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ABSTRACT

Introduction: The antiviral property of aqueous garlic extract against a virulent velogenic
field isolate of Newcastle disease virus (NDV) was investigated in a time of addition assay in
embryonated chicken eggs (ECEs).

Methods: The ECEs were inoculated with the lowest concentration of the virus with HA
(haemagglutination) positive activity. After determination of extract toxicity in ECEs,
administration of different concentrations of the extract (0.5, 1, 2, 4 mg/mL) or ribavirin
(comparative control) was performed 8 hours before (pretreatment), simultaneously (co-
treatment) or 8 hours after (post treatment) virus injection. Allantoic fluids were harvested for
infectivity determination, transmission electron microscopy (TEM) and viral load (HA titer)
assay. In vitro HA blocking activity test was also performed.

Results: Allicin content of the extract was 16.6% by HPLC method. The best viability results
were related to the extract in pretreatment and ribavirin in co-treatment trials (p<0.05 as
compared to infected ECEs with no treatment). Pre and co-treatment assays showed better
results on HA titer of garlic treated groups. In infectivity assay, the 50% embryo lethal dose
(ELD,,) values of NDV were roughly 500 and 50 folds of ELD, of the untreated virus in pre
and co-treatment, respectively. No change was observed in viral shapes in TEM analysis nor HA
blocking activity in vitro.

Conclusion: Aqueous extract of garlic shows antiviral effects against a velogenic strain of
NDV in ovo accompanied by a reduction in virus infectivity and titer. These effects are most
pronounced in pretreatment trial.

Implication for health policy/practice/research/medical education:
This study shows the antiviral effects of aqueous extract of garlic against a velogenic field strain of Newcastle disease virus which
may be important as a base for the future studies on the potential of garlic extract for preventing this viral disease in poultry

industry.

Please cite this paper as: Doostmohammadian F, Shomali T, Mosleh N, Mohammadi M. In Ovo evaluation of antiviral
effects of aqueous garlic (Allium sativum) extract against a velogenic strain of Newcastle disease virus. ] Herbmed Pharmacol.
2020;9(3):232-238. doi: 10.34172/jhp.2020.30.

Introduction

species, is the fourth most problematic disease for poultry

Viral diseases are among the most serious, devastating
and afflicting threats to poultry industry and result in
constant huge loss around the world. Unfortunately,
fighting against viruses is not easy. This has led to an
urgent need for finding new compounds with novel
mechanisms, relatively safe profile (both from human and
animal aspects) and of course cost-effectiveness.
Newcastle disease (ND), as an infectious disease in avian
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industry with worldwide distribution (1). The causative
agent of the disease is Newcastle disease virus (NDV) or
avian avulavirus which is a single stranded RNA virus from
paramyxoviridae family (2). This virus has three distinct
pathotypes based on mean death time in chicken embryos
including velogenic (40-60 hours), mesogenic (60-90
hours) and lentogenic (90-150 hours) strains (3). Despite
frequent use of live and killed commercial vaccines and
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intensive vaccination programs, especially in the endemic
regions of the world, high number of outbreaks is reported
annually which imposes huge economic burden on
poultry producers (1).

Antiviral drugs are not ordinarily used in poultry
industry due to high toxicity, high costs and legislative
limitations with regard to drug residues in poultry products
and emergence of resistant strains. Finding medicinal
plants or natural compounds with antiviral properties as
an alternative approach or at least in combination with
other preventive programs against poultry viral diseases
is an ongoing and highly demanded process. Different
plants have been assayed for their antiviral effects against
NDV including sweet wormwood (Artemisia annua L.)
(4), Commiphora swynnertonii (5), Achillea millefolium,
Thymus vulgaris (6) and Glycyrrhiza glabra (7) extracts.

Garlic (Allium sativum), which is widely grown for its
distinctive taste, is one of the most important medicinal
herbs used against various diseases. Garlic is a species in
onion genus belonging to the Liliaceae family (8). Garlic
contains a variety of bioactive compounds including
flavonoids and sulfur-containing compounds with
potent medicinal properties. Some bioactive compounds
in garlic can prevent formation of free radicals, cancer,
cardiovascular and neuronal degeneration diseases.
Antidiabetic, anticancer, anti-inflammatory, antioxidant,
antithrombotic, antihypertensive as well as antimicrobial
activities of garlic are the most known medicinal properties
of this plant (9,10).

It is believed that the antimicrobial activities
of garlic are primarily based on allicin. Allicin
(2-propenylthiosulphinate) is the most predominant
garlic’s thiosulfinate compound. The aqueous extracts of
garlic are particularly rich in allicin. The enzyme alliinase
converts alliin into allicin which is responsible for the
pungent smell in crushed fresh garlic (9).

Garlic has a profound niche in both human and
veterinary traditional medicine and there are oral reports
of its use for prevention and treatment of ND in folk
medicine.

Among modern pharmacological studies, there are a
few reports on the antiviral activity of garlic extract against
different viruses. The antiviral activities of garlic extract
and its different compounds against herpes simplex virus
type 1, herpes simplex virus type 2, parainfluenza virus
type 3, vaccinia virus, vesicular stomatitis virus, and
human rhinovirus type 2 have been shown in vitro (11).
Mohajer Shojai et al reported the inhibitory effects of
garlic extract against 4/91 and M41 strains of infectious
bronchitis virus (IBV) in ovo (12). Based on the limited
knowledge about the antiviral properties of garlic extract
against NDV, this research investigated the antiviral effect
of aqueous extract of garlic against this virus in a time of
addition assay in embryonated chicken eggs (ECEs) which
serve as the borderline of in vitro and in vivo experiments.

Effects of garlic extract against Newcastle disease virus

Materials and Methods

Preparation of garlic aqueous extract

Garlic cloves were purchased from a local market and
authenticated by a botanist. Garlic cloves were squashed
in sterile distilled water (4 g/20 mL). After 24 hours it
was centrifuged twice at 3400 g (10 minutes). Then the
supernatant was filtered by using a 0.22 pum membrane
filter. After solvent evaporation at 40°C, the extract was
poured into a small glass container and stored at -70°C.
The method of extraction was based on the study by
Velliyagounder et al (13). The extract yield was 14.8%.
Sterile phosphate-buffered saline (PBS) containing
penicillin-streptomycin (3000 unit penicillin+3000 mg
streptomycin in 1 ml of solvent) was used as the solvent
of extract in all experiments. Phytochemical analysis
of garlic extract was also performed for determination
of allicin content by using HPLC method as described
previously (14,15).

Embryonated chicken eggs

The specific antibody negative (against NDV) ECEs were
used in all the experiments. The 9 to 10-day-old embryos
at the time of inoculation were used. Death of embryos
which died within 24 hours after infection was considered
nonspecific and replaced with new ECEs.

Toxicity assay of garlic extract in ECEs

To determine maximum non-toxic concentration
(MNTC) of garlic extract in ECEs, the extract was diluted
to the desired concentrations of 0.03, 0.06, 0.125, 0.25, 0.5,
1,2,4,8,16, 32, 64 and 128 mg/mL. Then 0.1 mL of each
extract dilution was inoculated into allantoic cavity of five
ECEs, incubated for 72 hours and monitored daily. Five
ECEs were also considered as negative control and injected
only with 0.1 mL of solvent. The highest concentration
that was not associated with any death after 72 h was
considered as MNTC (4 mg/mL). This concentration as
well as three concentrations lower than that (2, 1 and 0.5
mg/mL) (totally 4 concentrations) were selected for later
experiments.

Virus characteristics
A virulent field isolate of NDV (Gene Bank accession
number: JF820294.1), was used as the virus stock. The
virus was propagated in ECEs by inoculating the virus via
the allantoic route.

To determine the appropriate dilution of the virus for
inoculation to ECEs in the experiments, serial dilutions
were made from the virus stock and 100 pL of each
dilution was injected to allantoic cavity of five, 9 to 10
day old-ECEs following the procedure outlined by World
Organization for Animal Health (OIE) (2012) manual (16).
Due to highly pathogenic and fatal nature of the virus, the
lowest concentration of the virus with haemagglutination
(HA) positive activity in infected embryos (2.5 x 10"'?) was
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considered for inoculation of ECEs in all experiments.
Rapid HA assay (spot HA test) was used to determine HA
positive samples (17).

Antiviral assay (Time of addition assay)

Antiviral efficacy of aqueous garlic extract was evaluated
by time of addition study consisted of pre, post and co-
treatment of virus infected ECEs with garlic extract. Each
trial was performed on thirty five, 9 to 10 day-old ECEs
randomly divided into 7 (A-G) equal groups (5 eggs
each) as follows: A-F groups were aseptically infected by
allantoic route inoculation of 0.1 ml of 2.5 x 10" dilution
of the virus, while G group received antibiotic-contained
PBS (Negative control). A-D groups also received 0.1 mL
of garlic extract at 0.5, 1, 2 and 4 mg/mL concentrations,
respectively while group E was treated with 0.1 ml ribavirin
(Sigma, USA; 1.25 pg/0.1 mL) (18) as comparative
control. G and F groups were injected again with 0.1 ml of
antibiotic-contained PBS and served as negative control
and positive or virus control, respectively. All drugs were
administered via allantoic injection.

Administration of garlic extract or ribavirin was
performed 8 hours before (pretreatment), simultaneously
or 8 hours after (post treatment) virus injection in
each trial.

After last injection, all eggs were incubated for 72 hours
at 37°C and egg candling was performed every 24 hours
for evaluation of embryonic viability during the incubation
period based on embryonic movements and appearance
of blood vessels. Time of death was recorded for each
case. Deaths before 24 hours were omitted and replaced.
Then, the eggs were placed in refrigerator for chilling at
4°C, overnight. The allantoic fluid was harvested from all
groups and the presence of the virus in individual samples
was tested by rapid HA assay. HA titer of the NDV was
assessed in pooled samples of each group by HA test using
1% RBC suspension (17). All procedures used in this
study were in accordance with our institutional ethical
guidelines for use of animals in experiments.

Determination of virus infectivity in harvested allantoic
samples

To measure the concentration of infectious NDV in
harvested allantoic fluids of different trials, 50 percent
Embryo Lethal Dose (ELD, ) of pooled allantoic samples
obtained from the garlic treated groups that showed
best response based on rapid HA and viability results or
positive control were determined (17). Briefly ten-fold
serial dilutions of the test allantoic fluids were made
and each dilution was injected into five ECEs. After
incubation, the results were used to determine ELD, by
Reed and Muench formula (19).

Electron microscopy
In addition to infectivity determination, fresh pooled

samples of harvested allantoic fluids from negative and
positive controls as well as ribavirin or garlic treated
groups of all 3 trials with best above mentioned results
were sent for transmission electron microscopy (TEM)
analysis using a Philips CM10 TEM at 100 kV by negative
staining.

In vitro determination of virus HA block

Four HA units (HAU) of viruses were used for
hemagglutination-inhibition (HI) test (17). After
incubating virus with different concentrations of garlic
extract (0.25, 0.5, 1, 2, 4, 8 and 16 mg/mL in sterile PBS)
in 1:1 v/v ratio for 1 hour at room temperature, HI test
was performed in round-bottomed 96-well micro-plates,
using 1% chicken RBC. Virus without garlic extract as
well as different concentrations of garlic extract without
virus were used as controls. Each test was performed in
pentaplicate. The method was borrowed from Chen et al
(20) with some modifications.

Statistical analysis

For comparing embryo viability among different groups,
Fisher’s exact test was used with p<0.05 as significant level,
using SPSS software version 22.

Results

Allicin content of the extract

As previously stated, allicin content of the garlic aqueous
extract was determined by HPLC method. The allicin
content of the extract was 16.6%.

Viability and rapid HA results in time of addition assays
Results related to viability of embryos and HA rapid
test of allantoic fluid of different groups in 3 trials are
summarized in Tables 1 (pre-treatment), 2 (co-treatment)
and 3 (post-treatment trial).

In all 3 trials, 100% of embryos in positive control group
(F) died after 48 hours incubation and all allantoic fluid
samples were positive in rapid HA test while no death was
observed in negative control (G group), and all allantoic
fluid samples remained HA negative. All embryos in all
groups and trials were alive at 24 hours post-incubation
(inclusion criterion).

In all 3 trials no significant difference was observed in
the number of live embryos among different groups after
48 hours of incubation (P> 0.05). However, after 72 hours
of incubation, in pretreatment trial, garlic treated groups
(except of D group) showed significantly higher viability
as compared to positive control group (P<0.05), where all
garlic treated groups showed statistically the same results
(P>0.05). Ribavirin administration was not associated
with a significant reduction in number of dead embryos
as compared to positive control group (P> 0.05).

In co-treatment trial, all embryos of garlic treated and
positive control groups died after 72 hours incubation,
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Effects of garlic extract against Newcastle disease virus

Table 1. Number of live embryo at different time post incubation (24, 48 and 72 h) and number of haemagglutination (HA) rapid positive allantoic fluid samples

at 72 h post-incubation in pre-treatment trial (n=5)

A B C D E F G

24 h 5 5 5 5 5 5 5

No. of live embryos 48 h 5 4 5 5 5 5 5
72 h 4 4" 4" 3 3 0 5

No. of rapid HA positive samples 1 0 0 2 2 5 0

A-E: groups that received 0.1 mL of garlic extract at 0.5, 1, 2 and 4 mg/mL concentrations or ribavirin (1.25 pg) 8 h prior to inoculation of 0.1 ml of
Newcastle disease virus (NDV); F and G groups were considered as positive and negative controls, respectively.

*Significantly different with positive control (F) group (P < 0.05).

Table 2. Number of viable embryo at different time post incubation (24, 48 and 72 h) and number of haemagglutination (HA) rapid positive allantoic fluid

samples at 72 h post incubation in co-treatment trial (n=5)

A B C D E F G

24 h 5 5 5 5 5 5 5

No. of live embryos 48 h 5 5 5 5 5 5 5
72 h 0 0 0 0 5* 0 5

No. of rapid HA positive samples 5 5 5 5 0 5 0

A-E: groups that received 0.1 ml of garlic extract at 0.5, 1, 2 and 4 mg/mL concentrations or ribavirin (1.25 pg) 8 h prior to inoculation of 0.1 ml of
Newcastle disease virus (NDV); F and G groups were considered as positive and negative controls, respectively.

*Significantly different with positive control (F) group (P < 0.05).

Table 3. Number of viable embryo at different time post incubation (24, 48 and 72 h) and number of haemagglutination (HA) rapid positive allantoic fluid

samples at 72 h post incubation in post-treatment trial (n=5)

A B C D E F G

24 h 5 5 5 5 5 5 5

No. of live embryos 48 h 5 3 3 4 5 5 5
72h 0 0 0 1 3 0 5

No. of rapid HA positive samples 5 5 5 5 5 5 0

A-E: groups that received 0.1 mL of garlic extract at 0.5, 1, 2 and 4 mg/mL concentrations or ribavirin (1.25 pg) 8 h prior to inoculation of 0.1 ml of
Newcastle disease virus (NDV); F and G groups were considered as positive and negative controls, respectively.

ribavirin administration resulted in 100% survival of
embryos (P<0.05 as compared to F group).

In post treatment trial after 72 hours of incubation
neither ribavirin nor different concentrations of the
extract could significantly affect viability as compared to
F group (P>0.05).

HA titer results in time of addition assays
Table 4 summarizes HA titers of pooled samples from
different groups in 3 trials. Pre- and co-treatment assays

Table 4. Haemagglutination (HA) titers of NDV in pooled allantoic fluid
samples of different groups in 3 trials

A B C D E F G
Pretreatment 8 7 8 10 5 11 1
Co-treatment 11 10 7 7 1 11 1
Post treatment 10 9 9 8 7 11 1

A-E: groups that received 0.1 mL of garlic extract at 0.5, 1, 2 and 4 mg/
mL concentrations or ribavirin (1.25 pg) 8 h prior to inoculation of 0.1
ml of Newcastle disease virus (NDV); F and G groups were considered
as positive and negative controls, respectively.

showed better results on HA titer of garlic treated groups.

ELD,, of harvested allantoic samples in trials

As previously stated ELD, of NDV in allantoic fluids of
pooled samples of garlic treated embryos from selected
groups (1 mg/kg in pretreatment, 2 mg/kg in co-treatment
and 4 mg/mL in post treatment) in different trials was
determined. The ELD, value of NDV determined as 10°
72 in pretreatment and 10®* in co-treatment trials (vs.
2x107'4 of untreated virus in positive control) which
were roughly 500 and 50 folds higher than the ELD, of
the untreated virus. For post treatment, results of ELD,,
determination was around that of untreated virus.

Morphology of virus in TEM

In all groups viral particles were observed mostly in
spherical shape. No change was observed in virus shape
or the appearance of surface glycoproteins in different
groups (Figure 1A-G).

In vitro HA block
In vitro Incubation of NDV with different concentrations
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Figure 1. Representative transmission electron micrographs of NDV in harvested allantoic fluids from embryos in different groups.
A-C: pre, co and post treatments with garlic extracts; D-F: pre-, co- and post-treatments with ribavirin; G: Virus control (no treatment).

of garlic extract did not show HA blocking activity of the
extract as shown by obvious HA in these samples.

Discussion

In the present study we evaluated the antiviral activity of
aqueous extract of garlic against a velogenic strain of NDV
based on the viability of embryos in a time of addition assay
in in ovo conditions. We observed that administration
of the extract in pretreatment assay was more effective
in reducing embryonic death than co-treatment or post
treatment while ribavirin showed the best result in co-
treatment assay. Time of addition assays are important in
determining the step of virus life cycle which is affected by
antiviral agents and therefore are beneficial in illustration
of mechanism of action of antiviral compounds.
Pretreatment assay majorly determines two mechanisms of
antiviral effects: the acceleration of antiviral host immune
factors e.g. interferon production and/or the ability of the
drug to block virus attachment to host cells (21).

Inastudyby Schilling etal (22), the authors characterized
the transcriptional response of selected innate immune
genes to NDV infection in chicken embryos at days 10,
14 and 18 of embryonic development and they suggested
that the innate immune response after 72 hours of viral
challenge was consistent in 18-day chicken embryo.
Regarding the ages of the chicken embryos, used in the
present study (9-10 days old), the chance that antiviral
effect of garlic could be mediate by immunostimulation
might be excluded.

Hemagglutinin-neuraminidase is a viral glycoprotein of
NDV and acts as a decisive factor for virus attachment to
host cells. This protein has a role in multiple viral functions
including binding to receptor (sialic acid) for virus
attachment to cells, receptor destroying (neuraminidase)
activity for virus budding, and fusion protein activation
(23). In the present study we evaluated the HA blocking
activity of garlic extract in vitro and we observed no

blocking activity. Moreover, TEM images did not show
a considerable change in structure or shape of surface
hemagglutinin-neuraminidase glycoproteins. Therefore,
it seems that inhibition of viral attachment to cells through
affecting HA is not involved in the antiviral effect of garlic
extract that was observed in pretreatment assay.

It has been demonstrated that NDV may enter host
cells through endocytosis and its entry is dependent
to protein kinase C (PKC) activation (24). Moreover,
NDV infectivity is impaired by inhibition of PKC (25).
As previously stated, we observed a 500-fold decrease in
ELD,, of virus in pretreatment assay. In a mammalian
model it has been demonstrated that allicin, as the main
constituent of garlic, has inhibitory effects on PKC activity
(26). Therefore, PKC inhibition by garlic extract may be
involved in reducing infectivity of NDV and antiviral
effect of garlic extract as observed in pretreatment assay,
although this hypothesis needs to be approved in further
studies.

In the present study, post treatment with garlic extract
was not associated with considerable effects. Newcastle
disease viruses have the most rapid replication cycle
among all paramyxoviruses. For instance, attachment is
almost complete in 10 minutes, viral protein synthesis
is implemented within 6 hours post-infection and the
maximal yield of viruses is achieved within 12 hours post-
infection (27). We administered garlic extract 8 hours
post-infection when virus replication had considerably
progressed. This may explain the lack of considerable
effect of garlic on NDV in post-treatment assay.

Another finding of our study was the change in virus
HA titers of garlic treated groups which was again more
profound in pre- and co-treatments. Therefore, garlic
may have affected the replication of virus with resultant
decreases in the number of viral particles. It must be kept
in mind that HA test does not discriminate between intact
and degraded viral particles (17). Regarding the lack of

236 Journal of Herbmed Pharmacology, Volume 9, Number 3, July 2020

http://www.herbmedpharmacol.com


http://www.herbmedpharmacol.com

effect on viability of embryos in post treatment trial, the
virucidal effects of the extract are not quite expected.

Conclusion

Aqueous extract of garlic shows antiviral effects against
a velogenic strain of NDV in ovo accompanied by a
reduction in virus infectivity and titer. These effects are
most pronounced in pretreatment trial and are more
probably due to diminished virus attachment and entry in
a host-related manner.
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