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ABSTRACT

Objective: Fifteen Euphorbiaceae plant extracts were evaluated for their antiviral and immune
boosting properties. Methods: The maximum non-toxic concentration of each extract in
specific pathogen—free embryonated chicken eggs was estimated and their antiviral efficacy
was determined in terms of reduction in viral titers, measured by the hemagglutination
inhibition (HI) assay. The antiviral efficacy was compared with ribavirin. The active extract
was further subjected to estimation of total polyphenolic and flavonoid contents. Also, GC/
MS analysis was used to analyze its unsaponifiable and saponifiable matters. Results: The
cytotoxic concentration fifty (CC, ) of Breynia distacha recorded the value of >200 and >300
for Newcastle disease virus (NDV) and avian influenza virus (AIV) H5N1, respectively. This
extract showed antiviral inhibition concentration (IC)) values of < 2 and < 3, respectively and
antiviral therapeutic index of 100% compared with ribavirin as standard. The serum of the
vaccinated chicks treated with B. distacha has recorded the highest Hl titers (7.1 and 8.3 log2)
at the day of 28 post vaccination with high protection percentage (100 and 90%) post NDV
and AIV H5N1 challenge, respectively. Also, a high HI titer (6.9 log2) was recorded in serum of
the vaccinated chicks treated with Aleurites moluccana, Jatropha curcas, Ricinus communis,
Putranjiva roxburghii with protection percentage of 95-100% post-NDV challenge. GC/MS
analysis allowed identification of 91.10% of the total unsaponifiable matter, (1-heptatriacotanol
represented the major component, 24.61%) and 82.51% of the fatty acid methyl esters
content (methyl palmitate represented the major component, 26.13 %). Conclusion: This
study highlighted the potential of many Euphorbiaceae plants especially B. distacha, to be
new candidate of plant-based prototypes that carry antiviral and immunogenic features against

respiratory viral infections.

Key words: Euphorbiaceae, Respiratory viral infections, SPF-ECEs, Immune, Hemagglutination,

GC/MS.

INTRODUCTION

Interest in a large number of traditional natural
products has increased.” Natural products, such
as hydroalcoholic and aqueous extracts, use in
allopathic medicine, continue to provide bioactive
agents because of the unmatched availability of
chemical diversity.? They were explored as sources
of potential drug candidates for the treatment of
infectious diseases of human and animals. The
major threat for sustainable growth of poultry
production comes from a plethora of viral
pathogens.” Newcastle disease (ND) and avian
influenza (AI) of the H5N1 subtype have been
recognized as the most important respiratory tract
infection pathogens that have significantly
threatened the poultry sector in Egypt.** In recent
years, poultry industry faced severe outbreaks due
to mixed infections of these two viruses which were
causing high mortality and great economic losses.**
Both viruses are contagious and widespread avian
disease affecting most species of birds. The ND
affected birds exhibit the symptoms of irregularities
of respiratory, nervous and digestive system.* NDV
has public health importance that it can produce

a transitory conjunctivitis in humans.® The avian
influenza type-A virus (H5N1) is the most devastating
and has caused unprecedented losses to poultry
industry and poses a threat to human. Outbreaks
of influenza virus infections in commercial poultry
flocks appeared to be associated with severe clinical
signs, variable high mortality (20%- 65%) and high
reduction in egg production (up to 75%) as reported
by Suarez (2008).” Although vaccines have long
been available and administered to control these
respiratory viral pathogens, they remain an ongoing
threat to commercial flocks. Unfortunately, vaccines
against both viruses do not provide sterile immunity,
and in many areas of the world vaccines are used to
prevent losses from sickness and death.® Endemicity
of NDV and Al circulation in poultry especially in
Egypt could further aggravate the current situation.
Antiviral drugs cause more risk than benefit due to
their low efficiency and viral resistance. This led to
a continuous search for new agents offering both
selectivity towards antiviral and immunostimulant
activities. The plant may have a possible indirect
activity in vivo, such as stimulation of certain host
defenses, including the immune system. The selection
of crude plant extracts for screening programs
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has the potential of being more successful in its steps than screening
of pure compounds isolated from the products. ® The spurge family,
Euphorbiaceae occupied a special place in the realm of plant families
and is scientifically reported for its antiviral, antimicrobial, anticancer,
cytotoxic, and antitumor activities.” In this respect, the present work
aims to search for the use of plants of the Euphorbiaceae family to
combat emerging infectious poultry diseases. Fifteen species belong
to this family, are widely distributed and easily available throughout
various geographical locations in Egypt,'® were selected and subjected
to evaluate their potential anti-viral activities against respiratory tract
infection pathogens in specific pathogen-free (SPF) chicken embryos
and evaluation of immune boosting properties of these substances in
SPF chicks. These plant species are well known to have their traditional
claims for cure and/or reduce symptoms of various disorders including
infectious diseases of animal and human among folk cultures.

MATERIALS AND METHODS

Plant material

Different plants with their different parts were collected from various
geographical locations in Egypt (Table 1). The identification of plant
was performed by Treas Labib, Herbarium Section, EI-Orman Botanical
Garden, Giza, Egypt and by Dr. S.S. El-Khanagry, Department of Flora
and Phyto-taxonomy Research, Horticultural Research Institute, Egypt.
Voucher specimens were deposited in the herbarium of the National
Research Centre (CAIRC), Giza, Egypt.

Preparation of hydroalcoholic extracts

The plant materials were air dried and crushed into powder.
Each powder was, separately, sealed in black plastic bags at room
temperature (25+2 °C and 70+5% relative humidity) for later study.
The dried materials (200 g) were separately subjected to continuous
extraction apparatus (Soxhlet) exhaustively using solvents 70%
aqueous methanol. The extraction was continued till exhaustion. The
solvent was stripped off by distillation under reduced pressure at a
temperature not exceeding 40°C using rotatory evaporator and stored
at 4°C.

Specific pathogen-free HA test before use

One-day-old fertile specific pathogen-free (SPF) eggs were taken from
the National Project Nile SPF eggs, Koom Oshiem, Fayoum, Egypt. The
eggs were used for propagation and titration of virus. They were kept in
the egg incubator at 37°C with humidity 60-80% till the age of 9-11 day
old. All eggs and birds were kept in biosafety isolators.

Chicken erythrocytes

Freshly collected chick erythrocytes (1% and 10%) prepared in saline
solution after several washes were used in hemagglutination assay (HA).

Newcastle disease virus and highly pathogenic avian
influenza virus H5N1

Viruses

The viruses of Newcastle disease virus (NDV) and avian influenza
virus AIV H5N1 were obtained from the bank of strains of our Central
Laboratory for Evaluation of Veterinary Biologics (CLEVB), Abbasia,
Egypt. Avian influenza AI of Accession No. AFI44355 and ND of
accession no. Genotype7: KM288609 were used.

Vaccines

The vaccines with titer of 10%? and 10® EID50/mL (embryo infective
dose) were used for vaccination of the experimental birds for avian
influenza AI and ND, respectively.

Pharmacognosy Journal, Vol 11, Issue 6(Suppl), Nov-Dec, 2019

Hemagglutination test (HA)

It was applied for calculating the titer of virus in the collected allantoic
fluid of all inoculated groups of SPF-embryonated chicken eggs (SPF-
ECEs) according to Office International Des Epizooties OIE (2002).2
Hemagglutination inhibition (HI) test all serum samples from the
groups were collected for estimation of antibody titers against the
investigated virus using hemagglutination inhibition (HI) assay.® In
brief, two-fold serial dilution of 25 uL serum was made with phosphate-
buffered saline (PBS) in V-bottomed microtiter plates (Nunc) up to 10th
well. 25 uL of 4 hemagglutinating units of virus or antigen was added
up to 11th well. The plates were kept at room temperature for more
than 30 minutes to facilitate antigen-antibody reaction. Then, 50 uL of
1% (v/v) chicken red blood cells (RBCs) suspension was added to each
well. The 11th well contains antigen and RBCs as the positive control,
and the 12th well contains only RBCs as the negative control. After
gentle mixing, the RBCs were allowed to settle at room temperature
for 40 minutes, and agglutination was assessed by tilting the plates. The
samples showing peculiar central button shaped settling of RBCs were
recorded as positive and maximum dilution of each sample causing HI
was considered the end point, which was used to estimate the HI titer.
The HI titer of each serum sample was expressed as reciprocal of the
serum dilution (OIE 2002).%

Vaccination of birds

The experimental birds were vaccinated via drinking water for
NDV and subcutaneous injection (S/C) for AIV. The commonly
used serological test, HI assay, performed on vaccinated chicks' sera
was used for potency testing of vaccines after the day of 28 post
vaccination.” The assay was used to estimate antibody titers. The
vaccine was tittered by measuring the hemagglutinating activity using
a microplate HA test.

Cytotoxicity concentration fifty (CC, )

Each plant extract was diluted 1: 50 in Modified Eagle Medium MEM.*
It was then filtered through a sterile syringe filter 0.2 mm pore diameter.
The filtrate equivalent to 200 mg dried plant material and 1% ethanol,
was the starting material. Serial dilutions of each extract were made (in
duplicate), in MEM +0.1% serum, across a row of wells in an empty 96-
well microtest tray. Groups of SPF-ECE, were inoculated with different
concentration of each tested sample separately for calculation of CC,,.
Un-inoculated SPF eggs were always included as control of embryo.
The eggs inoculated via allantoic cavity and were incubated for 6 days
post-inoculation (PI) at 37°C with humidity 60-80%. CC,, of each test
sample was determined as the minimal concentration of sample that
induced any embryos mortalities or any deviation than normal control
embryos in 50% of embryonated chicken eggs.

Inhibition concentration and therapeutic index

Other group of SPF-ECE were inoculated with mixture of minimal
cytotoxic concentration of different tested extract separately with
each virus separately (0.2 mL per egg) for calculation of the antiviral
inhibitory concentration fifty (IC_).”*® Un-inoculated SPF eggs were
always included as control of embryo. The eggs inoculated via allantoic
cavity and were incubated for 6 days PI at 37°C with humidity 60-
80%. The IC_ of tested samples was assayed as the concentration the
compound that fully inhibited virus effect in 50% of embryonated
chicken eggs. The therapeutic index (TI) for each sample was also
determined ffrom CC_/IC, . The antiviral efficacy was compared with
ribavirin, a broad spectrum antiviral drug.

In vitro antiviral assay

The antiviral properties of the hydroalcoholic extract of plants against
virus replication in SPF chicken embryos were investigated using
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Table 1: The selected hydro-alcoholic plant extracts collected from Euphorbiaceae and their traditional uses, region of collection and vernacular name.

No. S. Species Extract yield (%) Traditional uses References Plant part ?:I?e':;:: Vernacular name
Cold, headache, swellings,
and malaria (The leaves-
Acalypha wilkesiana poultice), inflammation, fungal [11,12] The Orman Marginata or
1 forma tricolors Miill. 9.45 skin infection (The leaves- Leaves Botanical N%ooeri
Arg. decoction), and a remedy [12] Garden, Giza
against dermal microbial
infections (The leaves-poultice)
Aleurites moluccana The treatment of fever, . The Orman The candlenut or
2 . 8.52 inflammation, asthma, [13] Aerial parts Botanical
(L.) Willd. " . . . the moluccana
hepatitis, gatric ulcer and pain Garden, Giza
Chewing sticks (stems)
Breynia distacha J. R. Headache, toothache and Leaves and Al-Zoharia Hawaiian snow
3 11.63 . . [14]
Forst. tooth infection (leaves) and the stems garden bush
treatment of fever
. ‘ ‘Purgat'lve, sedan.ve, The Orman
Codiaeum variegatum antiamoebic and antifungal . Garden croton or
4 10.40 X [15] Leaves Botanical )
cv. Petra. (The leaves extract), gastric . variegated croton
; Garden, Giza
ulcers (Root decoction).
' Ascar%ams, gonorrhea, leprosy, The Orman
Euphorbia rabies, allergy, toothache, .
L . > . [16] Latex Botanical Kol-quall tree
abyssinica J.E. Gmel. syphilis, tinea infestation, TB, .
. Garden, Giza
and skin cancer
5 Euphorbia arguta var. 9.34 Remove warts [16] Aerial parts G e Halbob
dasycarpa Desert Road
6 Lot greenu'/ay ! 6.90 No available reports - Aerial parts Local gal.'den ,Of (ST
var. greenwayi Mansoryia, Giza
Used to the wart's toothache
. (Infuse in boiling water — .
7 Eughor?tu 9.70 rinse mouth with the warm [17] Aerial parts Lozl gal.'den .Of Yellto il
mauritanica L. Mansoryia, Giza  golden spurge
extract; apply latex to warts).
Euphorbia milii E Th.e .treatment of warts Local garden of ~ The crown of
8 11.32 (Brazilians). Cure for cancer [19] Flowers . R
lutescens o . Mansoryia, Giza thorns
and hepatitis (Chinese)
10 Euphorbia trigona cv. 8.55 Respllratory' infections, urinary (16] Pl e Local gafden .of African milk tree
Royal Red tract infections and gonorrhea Mansoryia, Giza
Fever, rheumatism,
convulsions, anthelmintic (The
leaves as decoction + lime
juice).
11 Jatropha curcas L. 9.30 Gl mﬂam:;z:)m (The leaves [20,21] Leaves Benha region Purging nut
otorrhea, cold and cough
(Latex + salt).
Modulate the immunological
status of the digestive tract.
12 Joannesia princeps 10.10 Antimicrobial to reduce [22] Leaves The Orman Arara nut-tree
Vell. B. edema and improve tissue Botanical or cutieira
healing Garden, Giza
Cold, flue, bronchitis and fever
(the whole plant). Muscle
sprain, arthralgia,
Putraniiva roxburchii treat sickness and helpful in
13 Y Wall 8 7.69 curing rheumatism [23] Whole plant  Giza Zoo, Giza  Child-life Tree.
: (the whole plant). Fever,
muscle sprain, treating of
illness, phlegm, skin ailment
and aridity (leaves and fruits)
14 Ricinus communis L. 12.40 In cold and fever [4] Seeds Burg—Elarz}b, Kharwaa
Alexandria
Asthma remedy, for injuries, Garden of
15 Syngfiemum 977 wour?d I}eahng, treatment of [24] Leaves and National African Milk Bush
grantii Hook E. gastric diseases and nematode stems Research Centre,
infections Giza

No. S.: Number of samples
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the non-toxic concentration each sample (lower than CC,)).” The
assay was carried out as the following the virus (0.2 mL) was mixed
and each sample (0.2 mL), separately, and incubation for one hour in
room temperature. Twelve -fold serial dilutions of the mixtures were
performed. For each virus; groups (365 eggs) of 9-11-days-old SPF
were inoculated by varying serial dilutions (from 1% dilution to 12%
dilution each dilution in five eggs) of each mixture (0.2mL per egg)
were inoculated via allantoic route. Daily examination of the inoculated
eggs, deaths within 24 hours post —inoculation (PI) were discarded. The
mortality between the 2" to 6™ day of life PI considered being specific.
Virus infectivity control and the tested samples toxicity controls will be
inoculated via the chorioallantoic cavity. Test eggs will be incubated for
3-4 days at 37°C and 80% humidity.

Determination of viral titer

The viral titer was calculated by measuring 50% embryo infectious dose
(EID, ). One hundred micrograms of dried virus of NDV or ATV were
added into 10 mL of the PBS buffer (pH 7.2). The obtained supernatant
was diluted by a serial of 10-fold dilution, and 107, 107 and 10~ were
inoculated into the allantoic cavity of five 10-day-old SPF-ECEs
respectively and incubated at 37°C for 120 h. Dead embryos were
discarded at 24 h post inoculation. Eggs were chilled at 4°C and the
allantoic fluid was harvested and measured by micro technique of the
hemagglutination (HA) test.26,30 The EID50 was calculated according
to the Reed—Muench method.

Evaluation of immune boosting properties in SPF chicks
and challenge study

Chicks and virus antibodies

Evaluation of immune boosting properties of different extracts was
examined in SPF chicks. For each virus, three hundred and forty SPF
chicks were divided into seventeen groups (20 chicks/group, separated
in biosafety isolator). At 7 days old, random birds from each group were
examined for virus antibodies by HI test to check maternal antibodies.
All chicks were proved to be free from virus antibodies by HI test.

Hl antibodies in serum

Half a milliliter of blood samples was centrifuged at 2,200 g/min for
10 min at 4°C to collect serum. Each serum sample was transferred to
1.5 mL of pre-labeled Eppendorf tube and preserved at 4°C until tested
individually by hemagglutination inhibition test.?**

Experimental design

For each virus; group 1 served as the control vaccinated-nontreated
group where the experimental chicks (20 chicks) were vaccinated with
inactivated virus vaccine. The experimental birds were vaccinated via
drinking water for NDV and S/C for AIV. The groups 2-15 served as
the vaccinated-treated groups. The groups 2-16, separately, vaccinated
with the virus vaccine and received 6mL of the diluted nontoxic
concentration of each tested samples. The sample was added to the
drinking water every day for 28 days post vaccination. Each group was
separated in biosafety isolator. The group 17 (20 chicks) was kept in
a separate isolator and served as non-vaccinated no-treated negative
control. The control non-vaccinated and the control vaccinated groups
were not given any supplements except water and feed during the
experiment. Blood samples were collected individually from groups
from jugular vein for estimation of the HI antibody titer in serum of
vaccinated chicks at day 28 post vaccination by HI technique using
standard virus antigen (4HA units).** Comparison between humoral
response of the vaccinated group and other vaccinated groups received
each extract separately as immunostimulant was carried out. After
collection of blood samples, the vaccinated groups and control group
were challenged with a local isolated strain of NDV and AIV.*!
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Evaluation of immune boosting properties of different
samples in SPF chicks

Blood samples were collected individually from jugular vein at the
day 28 post-vaccination (dpv) for potency test by calculation of the
HI antibody titer in serum of vaccinated chicks. Comparing humoral
response of the vaccinated group. HI antibody was recorded in the
control vaccinated group received the vaccine without receiving plant
extract and other vaccinated treated groups which received the tested
extracts separately.?”?*

Compliance with ethics requirements

The chicks’ care and experimental protocols were in compliance with
guidelines of ethical standards released by CLEVB on animal care and
use. All efforts were made to ensure ethical and human treatment of the
chicks. To conduct study using standard HI assay demands an immense
supply of virus, which in turn requires the implementation of virus
propagation protocols and involvement of specially trained personnel.
In addition, particularly in the case of highly infective influenza strain,
level II or III bio-safety laboratory spaces and protocols would also be
mandatory for safe implementation of virus culture. In our laboratory
(CLEVB), the facility and laboratory equipment are monitored
and maintained by an on-site Facilities Engineering Unit and by a
Calibration Laboratory accredited to the ISO 17025 Standard. All
environmental and biocontainment specifications are consistent with
current government requirements.

Chemical composition

Determination of total phenolics and flavonoids content

The total phenolics content of individual plant extract was estimated
using the Folin-Ciocalteu reagent.”> Briefly, an aliquot (4 uL) of B.
distacha J. R. Forst extract was mixed with 1.0 mL of Folin-Ciocalteu
reagent (diluted 10-fold with distilled water) and 0.8 mL of 7.5%
sodium carbonate were added to neutralize the reaction. The tube
was mixed and allowed to stand for 30 min and the absorption at
760 nm was measured against a blank, which contained 400 uL of
ethanol in place of sample. The amount of total phenolic content was
calculated using regression equation of gallic acid, used as standard
positive control given by y=0.00181x with a correlation coefficient,
r=0.9999. The concentration of phenolics content in the extract was
expressed as mg gallic acid equivalent (GAE)/100mg dry weight
of extract. The flavonoid content of extract was determined using
catechin (C) as reference standard.”> The sample was mixed with
aluminum trichloride solution (10%) and one drop of acetic acid was
added. Then, the mixture was diluted with ethanol. After incubation of
reaction mixture for 40 min at ambient temperature, the mixture was
vortexed and absorbance was recorded at 510nm. The absorbance of
blank sample and standard catechin solution were measured under
the same condition. The total flavonoids content was calculated from
the regression equation y=0.00039x (r=0.9997) obtained by plotting
calibration curve of standard catechin and expressed as mg catechin
equivalent (CE)/100 mg dry weight of extract.

Lipoidal matters

The leaves and stems of Breynia distacha J. R. Forst (200 g) were
exhaustively extracted by cold maceration (400 mL, x3, each 48 h) with
aqueous ethanol (70%). Th e solvents were evaporated to dryness under
reduced pressure at 40°C (using a rotary evaporator), vielding 4.5 g
(representing 4.2% of weight of stems and leaves). Distilled water (200
mL) was used to suspend the obtained residue and fractionated with
n-hexane (50 mL x 3) followed by evaporation of solvent under reduced
pressure.
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Saponification of n-hexane extract

The residue was subjected to saponification by refluxing with 0.5 M
alcoholic KOH in a water bath for 2 h.** After cooling, 50 mL of water
was added, and the solution was extracted with ether. The organic
phase was washed with water until it became alkali free and was then
dried over anhydrous sodium sulphate. The dried residue was kept in a
desiccator for GC/MS analysis.

Preparation of fatty acid methyl esters

The free fatty acids obtained from saponification were subjected to
methylation (MeOH, 4% - 5% dry H,SO 4) for 2 hours, extracted with
ether. Distilled water was used to wash the combined ether extract
to remove acidity. Anhydrous sodium sulphate was used to dry ether
extract, followed by evaporation till dryness evaporated and was kept
for analysis.®

Gas chromatography—mass spectroscopy (GC/MS)

Analysis using GC/MS was carried out using a Thermo Scientific, Trace
GC Ultra / ISQ Single Quadrupole MS and an electron ionization
system with energy of 70 eV for the ionization process. For GC of
unsaponifiable matter, capillary column (30 m length, 0.32 mm ID and
0.25 pum thickness) packed with TG-5MS (5% phenyl polysilphenylene
siloxane) fused silica was used. The temperature of the oven was
programmed at an initial temperature 50 °C (hold 2 min.) to 150 °C at
an increasing rate of 7 °C /min. then to 270 °C at an increasing rate 5 °C
/min. hold 2 min. then to 310 °C as a final temperature at an increasing
rate of 3.5°C /min. hold 10 min. The carrier gas was helium gas and
used at a constant flow rate of ImL/min. For GC of saponifiable matter,
capillary column (30 m x 0.25 mm) packed with 70% cyanopropyl-
polysilphenylene siloxane was used. The temperature of the oven was
programmed at an initial temperature 80 C increased to 230 °C by the
rate of 3 °C/min, then kept isothermal for 20 min. The carrier gas was
helium gas and used at a constant flow rate of 1.5 mL/min. The peaks
in the chromatogram were identified on the basis of their mass spectra.
The constituents were identified by comparison of their spectral
fragmentation patterns with those of the available database libraries,
Wiley (Wiley International, USA) and NIST (Nat. Inst. St. Technol.,
USA), and/or published data.** The quantification of all identified
components was based on the integration of the area under the peak.

RESULTS

Antiviral and immunogenic features

In the view of NDV and AIV endemic infectious diseases, fifteen
Euphorbiaceae medicinal plants which are easily available throughout
various geographical locations in Egypt were taken up to evaluate
their antiviral and immunogenic features against respiratory viral
infections. The hydro-alcoholic extract yields (%), traditional uses,
region of collection and vernacular name of the investigated plant were
illustrated in Table 1. In addition, protection against NDV and AIV
H5NI challenge viruses post vaccination and treatment with the plant
extract was assessed (Tables 2 and 3).

The cytotoxic concentration fifty (CC,,) of the crude hydroalcoholic
extract of Breynia distacha J. R. Forst recorded the value of >200 and
>300 for NDV and AIV H5NI, respectively (Table 2). This extract
showed antiviral inhibition concentration (IC, ) values of <2 and <3
against NDV and AIV H5NI1 and antiviral therapeutic index (CC, /
IC,) of 100%.The antiviral efficacy was compared with ribavirin,
a broad spectrum antiviral drug. The CC50 of ribavirin recorded
the value of >300 and IC50 value of < 3 with a TI of 100%. A high
HI titer (6.9 log2) was recorded in serum of the vaccinated chicks
treated with Aleurites moluccana, Jatropha curcas, Ricinus communis,
Putranjiva roxburghii with protection percent of 95, 95, 100, and
100%, respectively post NDV challenge (Table 3). The HI titer in
serum of the vaccinated chicks treated with P. roxburghii, Euphorbia
mauritanica, Acalypha wilkesiana, Aleurites moluccana, Joannesia
princeps and R. communis (8.1 log2, 8.0 log2, 7.9 log2, 7.9 log2, 7.9
log2,and 7.8 log2, respectively with the same protection percent (90%)
post AIV challenge (Table 4). The serum of the vaccinated chicks
treated with B. distacha has recorded the highest HI titers (7.1 log2
and 8.3 log2) with high protection percents (100 and 90%) post NDV
and AIV H5N1 challenge, respectively (Tables 3 and 4). The results of
this investigation show that many of the medicinal plants tested are
active against the investigated viruses. However, for some plants, the
traditional use doesn’t appear to match the results obtained. Table 2-4
show the correlation between traditional use(s) and the viral activity.
There is a strong correlation for some plants, e.g, Aleurites moluccana

Table 2: Inhibition concentration fifty in embryonated chicken SPF eggs, cytotoxicity concentration fifty and therapeutic index of some Egyptian plant

hydroalcoholic extracts.

Number of ot cc,, IC,, Tl (%)
sample NDV H5N1 NDV AIV H5N1 NDV AIV H5

1 Acalypha wilkesiana forma tricolors Miill. Arg. >300 >300 <7 <7 42.8 42.8
2 Aleurites moluccana (L.) Willd. >500 >500 <8 <8 62.5 62.5
3 Breynia distacha J. R. Forst. >200 >300 <2 <3 100 100
4 Codiaeum variegatum cv. petra. >800 >800 <9 <9 88.8 88.8
5 Euphorbia abyssinica ].F. Gmel. >300 >400 <6 <8 50 50

6 Euphorbia arguta var. dasycarpa >300 >300 <7 <7 42.8 42.8
7 Euphorbia greenwayi var. greenwayi >300 >300 <6 <6 50 50

8 Euphorbia mauritanica L. >800 >800 <9 <9 88.8 88.8
9 Euphorbia milii F. lutescens >500 >500 <8 <8 62.5 62.5
10 Euphorbia trigona cv. Royal Red >700 >700 <8 <8 87.5 87.5
11 Jatropha curcas L. >700 >700 <8 <8 87.5 87.5
12 Joannesia princeps Vell. B. >400 >400 <6 <6 66.6 66.6
13 Putranjiva roxburghii Wall. >800 >800 <9 <9 88.8 88.8
14 Ricinus communis L. >500 >500 <8 <8 62.5 62.5
15 Synadenium grantii Hook F >300 >400 <6 <8 50 50

NDV: Newcastle disease virus; ATV H5N1: Avian influenza virus H5N1; CC,, Cytotoxicity concentration fifty; IC, The antiviral inhibitory concentration fifty; T1:

The therapeutic index.
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Table 3: Titer of hemagglutination inhibition in serum of vaccinated chicks treated with plant samples and protection percent against Newcastle
disease virus challenge.

Groups HI titer Day post challenge (DPC) *Protection
1st 2nd 3rd 4th 5th 6th percentage %
Acalypha wilkesiana forma tricolors o 51000 00 120 120 120 0720 0/20 85
Miill. Arg.
Aleurites moluccana (L.) Willd. 6.9 log2 0/20 0/20 0/20 1/20 0/20 0/20 95
Breynia distacha J. R. Forst. 7.11og2 0/20 0/20 0/20 0/20 0/20 0/20 100
Codiaeum variegatum cv. petra. 6.7 log2 0/20 0/20 0/20 0/20 1/20 0/20 95
Euphorbia abyssinica ].F. Gmel. 6.4 log2 0/20 1/20 1/20 2/20 0/20 0/20 80
Vaccinated group Euphorbia arguta var. dasycarpa 6.4 log2 0/20 2/20 1/20 1/20 0/20 0/20 80
(20 chicks/ group) ~ Euphorbia greenwayi var. greenwayi 6.4 log2 0/20 1/20 1/20 2/20 0/20 0/20 80
that received plant Euphorbia mauritanica L. 6.6 log2 0/20 0/20 1/20 1/20 0/20 0/20 90
extract Euphorbia milii F. lutescens 6.6 log2 0/20 0/20 1/20 0/20 1/20 0/20 90
Euphorbia trigona cv. Royal Red 6.5log2 0/20 0/20 2/20 1/20 0/20 0/20 85
Jatropha curcas L. 6.9 log2 0/20 0/20 0/20 1/20 0/20 0/20 95
Joannesia princeps Vell. B. 6.7 log2 0/20 0/20 1/20 0/20 0/20 0/20 95
Putranjiva roxburghii Wall. 6.9 log2 0/20 0/20 0/20 0/20 0/20 0/20 100
Ricinus communis L. 6.9 log2 0/20 0/20 0/20 0/20 0/20 0/20 100
Synadenium grantii Hook F. 6.4log2 0/20 1/20 1/20 2/20 0/20 0/20 80
Control Vaccinated/Non-treated (20 chicks) 6.6 log2 0/20 0/20 0/20 1/20 0/20 1/20 90
Control non-vaccinated/Non-treated (20 chicks) - 0/20 0/20 5/20 6/20 6/20 3/20 0

*Protection percent = number of live birds/ numbers of dead birds x100

Table 4: Titer of hemagglutination inhibition in serum of vaccinated chicks treated with selected Euphorbiaceae plants and protection percent against
avian influenza virus AIV H5N1 challenge.

G HI tit Day post challenge (DPC) Protection
I’Ol.lpS el 1 st 2nd 3vd 4th 5th 6th 7th 8th 9th 1 Oth percent
Acalypha wilkesiana
forma tricolors Miill.  7.9log2 ~ 0/20  0/20  0/20  1/20  0/20 120  0/20  0/20  0/20  0/20 90%
Arg.
Alerites moluccana ;o105 00 0/20 220 0720 020 020 020 020 020  0/20 90%
(L) Willd.
Breynia ;i:r ts“:h“ JR 83log2 020 020 220 020 020 020 020 020 020  0/20 90%
C"d’“egvmplzgeg“mm 76log2  0/20  0/20  2/20  1/20  0/20  0/20  0/20  0/20  0/20  0/20 85%
Euphorbia
- 7alog2 020  0/20  0/20 1/20  0/20  1/20  2/20  1/20  1/20  0/20 80%
abyssinica J.E. Gmel.
Euphorbia arguta var.
accinated dosperpa 80log2 020 0/20 220 0/20  0/20  0/20  0/20  0/20  0/20  0/20 90%
group of chicks ; ;
(20 chickst P horbia greemwayi 100 020 120 120 220 0220 020 020 0720 020  0/20 80%
var. greenwayz
group) that Euphorbia
received plant pror 74log2 020  0/20 220 0/20  0/20  2/20  0/20  0/20  0/20  0/20 80%
mauritanica L.
extract horbi E
Euphorbia milii k.5 51000 0720 2/20 020  2/20 020 0/20 020 020 020  0/20 80%
lutescens
Euphorbia trigona v 1000 0130 020 220 020 020 2020 020 020 020  0/20 80%
Royal Red
Jatropha curcasL.  7.5log2  0/20 120 0/20  1/20  1/20  0/20  0/20  0/20  0/20  0/20 85%
Joannesia %””“P Vel 2ologz 020 020 120 020 120 020 020 020 020 0720 90%
P ”""”f’xaﬁ’xwgh” 81log2  0/20 0/20 1/20 1/20  0/20  0/20  0/20  0/20  0/20  0/20 90%
Ricinus communis L. 7.8 log2 0/20 0/20 1/20 0/20 1/20 0/20 0/20 0/20 0/20 0/20 90%
S ”“d;'zzli"ﬁgm” B g5log2 020 0/20 1/20  2/20  0/20 020  0/20 020  0/20  0/20 85%
Control Va““;t ‘li(/sl;lon’treated @0 llgz 020 020 020 120 020 120 220 120 120 0420 80%
Control non-vaccinated/Non-treated 0/20  0/20 520 620 620 320  0/20  0/20  0/20  0/20 0%
(20 chicks)

HI titer: hemagglutination inhibition titer; Protection percent of the vaccine= number of live birds/ numbers of dead birds x100
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(L.) Willd., Breynia distacha J. R. Forst., Jatropha curcas L., Ricinus
communis L., and Putranjiva roxburghii Wall. For other plants, the
correlation seems less obvious.

Chemical composition of Breynia distacha J. R. Forst

Total polyphenolic and flavonoid contents

The active extract was further subjected to estimation of total
polyphenolic and flavonoid contents using Folin-Ciocalteu reagent
and aluminum chloride colorimetric assay methods, respectively.
Spectrophotometric determination of total phenolics and flavonoids
content of B. distacha ]. R. Forst hydroalcoholic extract were
determined using equivalents to gallic acid and catechin, respectively.
Results showed that 18.53 + 1.24 ug of gallic acid were equivalent to 1g
of dry weight. The total flavonoids content determination by aluminum
chloride method was 7.32 + 0.09 pg catechin were equivalent to 1g dry
weight.

Lipoidal matters

The solvent-free residue obtained by the saponification
of n-hexane extract was represented the unsaponifiable matters (USM).
It was an orange-yellow in color and amounted to 0.42 g calculated
as 79.8 % of the total lipoidal composition of the corresponding
n-hexane extract. The saponifiable matters was obtained as oily residue
(0.040 g) calculated as 16.6 % of the total lipoidal composition of the
corresponding n-hexane extract. Identification of saponifiable and

unsaponifiable components using GC/MS technique was carried
out (Table 5). GC/MS analysis allowed identification of 91.10% of
the total unsaponifiable matter, (1-heptatriacotanol represented the
major component, 24.61%) and 82.51% of the fatty acid methyl ester
content (methyl palmitate represented the major component, 26.13
%). Thirty-one compounds were identified (Table 5) by GC/MS of
unsaponifiable matter, representing 91.10% of its total content. The
identified components comprise 23.24% unoxygenated compounds and
39.62% oxygenated compounds, and 28.24% steroidal/triterpenoidal
compounds. Results in table 5 show that two hydrocarbons represented
the major constituents (1-heptatriacotanol C,_H O, 24.61% and
dotriacontane C,H_, 13.74%). f-Sitosterol C, H, O (11.92%) was
the abundant plant sterol detected by GC/MS in unsaponifiable part.
Among the phytosterols namely campesterol C,,H, O and stigmasterol
C,H,,0 were identified in minor levels and constituted 1.38 and 3.03%,
respectively. Phytosterol accounted 16.33 % of the total unsaponifiable
fraction. On the other hand, volatile monoterpenes and hydrocarbons
were identified in traces levels as well as the triterpene a-amyrin. Fifteen
fatty acid methyl esters were identified, representing 82.51% of the total
saponifiable matter (Table 6).

Methyl palmitate C ;H, O, and methyl linolenate C ;H, O, represented
the major components (26.13 and 15.82 %, respectively). Saturated
fatty acids represent 54.49% of the total fatty acid content, whereas
monounsaturated, diunsaturated, and triunsaturated fatty acids
represent by 7.78, 4.41 and, and 15.82% of the total fatty acid content,
respectively. Eight were identified as methyl esters unsaturated fatty

Table 5. GC/MS analysis of unsaponifiable matter from Breynia distacha J. R. Forst aerial parts.

Peak R, Name Formula Area Sum %
1 18.07 Isooctylvinyl Ether C,H,,0 0.28
2 18.62 6-Octen-1-ol, 3,7-dimethyl C,H,,0 0.41
3 19.95 1-Nonanol C,H,,0 0.65
4 21.91 Tridecanol C,H,,0 0.46
5 2232 5-Isopropyl-3,3,-dimethyl-2- methylene-2,3-dihydrofuran C,H,O0 0.84
6 22.46 Docosane C,H, 0.51
7 22.58 4,8,12,16-Tetramethylheptadecan-4-olide C,H,0, 0.49
8 22.84 Methyl 5-hydroxy-5-methyl-5,6,7,8-tetrahydronaphthalene-1-carboxylate Cutl O, 0.25
9 23.08 6,10,14-Trimethyl-pentadecan-2-one C,H, O 0.28

10 23.37 17-Pentatriacontene C,H,0 1.07
11 23.48 9,19-Cyclolanost-24-en-3-ol, acetate, (3-p)- C,H,,02 2.19
12 24.14 2,2,4,9,11,11-Hexamethyldodecane C,H,, 5.90
13 24.27 6,10-Dimethylundecan-2-one C,H,O0 0.31
14 24.51 9-n-Dodecylperhydrophenanthrene C,H,, 1.85
15 24.64 2-Methyl-hexadecanal C.H, 0 0.55
16 25.04 Quercetin 7,3',4"-trimethoxy C,H.O, 0.74
17 25.33 Heneicosane C,H, 0.34
18 26.85 Heptacosane C, H,, 0.90
19 27.03 (3p.150,160,21B,22a)-Olean-12-ene-3,15,16,21,22,28-hexol C,H,,0, 1.08
20 27.78 Betulin C,H,0, 4.48
21 28.12 Dihydroxanthin C_H,0, 0.93
22 28.60 4,4-Dimethyl-3-oxacholest-5-en-7-one C,H,0, 2.38
23 29.07 Lanosta-8,24-dien-3-ol C,H,, 0 1.08
24 29.30 Dotriacontane C,H, 13.74
25 29.84 Stigmast,3,5-diene-7-one C,H,O 6.55
26 30.35 1-Heptatriacotanol C,H O 24.61
27 31.29 a-Amyrin C,,H,,0 1.90
29 32.02 Campesterol C,H,O0 1.38
30 32.24 Stigmasterol C,H,0 3.03
31 33.92 B-Sitosterol C,H. O 11.92

GC/MS, gas chromatograph coupled with a mass spectrometer; R: Retention time.
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Table 6: GC/MS analysis of fatty acids methyl esters from Breynia distacha J. R. Forst aerial parts.

Peak Rt Name Formula Area %
1 11.02 Methyl dodecanoate (Dodecanoic acid methyl ester) C.H,0, 0.23
2 11.84 Methyl tetradecanoate (Tetradecanoic acid methyl ester) C,.H,0, 0.38
3 13.88 Methyl pentadecanoate (Pentadecanoic acid methyl ester) C,H,,0, 2.35
4 17.89 Methyl 13-methyltetradecanoate C,H,,0, 0.78
5 18.09 Ethyl 9-tetradecenoate C,H,,0, 0.65
6 18.59 Methyl isohexadecanoate C,H,,0, 1.63
7 18.77 Methyl palmitoleate (9-Hexadecenoic acid methyl ester) C,H,,0, 0.62
8 23.75 Methyl palmitate (Hexadecanoic acid methyl ester) C,H, 0, 26.13
9 25.49 Methyl elaidate (9-Octadecenoic acid, methyl ester) C,H, 0, 1.62
10 26.12 Methyl (E)-octadec-12-enoate C,H, 0, 4.44
11 28.45 Methyl (8E,11E)-8,11-octadecadienoate C,H,,0, 441
12 29.06 Methyl linolenate (Methyl octadeca-9,12,15-trienoate) C,H,,0, 15.82
13 29.25 Ethyl octadeca-9,12-dienoate (Linolelaidic acid ethyl ester) C,H,.0, 3.91
14 30.38 Ethyl stearate (Ethyl octadecenoate) C,H,,0, 8.65
15 31.96 Methyl (Z)-icos-11-enoate C,H,0, 0.45
16 33.25 30-Norlupan-28-oic acid, 3-hydroxy-21-methoxy-20-o0xo-, methyl ester, (3f)- C,H, 0O, 10.44

GC/MS, gas chromatograph coupled with a mass spectrometer; Rt: Retention time.

acids (28.01 %). Methyl palmitate was the major saturated fatty acid
(26.13%) followed by 30-norlupan-28-oic acid, 3-hydroxy-21-methoxy-
20-0x0-, methyl ester, (3p)- (10.44%). While, methyl linolenate (methyl
octadeca-9,12,15-trienoate was the predominant unsaturated fatty acid
(15.82%). Methyl (8E,11E)-8,11-octadecadienoate (C19:2) and methyl
octadeca-9,12,15-trienoate, C19:3) were represented the diunsaturated
and triunsaturated fatty acids (4.41 and 15.82%), respectively.

DISCUSSION

The study concerns the use of fifteen selected plants belong to family
of Euphorbiaceae (Table 1) to combat emerging infectious poultry
diseases. These selected plants are widely distributed and easily
available throughout various geographical locations in Egypt (Table 1).
These plants having a history of use in Egyptian traditional medicine
for the treatment of infectious disease (Table 1). They were investigated
for antiviral activity against respiratory tract infection pathogens (NDV
and AIV) in SPF chicken embryos.

NDV and AIV of the H5N1 subtype viruses are the main respiratory
causes of high mortality rates in poultry. They are highly pathogenic to
poultry and humans. In Egypt, poultry industry faced severe outbreaks
due to mixed infections of these viruses which were causing high
mortality and great economic losses. In the recent years, co-infections
with these viral diseases have taken a serious toll on the production of
poultry products.” The increase in infectious disease and the prevalent
resistance of microorganisms to antibiotics and antiviral agents, urges
us to search for new medicinal products which are novel and more
efficient. Among the control measures, existing vaccines are unable to
keep up with the mutation rates of viruses. New vaccine development
takes a long time and at the same time, viruses are also developing
resistance to the currently used drugs. * Hence, there is no immediate
response drug to the newly emerging virus infections/outbreaks. To
address this problem, there is an exigent need for the development
of a new paradigm preventive and therapeutic agent to control the
immediate spread of viral outbreaks.

Traditional herbal medicines have been postulated to prove effective
sources of valuable potential medicines due to fewer side effects, relatively
low cost and easy availability. The local flora has been traditionally used
in many cultures as a source of medicine.* It has been documented that
a great amount of traditional knowledge about the uses of medicinal
plant species is still carried and orally transmitted by indigenous
peoples.® Many workers have therefore chosen the ethnobotanical
approach as a means of focusing on plants with pharmacologically
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active agents of potential therapeutic interest.*® The documentation of
traditional knowledge especially on the medicinal uses of plants has
provided many important drugs of modern day.*>* This principle has
been shown to work efficiently in screening for antivirals, where a high
percentage of positive results have been obtained.” In many parts of
the world, ethnoveterinary medicine is frequently used to treat and to
control animal diseases in livestock and poultry by the breeders because
it is easily accessible compared to conventional drugs, easy to prepare
and administer, and cost very little or nothing at all.*’ In many countries
including Egypt, scientific studies and documentation of indigenous
knowledge on ethnoveterinary medicinal plants have been initiated. In
addition, considering the cases of resistance to the conventional drug
used around the world.? It is necessary to resort the medicinal plants
use by breeders in livestock. These remedies were mostly administered
as decoctions or infusions of single plants. These plants were used not
only as alternatives to conventional veterinary drugs but also because in
certain diseases they were thought to be more efficacious.

According to the observed folkloric uses of the family Euphorbiaceae
it received a distinctive phytochemical investigation which revealed
the presence of diverse metabolites such as polyphenols.* Polyphenols
are secondary plant metabolites which have been shown to exert
antioxidative and anti-inflammatory effects that are related with the
animal health and performance. Activity of different polyphenolic
compounds in plants worked their best when added to the cells just
around or before the time of virus adsorption using in vitro model.*
They do possess high binding affinities with viral hemagglutination
which might be a reason for their prophylactic activity. Since these
extracts shows no adverse effect, a clinical pilot study would give further
information on the potency of these extracts in protecting against
respiratory virus infection in chickens. Polyphenolic compounds are
very well-known plant constituents because of their scavenging ability.*!
It is demonstrated that polyphenolic compounds possess inhibitory
effects against viral infection. Phytochemical components, especially
these polyphenols (such as flavonoids, tannins, phyenyl propanoids,
phenolic acids etc) are known to be responsible for the free radical
scavenging and antioxidant activities. In our present study, a flavonoid
(7,3',4'-trimethoxy quercetin) was identified using GC/MS analysis of
Breynia distacha. Flavonoids such as quercetin and its derivatives are
important plant-derived polyphenolic compounds and have beneficial
to reduce the viral genome replication, the production of infectious
hepatitis C virus particles, and the specific infectivity of the newly
produced viral particles.**
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Breynia distacha ]. R. Forst is a rounded ornamental shrub traditional
medicinein the treatment of malaria and reports of its inn vivo antimalarial
activities have been published. ** The serum of the vaccinated chicks
treated with Breynia distacha ]. R. Forst. has recorded the highest HI
titers (7.1 log2 and 8.3 log2) with high protection percents (100 and
90%) post NDV and AIV H5N1 challenge, respectively. The plant is a
tropical shrub widely grown in tropical Africa and is used as chewing
stick and the treatment of fever and malaria in Nigeria. The leaves
have characteristic green, purple and pink color, found in gardens
and public areas. Few studies have been published regarding the
phytochemistry and biological activity of this plant. Amide derivatives,
dioxopiperazine derivatives and acylated hydroquinone such as
apiofuranosyl glucopyranoside was isolated from the B. distacha J. R.
Forst. A hydroxyanthraquinone analogue, mitoxantrone, was known
to be inhibitor of hepatitis C virus NS3 helicase.* The quercetin and
kaempferol derivatives isolated from the plant species were showed
to have significant antioxidant activity. Findings from our study
confirm what other studies have found with the antiviral activities of
the isolated compounds from this species including the kaempferol
and its derivative; kaempferol 8-methyl ether as well as the quercetin
derivative; quercetin 3-methyl ether.® Other compounds breynioside
A, asperphenamate, robustaside A (E)-p-coumaric acid, cristatin A,
blumenol A and lygodinolide were also identified in the plant leaves.

The active extract B. distacha J. R. Forst was subjected to estimation of
total polyphenolic and flavonoid contents using Folin-Ciocalteu reagent
and aluminum chloride colorimetric assay methods, respectively.
Results showed that 18.53 + 1.24 pg of gallic acid were equivalent to 1g
of dry weight. The total flavonoids content determination by aluminum
chloride method was 7.32 + 0.09 pg catechin were equivalent to 1g
dry weight. The finding of our study could indicate B. distacha as
immunostimulant has special immune boosting properties as it elevates
the antibody titer in serum of the vaccinated chicks. The polyphenolics
and flavonoids of this plant could act as antioxidants and may therefore
enhance the immune function.

Herbal plant polyphenolics and flavonoids also have been
extensively studied for immunomodulatory effects as they could
considerably improve the antibody titer in vaccinated chicken. The
immunostimulating activities of many of these components have been
most widely studied in chicken and human cell lines.'"® Embryonated
eggs inoculated with a mixture of NDV or AIV H5N1 with each sample
separately affect the virus titer (Tables 3 and 4).

GC/MS analysis of both unsaponifiable matter and fatty acids
allowed identification of 91.10% of the total unsaponifiable matter,
(I-heptatriacotanol represented the major component, 24.61%)
and 82.51% of the fatty acid methyl ester content (methyl palmitate
represented the major component, 26.13 %). In our present study,
3B-Hydroxy-21-methoxy-20-0xo-30-norlupan-28-oic acid methyl ester
was identified (10.44%). Lupane derivatives and of some 30-norlupan
derivative were suggested as potential influenza virus entry inhibitors.*
Recently, Zhou et al (2019) * has isolated a triterpenoid norlupan
derivative (20S-17p,29-epoxy-28-norlupan-33-o0l) from the ethyl
acetate soluble portion of the EtOH extract of Leonurus japonicus, the
plant with potent antibacterial activity. Carotenoids like dihydroxanthin
was also found in small amounts with (0.46 %). Another identified
compound hexadecanoic acid, methyl ester (methyl palmitate) was
reported with various activities including the antioxidant, antibacterial
and antifungal

The genus Euphorbia is the largest genus of medicinal plants widely
distributed in tropical countries and is one of the most diverse groups
of flowering plants on earth. The genus comprises over 2000 species
worldwide and its global distribution includes more than 750 species
in Africa and 42 indigenous to Egypt. Some species of Euphorbia

1498

have been traditionally used for the treatment of skin diseases,
gonorrhea and as wart cures. The leaves of E. hirta are used to make a
decoction that believe to alleviate viral infection and associated fever
symptoms. During the field survey in Benin, 57 plant species of ethno-
pharmacological importance, Euphorbia unispina and E. poissonii
were reported as the common plants used to treat viral disease against
major viral diseases as African swine fever, pseudo-rinderpest and foot/
mouth disease.” The macerated whole plant of E. unispina N.E.Br. and
the stems of E. poissonii Pax. were used orally once a day for one week
as remedies used for the treatment of Newcastle disease among village
chickens of South Western Uganda and Benin. E. unispina was most
reported by the breeders to control other animal’s viral ailments.*’

The immune system provides protection against infectious diseases
that are caused by various microorganisms including viruses.* Viral
infections are one of the most transmissible diseases in the world.
In poultry production, it is very important to improve immunity so
as to prevent infectious diseases. Utilization of immunostimulants
is one solution to improve the immunity of animals and to decrease
their susceptibility to infectious diseases.’® The use of plant products
as immunostimulants has a traditional history. Emerging evidence
indicates that herbal remedies and/or natural products exert their
beneficial effects on animal immune system mostly by plant secondary
metabolites.'® Metabolites have various functions and medicinal plants
are valuable source of a wide range of primary and secondary type,
which are used as pharmaceuticals and they have immune-stimulating
properties including macrophage activation and lymphocyte
activity.!® Crude plant extracts often consist of complex mixtures of
active primary and secondary metabolites, they may show greater
overall bioactivity compared to the individual constituents.” A large
number of small molecules, like phenolics, polyphenols, terpenes,
flavonoids, and sugar from plants have been reported to be effective
against influenza type A and B respiratory viruses such as Elderberry
liquid extract from Sambucus nigra, extracts from Pelargonium sidoides
roots, Gentian root, Primula flower, Elder flower, Sorrel herb, and
Verbena herb.*

Several secondary metabolites from the Euphorbia genus exhibited
antiviral activity against HIV, HSV, and Epstein-Barr virus.”
Flavonoids, steroidal glycoside, alkaloids, proanthocyanidin, saponins,
terpenes, polysaccharides, quinones, lignans, tannins, thiosulfinates are
metabolites with claimed immunomodulatory and antiviral properties.
A commercial formulation (capsule) has been developed and the local
communities in the Philippines consume E. hirta as a treatment for
dengue, a viral disease. ¥’ Flu-like symptoms were markedly reduced
following this species treatment which was attributed to its anti-
inflammatory and immunomodulatory properties. The antiretroviral
activities this plant extract against HIV-1, HIV-2 and SIVmac251."%%
The hydroalcoholic extract was found to exert a higher antiretroviral
effect than that of the aqueous extract.”” The dichloromethane-methanol
extract of E. tirucalli latex has showed 81% defense against tobacco
mosaic virus at 150 ppm.>'* In the current study, six species of genus
Euphorbia have been studied for their immune boosting properties
and combating of multiple respiratory viral infections in poultry. In
our study the antiviral efficacy was determined in term of reduction
in viral titers measured by the hemagglutination inhibition (HI)
assay. Hemagglutination is the aggregation of red blood cells (RBCs)
in suspension in the presence of certain (hemagglutinating) virus
particles. This phenomenon is a result of attachment of specific outer
viral peplomeres (hemagglutinins) with specific receptors present on
the surface of RBCs. This characteristic feature can be used in detection
of the virus. Inhibition of hemagglutination caused by these viruses
is the detection of their activity’s inhibition. In each case of the tested
samples; the toxicity assays in embryonated chicken SPF eggs indicated
that at concentration (CC,)) ranging from 200-800 uL / egg (Table 1).
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The HI titer were 7.1 log2, 8.0 log2, 7.410g2, 7.4 log2, 7.5 log2, 7.4 log2 in
the serum in the serum of the vaccinated chicks treated with Euphorbia
abyssinica, E. arguta var. dasycarpa, E. greenwayi, E. mauritanica, E.
milii . lutescens, and E. trigona, respectively with protection percentage
of 80% post AIV H5NI challenge for all species except Euphorbia
milii . lutescens (90%). Euphorbia milii, a flowering plant commonly
known as “Christ plant” or “Christ thrown”. It has been reported that
E. milii possesses antifungal and antinociceptive property, acts as
natural molluscicide."” Phytochemical studies of this plant revealed the
presence of 3-sitosterol, cycloartenol, B-amyrin acetate, lupeol, euphol,
triterpenes, phenols and flavonoids. Euphorbia mauritanica extract is
poorly discussed in literature. The plant was reported to induce anti-
proliferative activities in lung cancer cells and has an anti-inflammatory
effect on primary human dermal fibroblasts.'” The findings of our study
recorded the antiviral activity of this plant for the first time. E. trigona
has remarkable anti-swarming properties against Proteus mirabilis and
Pseudomonas aeruginosa.'®

Phytochemicals with significance antioxidant and immunomodulatory
abilities were reported. The tripernoids and flavonoids of Euphorbia
genus were useful to have immuno-boosting properties and inhibit virus
replication. Betulin, a triterpenoid was identified in our study (4.48%)
in unsaponifiable matter from Breynia distacha ]. R. Forst aerial parts
using GC/MS analysis. This compound was previously isolated from the
aerial parts of E. spinidens and recorded immunomodulatory activity
and has shown encouraging stimulatory effect on the proliferation of
human peripheral blood lymphocytes activated by PHA. In our current
study, E. abyssinica, E. arguta var. dasycarpa and E. greenwayi were
light active post-NDV challenge with protection percentage of 80%.
The leaves methanol extract of E. helioscopia which was administered
to chicken embryos through chorioallantoic membrane has showed
no malformation confirm the safety of this extract at in pregnancy at
therapeutic dose. *” The extract at 0.75 mg/mL inhibited phage growth
and reproduction more than 50% and showed potential antiviral
activity using bacteriophage CP51.

In the current study, the HI titer in serum of the vaccinated chicks
treated with P. roxburghii, Euphorbia mauritanica, Acalypha wilkesiana
Mill. Arg., Aleurites moluccana (L.) Willd, Joannesia princeps Vell. B
and R. communis (8.1 log2, 8.0 log2, 7.9 log2, 7.9 log2, 7.9 log2, and
7.8 log2, respectively with the same protection percent (90%) post AIV
challenge. The leaves P. roxburghii Wall are normally procreant, bitter,
refrigerant and astringent. It was concluded that the plant has potential
antiviral activity, confirming the popular use. It has long been used in
folkloric medicine for treating arthralgia, fever, hemorrhoids, muscle
pain and also helpful in curing rheumatism. *® P. roxburghii plays an
important, assuring role in the traditional medical systems of Unani and
Ayurvedic. It has been used for many conventional health applications
such as treatment of mouth and stomach ulcers, hot swellings and
small pox. Antifungal result showed higher value for Trychorphyton
rubrum was reported. P. roxburghii with the highest antioxidant activity
strongly correlated with high amount of kaempferol.”® The prominent
antiviral results of P. roxburghii Wall against NDV confirm their
traditional properties in folk medicine where both species are mostly
used by the traditional healers to reduce fever, headache and weakness.
3,7-Dimethyl-6-octen-1-ol (41.07%) and 2-(2-hydroxy-2-propanyl)-
5-methylcyclohexanol (14.09%) were reported as major constituent of
total ethanolic extract analyzed by GC/MS.* Cyclohexanol, 5-methyl-
2-(1-methylethenyl) was previously reported with antimicrobial
analgesic, anti-inflammatory, sedative, and antifungal properties. *

Acalypha is the fourth largest genus of Euphorbiaceae family. A.
wilkesiana leaves has antimicrobial properties.* Due to presence of
ellagitannins especially corilagin and geraniin which are reported for
their potency as antifungal agents. as it used for treatment of fungal
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skin infections. Previous studies on A. wilkesiana leaves reported the
presence of monoterpenes, sesquiterpenes, triterpenes, saponins,
flavonoids, tannins, anthraquinone and glycoside. Previous studies
have demonstrated that the dichloromethane fraction obtained from
the leaves and bark of Al. moluccana presents antiviral activity against
human immunodeficiency virus type-1.%

Aleurites moluccana L. Wild has been reported to endow
antimicrobial properties, but little is known about their
antiviral activities. Extract from AL moluccana has showed

antibacterial activity against Staphylococcus aureus and Pseudomonas
aeruginosa.* To a lesser extent, the anti-viral activity of the aqueous
extract of the plant husk part has been reported against herpes
simplex virus-1 that significantly exceeded their minimal cellular
toxic concentrations.”® Phytochemical studies with the plant have
revealed the presence of triterpenes, steroids, coumarins and flavonoid
glycosides.*® It is thought that immune enhancement of Al. moluccana
is provided by certain flavonoid glycosides moretenone, moretenol,
acetilaleuritic acid, moluccanin, and swertisin. The presence of
triterpenes, a mixture of &, S-amyrenone, glutinol, a mixture of «,
B-amyrin, friedelenol, stigmasterol, p-sitosterol, campesterol was
reported. These phytochemicals may be attributed to the antiviral
activity against HSV types.”® The effects of A. moluccana’ leaves dried
hydroalcoholic extract as a natural immune booster could account for
its in vitro immunostimulatory effect.® Also, part of the observed effects
is due to the presence of the compound 2"-O-rhamnosylswertisin and
swertisin. The fact that the extract acted as a disease modifier point
this herbal product as a promise and safe tool to treat many chronic
diseases. Evaluation of immune boosting properties of different
samples was examined in one-day-old SPF chicks. The effects of dietary
polyphenols-rich extract supplementation at different levels of mg/kg
feed on susceptibility of chicken breast meat, thigh meat, liver and heart
to iron-induced lipid oxidation were investigated.”! At all levels, they
exerted antioxidative effects for all tissues. Polyphenolic compounds
showed antioxidant efficacy by different strategies like donating
hydrogen atoms to free radicals or through binding to transition metal
ions resulting in more stable forms.**! Accordingly, polyphenol showed
some physiological activities such as the protection against viral
diseases since they have a high antioxidant capacity. The findings of
our study show that the hydroalcoholic extract of Breynia distacha J. R.
Forst has high content of polyphenolics and flavonoids, the compounds
well known with high antioxidant capacity. Furthermore, the antiviral
effect probably due to the inhibition of viral replication.*

This was in accordance with the increase of published papers about
the antiviral and immunomodulatory activities of flavonoids in the
last two decades.>*** Some of the isolated and identified compounds
such as quercetin and kaempferol were previously mentioned in
literature that they possess antiviral properties.*> Other flavonoids for
example; galangin, quercetin, procyanidin and pelargonidin as well as
procyanidin C-1 are found to be with virucidal properties.

Previous studies on A. wilkesiana leaves reported the presence of
monoterpenes, sesquiterpenes, triterpenes, saponins, flavonoids,
tannins, anthraquinone and glycoside. A. wilkesiana leaves has
antimicrobial properties.”® as it used for treatment of fungal skin
infections. In our study, the activity of A. wilkesiana leaves extract
may be associated with the presence of geraniin, shikimic acid and
quadrangularic acid, the compounds with antimicrobial activity.
Corilagin, a compound isolated from A. wilkesiana leaves extract, has
exhibited antibacterial and antioxidant activities.”® A. wilkesiana was
reported to enhance the antioxidant capacity of animal and decreased
reactive oxygen species mediated oxidation of lipids.'? The current study
demonstrated the high hemagglutination inhibition HI titer 6.9 log2 in
serum of the vaccinated chicks treated with Aleurites moluccana (L.)
Willd., Jatropha curcas L., Ricinus communis L., Putranjiva roxburghii
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Wall. with protection percent of 95, 95, 100, and 100%, respectively
post NDV challenge. 3,30-bis-Demethylpinoresinol, sesquineolignans,
neolignans (such as americanol A, isoamericanol A, and isoamericanin
A), in major concentrations are the compounds have been associated
with antioxidant, cardioprotective, and antitumor activities of
Joannesia princeps’?> Many chemical groups such as flavonoids,
tannins, coumarins, terpenoids, steroids, alkaloids, anthraquinones,
acetophenones, xanthones, naphthalenes, and different fatty acids were
recorded in the plant.”? These herbal plant' phytochemicals influence
the immune system by different ways to appreciate the use of them
as immunostimulator and veterinary medicinal products. Effect of
dietary antioxidant supplementation on the oxidative status of plasma
in broilers was reported.>* When plant extracts rich in polyphenols are
added to the meat, their antioxidant properties can be easily observed as
there is no problem with their absorption and metabolic changes. These
additives are able to improve antioxidant status, immunological indices,
and poultry health. Several studies have used complex herbal formulas
containing immunostimulant plant on normal and immunodeficient
chickens. The administration of the complex drug enhanced humoral
immune parameters in both group of chickens.>*

The most common use of Jatropha curcas are for the treatments of
antiretroviral, dysentery, fever, inflammatory disorders, and gastric
problems.*®?! In the current study, the extract of J. curcas leaves
showed inhibition concentration 50% (IC,) of <8 and CC,; > 700 and
therapeutic index CC, /IC,, of 87.5%. In relation to the constituents
contributing to medicinal values, the content of flavonoids and
diterpenes, the secondary metabolites with many pharmacological
activities such as antiviral and antimicrobial activities, may be
considered.>** In previous study, the methanolic extract of J. curcas
has showed cycloprotective activity against human immunodeficiency
virus type 1 (HIV-1) in cultured human lymphoblastoid CEM-SS cells.!
Previous experimental studies conducted by our research group have
also demonstrated that the hydroalcoholic extract of Jatropha curcas
and its isolates showed imunomodulatory effect on humoral and cell-
mediated immune response in chicks. Diterpenes isolated from J. curcas
fall into six groups including the phorbol esters. From these phorbol
esters, the possibility of synthesizing prostratin and 12-deoxyphorbol-
13-phenylacetate, used for the treatment of HIV was reported.? Also,
terpenes and flavonoids have ability to stimulate the cell-mediated
immune system, as well as to enhance antibody production. Other
compounds such as B-sitosterol and its glycosides have demonstrated
immune modulating activities.” The results of our study showed the
presence of sterol molecules such as -sitosterol (11.92%) in the Breynia
nivosa (distacha). In this paper, we also evaluate the antiviral activity of
Jatropha curcas and R. communis as a part of our ongoing investigation
on biological activities from local medicinal plants of Egypt belong to
Euphorbiaceae.>*5%

Codiaeum variegatum L. (garden-grown croton species) is an evergreen
shrub with often colorful shiny leaves found almost everywhere in
Egypt. It is one of today's most decorative and popular ornamental
potted plants. Egypt is considered as one of the top three supplying
countries of this species (2%) with China (78%) and Thailand (14%).
The genus of Codiaeum possesses antimycobacterial and antifungal
activities.® It is well reputed for the production of valuable secondary
metabolites of cyanoglucosides, alkaloids (glaucine, oxoglaucine
and hemiargyrine), anthraquinones, flavanoids, terpenes, steroids,
phenols, saponins, tannins, phlobatannin and cardenolide.”® The
antiviral activity of a cyanoglucoside; 2-(3,4,5)-trihydroxy-6-
hydroxymethyltetrahydropyran-2-yloxymethyl) acrylonitrile isolated
from C. variegatum was reported.’® The compound displayed virucidal
activity without impairment of hemagglutination properties of the used
influenza A virus strain. C. variegatum extracts showed effective DPPH
free radical scavenging, hydrogen peroxide radical scavenging and nitric

1500

oxide scavenging activity. Ellagic acid was abundantly present phenolic
compound in the extract and pentadecadien-1-ol and hexadecanoic
acid were abundant volatiles in garden croton leaves extract analyzed
using GC/MS.*!

Ricinus communis, known as wonder tree, is an important traditional
medicine plant in Egypt. It is a perennial scrub probably originates
from Africa and was used in ancient Egypt and by the Romans and
Greeks.* The mechanism of dimeric cytotoxins of this plant as active
antiviral was reported to the interaction with ribosome function in the
infected cell and inhibit viral protein synthesis. Previous experimental
studies conducted by our research group have also demonstrated that
the hydroalcoholic extract of R. communis L. leaves exhibit free radical
scavenging activity.* The activity might be attributed to the presence
of various phytochemicals of minerals, protein, lipids, carbohydrates.
Other compounds were also quantitatively estimated (polyphenolics,
flavonoids, anthocyanins, tannin). The antiviral properties of this plant
support their traditional uses in cold and fever which are in most cases
viral symptoms.

The majority of the extracts were active against the two viruses, but
there was considerable variation among them. Low HI titer (6.4
log2) was recorded in serum of the vaccinated chicks treated with
Synadenium grantii Hook F. with protection percent of 80% post NDV
challenge. Synadenium grantii Hook F. is commonly called African
Milk Bush. It is a succulent shrub or small tree. In nature, the plants
will reach up to 12 feet in height with an equal spread. The pale green
obolanceolate, slightly toothed leaves reach 6 inches. Furthermore, the
immuno-regulatory properties from the Synadenium genus have been
reported in association with its chemical constituents; diterpenoids,
triterpenoids and anthocyanins. However, from the genus Synadenium;
S. grantii Hook F leaves and stems contained glycosides, flavonoids
and terpenoids, alkaloids, tannins, tigliane, senadenol, phorbol type
diterpenoids.

There is a strong correlation for some plants, e.g, Aleurites moluccana
(L.) Willd., Breynia distacha J. R. Forst., Jatropha curcas L., Ricinus
communis L., and Putranjiva roxburghii Wall. For other plants, the
correlation seems less obvious. This might suggest a discrepancy at the
diagnostic level or at the prescription level, meaning that the plant may
have other uses than infectious diseases. It may also mean difficulty for
a healer to diagnose infectious diseases.

CONCLUSION

The results showed the potential of B. distacha ]. R. Forst., Aleurites
moluccana (L.) Willd., Acalypha wilkesiana Mill. Arg., E. mauritanica,
J. curcas L., R. communis L., P. roxburghii Wall. and J. princeps Vell. B
to be new candidates of plant based prototypes that exhibit antiviral
and immunogenic features against the most important respiratory tract
infection pathogens; ATV H5N1 and NDV, significantly threatening the
poultry sector. The crude hydroalcoholic extract of B. distacha uniquely
showed CC,; values of >200 and >300 and IC, values of < 2 and < 3
against NDV and AIV H5NI, respectively, with antiviral therapeutic
index (CC, /IC,)) of 100%. The serum of the vaccinated chicks treated
with B. distacha has, as well, recorded the highest HI titers (7.1 log2
and 8.3 log2) with high protection percents (100 and 90%) post NDV
and AIV H5NI1 challenge, respectively. This significant outcomes will
be aimed at protecting Egyptian poultry flock from multiple respiratory
viral infections that has huge socio-economic impact by the potential
development of locally-available natural resources and directing future
studies against other viruses. Isolation and identification of the antiviral
compounds of the most active extract is being investigated currently.
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