acetate 1325 1324 0.07 +£0.02
19 21.97 trans-Carvyl acetate 1339 1339 0.12+0.03
20 23.26 Z-B-Damascenone 1369 1365 0.21 £0.04
21 23.76 Linalool isobutanoate 1381 1373 0.14 +£0.02
22 24.35 Daucene 1395 1385 0.07 +0.03
23 25.09 3Z-Hexenyl 2-methyl-2-pentenoate 1413 1404 0.17 +£0.04
24 25.56 (E)-B-Caryophyllene 1425 1417 0.07 +0.02
25 26.20 o-trans-Bergamotene 1440 1432 0.15+0.03
Total of % area 99.95 +0.04

*Calculated retention indices.

PRetention indices on DB-5 columns from Adams libraty (2017).%

Virucidal Activity and Cytotoxicity of Essential Oils,
D-1imonene, and 1 -1 inonene

We evaluated the virucidal activity of the essential oil from peels
of C. x anrantinm. Since GC-MS analysis indicated that limonene
was the major compound in the essential oil, we propose that
limonene may be responsible for the biological activity.
Therefore, we also investigated the activity of limonene, both
D-limonene or (R)-(+)-limonene (1) and its enantiomer,
L-limonene or (§)-(—)-limonene (2) (Figure 1). D-Limonene
is commonly found in citrus plants, while L-limonene is
found in pine needles and mint oils.

Prior to virucidal activity testing, we investigated cytotoxicity
against Madin-Darby Canine Kidney (MDCK) cell lines of
essential oils and limonene at concentrations of 250.0, 125.0,
62.5, 31.3, 15.6, and 7.80 pg/mL. As shown in Table 2, at the
highest concentration, 250.0 ug/mlL, the essential oil of Citrus

O

AN

D-Limonene or (R)-(+)-Limonene (1) L-Limonene or (S)-(-)-Limonene (2)

Figure 1. Structures of D-limonene or (K)-(+)-limonene (1) and
L-limonene or (§)-(—)-limonene (2).

x aurantinm peels had 73.6% cell viability, which is less than
that of D-limonene (83.7%) and L-limonene (90.9%).
Therefore, the essential oils are slightly more cytotoxic than
either D- or L-limonene. This could be because the essential
oil has other compounds, which might contribute towards the
cytotoxic effects. However, the essential oil at a concentration
of 62.5 pg/mL of less had at least 80% cell viability, suggesting
that they were not toxic at 62.5 ng/mL or at lower concentra-
tions (Table 2). In general, both D- and L-limonene were not
cytotoxic to MDCK cells, and they had more than 80% cell via-
bility at all concentrations tested (Table 2).

The virucidal activity of the essential oil and limonene is
shown in Table 2. The essential oil showed a log reduction of
ca 1.9 to 2.0, accounting for 99% reduction of virus at every
concentration tested (Table 2). D-limonene had virucidal activ-
ity with a log reduction of 4.32 and 3.94 at respective concen-
trations of 250.0 and 125.0 pg/mL (Table 2), which indicated
that D-limonene can kill 99.99% of virus at these concentra-
tions. L-Limonene also showed similar values of log reduction
to that of the D-form, showing a log reduction of 4.32 and 3.70
at concentrations of 250.0 and 125.0 pg/mL (Table 2), and thus
reducing 99.99% of virus at these concentrations. This is the
first report on the virucidal activity of both forms of limonene.
Both D- and L-limonene are natural products. D-Limonene is
found in citrus plants, while L-limonene is found in the oils
of pine needles, mint oils, lemongrass (Cymbopogan citratus),
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Table 2. Virucidal Activity and Cytotoxicity of Essential Oil from
Peels of Citrus x aurantinm, D-Limonene, and L-Limonene.

Concentration
of essential

oil or Cytotoxicity Virucidal

compound (%o cell activity log

Compound (ug/mL) viability)* reduction”
Essential oil 250.0 73.6+£0.95  1.97+0.088
125.0 782+0.81  1.93+0.124
62.5 80.1+0.62  2.01+0.102
31.3 86.3+1.03  1.97+0.088
15.6 89.6+0.67  1.93+0.124
7.80 9324037  1.93+0.124
D-Limonene or 250.0 83.7+1.37 4.32+0.174
(R)-(+)-Limonene 125.0 92.8+248  3.94+0.295
¢)) 62.5 928+1.68  1.98+0.033
31.3 933+1.17  1.13+0.029
15.6 95.5+291  0.72+0.000
7.80 96.0+3.73  0.77+0.130
L-Limonene or 250.0 90.9+424 432+0.174
(8)-(—)-Limonene 125.0 92.6+621  3.70+0.142
2 62.5 95.7+1.77  1.62+0.069
313 96.9+6.20  1.42+0.036
15.6 97.1+2.14  1.36+0.022
7.80 98.4+2.07 1.12+0.030

"Results are expressed as mean + s.d. of quadruplicate experiments.

and citronella (Cymbopogan nardns).*> The present work demon-
strated that the configuration of limonene does not effect the
virucidal activity because both D- and L-limonene exhibited
similar activity. It is worth mentioning that D-and L-limonene
could reduce 99.99% of the virus, which was comparable to
the positive control, 0.21% sodium hypochlorite, which
showed a log reduction of >4.4, accounting for 99.99% of virus.

Previous work on the antiviral action of some disinfectants
against murine hepatitis virus, which has several structural and
genetic similarities to SARS-CoV virus, revealed that common
household disinfectants showed a log reduction of 3.0 to 4.5,
which are similar to those of D- and L-limonene. The household
disinfectant, that s, 0.12% parachlorometaxylenol, 0.05% triclosan,
0.23% pine oil, 0.21% sodium hypochlorite, and 0.10% alkyl
dimethyl benzyl ammonium sacchatinate with 79% ethanol effec-
tively inactivated murine hepatitis virus; therefore, these household
disinfectants could be potential surrogates for SARS coronavirus.*®
In the present work, since D- and L-limonene displayed similar
values of log reduction to those of household disinfectants,”
they could be potential disinfectants against viruses. Previous
work revealed log reduction of 4.17 to 4.50 for 0.23% pine oil,”
which showed comparable efficacy to that of D- and
L-limonene at the concentratons of 250.0 and 125.0 ug/ml,
accounting for 0.025% and 0.0125%, respectively. Therefore,
0.0125% to 0.025% of either D- or L-limonene is recommended
for use as a disinfectant against viruses. Although the antiviral
mechanism of action of D- or L-limonene is not known, recent
work revealed that limonene in lemon essential oils significantly
downregulated angiotensin-converting enzyme 2 expression in epi-
thelial cells, suggesting that lemon essential oils might be used to

prevent the invasion of COVID-19 virus.”> Previous work
found that D-limonene exhibited antiviral activity against herpes
simplex virus with an ICsy value of 5.9 pg/ ML However,
L-limonene has never been reported for antiviral and virucidal
activities. The present work demonstrates virucidal activity of
I-limonene, an enantiomer of D-limonene, for the first time. A
recent review hypothesizes that limonene might be a possible can-
didate for evaluation as an agent or adjuvant against COVID-19
virus, and plants containing limonene displayed antiviral activity
against various viruses;” this suggests that limonene may also
have activity against COVID-19 virus. The present work reveals
the virucidal activity of D- and I-limonene for the first time,
and these results suggest the potential use of limonene as a house-
hold disinfectant against viruses. Since limonene is widely used as a
fragrance in the cosmetics industry, it may be used in the form of
disinfectant sprays against airborne transmission of virus, that is,
influenza and COVID-19 viruses.

Materials and Methods
Plant Material and Extraction of Essential Ol

Fruits of Citrus x aurantium 1., collected from Pathum Thani
Province, Thailand, was identified by Dr Panarat Thongpoem,
and a voucher specimen, number CRI781, was deposited at
Chulabhorn Research Institute, Thailand. Fresh peels of C. x aur-
antium were cut into small pieces and extracted with
dichloromethane (AR grade). Peels (400 g) were macerated in
dichloromethane (2X 1.0 L) for 3 days, and then the extraction
solvent was separated from the peels by filtration using a filter
paper. The solvent was evaporated in a rotary evaporator, giving
18.35 g of a crude extract, which is the essential oil.

Analysis of Essential Oils by GC-MS

Essential oil (300 pL) from peels of C. x aurantiun was dissolved in
1 mL of n-hexane. One pL of solution was injected into the gas
chromatography-mass spectrometry (GC-MS) machine contain-
ing an Agilent 6890 N gas (Agilent
Technologies) equipped with an electron impact ionization and
mass-selective detector (Agilent 5973, Agilent Technologies). A
fused-silica capillary DB5-MS (30 m X 0.25 mm id., 0.25 pm)
(J&W Scientific) was used with helium as carrier gas, with a rate
of 1.0 mL/min. The injector temperature was set at 250 °C. The
ionization energy was 70 eV in electron impact ionization mode

chromatograph

with an ion soutce temperature of 250 °C and intetface tempeta-
ture of 250 °C. The oven temperatute program was initiated at
60 °C and then increased to 240 °C at a rate of 3 °C/min. The
acquisition was petformed in scan mode (m/z 30-300).

Peak Identification

The volatile components were identified using the computer
matching method and by comparing the mass spectra with
the NIST17 (The National Institute of Standards and
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Technology) libraries. The Kovats retention indices were calcu-
lated using linear interpolation of the retention times of
n-alkanes and were compared with the relevant literature
reported by Adams (2017) library.(’4

Reagents and Chemicals

Dichloromethane (AR grade) (purity, 99.8%) used for the
extraction of essential oil was from RCI Labscan, D-limonene
ot (R)-(+)-limonene (purity 94%) from Merck, L-limonene or
(8)-(—)-limonene (purity 96%) from Sigma Aldrich, and
sodium hypochlorite from Sigma Aldrich.

Virncidal Activity and Cytotoxicity Testing

The method used for virucidal activity followed the American
Society for Testing and Materials (ASTM) method No. ASTM
E1053-20.”” Cytotoxicity of the tested compound in Madin-
Darby Canine Kidney (MDCK) cells was examined by 3-(4,5-
Dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide
(MTT) assay. MDCK cells were seeded in 96-well plates, and incu-
bated for 24 h. MDCK cells were treated with media containing the
test compounds and further incubated for 10 min. Then, the media
in each well was replaced with media containing MTT (0.5 mg/
mL), and incubated for 2 h. Subsequently, the media containing
MTT was removed, and dimethyl sulfoxide was added (100 pL/
well). An absotbance was measured at 550 nm and subtracted by
the absorbance at 650 nm, using a microplate reader. Influenza A
virus HIN1 was grown on MDCK host cells. Essential oils from
C. x aurantinm, D-limonene, and L-limonene were individually
tested against influenza A virus HIN1. Essential oils or limonene
were tested at concentrations of 250.0, 125.0, 62.5, 31.3, 15.6,
and 7.80 ng/mL for virucidal activity. The assay was performed
in quadruplicates. Titers of influenza A virus HINT were expressed
as TCIDs,/mL, and 1 X 10° TCIDs,/mL influenza A virus HIN1
in 5% bovine serum albumin was used as organic soil load.” The
medium was dried on nonporous surface. The test compounds
were individually added and incubated for 10 min, then they were
neutralized and filtered. The filtrate was subjected to serial
10-fold dilutions and applied to 96-well plates containing MDCK
monolayer. After incubation at 37 °C in 5% CO, for 4 days, an
individual well was observed for cytopathic effects, which showed
infectious virus. Infected plates were read until the endpoint was
determined by the observation of sighs of cytotoxicity and
changes in cell morphology. The titer was calculated using the
method of Muench and Reed.”" 0.21% sodium hypochlotite was
used as a positive control.

Conclusions

The composition of the essential oil from peels of the bitter
orange variety, Citrus x aurantium 1., native to Southeast Asia,
was chemically investigated by GC-MS analysis. Limonene
was found as a major component. Virucidal activity against
influenza A virus HIN1 of the essential oil of C. x aurantium

peels and D-and L-limonene evaluated. D-and

L-limonene exhibited similar values of log reduction to those

were

of common household disinfectants in a previous report. The
present work suggests that concentrations of 0.0125% to
0.025% of either D- or L-limonene may be used as an effective
disinfectant against viruses.

Acknowledgments

This work is supported by Thailand Science Research and Innovation
(NRCT) (FFB640035 Project code 50169, a grant to Chulabhorn
Graduate Institute, Chulabhorn Royal Academy. N.Q.F. acknowledges
Chulabhorn Graduate Institute and ASEAN Foundation Joint
Post-Graduate Scholarship supported by Thailand International
Cooperation Agency (TICA). We acknowledge facilities of the
Chulabhorn Research Institute (CRI) and Chulabhorn Graduate
Institute through the grants from the National Research Council of
Thailand (NRCT) and Thailand Science Research and Innovation
(TSRI). We thank Dr Panarat Thongpoem for the plant identification.

Author Contributions

N.Q.F. contributed to investigation, formal analysis, writing-original
draft; A.J. contributed to investigation, formal analysis; P.L. contributed
to formal analysis; P.P. contributed to investigation, formal analysis;
D.D. contributed to formal analysis, writing-original draft; C.M. con-
tributed to supervision; S.R. contributed to supervision, funding acqui-
sition; PK. contributed to conceptualization, writing-original draft,
writing-review & editing, All authors have read and agreed to the pub-
lished version of the manuscript.

Declaration of Conflicting Interests

The authors declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The authors disclosed receipt of the following financial support for the
research, authorship, and/or publication of this article: This work is
supported by Thailand Science Research and Innovation (NRCT)
(FFB640035 Project code 50169, a grant to Chulabhorn Graduate
Institute, Chulabhorn Royal Academy.

ORCID iD

Prasat Kittakoop https:// orcid.org/0000-0002-5210-3162

References

1. Zhu N, Zhang D, Wang W, et al. A novel coronavirus from
patients with pneumonia in China, 2019. N Eng/ ] Med. 2020;382-
(8):727-733.

2. https://covid19.who.int/. Accessed 12 December, 2021.

3. Decks SG, Overbaugh J, Phillips A, Buchbinder S. HIV Infection.
Nat Rev Dis Primers. 2015;1(1):15035.

4. Harapan H, Michie A, Sasmono RT, Imrie A. Dengue: a minire-
view. Viruses. 2020;12(8):829.


https://orcid.org/0000-0002-5210-3162
https://orcid.org/0000-0002-5210-3162
https://covid19.who.int/
https://covid19.who.int/

Natural Product Communications

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

. Singh R, Singh KP, Cherian S, et al. Rabies—epidemiology, patho-

genesis, public health concerns and advances in diagnosis and
control: a comprehensive review. ez Q. 2017;37(1):212-251.

. Elrick MJ, Pekosz A, Duggal P. Enterovirus D68 molecular and

cellular biology and pathogenesis. | Bio/ Chenz. 2021;296:100317.

. Baggen J, Thibaut HJ, Strating JRPM, van Kuppeveld FJM. The

life cycle of non-polio enteroviruses and how to target it. Naz

Rev Microbiol. 2018;16(6):368-381.

. Chen B-§, Lee H-C, Lee K-M, Gong Y-N, Shih S-R. Enterovirus

and encephalitis. Front Microbiol. 2020;11(261):261.

. Shtestha S, Foxman B, Berus J, et al. The role of influenza in the

epidemiology of pneumonia. S¢7 Rep. 2015;5:15314.

Shriner SA, Root JJ. A review of avian influenza A virus associa-
tions in synanthropic birds. I7ruses. 2020;12(11):1209.

Long JS, Mistry B, Haslam SM, Barclay WS. Host and viral deter-
minants of influenza A virus species specificity. Nat Rev Microbiol.
2019;17(2):67-81.

Lopez CE, Legge KL. Influenza A virus vaccination: immunity,
protection, and recent advances toward a universal vaccine.
Vaccines. 2020;8(3):434.

Grein J, Ohmagari N, Shin D, et al. Compassionate use of remde-
sivir for patients with severe Covid-19. N Eng/ | Med. 2020;382-
(24):2327-2336.

Hassanipour S, Arab-Zozani M, Amani B, Heidatzad F,
Fathalipour M, Martinez-de-Hoyo R. The efficacy and safety of
favipiravir in treatment of COVID-19: a systematic review and
meta-analysis of clinical trials. S¢7 Rep. 2021;11(1):11022.

Qiao J, Li YS, Zeng R, et al. SARS-CoV-2 M(pro) inhibitors with
antiviral activity in a transgenic mouse model. Science (New York,
NY). 2021;371(6536):1374-1378.

Tariq S, Wani S, Rasool W, et al. A comprehensive review of the
antibacterial, antifungal and antiviral potential of essential oils
and their chemical constituents against drug-resistant microbial
pathogens. Microb Patheg. 2019;134:103580.

Iseppi R, Mariani M, Condo C, Sabia C, Messi P. Essential oils: a
natural weapon against antibiotic-resistant bacteria responsible for
nosocomial infections. Antibiotics. 2021;10(4):417.

Ma L, Yao L. Antiviral effects of plant-derived essential oils and
(Basel,

their components: an updated review. Molecules
Switzerland). 2020;25(11):2627.

Feyaerts AF, Mathé L, Luyten W, et al. Essential oils and their com-
ponents are a class of antifungals with potent vapour-phase-mediated
anti-Candida activity. S& Rep. 2018;8(1):3958.

Amat S, Baines D, Timsit E, Hallewell ], Alexander TW. Essential
oils inhibit the bovine respiratory pathogens Mannbeimia haemolytica,
Pastenrella multocida and Histophilus somni and have limited effects on
commensal bactetia and turbinate cells in vitro. | App/ Microbiol.
2019;126(6):1668-1682.

Burt S. Essential oils: their antibacterial properties and potential
applications in foods-a review. Int ]| Food Microbiol. 2004;94-
(3):223-253.

Feriotto G, Marchetti N, Costa V, Beninati S, Tagliati F, Mischiati C.
Chemical composition of essential oils from Thywus vulgaris,
Cymbopogon citratus, and Rosmarinus officinalis, and their effects on the
HIV-1 Tat protein function. Chem Biodivers. 2018;15(2):¢1700436.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

Wani AR, Yadav K, Khursheed A, Rather MA. An updated and
comprehensive review of the antiviral potential of essential oils
and their chemical constituents with special focus on their mech-
anism of action against various influenza and coronaviruses. Microb
Pathog. 2021;152:104620.

Yuan R, Zhang D, Yang J, et al. Review of aromatherapy essential
oils and their mechanism of action against migraines. |
Ethnopharmacol. 2021;265:113326.

Feng T, Hu Z, Song S, et al. The antioxidant and tyrosinase inhi-
bition properties of essential oil from the peel of Chinese Torreya
grandis fort. RSC Adp. 2019;9(72):42360-423606.

Khalil AA, Uu R, Khan MR, Sahar A, Mehmood T, Khan M.
Essential oil eugenol: sources, extraction techniques and nutraceu-
tical perspectives. RSC Adp. 2017;7(52):32669-32681.

Benny A, Thomas . Essential oils as treatment strategy for
Alzheimer’s disease: current and future perspectives. Planta Med.
2019;85(3):239-248.

Pandey AK, Kumar P, Singh P, Tripathi NN, Bajpai VK. Essential
oils: sources of antimicrobials and food preservatives. Front
Microbiol. 2017;7(2161):2161.

Dai J, Li C, Cui H, Lin L. Unraveling the anti-bacterial mechanism
of Litsea cubeba essential oil against E. co/i O157:H7 and its appli-
cation in vegetable juices. Int | Food Microbiol. 2021;338:108989.
Chen X, Chen W, Lu X, et al. Effect of chitosan coating incorpo-
rated with oregano or cinnamon essential oil on the bacterial diver-
sity and shelf life of roast duck in modified atmosphere packaging.
Food Res Int. 2021;147:110491.

Ozaki MM, Santos M, Ribeiro WO, et al. Radish powder and
oregano essential oil as nitrite substitutes in fermented cooked sau-
sages. Food Res Int. 2021;140:109855.

Chen K, Zhang M, Bhandari B, Mujumdar AS. Edible flower
essential oils: a review of chemical compositions, bioactivities,
safety and applications in food preservation. Food Res Int.
2021;139:1098009.

Saraiva C, Silva AC, Garcia-Diez |, et al. Antimicrobial activity of
Myrtus communis .. and Rosmarinus officinalis 1. Essential oils against
Listeria monocytogenes in cheese. Foods. 2021;10(5):1106.

Koyama S, Heinbockel T. The effects of essential oils and terpenes
in relation to their routes of intake and application. Inz | Mol Sci.
2020;21(5):1558.

Asif M, Saleem M, Saadullah M, Yaseen HS, Al Zarzour R. COVID-19
and therapy with essential oils having antiviral, anti-inflammatory, and
immunomodulatory propetties. Inflammopharmacology. 2020;28(5):1153-
1161.

da Silva JKR, Figueiredo PLB, Byler KG, Setzer WN. Essential
oils as antiviral agents, potential of essential oils to treat
SARS-CoV-2 infection: an in-silico investigation. Inz | Mol Sci.
2020;21(10):3426.

Wilkin PJ, Al-Yozbaki M, George A, Gupta GK, Wilson CM. The
undiscovered potential of essential oils for treating SARS-CoV-2
(COVID-19). Curr Pharm Des. 2020;26(41):5261-5277.
Boukhatem MN, Setzer WN. Aromatic herbs, medicinal plant-derived
essential oils, and phytochemical extracts as potential therapies for
coronaviruses: future perspectives. Plants. 2020;9(6):800.



Fadilah et al.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Kaur M, Devi G, Nagpal M, Singh M, Dhingra GA, Aggarwal G.
Antiviral essential oils incorporated in nanocattiers: strategy for
prevention from COVID-19 and future infectious pandemics.
Pharm Nanotechnol. 2020;8(6):437-451.

Yadalam PK, Varatharajan K, Rajapandian K, et al. Antiviral
essential oil components against SARS-CoV-2 in pre-procedural
mouth rinses for dental settings during COVID-19: a computa-
tional study. Front Chem. 2021;9:642026.

Panikar S, Shoba G, Arun M, et al. Essential oils as an effective
alternative for the treatment of COVID-19: molecular interaction
analysis of protease (M(pro)) with pharmacokinetics and toxico-
logical properties. | Infect Public Health. 2021;14(5):601-610.

Jahan R, Paul AK, Jannat K, Rahmatullah M. Plant essential oils:
possible  COVID-19  therapeutics.  Naz
2021;16(2):1934578X21996149.

Valussi M, Antonelli M, Donelli D, Firenzuoli F. Appropriate use

Prod  Commun.

of essential oils and their components in the management of upper
respiratory tract symptoms in patients with COVID-19. | Herb
Med. 2021;28:100451.

Azimi F, Fatemi MH. Multivariate curve resolution-assisted
GC-MS analysis of the volatile chemical constituents in Iranian
Citrus anrantinm L. Peel. RSC Adp. 2016;6(112):111197-111209.
Nidhi P, Rolta R, Kumar V, Dev K, Sourirajan A. Synergistic
potential of Citrus anrantinm L. Essential oil with antibiotics
against Candida albicans. | Ethnopharmacol. 2020;262:113135.

Wang R, Hassan W, Ahmad F, Jabeen Q, Ahmed H, Igbal O.
Citrus  anrantinm ameliorates cisplatin-induced nephrotoxicity.
Biomed Res Int. 2019;2019:3960908.

Haaz S, Fontaine KR, Cutter G, Limdi N, Perumean-Chaney S,
Allison DB. Citrus anrantinm and synephrine alkaloids in the treat-
ment of overweight and obesity: an update. Obes Rey, Off | Int Assoc
Study Obes. 2006;7(1):79-88.

Benzaid C, Belmadani A, Tichati I, Djeribi R, Rouabhia M. Effect of
Citrus anrantium L. Essential oil on S#reptococcus mutans growth, biofilm
formation and virulent genes expression. Antibiotics. 2021;10(1):54.
Toscano-Garibay JD, Arriaga-Alba M, Sanchez-Navarrete J, et al.
Antimutagenic and antioxidant activity of the essential oils of Cizrus
sinensis and Citrus latifolia. Sci Rep. 2017;7(1):11479.

Waikedre J, Dugay A, Barrachina I, Herrenknecht C, Cabalion P,
Fournet A. Chemical composition and antimicrobial activity of the
essential oils from New Caledonian Citrus macroptera and Citrus
hystrix. Chem Biodivers. 201057 (4):871-877.

Bora H, Kamle M, Mahato DK, Tiwari P, Kumar P. Citrus essen-
tial oils (CEOs) and their applications in food: an overview. Plants.
2020;9(3):357.

Yazgan H, Ozogul Y, Kuley E. Antimicrobial influence of nano-
emulsified lemon essential oil and pure lemon essential oil on
food-borne pathogens and fish spoilage bacteria. Inz | Food
Microbiol. 2019;306:108266.

Singh B, Singh JP, Kaur A, Yadav MP. Insights into the chemical
composition and bioactivities of citrus peel essential oils. Food Res
Int. 2021;143:110231.

Battistini R, Rossini I, Ercolini C, et al. Antiviral activity of essen-
tial oils against hepatitis A virus in soft fruits. Food Environ 1/irol.
2019;11(1):90-95.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Senthil Kumar KJ, Gokila Vani M, Wang C-S, et al. Geranium and
lemon essential oils and their active compounds downregulate
angiotensin-converting enzyme 2 (ACE2), a SARS-CoV-2 spike
receptor-binding domain, in epithelial cells. Plants. 2020;9(6):770.
Arena ME, Alberto MR, Cartagena E. Potential use of Citrus
essential oils against acute respiratory syndrome caused by corona-
virus. | Essent Oil Res. 2021;33(4):330-341.

Cataneo AHD, Kuczera D, Koishi AC, et al. The citrus flavonoid
naringenin impairs the in vitro infection of human cells by Zika
virus. S¢ Rep. 2019;9(1):16348.

Bellavite P, Donzelli A. Hesperidin and SARS-CoV-2: new light on
the healthy function of citrus fruits. Antioxidants. 2020;9(8):742.
Gogoi N, Chowdhury P, Goswami AK, Das A, Chetia D, Gogoi
B. Computational guided identification of a citrus flavonoid as
potential inhibitor of SARS-CoV-2 main protease. Mo/ Divers.
2021;25(3):1745-1759.

Agrawal PK, Agrawal C, Blunden G. Pharmacological significance
of hesperidin and hesperetin, two Citrus flavonoids, as promising
antiviral compounds for prophylaxis against and combating
COVID-19. Nat Prod Commun. 2021;16(10):1934578X211042540.
Kacaniova M, Terentjeva M, Stefanikova J, et al. Chemical composi-
tion and antimicrobial activity of selected essential oils against
Staphylococcus  spp.
2020;9(11):765.
Najar B, Shortrede JE, Pistelli L, Buhagiar J. Chemical composition

Isolated from human semen. _Awfibiotics.

and in vitro cytotoxic screening of sixteen commercial essential oils
on five cancer cell lines. Chew Biodivers. 2020;17(1):¢1900478.

Aziz ZAA, Ahmad A, Setapar SHM, et al. Essential oils: extraction
techniques, pharmaceutical and therapeutic potential-a review.
Curr Drug Metab. 2018;19(13):1100-1110.

. Adams RP. Identification of essential oil components by gas chromatography/
mass spectroscgpy. Edn. 4.1 ed. Allured Publishing Corporation; 2017.
Mosandl A, Hener U, Kreis P, Schmarr H-G. Enantiomeric distribu-
tion of a-pinene, P-pinene and limonene in essential oils and extracts.
Part 1. Rutaceae and Gramineae. Flavour Fragr |. 1990;5(4):193-199.
Dellanno C, Vega Q, Boesenberg D. The antiviral action of
common household disinfectants and antiseptics against murine
hepatitis virus, a potential surrogate for SARS coronavirus. Am |
Infect Control. 2009;37(8):649-652.

Astani A, Schnitzler P. Antiviral activity of monoterpenes beta-
pinene and limonene against herpes simplex virus in vitro. Iran |
Microbiol. 2014;6(3):149-155.

Nagoor Meeran MF, Seenipandi A, Javed H, et al. Can limonene
be a possible candidate for evaluation as an agent or adjuvant
against infection, immunity, and inflammation in COVID-19?
Heljyon. 2021;7(1):¢05703.

American Society for Testing and Materials (ASTM), Standard
practice to assess virucidal activity of chemicals intended for disin-
fection of inanimate, nonporous environmental surfaces. ASTM
E1053-20, 2020, https://www.astm.org/Standards/E1053.htm.
Hamilton SB, Wyatt DE, Wahlgren BT, et al. Higher titers of some
H5NT1 and recent human HIN1 and H3N2 influenza viruses in
Mv1 Lu versus MDCK cells. 17ro/ ]. 2011;8:66.

Reed L], Muench H. A simple method for estimating fifty percent
endpoints. Aw | Epidemiol. 1938;27(3):493-497.


https://www.astm.org/Standards/E1053.htm
https://www.astm.org/Standards/E1053.htm

	 Introduction
	 Results and Discussion
	 Identification and Quantification of the Chemical Constituents of the Essential Oil of C x aurantium Peels
	 Virucidal Activity and Cytotoxicity of Essential Oils, D-Limonene, and L-Limonene

	 Materials and Methods
	 Plant Material and Extraction of Essential Oil
	 Analysis of Essential Oils by GC-MS
	 Peak Identification
	 Reagents and Chemicals
	 Virucidal Activity and Cytotoxicity Testing

	 Conclusions
	 Acknowledgments
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


