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Abstract

Present work has been commenced to evaluate the possible antioxidant, antibacterial, hemolytic and antiviral properties
of ethanolic extract of leaves of Ficus benjamina var. comosa. Total phenolic and flavonoid have also been estimated. DPPH
free radicals scavenging method was used to assess antioxidant activity while anti-biofilm activity of the ethanolic leaves
extracts was done by microtitre-plate assay against Pseudomonas aerugonisa, Escherichia coli and Bacillus cerus. For
hemolytic activity the ethanolic extract toxicity was observed against human erythrocytes /n vitro. In addition, SPF
embryonated chicken eggs were used to check the antiviral activity against Newcastle disease virus. The values of total
phenolic and flavonoid components were 4.50 £ 1.1 mg (GAE gm) and 11.20 + 8.9 (QE mg) respectively. The results
indicate that leaves have good antioxidant activity of 68.27 % +1.08 with respect to ascorbic acid equivalence and biofilm
inhibition against all the tested bacterial strains. Hemolytic activity is 2.14 % +0.41 however at low concentration there was
not any significant change observed on erythrocyte membrane. In antiviral /n ovo activity 60 pg/mL showed complete
inhibition of NDV growth while 120 ug/mL dose is lethal for embryo.
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Introduction

The plants produce secondary metabolites to defend
themselves against microbes and insects and these
secondary metabolites are also beneficial in the treatment
of diabetes (Jamila ef al., 2020) and in the cure of many
viral or other diseases (Pedras, 2008; Oztiirk & Hakeem,
2018). Plants also produce compounds/ metabolites
having antioxidant and antimicrobial properties which are
helpful for their better development, growth and protect
themselves against their adversaries (Gonzalez et al.,
2009). These metabolites may have ability to combat with
other viruses of animals and humans (Yarmolinsky ef al.,
2010). In order to reduce the viruses’ effect, research
efforts have been devoted to the discovery of new
antiviral natural products (Perera & Efferth, 2012). It is
the need of the time to discover new antiviral agents to
fight against viral diseases like Newcastle disease, as
alternatives to expensive drugs.

Ficus benjamina var. comosa (weeping fig) belongs
to family Moraceae, a species native to Asia and
Australia. It is popular ornamental plant growing at mild
temperatures but is able to tolerate both low and high
temperature conditions (Kim ez al., 2008). Wild animals
like to eat this plant as a food source and it contains many
medicinally potent substances such as flavonoids, sugars,
phenols, enzymes and vitamins A, C, K. (Berg et al.,
2005). Its leaves, bark and fruits contain stigmasterol,
lactose, quercetin acid, cinnamic, and caffeic acid (Sirisha
et al., 2010). The F. benjamina variety comosa leaves
extract has shown antioxidant, antibacterial, antiviral
activity against Virus Herpes Simplex 1 and 2 (Parveen et
al., 2009; Yarmolinsky ef al., 2012), antinociceptive and
analgesic activities (Parveen et al., 2009). Caffeic acid
extracted from F. benjamina variety comosa has shown

cytotoxic activity against T-lymphoblastic leukemic cell
(Dafalla et al., 2003). The researchers have discovered
that flavonoids (especially quercetin and quercetin 3-
rhamnoside) present in plants play an active role to fight
against several viruses (Choi et al., 2009). Based on the
literature survey, this plant may possess potent biological
activities. So, this study was planned to assess the
efficacy of ethanolic extract of F. benjamina leaves as
antioxidant, antibacterial, hemolytic and antiviral agent.

Materials and Methods

Sample collection and identification: The leaves of F.
benjamina var. comosa were collected from Botanical
Garden of Government College University Faisalabad
(GCUF) and standard keys and descriptions at the field
were utilized for the identification (Dalziel, 1955).

Plant extract preparation: Plant leaves were washed
with tap water to remove debris and shade dried for 20-25
days in lab. The leaves were then grinded and stored in
cool dry room by putting in airtight bags. Extraction was
performed by simple maceration method described by
Parekh & Chanda (2006). Powdered plant leaf, weighing
500 g was drenched in a conical flask in 99.8% v/v of
ethanol (1 liter), and kept for 72 h at room temperature in
a dark place. After filtration, filtrate was concentrated
using a rotary evaporator at 50°C to evaporate all the
ethanol. Evaporated extract was dissolved in
dimethylsulphoxide (DMSO) and kept at 4°C until used.

Total phenolic contents: The quantification of total
phenolic contents of ethanolic leaf extract was carried out
by Folin Ciocalteau reagent with respect to standard curve
of gallic acid (Kumar et al., 2013). The crude ethanolic
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extract was diluted to make different concentrations (125
pg/mL, 250 pg/mL, 500 pg/mL and 1000 pg/mL). In 1
mL of each extract added 2.5 mL of Foiln reagent and 2m
L of sodium bicarbonate (NaCos 7.5%). After 20 mints
the absorbance was checked at 765nm by taking Na>COs
as blank. The results were expressed in equivalence to
gallic acid (pg).

Total flavonoid contents: Flavonoids were determined
by Aluminium chloride method with different dilutions
(125 pg/mL, 250 pg/mL, 500 pg/mL and 1000 pg/mL) of
crude ethanolic extracts mixed with 1 mL of aluminium
chloride solution (2% ethanol). After 15-20 mints,
absorbance was recorded at 420 nm by taking AICI;
solution (2% AICl; in 1 mL water) as blank. Results were
reported as Quercetin equivalence (QE) in pg (Ordonez et
al., 20006).

Antioxidant assay: The antioxidant activity of F
benjamina was determined following the method
developed by Ashraf et al., (2015) and Ali et al., (2016)
by scavenging of 1,1-diphenyl-2-picrylhydrazyl radical
(DPPH). Different concentrations (10ug/mL, 15pug/mL,
20 ug/mL, 25 pg/mL and 30 pg/mL) of ethanolic extract
of F. benjamina leaves were prepared by diluting the
extract with distilled water and added 1mL methanolic
solution of 1,1-diphenyl-2-picrylhydrazyl radical (0.2
mmol) in 2mL of each dilution of extract in a separate test
tube and make the volume upto 4mL with methanol. After
60 min putting in dark, recorded absorbance at 517 nm by
taking methanol as blank.

Free radical scavenging activity = [A¢ — A1/ Ao] x 100

A,= absorbance of control solution, A;= Absorbance of
tested solution (extract). Lowered absorbance of mixture
specifies stronger DPPH radical scavenging activity.

Hemolytic studies towards human erythrocytes:
Hemolytic activity of the plant ethanolic extract was
performed by the technique described by Anjum et al.,
(2013) and Shahid et al., (2015). For each assay, human
erythrocytes were upheld @ 10® cells per ml. These cells
were mixed separately with 100 pl of each compound.
With gentle agitation after 10 min, samples were
incubated at 37°C for 35 min and then for 5 min kept on
ice. Samples were immediately centrifuged at 1000xg for
5 min. From each tube, 100 pl supernatant was mixed
with chilled (4°C) PBS having pH 7.4 diluted them 10
times. Same process was performed with PBS (-ve
control) and 0.1% v/v Triton X-100 (+ve control). For
measuring % RBCs lysis for each sample, the absorbance
at 576 nm was observed using pQuant (Bioteck, USA).

Biofilm inhibition assay: A 100 pl of nutrient broth with
100 pl testing sample and 20 pl of bacterial suspension
(Escherichia coli, Bacillus cerus and Pseudomonas
aeruginosa) was inoculated in flat bottomed 96 sterile
well tissue culture plates while the wells containing only
nutrient broth served as —ve control. After three times
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washing with 220 pl of sterile phosphate buffer, 220 pl of
methanol was used for the fixation of bacteria and plates
were emptied after 15 min. For staining 50 % crystal
violet for 5 minutes for these dried plates (Rubab et al.,
2015; Hussain et al., 2015). In air dried plates glacial
acetic acid (33%, v/v) per well was added for
resolubilization of dye bound adherent cells. The
microplate reader (BioTek, USA) was used for measuring
OD of each well at 630 nm using. Inhibition of bacterial
growth (INH%) was determined as follows:

INH%=100 — (ODs30 sample X 100)/ ODs30 control

Antiviral activity: Specific pathogen free (SPF) chicken
eggs were collected from a local poultry breeder and
incubated for 9 days at 37°C while the NDV Lasota strain
was purchased from local market, Pakistan. Fifty percent
(50%) embryo infectious dose (EIDso) of the virus was
recorded by following the protocol of Young et al.,
(2002). By adopting Reed and Muench formula index the
infection rate immediately above 50 percent was analyzed
(i.e. 1039),

Eggs inoculation: Eight groups (having five embryonated
eggs in each group) were formed after 9 days of eggs
incubation and labeled them regarding for inoculated
concentration of extract in them. 0.1 ml of the inoculum
was inoculated through a hole made in egg shell just
above the air sac. Group G1 has uninoculated eggs (-ve
control), G2 has eggs with virus suspension only (+ve
control), G3 has extract control and G4 eggs injected with
DMSO + virus (VS+). From five to eight groups were
inoculated with 0.2 ml of F. benjamina leave ethanolic
extract/virus at final concentration of 30pg/ml, 60pg/ml,
90ug/ml, 120pg/ml and sealed the inoculation hole with
paraftin wax. Kept all the eggs at 37°C for 4 days. The
growth and movement of embryos were observed daily.
At 5th day, the eggs were chilled and allantoic fluid was
collected from treated eggs to detect NDV by performing
haemagglutination test (HA) as documented by
Murakawa et al., (2003). The antiviral activity of plant
extract with its different concentrations was assessed on
embryo survival rate and virus concentration was
recorded by HA.

Statistical analysis: All the tests were performed as
triplet. The data is presented as mean + deviation (SD).
The result were analyzed by using MS Excel and ANOVA
(one way) to determine significant level (p<0.05) between
data sets.

Results

Antioxidant assay: The percentage radical scavenging of
ethanolic leave extract of F. benjamina is 68.27 £1.08
pg/mL and this activity increase with increase in time and
concentration of dose. The results are expressed as
percentage inhibition of DPPH (n=3). The results of DPPH
radical scavenging activity are represented in ascorbic acid
equivalence and reported in as depicted in Fig. 1.
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Total phenolic and flavonoid contents: In this study
phenolic and flavonoid content showed dose dependent
pattern. The TPC value measured by Folin Ciocalteau
reagent procedure with respect to standard curve of gallic
acid was 4.50 £ 1.1 mg (GAE gm) in dose dependent
pattern compare to Gallic acid equivalence in pg. The
results are summarized in Fig. 2. The value of flavonoid
for ethanolic leave extract of F. benjamina was 11.20 +
8.9 mg with respect to 2% aluminium chloride solution,
results are expressed as Quercetin equivalence (QE) in pg
shown in Fig. 3.

Hemolysis towards human erythrocytes: Hemolytic
activities of the F. benjamina leave is reported as mean +
SD of all the replicates presented in Table 1. No
hemolysis (0%) was obtained with buffer and Triton X-
100 (0.1%) showed total hemolysis. The yield of positive
control Triton X-100 was 96.58+1.72, negative control
PBS was 0.63+0.19 and extraction of leave of F
benjamina was 2.14£0.41. The leaf extract of F
benjamina displayed very low hemolytic effect toward
human erythrocytes.

Microtitre-plate method of biofilm inhibition assay:
The results of biofilm inhibition activity obtained by
microtitre-plate method (Table 2) showed that the
ethanolic extract of leaves of F. benjamina yielded the
inhibition against all bacterial strains namely as Bacillus
cerus, Pseudomonas aeruginosa and E. coli.

Antiviral activity: The results of /n ovo antiviral activity
(Table 3), revealed that eggs of group 4 were died within
24 to 48 h of post inoculation with positive HA test
values. The F  benjamina ethanolic leaf extract
concentrations 30, 90 and 120pug/mL partially inhibit the
virus growth and showed the mortality rate of 20%, 20%
and 60% respectively. Sixty (60) pg/mL concentration of
leaves extract showed the virus growth 0% and stop
progression of virus completely. At 90 and 30 pg/mL the
growth is very low as only one embryo dead after 48 & 72
h but 120 pg/mL dose itself become toxic for embryo
because of high concentration.

Table 1. Hemolytic activity of the ethanolic extract of
FE benjamina leaves.

Hemolytic activity (%)
2.14% £ 0.41
0.63% £ 0.19
96.58% + 1.72

Ficus benjamina leaves extract

Leave
PBS
Triton X-100

Table 2. Antibiofilm activity of F. benjamina by
microtitre-plate method.

Biofilm inhibition (%) of
leaves of F. benjamina

62.70% +0.31
59.75% +0.14
63.73% +0.78

Bacterial strains

Bacillus cerus
Pseudomonas aeruginosa

Escherichia coli
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Fig. 1. DPPH free radical scavenging assay of different

concentrations of ethanolic extract of Ficus benjamina leaves
compared with ascorbic acid equivalence (pg/ml).
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Fig. 2. Total phenolic contents of ethanolic extract of F
benjamina leaves. Data is expressesed Mean + SE with gallic
acid equivalence (pug).
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Fig. 3. Total flavonoid contents of ethanolic extract of F
benjamina leaves. Results present the data with Mean + SE in
Quercetin equivalence (pg).
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Table 3. Ethanolic extract of leaves for Mortality (%) and HA assay of Ficus benjamina.
Time of embryo death (h) .
Treatment HA +ve HA -ve % Mortality
oh | 24 | 48 | 60 72 | 9

Uninoculated eggs 0 0 0 0 0 0 0/5 5/5 0

NDV alone 0 1 4 - - - 5/5 0/5 100
Extract control 0 0 0 0 0 0 0/5 5/5 0

DMSO + Virus 0 0 5 - - - 5/5 0/5 100

30 pg/mL 0 0 0 0 1 0 1/5 4/5 20

60 pg/mL 0 0 0 0 0 0 0/5 5/5 0

90 pg/mL 0 0 0 1 0 0 1/5 4/5 20

120 pg/mL 0 0 1 1 1 0 3/5 2/5 60
Discussion to embryo. It can be inferred, the extract contains high

The bioactive components of natural plants play
dynamic role in drug development. Antiviral drugs in the
form of secondary metabolites are stored in plants which
act as a vital reservoir of natural chemical having antiviral
potential (Babich et al., 2003). Multiple plant based
phytochemicals comprising the flavanoids, terpenoids,
polyphenols, furyl compounds, and many others have been
isolated to have healing application against wide-ranging
viruses. Few of these secondary metabolites or
phytochemicals have been extracted from F. benjamina.
This indicates that the plant is a rich source of
phytochemicals which may account for different biological
activities like antioxidative, hemolytic, biofilm inhibition
and antiviral activity. Phenolic and flavonoids contents
exhibit antioxidant activity and protect the animals and
human cells from damaging against free radicals. In this
present study phenolic and flavonoid content has shown
dose dependent pattern. Phenolic compounds has health
benefeciary roles because of their antioxidative activities.
Various  clinical ailments like cancer, AIDS,
neurodegenerative and metabolic disorders are due to free
radicals. These types of aliments can be treated by
antioxidants having scavenging ability (Suresh et al.,
2008). It is well established that phenolic compounds from
natural plants are highly effective in their antioxidative and
free radical scavenging potentials (Mohamed et al., 2009).
The DPPH free radical scavenging procedure is generally
used to estimate antioxidant activity of compounds which
can reduce DPPH by hydrogen atom donation and creating
DPPH-H (Cho et al., 2011). A number of workers have
used erythrocytes as a model system to study drugs
membranes interaction. Hemolytic assays are performed to
check hemolytic effect of compounds before establishing
their pharmacological preparations. Hemolysis is the
cytotoxicity indicator to RBC’s. Phytochemical present in
extract could have hemolytic activity (Lakshmi et al.,
2014). Predominantly they can change the membrane
structure of erythrocytes and it can easily count the amount
of hemolysis in cells (Kumar et al., 2011). The leaf extract
of F. benjamina displayed very low hemolytic effect
toward human erythrocytes. The medicinal value of
polyphenols in the plants is due to their higher antioxidant
nature. For the first time, the chicken In ovo technique in
present study has revealed, antiviral potential of ethanolic
extracts from F. benjamina against NDV. 60 pg/mL
concentration of leave extract showed the virus growth 0%
and stop progression of virus completely while the other
doses showed either less inhibition of virus or exert toxicity

concentration of phytochemicals as low dose is efficacious
while high dose could be lethal to the embryo. The effects
of Aloe secundiflora against S. gallinarum and ND virus in
chickens has been studied by Waihenya et al., (2002), they
observed no therapeutic or prophylactic effects against the
virus. Different crude extracts of Oputia vulgaris, Citrum
limon and Capsicum flutescens showed no effect against
NDV in poultry (Mtambo et al., 1999). Whereas ethanolic
extract of N. latifolia showed the highest antiviral effect in
one hour pre-infection with 12.5 mg of extract per egg with
60% viral reduction studied by Ukamaka et al., 2015.

The mechanism of NDV replication inhibition by this
extracts is not known and require further investigation.
However, inhibition of attachment/ penetration of virus into
host cells may be possible mechanisms (Sprawdow, 1999).
There is need to identify the active phytochemical(s)
responsible for the observed antiviral effects. Further
studies need to be done to ascertain the antiviral effect of
the plant in live bird. More importantly, there is need to
ensure that these plants with promising antiviral activity do
not go into extinction with time.

Conclusion

This novel study found the effectiveness of the F
benjamina as a possible source of natural antimicrobial,
antioxidants, hemolysis and antiviral agents. For more
detailed understanding for the distinctive inhibitory effect
of F. benjamina extracts, it is prerequisite to design
advance studies including purification and identification
of the antiviral agents present in plant. Consequently, the
ethanolic extract of F.  benjamina could accept for
significantly curing or controling several aliments.

Acknowledgement

Funds are provided by Government
University Faisalabad for this work.

College

References

Ali, S., A.S. Khan, A.U. Malik and M. Shahid. 2016. Effect of
controlled atmosphere storage on pericarp browning,
bioactive compounds and antioxidant enzymes of litchi
fruits. Food Chem., 206: 18-29.

Anjum, F., S.A. Bukhari, M. Shahid, T.H. Bokhari and M.M.A.
Talpur. 2013. Exploration of nutraceutical potential of
herbal oil formulated from parasitic plant. Afi: J. Tra.
Comp. Altr. Med., 11(1): 78-86.



POTENT BIOLOGICAL ACTIVITIES OF F. BENJAMINA

Ashraf, A., R.A. Sarfraz, M.A. Rashid, M. and M. Shahid. 2015.
Antioxidant, antimicrobial, antitumor, and cytotoxic activities
of an important medicinal plant (Euphorbia royleana) from
Pakistan. J. Food Drug Anal., 23(1): 109-115.

Babich, H., F. Visioli. 2003. In vitro cytotoxicity to Human cells
in culture of some phenolics from olive oils. Pharmacol.,
58: 406-408.

Berg, C.C., E.J. H.Corner and H. Noteboom. 2005. "Moraceae
(Ficus) In: (Ed.): Noteboom, H.P. Flore Malesiana
Nationaal Herbarium Nederland, 17: 1-730.

Cho, M., H.S. Lee, I.J. Kang, M.H. Won and S. You. 2011.
Antioxidant properties of extract and fractions from
Enteromorpha prolifera, a type of green seaweed. Food
Chem., 127(3): 999-1006.

Choi, H.J., JH. Song, K.S. Park and D.H. Kwon. 2009.
Inhibitory effects of quercetin 3-rhamnoside on influenza A
virus replication. Eur. J. Pharm. Sci., 37(3); 329-333. doi:
10.1016/j.€jps.2009.03.002.

Dafalla, H.A.A., M. Rahmani, M.A. Sukari and M. Ali. 2003. The
chemical constituents of Ficus benjamina Linn. and their
biological activities. Pertanika J. Sci. Tech., 11(1): 73-81.

Dalziel, J.M. 1995. The useful plants of west tropical Africa. vol 2.

Gonzalez-Lamothe, R.., G. Mitchell, M. Gattuso, M.S. Diarra, F.
Malouin amd K. Bouarab. 2009. Plant antimicrobial agents
and their effects on plant and human pathogens. I/nt. J. Mol.
Sci., 10(8): 3400-3419.

Hussain, S., S. Ali, S. Shahzadi, C. Rizzoli and M. Shahid. 2015.
Diorganotin (IV) complexes with monohydrate disodium
salt of iminodiacetic acid: synthesis, characterization,
crystal structure and biological activities. J. Chin. Chem.
Soc., 62(9): 793-802.

Jamila, N., N. Khan, .M. Hwang, S.N. Khan and A. Atlas. 2020.
Elemental analysis and bioactivities of Echinops echinatus
Roxb. (globe thistle) via spectroscopic techniques. Pak. J.
Bot., 52(1): DOI: http://dx.doi.org/10.30848/PJB2020-1(3).

Kim, K.J., M.J. Kil, J.S. Song, E.H. Yoo, K.C. Son and S.J.
Kays. 2008. Efficiency of volatile formaldehyde removal
by indoor plants: contribution of aerial plant parts versus
the root zone. J. Am. Soc. Hortic. Sci., 133(4): 521-526.

Kumar, G., L. Karthik and K.V.B. Rao. 2011. Haemolytic activity
of Indian medicinal plants toward human erythrocytes: an In
vitro study. Elixir. Appl. Bot., 40: 5534-5537.

Kumar, G., L. Karthik and K.V.B. Rao. 2013. Phytochemical
composition and In vitro antioxidant activity of aqueous
extract of Aerva lanata (L.) Juss. ex Schult. Stem
(Amaranthaceae). Asian Pac. J. Trop. Med., 6(3): 180-187.

Lakshmi, K.S., D. Sangeetha, D. Sivamani, M. Tamilarasan, T.P.
Rajesh and B. Anandraj. 2014. /n vitro antibacterial,
antioxidant, haemolytic, thrombolytic activities and
phytochemical analysis of Simarouba glauca leaves
extracts. Int. J. Pharm. Sci. Res., 5(2): 432-437.

Mohamed, A.A., A.A. Khalil and H.E.S. El-Beltagi. 2009.
Chemical composition and antioxidant/antimicrobial
activities of kaff maryam (A4nastatica hierochuntica) and
doum palm (Hyphaene thebaica) cultivated in Egypt.
Biyoloji Bilimleri Arastirma Dergisi., 2(2): 71-72.

Mtambo, M.M.A., E.J., Mushi, L.D.B., Kinabo, A., Maeda-
Machang’u, G.L.M., Mwamengele, M.G.S., Yongolo and
R. P.C., Temu. 1999. Evaluation of the efficacy of the crude
extracts of Capsicum frutescens, Citrus limoni and Opuntia
vulgaris against Newcastle disease in domestic fowl in
Tanzania. J. Ethnopharm., 68: 55-61.

535

Murakawa, Y.K., K. Sakaguchi, S. Soejima, K. Eriguchi, M.
Takase, M. Sueyoshi, H. Nagatomo, T. Ito and K. Otsuki.
2006. Heamagglutinating activity of the lentogenic Newcastle
diseasevirus strain MET95. Avian Pathol., 32: 39-45.

Ordonez, A.A.L., J.D. Gomez and M.A. Vattuone. 2006.
Antioxidant activities of Sechium edule (Jacq.) Swartz
extracts. Food Chem., 97(3): 452-458.

Oztirk, H., U., Kolak and C. Meric. 2011. Antioxidant,
anticholinesterase and antibacterial activities of Jurinea
consanguinea DC. Rec. Nat. Prod., 5: 43-51.

Parekh, J. and S. Chanda. 2006. In-vitro antimicrobial activities
of extracts of Launaea procumbens Roxb.(Labiateae), Vitis
vinifera L. (Vitaceae) and Cyperus rotundus L. Cyperaceae.
Afr. J. Biomed. Res., 9(2): 89-93.

Parveen, M., R M. Ghalib, S.H. Mehdi, R.U.H. Mattu and M.
Ali. 2009. A novel antimicrobial triterpenic acid from the
leaves of Ficus benjamina (var. comosa). J. Saudi. Chem.
Soc., 13(3): 287-290.

Pedras, M.S. and A.M. Adio. 2008. Phytoalexins and
phytoanticipins from the wild -crucifers Thellungiella
halophila and Arabidopsis thaliana. In rapalexin A,
wasalexins and camalexin. Phytochem., 69(4): 889-893.

Perera, C. and T. Efferth. 2012. Antiviral medicinal herbs and
phytochemicals. J. Pharmacogn, 3(1): 45-48.

Rubab, K., M.A. Abbasi, S.Z. Siddiqui, M. Ashraf, A. Shaukat,
1. Ahmad, M.A. Lodhi, F.A. Khan, M. Shahid and M.N.
Akhtar. 2015. Convergent synthesis of new N-substituted
2-{[5-(1H-indol-3-ylmethyl)-1, 3, 4-oxadiazol-2-yl]
sulfanyl} acetamides as suitable therapeutic agents. Braz. J.
Pharma Sci., 51(4): 931-947.

Shahid, S.A., F. Anwar, M. Shahid, N. Majeed, A. Azam, M.
Bashir, M. Amin, Z. Mehmood and 1. Shakir. 2015. Laser-
Assisted synthesis of Mn 0.50 Zn 0.50 Fe 2 O 4
nanomaterial: characterization and In vitro inhibition
activity towards bacillus subtilis biofilm. J. Nanomat., 6.

Sirisha, N., M. Sreenivasulu, K. Sangeeta and C.M. Chetty.
2010. Antioxidant properties of Ficus species—a review. Int.
J. Pharm.Tech. Res., 2(4): 2174-2182.

Sprawdow, P.B. 1999. Epidemiology of Newcastle Disease and
Economics of its control In: Poultry as a tool in Poverty
Eradication and Promotion of Gender equality the
economics of its control proceedings of a workshop.

Suresh, P.K., S. Sucheta, V.D. Sudarshana, P. Selvamani and S.
Latha. 2008. Antioxidant activity in some selected Indian
medicinal plants. Af#: J. Biotechnol., 7: 1826-1828.

Ukamaka, O., N., Paul and E. Ikechi. 2015. Antiviral effects of
Nauclea latifolia on Newcastle Disease Virus (NDV). Sky J.
Microbio. Res., 3: 001-005.

Waihenya, R.K., M.\M.A., Mtambo and G. Nkwengulila. 2002.
Evaluation of the efficacy of the crude extracts of Aloe
secundiflora, in chickens experimentally infected with
Newcastle disease virus. J. Ethnopharmaco., 79: 299-304.

Yarmolinsky, L., M. Luleihel, M. Zaccai and S. Ben-Shabat.
2012. Potent antiviral flavone glycosides from Ficus
benjamina leaves. Fitoterapia, 83(2): 362-67.

Yarmolinsky, L., M. Zaccai, S. Ben-Shabat, M. Huleihel. 2010.
Anti-Herpetic ~ Activity of Callissia fragrans and
Simmondsia chinensis Leaf Extracts In vitro. Open Virol. J.,
4: 57-62.

Young, M.B., R. Alders, S. Grimes, P.B. Spradbrow, P. Dias and
A.D. Silva. 2002. Controlling Newcastle Disease in Village
Chickens-A Laboratory Manual 2" ed. Monographs.

(Received for publication 2 August 2018)


https://www.ncbi.nlm.nih.gov/pubmed/?term=Choi%20HJ%5BAuthor%5D&cauthor=true&cauthor_uid=19491023
https://www.ncbi.nlm.nih.gov/pubmed/?term=Song%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=19491023
https://www.ncbi.nlm.nih.gov/pubmed/?term=Park%20KS%5BAuthor%5D&cauthor=true&cauthor_uid=19491023
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kwon%20DH%5BAuthor%5D&cauthor=true&cauthor_uid=19491023
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kwon%20DH%5BAuthor%5D&cauthor=true&cauthor_uid=19491023

