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Abstract: This study targeted isolation and characterization of phage against multidrug
resistant (MDR) Salmonella Typhimurium and Salmonella Enteritidis recovered from
broilers and to evaluate the lytic effect of the phage on growth of Salmonella serovars.
Salmonella isolates were recovered from caecal contents, liver and breast meat of broiler
chickens from retail outlets at Sharkia Governorate, Egypt. Salmonella Typhimurium
(n=14) and S. Enteritidis (n=11) were tested for their antimicrobial susceptibilities against
15 antimicrobials by disc diffusion method. Isolates of S. Typhimutium and S. Enteritidis
were 100% resistant to seven antimicrobial agents. The phage was isolated from Zagazig
sewage water by spot test and double over layer agar assay. The phage designated as
phiSalmchicklshowed an icosahedral head and contractile tail structure in electron
microscopy, indicating a member of the family Myoviridae. The phage was a polyvalent
infecting a wide host range of all MDR strains of S. Typhimurium, S. Enteritidis, S.
Paratyphi, E. coli serotypes 026 and 0168 and Klebsiella pneumoniae. Myovirus phage
had burst size of 100 plague forming unit (PFU)/cell with latent period of 60 min. The
phage genome had double-stranded DNA by molecular analysis. The lytic effect of
phiSalmchickl phage was in vitro assessed on growth of S. Typhimurium and S.
Enteritidis isolates by measuring the optical density (OD) of the liquid media during
Salmonella growth at 37 °C and the multiplicity of infection (MOI) was equal to 1.0.
Significant reductions were observed in OD of S. Typhimurium and S. Enteritidis treated
with the phage after 24 hrs incubation compared to the controls (P<0.05). The myovirus
has a high potential for phage application to control zoonotic and MDR Salmonella
serovars isolated from broiler chickens in Egypt.

Key words: multidrug resistant; Salmonella serovars; Myoviridae phage; broiler
chickens; in vitro control

Introduction

Salmonellosis is an occupational anthropo-
zoonoses and constitutes economic and public
health concern (1). Salmonella is the main
cause of foodborne illness in human as sixteen

Received: August 2018
Accepted for publication: September 2018

million human cases had typhoid fever,
approximately 1.3  billion cases had
gastroenteritis and annually deaths of 3 million
were recorded (2). The raw eggs, poultry meat
and other chicken products are responsible for
the sporadic and epidemic salmonellosis in
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humans (3). In Egypt, the contamination of
poultry meat is derived from infected poultry,
cross—contamination with bird  dropping,
instruments and hands of workers during
processes of slaughtering, defeathering and
scalding (4). The genus Salmonella comprises
more than 3000 serovars; and the most
important serovars are S. Pullorum, S.
Gallinarum, S. Enteritidis and S. Typhimurium.
In Egyptian poultry farms, S. Typhimurium and
S. Enteritidis have been distinguished as the
most predominant serovars (5). The antibiotics
were inappropriately used in chicken farms in
Egypt, which resulted in the spread of
multidrug resistant (MDR) S. Typhimurium
and S. Enteritidis (6). The increase of
Salmonella resistance to most antimicrobials
utilized for human therapy creates a zoonotic
threat (7). Therefore, bacteriophages are used as
potential therapeutic agents for biocontrol of
MDR bacteria in poultry (8). Bacteriophages
are viruses that have the ability to attack only
bacterial cells with rapid killing and self-
replication and are safe for eukaryotic cells
(9,10). Three phages (Salmaceyl, Salmacey?2
and Salmacey3) were completely inhibiting the
growth of S. Kentuckey isolated from broilers
in Egypt (11). Thereby, this study was aimed to
isolate and characterize phages targeting MDR
S. Typhimurium and S. Enteritidis isolated from
retailed  broiler chickens in  Sharkia
Governorate, Egypt, as well as to assess the
Iytic efficacy of the isolated phage for
controlling Salmonella serovars in broilers.

Material and methods

Collection and preparation of chicken
samples

A total of 150 samples including swabs from
caecal contents (n=60), liver (n=50) and breast
meat (n=40) were collected from broiler
chickens marketed at different retail outlets at
Sharkia Governorate, Egypt. The samples were
individually collected in sterile plastic bags,
then kept in an insulated box with packs of ice
and sent immediately to the laboratory.

Isolation and identification of Salmonella

The swabs from caecal contents were pre-
enriched in buffered peptone water (BPW,
Oxoid, UK); while liver and breast meat (25
g/each) were mixed with 225 ml of BPW then
homogenized using a stomacher at 230 rpm for
5 min. The swabs and tissue mixtures were
incubated at 37 °C for 18 hrs. The isolation of
Salmonella from caecal contents, liver and
breast meat of retailed broilers was performed
according to the method of 1ISO-6579 (12). In
brief, the pre-enriched cultures (0.1 ml) was
added to 10 ml of Rappaport-Vassiliadis soy
peptone broth (Oxoid,UK) then incubated at
41.5 °C for 18-24 hrs. A Loopful from enriched
broth was streaked on the surface of Xylose
Lysine Desoxycholate (XLD, Oxoid CM0469,
UK) agar plates, and then incubated at 37 °C for
24 hrs.

The presumptive Salmonella isolates were
biochemically identified wusing catalase,
oxidase, indole, triple sugar iron, methyl red,
Voges-Proskauer, citrate and urea hydrolysis,
H>S tests according to the described protocols
in Bacteriological Analytical Manual (13). The
isolates of Salmonella were serotyped by using
rapid diagnostic Salmonella antisera sets
(Denka Seiken CO., Japan) at Serology Unit,
Animal Health Research Institute, Dokki, Giza,
Egypt as previously described (14). Stock
cultures of Salmonella isolates were stored in
20% glycerol at -80°C.

Antimicrobial susceptibility testing

Twenty-five Salmonella isolates including
S. Typhimurium (n=14) and S. Enteritidis
(n=11) were tested for their antimicrobial
susceptibility against 15 antibiotics by Kirbye-
Bauer agar disc diffusion method (15). The
antibiotic panels and their concentrations
including amoxicillin-clavulanic acid (AMC,
30 pg), ampicillin (AMP, 10 ug), gentamycin
(CN, 10 pg), amikacin (AK, 30 pg),
tetracycline (TE, 30 ug), imipenem (IPM, 10
ng), sulphamethoxazole (RL, 25 pg),
streptomycin (S, 10 pg), rifampin (RD, 5 pg),
trimethoprim / sulphamethoxazole (SXT, 25
ug), cefoxitin (FOX, 30 png), ciprofloxacin
(CIP, 5 png), ceftriaxone (CRO, 30 pg) and
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cephazolin (KZ, 30 ng) were obtained from
Thermoscientific  Oxoid  (USA);  while
trimethoprim (W, 5 pg) were obtained from
Bio-Rad (France). The bacterial isolates were
enriched in brain heart infusion broth (Oxoid
CMO0337, UK) then incubated at 37°C for 24
hrs. A loopful of bacterial growth was mixed
with 5 ml of tryptone soya broth (Oxoid, UK),
followed by incubation at 37°C for 24 hrs till
reaching the turbidity of 0.5 McFarland
standard as previously described (16). The
bacterial suspensions were inoculated on
Mueller Hinton agar plates, then discs of
antibiotics were placed on the plates, and
subjected to incubation at 37°C for 18 hrs. The
diameters of inhibition zones and interpretation
of Salmonella isolates were in accordance to the
guidelines of the relevant CLSL document (17).

Bacterial strains

Thirteen bacterial isolates including S.
Paratyphi from blood of humans (n=3),
Escherichia coli 0168 from dropping of ducks
(n=6); Proteus vulgaris from urine of patients
(n=2) and Klepsiella pneumoniae from sputum
of patients (n=2) were kindly obtained from
Microbiology Department, Faculty of Science,
Zagazig University. Also, twelve bacterial
strains comprising E. coli 026 from milk of
dairy cows (n=5), Staphylococcus aureus from
edible parts of fish (n=4) and Listeria
monocytogenes from litters of broilers and meat
products (n=3) were obtained from Zoonoses
Department, Faculty of Veterinary Medicine,
Zagazig University.

Phage isolation

The bacteriophage was isolated from sewage
water samples from different stations at
Zagazig City, Egypt using the enrichment
technique (18). Briefly, a sewage sample was
centrifuged at 10,000 xg for 15 min, then
filtered using a sterile 0.45 um Millipore filter
(Steradisc, Kurabo Industries LTD., Japan).
Fifty milliliters of the filtrate was added to an
equal volume of Luria-Bertani (LB, Oxoid,UK)
broth, which was inoculated with 1 ml of
Salmonella serovars, then subjected to
incubation with shaker at 120 rpm at a

temperature of 37°C/24 hrs. The centrifugation
of bacterial cultures was performed at 10,000
xg/10 min. The supernatant was filtered using a
sterile 0.45 um Millipore filter, then used as a
phage source to be found on the propagative
Salmonella isolates. The bacterial lawns of S.
Typhimurium and S. Enteritidis were subjected
to propagation on LB plates using the double
agar overlay method as previously explained
(18). Two hundred pl of each Salmonella
serovar (OD of 0.4 at 600 nm) were added to
semi-solid LB agar (4 ml) then poured over
nutrient agar plates. The droplets of formerly
prepared bacteriophage source (10 pl) were
spotted on the bacterial lawns, and then were
left for drying. Incubation of plates was carried
out at 37 °C overnight and checked for
existence of the lytic zones.

Purification and propagation of phage

The bacteriophage was purified by three
single plaque isolation assays using sterile
pasture pipette (11,18). In brief, a single plaque
was picked up, then placed in 0.5 ml of nutrient
broth harboring 100 upl of Salmonella
Typhimurium, then subjected to incubation at
37°C with shaking at 1200 rpm. Afterwards,
centrifugation of phage-bacteria mixture was
done at 10,000 xg for 10 min. The supernatant
was filtered via a sterile 0.45 pm Millipore filter
to exclude any bacterial cells. Storage of
purified phages was done at 4°C.

Determination of phage host range

The isolated bacteriophage was tested
against 50 isolates of pathogenic bacteria
including S. Typhimurium (n=14), S.
Enteritidis (n=11), S. Paratyphi (n=3), E. coli
026 (n=5), E. coli 0168 (n= 6), P. vulgaris
(n=2), K. pneumoniae (n=2), S. aureus (n=4), L.
monocytogenes (n=3) to detect the host range as
previously explained (19). The propagation of
bacterial lawns was achieved on LB agar plates,
followed by addition of 10 ul of phage droplets
(1 X 107 plague forming unit, PFU/ ml). These
plates were incubated at 37°C/ 24 hrs then
tested for existence of plaques (lytic zones).
Efficient phage was selected on the bases of
lysis profile, clarity of plaque and size.
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Transmission electron microscopy analysis

A drop of phage suspension (10’PFU/ml)
was located on 200 mesh copper grids with the
carbon-coat films, and the excess was removed
with a filter paper. The uranyl acetate as a
saturated solution was placed on grids, and the
excess was removed by filter paper. The
purified phage particle was stained with uranyl
acetate, and then was examined using an
electron microscope (Hitachi HG00A, Japan) at
Mansoura University, Egypt as previously
described (20).

One -step growth experiment

The single-step growth curve of the isolated
bacteriophage was determined as previously
explained (21). The phage was added at a
multiplicity of infection (MOI) = 1.0 to S.
Typhimurium cells then the phage was allowed
to be adsorbed on host cells at 37° C/ 10 min.
The phage-host mixture was centrifuged at
10,000 xg for 10 min, and the pellet harboring
infected cells was suspended in 10 ml of
nutrient broth then incubated at room
temperature. The specimens were taken in
duplicate at 15 min interval for a period of 150
min. The titer of phage was estimated by the
double-layer plague assay. The first sample set
was subjected to dilution before titration; while,
1% chloroform (V/V) was used to treat the
second sample set for the release of intracellular
phages and determination of the eclipse period.
Three independent assays were carried out. The
means of relative burst size were calculated +
standard deviation (SD).

Nucleic acids characterization of phage
particle

The genomic DNA of isolated phage was
extracted by the phenol/chloroform method as
previously described (22). Three restriction
enzymes (EcoR1, Hindlll and BamH1) were
used to digest phage DNA according to the
manufacturer’s instructions (Takara Bio Inc.,
Japan). The restriction required a time ranging
from 2-4 hrs. The analysis of DNA digestion
mixtures was performed by electrophoresis (at
100 V) in agarose gel (1.0%) stained with the
ethidium bromide using a DNA ladder.

Effects of phiSalamchickl on the growth of
Salmonella serovars

The efficacy of isolated phiSalamchickl were
evaluated on the growth of MDR S.
Typhimurium and S. Enteritidis isolated from
retailed broilers in a liquid media over a time
period from zero time (starting point of host-
phage incubation) to 42 hrs by measurement of
the optical density (OD 600) by using UV-
Spectrophotometer (UNICO 1200, USA). The
freshly prepared bacterial culture of each
Salmonella serovar (0.1 ml) and phage filtrate
(0.1 ml) were added to sterile nutrient broth (3
ml) at MOI equals to 1.0 starting from zero time
to 42 hrs. The optical density at OD o0 Was
measured each 6 hrs for the control (bacterial
culture alone) and for the treated bacterial broth
(bacteria+phage) as previously described (11).
This  experiment was performed for
independently three times. The means of
bacterial OD were calculated + standard
deviation (SD).

Statistical analysis

The data for Salmonellae distribution in
different samples of broilers was analyzed by
IBM SPSS Statistics (vers.22) to compute p-
values for Pearson chi-square. The analysis of
data for single step growth curve experiment
was done by one way analysis of variance
(ANOVA) followed by the post hoc Duncan’s
test (IBM SPSS Statistics, version 22). Also,
the data concerning in vitro assessment of
phiSalamchickl on the growth of Salmonella
serovars was analyzed using independent
sample T. test (IBM SPSS vers.21).

Results

Isolation and serotyping of Salmonella
isolates from broilers

In this study, only 25 Salmonella isolates
were serotyped into S. Typhimurium (n=14)
and S. Enteritidis (n=11) out of 150 samples
from broilers at various retail outlets at Sharkia,
Egypt. Salmonella Typhimurium showed
insignificant distribution (P>0.05): 11.7%
(7/60) in caecal contents, 8% (4/50) in liver and
7.5% (3/40) in breast meat. The distribution of
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S. Enteritidis was significantly higher (12.5%,
5/40) in breast meat followed by 10 % (6/60) in
caecal contents (P<0.05), while it was not
detected in liver of retailed broilers.

Antimicrobial susceptibility testing

The antibiotic resistance patterns of
recovered S. Typhimurium and S. Enteritidis to
15 antimicrobials of various classes were
determined by the disc diffusion method (Table
1). Salmonella Typhimurium strains showed
moderate sensitivity (64.2%) to cephazolin
followed by ceftriaxone (57.1%), while S.
Enteritidis isolates illustrated higher sensitivity
(81.8%) to cephazolin followed by cefoxitin
(72.2%). Moreover, S.Typhimurium showed
higher resistance (85.7%) to streptomycin
followed by ampicillin (71.4%) and then a
moderate resistance (64.2%) to amikacin and
rifampin.The isolates of S. Enteritidis expressed
higher resistance (81.8%) to streptomycin then
followed by a similar resistance percentage
(72.7%) to ampicillin, amikacin and rifampin.
Of interest, both isolates of S. Typhimurium
and S. Enteritidis were 100% resistant to seven
antimicrobial agents (amoxicillin-clavulanic
acid, gentamycin, tetracycline, imipenem,
trimethoprim,  sulphamethoxazole,  trimet-
hoprim / sulphamethoxazole) as shown in Table
(1). This result proved that the two isolated
Salmonella serovars were MDR to several
classes of antimicrobials.

Isolation and morphology of phage

The bacteriophage against MDR Salmonella
serovars was detected from Zagazig sewage
water by spot test and double over layer agar
technique. We picked up single plaque for
propagation and characterization (Figure 1A).
Four phage particles were observed during
electron micrograph. The isolated phage was
designated as phiSalmchickl.Under electron
microscopy, the phage had an icosahedral head
(1305 nm in diameter, n=3) and long
contractile tail with length of (133+5 nm in
diameter, n=3). The phage (phiSalmchickl)
appeared to be a member of Myoviridae family
based on its morphological features (Figure
1B).

Host range of phage

Our results showed that phiSalmchickl
could infect all MDR strains of S.
Typhimurium, S. Enteritidis, S. Paratyphi, E.
coli serotypes 026 and 0168 and Klebsiella
pneumoniae; and had lytic effects on such
strains; while this phage could not infect Proteus
vulgaris strains or other Gram positive bacteria
(S. aureus & L. monocytogenes) as shown in
Table (2). This finding indicated that
phiSalmchickl was a polyvalent phage and had
a wide host range.

Characteristics of phage growth

From the curve (Figure 2), the latent period
of phiSalamchickl was 60 min and one cycle
took 120 min. The average burst size of this
myovirus was 100 PFU per infected cell (Figure
2). There was a significant increase in average
burst size at 105 min compared to those burst
sizes at time of 90 and 75 min (P<0.001).

Genomic digestion with restriction enzymes

The genomic DNA of phage was sensitive to
digestion with EcoR1 and Hindlll restriction
enzymes. This indicated that the myovirus was
a double stranded DNA. However, the phage
DNA was resistant to digestion with BamH1
enzyme.

Effects of phiSalamchickl on the growth of
MDR salmonellae

The lytic effects of phiSalmchickl on the
growth of S. Typhimurium and S. Enteritidis
isolates were assessed by measuring ODeoo Of
the bacterial culture infected with the phage at
MOI of 1.0 and incubated at 37 ° C (Figure 3).
The values of standard deviation (SD) were
small ranging from 0.005 to 0.01, and were not
appeared in Figure (3). From zero to 12-18 hrs
post infection, the growth of bacterial cells were
inhibited by phage infection (OD values were
much lower compared with uninfected
controls) and after 12-18 hrs post infection, the
bacterial lysis was significantly apparent
(P<0.05). The net reduction of bacterial density
was significantly detected after 24 hrs from the
infection point (P<0.05). The growth of MDR
salmonellae was inhibited by phiSalmchickl
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infection and the bacterial populations were (P<0.05) and reached to complete lysis at 42 hrs
significantly reduced 24 hrs post treatment incubation (Figure 3).

Table 1: Antimicrobial resistance patterns of S. Typhimurium and S. Enteritidis isolates from retailed
broilers by disc diffusion method

Antimicrobials S. Typhimurium (no=14) S. Enteritidis (no=11)

(disc content/pg) R I S R I S
AMC(30) 14(100) - - 11 (100) -

AMP(10) 10(71.4) 3(21.4) 1(7.1) 8(72.7) 2(18.1) 1(9.09)
CN(10) 14 (100) - - 11 (100) - -
AK(30) 9(64.2) 2(14.2) 3(21.4) 8(72.7) 1(9.09) 2(18.1)
TE(30) 14 (100) - - 11(100) - -
IPM(10) 14 (100) - - 11(100) - -
W(5) 14(100) - - 11(100) - -
RL(25) 14(100) - - 11(100) - -
S(10) 12(85.7) 2(14.2) - 9(81.8) 1(9.09) 1(9.09)
RD(5) 9 (64.2) 2(14.2) 3(21.7) 8 (72.7) 2(18.1) 1(9.09)
SXT (25) 14 (100) - - 11(100) - -
FOX(30) 3(21.4) 4 (28.5) 7 (50) 1(9.09) 2(18.1) 8 (72.7)
CIP(5) 4 (28.5) 4 (28.5) 6(42.8) 2(18.1) 2(18.1) 7 (63.6)
CRO(30) 3(21.4) 3(21.4) 8 (57.1) 2(18.1) 3(27.2) 6(54.5)
KZ(30) 3(21.4) 2(14.2) 9 (64.2) 1(9.09) 1(9.09) 9(81.8)

R: resistant; I: intermediate; S: sensitive.

Data were represented by No (%).

Where AMC: amoxicillin-clavulanic acid; AMP: ampicillin; CN: gentamycin; AK: amikacin; TE: tetracycline; IPM:
imipenem; W: trimethoprim; RL: sulphamethoxazole; SXT: trimethoprim/sulphamethoxazole; S:streptomycin; RD:
rifampin; FOX: cefoxitin; CIP: ciprofloxacin; CRO: ceftriaxone; KZ: cephazolin.

Table 2: The host range of isolated phage phiSalmchickl

Strains of Bacteria No. of isolates PhiSalmchickl Source of strains
Salmonella Typhimurium 14 + This study
Salmonella Enteritidis 11 + This study
Salmonella Paratyphi 3 + MSzU
Escherichia coli 026 5 + ZVZU
Escherichia coli 0168 6 + MSzU
Proteus vulgaris 2 - MSzU
Klebsiella pneumoniae 2 + MSzU
Staphylococcus aureus 4 - ZVZU
Listeria monocytogenes 3 - ZVZU

+: Bacterial strain was susceptible to the bacteriophage phiSalmchickl and the plaques were produced.
-: Bacterial strain was resistant to the bacteriophage phiSalmchickl and the plaques were not produced.
MSZU: Microbiology Department, Faculty of Science, Zagazig University, Egypt.

ZVZU: Zoonoses Department, Faculty of Veterinary Medicine, Zagazig University, Egypt.
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200 Nm

Figure 1: Plague morphology and electron micrograph of phage phiSalmchickl. 1A: Plaque morphology
produced on S. Typhimurium as a bacterial host. 1B: Electron micrograph of Myoviridae phage
(phiSalmchickl) under transmission electron microscope
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Figure 2: Single-step growth curve of the phage phiSalmchickl. The plaque forming Units (PFUs) per
infected cell in S. Typhimurium cultures were calculated at different times after treatment. The samples
were taken with an interval of 15 min. The means of relative burst size were calculated + standard deviation
(SD)
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Figure 3: Effects of phage phiSalmchickl on the growth of S. Typhimurium and S. Enteritidis at 37°C at a
MOI of 1.0. Each data point was representing means of bacterial OD =+ standard deviation (SD). The values
of SD were small ranging from 0.005 to 0.01; and were not appeared on the curves

Discussion

Our study showed that all recovered isolates
of S. Typhimurium and S. Enteritidis from
retailed broilers showed 100% resistance to
seven antimicrobial agents. So, this study was
handled with the isolation and characterization
of specific bacteriophages targeting those MDR
isolates of S. Typhimurium and S. Enteritidis
derived from caecal contents, liver and breast
meat of retailed broilers in  Sharkia
Governorate, Egypt. In this regards, one
bacteriophage infecting Salmonella serotypes
was firstly isolated from sewage water at
Zagazig City, Sharkia Governorate, Egypt. It
was appeared that the plagues formed by the
isolated bacteriophage were clear, indicating
that phiSalmchickl is a lytic phage as
previously supported (23). The isolated phage
(phiSalmchickl) was belonging to family
Myoviridae under electron micrograph. Of

interest, the recovered myovirus phage was
polyvalent and had a broad host range.
Similarly, three phages belonging to
Siphoviridae and Myoviridae (Salamaceyl,
Salamacey?2 and Salamacey3) were polyvalent
and had lytic effects on S. Typhimurium, S.
Enteritidis and S. Kentackey originated from
broilers and could infect other Enterobacter
cloacae and E. coli isolates of broiler chicken
(11). Moreover, polyvalent phages having
ability to infect E. coli and S. Choleraesuis were
reported in previous studies (24,25). However,
phage SES8 recovered from chicken skin posed
the narrowest host range as it induced lysis for
only 2 out of 22 Salmonella isolates in Japan
(26). The degree of phage specificity or
susceptibility relies on phage attachment or
adsorption on bacterial cell in the initial stage
of phage infection cycle (27). The process of
phage adsorption often includes specific
binding of receptor-binding proteins (RBPs) in
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bacteriophages and the binding of specific
carbohydrate receptors located on cell wall of
host bacteria (28).

Regarding one-step growth curve of
myovirus, phiSalmchickl phage had a large
burst size 100 PFU per infected cell with latent
period of 60 min. Similarly, the phages
Salmacey3 and STS9 had large burst size of 110
and 209 PFU/ infected cell, respectively
(11,26). On the other hand, the Salmonella-
bacteriophage Felix 01 showed a small burst
size of 14 PFU/cell (29). The differences in
latent period and burst size of various
bacteriophages could be augmented for the
variations in bacterial host cell, temperature and
pH (30,31). Interestingly, the isolated phage
(phiSalmchickl) had a short latent period and a
large burst size verifying its applicability for the
control and treatment of salmonellosis in
poultry and humans as previously supported
(32). The genome of phiSalmchickl was
sensitive to digestion with EcoR1 and Hindlll
enzymes. This was corroborated by a previous
study, where the genome of myovirus
Salmacey3 was digested by EcoR1 and HindlIII
(112).

Phages were used to control food poisoning
or zoonotic pathogens (33). Several studies
have demonstrated the potential use of lytic
phages to treat infections with zoonotic
Salmonella serovars (25,34). In this study, there
were significant reductions in the OD of S.
Typhimurium and S. Enteritidis treated with
phage phiSalmchickl at MOI/1.0 and at 37°C
after 24 hrs incubation when compared to OD
values of non-treated S. Typhimurium and S.
Enteritidis (P<0.05). Similar studies evaluated
in vitro the lytic activity of different phages on
various Salmonella serovars from broiler
chickens: Mahmoud et al. (11) cited OD
reduction of treated S. Kentuckey with three
phage cocktails, Salamaceyl, Salamacey?2 and
Salamacey3, after 24 hrs; Duc et al. (25)
reported a significant reduction in the count of
S. Enteritidis co-incubated with phages SEG5,
SES8, STG2, STG5, and STS9 to less than 10
CFU/ml after 24 hrs; Atterbury et al. (35)
observed significant reductions in counts of S.
Enteritidis, S. Typhimurium and S. Hadar co-

treated with the phages ®151, ®10 and @25 by
means of 2.2, 5.9 and 2.5 log, respectively after
24 hrs incubation.

Conclusion

This study provided polyvalent, lytic phage
(phiSalmchickl)  belonging to  family
Myoviridae against MDR isolates of S.
Typhimurium and S. Enteritidis recovered from
retailed broilers. Our data confirmed that this
phage has a high potential for phage application
to control zoonotic and MDR Salmonella
serovars derived from broilers in Egypt. Further
molecular characterization of phiSalmchickl
genome is required for future applications.
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Abstract: In the present study, forty-five chicken flocks suspected to be infected with
Newcastle disease virus (NDV) in Sharkia Governorate were submitted for clinical and
postmortem examination as well as virus isolation and sero-molecular identification. Forty
samples were positive for hemagglutinating viruses, 15/40 (37.5%) were confirmed
positive isolates against NDV antiserum, 12/40 (30%) were positive isolates against both
NDV and AlV (H5) antisera and 9/40 (22.5%) were positive against AlV antiserum using
serological identification. Twenty-seven NDV isolates were confirmed positive by
molecular identification; twelve of them were confirmed as virulent NDV strains using
specific primers. A fragment of 766-bp comprising the 3' end of the M gene and the 5' end
of the F gene was sequenced from four amplified products, revealing that these isolates
carried the 112RRQKRF117 motif, which is characteristic of virulent strains. The
investigated strains were clustered with a class Il genotype VIld with large genetic
distance with the LaSota strain. This is alarming given the potential evolution of different
virulent NDVs and may explain the circulation of these virulent strains among Egyptian
poultry farms despite the application of intensive vaccination programs.

Key words: Sharkia; NDV; genotype VIid; poultry; PCR

. it is highly contagious, with high morbidity and
Introduction mortality in susceptible birds (up to 100%) (3).

Newcastle disease (ND), one of the most ~ Newcastle disease virus (NDV) is an

important infectious viral diseases in poultry, €nveloped —virus containing linear, non-
still causes major economic losses in the Segmented, negative sense, single-stranded

poultry industry. The devastating negative RNA (4). NDV is an avian paramy_xovi_rus-l
effects of the virus, such as high mortality, (APMV-1), one of the most antigenically

reduced egg production, a high condemnation ~ distinct avian paramyxoviruses 1-11, genus
rate and the cost of vaccination (1), are Awvulavirus, family Paramyxoviridae and order

considered major limiting factors on industry ~Mononegavirales  (2,5,6). Based on their
growth in many countries due to their pathogenicity in chickens, NDV isolates are

substantial socio-economic impact (2). ND is categorized into three main pathotypes:
classified by the World Organization for lentogenic (low virulence), mesogenic (interme-

Animal Health (OIE) as a list A disease because diate virulence) and velogenic (high virulence)
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(7-9). The disease is characterized by
respiratory involvement, nervous system impa-
irment, and gastrointestinal and reproductive
problems (8-10). Since the first confirmed
outbreaks of ND in 1926 in Java, Indonesia, and
Newcastle-Upon Tyne, UK (10,11), NDV has
continued to re-emerge in both epidemic and
endemic forms throughout the world and is a
potential cause of sporadic outbreaks in
formerly disease-free countries around the
world (12).

In Egypt, infection with NDV was recorded
for the first time in 1948 (13). Thereafter, many
ND outbreaks have been reported, and Egypt
has been classified as an endemic country for
NDV (14,15). Prevention and control of NDV
primarily depend on the strict application of
biosecurity measures and intensive vaccination
programs that have been successfully used
throughout the world for many years (8).
Nevertheless, in the last few years, NDV has
caused several outbreaks in Egyptian domestic
poultry flocks, resulting in massive economic
losses (14).

The frequent incidence of NDV infection,
even in vaccinated birds, is not only related to
improper vaccination or immune suppression
but may also be due to viral mutation leading to
changes in the genomic sequence of the virus,
thus altering its biological properties and
virulence (16,17). Therefore, the present study
was conducted to genetically characterize field
isolates of NDV obtained from Sharkia
Govronrate in 2014-2015 and analyze their
genetic distance from already-existing vaccine
strains.

Material and methods
Flock histories and sample collection

A total of 318 birds representing 45 chicken
flocks between 10-240 days of age suspected to
be infected with NDV which located in different
districts of Sharkia Governorate during 2014-
2015 were selected based on the presence of
respiratory and/or nervous manifestations as
well as greenish diarrhea despite previous
vaccination against NDV (Table 1). Birds were
subjected to both clinical and postmortem
examination before samples collection. Forty-

five tissue pools from recently dead birds (3
birds/pool) were collected from the digestive
and respiratory organs (trachea, lung,
proventriculus and cecal tonsils) under
completely aseptic conditions. The samples
were ground in sterile iced mortars to create a
10% suspension in PBS. The homogenized
suspensions were transferred to centrifuge
tubes for centrifugation at 1000 g for 10 min to
remove extraneous materials. The supernatants
were collected, and antibiotics (streptomycin at
2 mg/ml and penicillin at 2000 1U/ml) were
added to inhibit bacterial contamination (18).

Virus isolation and propagation

A total of 600 (9-11-day-old) embryonated
chicken eggs (ECE) obtained from non-
vaccinated and non-infected chicken flocks
were used for virus isolation and propagation.
Processed samples (0.2 ml) were inoculated
into the allantoic cavity of the ECE under
completely aseptic conditions. All inoculated
embryos were incubated at 37°C for 47 days.
Daily candling and observation were carried
out. Embryos that died within the first 24 hours
post-inoculation were discarded. After 24
hours, dead embryos were chilled overnight in
a refrigerator for embryonic examination and a
direct hemagglutination assay of the harvested
allantoic fluid was performed (18). The
negative samples were passaged on ECE for
another two passages, and samples that showed
negative results (no embryonic lesions and
negative hemagglutinating activity) after the
third passage were recorded as negative
samples.

Micro-plate hemagglutination and
hemagglutination inhibition assays

Positive hemagglutinating allantoic fluids
were subjected to micro-plate hemagglutination
and B-hemagglutination-inhibition tests using
either NDV (Veterinary Serum and Vaccine
Research Institute®) or H5AIV (Harbinweike
Biotechnology = Development Company®)
antisera according to a previously described
method (18).
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Viral RNA purification and RT-PCR

Viral RNA was extracted from the harvested
amino-allantoic fluid which were screened
positive HI against NDV antiserum. All the
purification steps were performed according to
the manufacturer’s instructions using a GenJet
viral DNA and RNA purification kit®. Three
one-step RT-PCR amplification reactions
targeting different fragments of the F gene were
performed using a one-step Maxime RT-PCR
Premix kit®. Different primers were used to
amplify three different fragment of NAD
genome to diagnose and characterized the
isolated strains; A (F:-5'-
TTGATGGCAGGCCTCTTGC-3), B (R:-
5GGAGGATGTTGGCAGCATT-3); C (R:-
5-AGCGT (C/T) T CTGTCTCCT3'); NDV-
M2 (F:-5TGG AGC CAA ACC CGC ACC
TGCGG3') and NDV-F2(R:-5GGA GGA
TGT TGG CAG CATT3) (19-20). A and B
were used for amplification of 362 bp fragment
of F gene for all NDV pathotypes and were
tested for all NDV positive HI isolates
examined in this study. A and C were used for
amplification of 254 bp fragment of F gene of
virulent ND strains and were tested for selected
12 NDV isolates according to their
geographical  distribution and breeding
purposes. NDV-M2 and NDV-F2 primers were
used for amplification of 766 bp from matrix
and F genes and were tested for the same
virulent 12 NDV isolates for sequencing
purpose. The amplifications were carried out in
a BOER thermocycler under the following
conditions: 45°C/30 m (minute) followed by an
inactivation step and denaturation at 94°C/5 m
and 40 cycles of 94°C/30 s (second), 50—
54°C/30 s and 72°C/1 m with a final extension
step at 72°C/5 m. The amplified fragments were
separated on agarose gels (1%) and visualized
under ultraviolet light after staining with
ethidium bromide.

PCR purification and sequencing

PCR purification was performed using a
QIAquick Gel Extraction Kit® Protocol

according to the manufacturer’s instructions.
Sequencing was performed commercially at the
Reference Laboratory for Veterinary Quality
Control on Poultry Production (RLQP), Animal
Health Research Institute, Dokki, Giza, Egypt.

Four choosen 766-bp purified RT-PCR
products containing a region comprising both
the M and F genes were sequenced in the
forward and reverse directions on an Applied
Biosystems 3130 automated DNA Sequencer
(ABI, 3130, USA).

Genomic analysis and phylogenetic tree

Alignment and phylogenic analyses were
performed using several software programs
such as MEGA (Molecular Evaluation Genetic
Analysis, www.megasoftwere. net), BioEdit
and DNA Star.

Results
Clinical findings

The examined birds showed one or more of
the following signs: respiratory signs in the
form of coughing, sneezing, nasal discharge
and eye inflammation; nervous signs in the
form of paralysis, tremors and torticollis; or
digestive disorders such as greenish diarrhea.
These signs were accompanied by general signs
of illness, such as depression, ruffled feathers
and decreased food consumption. Cyanosis of
the combs and wattles were also observed.
Decreases in egg production among layer
flocks sometimes reached 50%. The mortality
rate ranged from 8-70%. Necropsies revealed
congestion of the brain blood vessels and signs
of septicemia in the form of congested
subcutaneous blood vessels, congestion of the
liver, spleen and lungs, and gallbladder
enlargement. Tracheitis and airsacculitis were
also observed in the respiratory tract.
Hemorrhage on the tips of the proventriculus
gland (Figure 1a), greenish mucous content in
the gastrointestinal tract, elliptical raised ulcers
in the intestine (Figure 1b) and enlarged
hemorrhagic cecal tonsils were also observed.


http://www.megasoftwere/

20 M. M. Megahed, A. A.M. Eid, W. Mohamed, O. Hassanin

Figure 1: Pathological features of the naturally infected NDV flocks. A: Petechial hemorrhage on the
proventriculus glands of 42-day Cobb broiler chick. B: Elliptical ulcer in the intestinal tract in 25 day

Hubbard broiler chick

Virus isolation

As shown in Table (1), 40 out of 45 (88.8%)
inoculated samples demonstrated positive
hemagglutination activity in the harvested
allantoic fluid from the first passage. The
inoculated embryos showed extensive
hemorrhage, congestion and death within 48—
96 hours after the first passage. The remains of
the negative samples were passaged on ECE for
another two passages, and samples that showed
negative results (no embryonic lesions and
negative hemagglutinating activity) after the
third passage were recorded as negative
samples.

Micro-hemagglutination inhibition results

Positive HA isolates that were subjected to
HI tests against both NDV and AIV (H5)
antisera revealed 15/40 (37.5%) positive
isolates against NDV antiserum and 12/40
(30%) positive isolates against both NDV and
AlV (H5) antisera. Nine isolates (22.5%) were
positive against AIV antiserum, and four
isolates (10%) did not demonstrate positive
activity against either NDV or AIV (H5)
antisera (Table 1).
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Table 1: Descriptive data and NDV detection steps of the examined chicken flocks

Flock

Breed

Virus

Locality Age
No. Isolation  pyy yy  PCR common patEngF;nic PCR
type primers
type
NDV  AIVH5 Common type Pathotype M-F
primer
1 Zagazig SASSO 18 + + + + + +
2 Menia Kamh Cobb 41 + + - + Nd Nd
3 Zagazig Native 20 + + - + Nd Nd
4 Abo Hamad SASSO 21 + + - + Nd Nd
5 Zagazig Hubbard 25 + + - + Nd Nd
6 Faquos Hubbard 27 + + - + Nd Nd
7 Zagazig Native 45 - Nd Nd Nd Nd Nd
8 Faquos Cobb 33 + + + + + +
9 Elsalhia Hubbard 25 + + - + Nd Nd
10 Elsalhia Cobb 32 + - + Nd Nd Nd
11 Faquos Lohman (Brown) 180 + - + Nd Nd Nd
12 Faquos Hubbard 24 + + + + + +
13 Faquos Hubbard 31 + + + + Nd Nd
14 El-lbrahemia Cobb 34 + + + + + +
15 Hehia Cobb 34 + - - Nd Nd Nd
16 Faquos SASSO 22 + - - Nd Nd Nd
17 Faquos Hy-line (Brown) 10 - Nd Nd Nd Nd Nd
18 Elsalhia Lohman (white) 77 + - + Nd Nd Nd
19 Elsalhia  Lohman (Brown) 70 + - + Nd Nd Nd
20 Faquos Hy-sex (Brown) 124 + + + + + +
21 Abo Kabeir SASSO 50 + + + + + +
22 Abo Kabeir Cobb 23 + - - Nd Nd Nd
23 Abo Kabeir Cobb 35 + - + Nd Nd Nd
24 Abo Kabeir Saso 30 + + + + + +
25 Abo Kabeir Saso 28 + + + + Nd Nd
26 Faquos Hy-line (Brown) 240 + - + Nd Nd Nd
27 Faquos Hubbard 33 - Nd Nd Nd Nd Nd
28 Faquos Hy-sex (Brown) 86 + - + Nd Nd Nd
29 Abo Kabeir  Hy-line (red) 200 + - + Nd Nd Nd
30 Hehia Balady 34 + + + + Nd Nd
31  AboHamad Hy-line (Brown) 46 - Nd Nd Nd Nd Nd
32 Faquos Cobb 28 - Nd Nd Nd Nd Nd
33 Abo Kabeir Lohman (Brown) 200 + - + Nd Nd Nd
34 Hehia Cobb 35 + + - + + +
35 Faquos Hubbard 35 + + - + + +
36 Abo Kabeir Baladi 40 - Nd Nd Nd Nd Nd
37 Zagazig Cobb 25 + + + + + +
38 Faquos Hubbard 24 + + - + Nd Nd
39 Zagazig Hubberd 28 + + - + Nd Nd
40 Elknayat  Hy-line (Brown) 90 + + - + Nd Nd
41 Belbais Lohaman (white) 28 + + + + + +
42 Faquos Cobb 28 + + - + Nd Nd
43 Zagazig Cobb 35 + + - + Nd Nd
44 Menia Kamh Hubbard 28 + + - + + +
45 Zagazig Cobb 28 + + - + Nd Nd

Flock 08: NDV/chicken/Egypt/1/2015, Flock 14: NDV/ chicken/Egypt/2/2015, Flock 37:
NDV/chicken/Egypt/3/2015
Flock 44: NDV/ chicken/Egypt/4/2015, Nd: note done
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Molecular identification
i. RT-PCR (common type)

RT-PCR using primers A and B resulted in a
362-bp fragment amplified from all 27 NDV
tested samples.

ii. RT-PCR (pathotype)

Twelve selected positive RT-PCR isolates
were subjected to RT-PCR using primers A and
C. A 254-bp fragment was detected in all 12
tested isolates, indicating they were virulent
strains.

iii. RT-PCR flanking the M and F genes

The third RT-PCR test was carried on the 12
NDV virulent isolates using the M2 and F2
primer set, which revealed the presence of a
766-bp fragment in the tested samples.

Partial sequencing of the M and F genes

Sequencing of the 766-bp fragment
comprising the 3’ end of the M gene and the 5’
end of the F gene in the four amplified PCR
products revealed that they carried the 112
RRQKRF 117 motif, which is characteristic of
virulent strains. The four obtained sequences
were designated
NDV/chicken/Egypt/1/2015,
NDV/chicken/Egypt/2/2015,
NDV/chicken/Egypt/3/2015 and
NDV/chicken/Egypt/4/2015
and were published in GenBank under the
accession numbers KX231852, KX231853,
KX231851 and KX231854, respectively.

Alignment and sequence analysis

Alignment and sequence analysis of the four
sequenced viral fragments was carried out on a

selected region including the cleavage site. The
truncated 413-bp fragment, spanning 5' (1-413)
3'within the F gene, was analyzed using MEGA
6.06 software. When the four sequences were
aligned together, they showed a high similarity
with nucleotide identity ranging from 98.3% to
99.5%. When the four sequenced strains were
compared with 37 other NDV reference strains
(Table 2), they were shown to be closely related
to EG/ CK/ NDV/ 19/Luxor-Esna/2011, NDV/
chicken/ VRLCU138/ Egypt/2012 and NDV/
Chicken/ China/ SDYT03/2011 with average
identities of 99.2%, 98.3% and 98.3%,
respectively. Nucleotide identity with the
LaSota reference strain ranged from 79.4—
80.5%, identity with B1 ranged from 79.2—
80.4% and identity with Komarov ranged from
79.2-80.4%. As shown in Figure 2, the above-
mentioned variations in nucleotide identity led
to several amino acid substitutions, either when
the four sequences were compared together or
were compared with other reference strains.
NDV/ chicken/ Egypt/ 1/2015 and NDV/
chicken/ Egypt/ 3/2015 shared two amino acid
substitutions at positions (4k—4R) and
(13L—13P) with NDV/ Chicken/ China/
SDYTO03/2011. Other substitutions were
present at position 28 (L—S) in NDV/ chicken/
Egypt/1/2015 and at position 43 (V — 1) in
NDV/ chicken/ Egypt /3/2015. The other two
studied strains were 100% identical with each
other and with NDV/ Chicken/China/
SDYTO03/2011. When the four studied strains
were compared with the LaSota strain, 27
amino acid substitutions at different positions
were found. Regarding the cleavage site motif,
the four studied strains contained the same
cleavage site specific to NDV virulent strains
such as NDV/ Chicken/ China/ SDYT03/ 2011.
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Table 2: Newcastle disease reference strains used in the phylogenetic analysis

Strain Accession number Genotype
NDV/99-0655 AY935494 |
NDV/99-1997PR-32 AY935497 |
NDV/Queensland-V4 AF217084 |
NDV/lreland/Ulster/67 AY562991 |
NDV/LaSota AY 845400 Il
NDV/clone30 Y18898 Il
NDV/Ostrich/Ismailia/2010 JN 193503 Il
N DV/B1 NC-002617 1
NDV/ turkey/USA/VGGA/89 AY 289002 Il
NDV/chicken/Cameroon/CAE08-061/2009 HF969123 1
NDV/chicken/Egypt/4/2006 FJ969395 Il
APMV-1/chicken/U.S.(TX)/GB/1948 GuU978777 Il
NDV/chicken/Egypt/2/2006 FJ969393 Il
NDV/ Beadutte C X04719 Il
NDV/Chicken/Egypt/1/2005 FJ939313 Il
NDV/Komarov KT44590I |
NDV/JS/9/05/Go FJ430160 11
APMVI-australia-victoria M21881 11
NDV/Herts/33 AY741404 v
NDV/ltalien EU293914 v
NDV/rAnhinga EF065682 \Y
NDV/ mixed species/U.S./Largo/71 AY562990 \Y
NDV/ASTR/74 Y190I12 VI
NDV/chicken/U.S.(CA)/1083(Fontana)/72 AY562988 VI
NDV/chicken/Egypt/2/2015 KX231853 VII
NDV/chickenEgypt/4/2015 KX231854 VII
NDV/chicken/Egypt/1/2015 KX231852 VII
NDV/chicken/Egypt/3/2015 KX231851 VII
NDV-F388-RLQP-CH-EG-14 KP316016 VII
EG/CK/NDV/19/Luxor-Esna/2011 KP 119144 VII
NDV-B161-RLQP-CH-EG-I2 KM288620 VII
NDV/B131/RLQP/CH-EG- 12 KM288610 VII
NDV/Chicken/China/SDYT03/2011 JQ015297 VII
NDV/turkey/lsrael/111/2011 JN979564 VIl
NDV/chicken/VRLCU138/Egypt/2012 JX885868 VII
NDV/QH1 FJ751918 VI
NDV/Mali-ML029_07/2007 JF966386 X1V
NDV/chicken/Togo AK0182009 JX390609 XVl
NDV/Chicken/lvoryCoast/CIV08-069/2007 HF969127 XVIII
NDV/Chicken/Central African Republic/CAF09-014/2008 HF969125 XVII

NDV/chicken/Nigeria/N 1E10-124/2011 HF969168 XVII
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Figure 2: F protein amino acids alignment between the 4 studied strains and other vaccine and reference
strains. The alignment was performed using bioedit software

According to the phylogenetic analysis of
the studied strains, the nucleotide sequences of
41 strains isolated from different areas of the
world, including vaccine strains, were aligned.
As shown in Figure 3, the four studied strains
clustered with genotype VII (d) of previously
published velogenic NDV strains. The nearest
neighbors for the four studied strains were
EG/CK/NDV/19/Luxor-Esna/2011,
NDV/F388/RLQP/CH-EG/14,

NDV/chicken/VRLCU138/Egypt/2012,
NDV/turkey/lIsrael/111/2011 and
NDV/Chicken/China/SDYT03/2011, with ave-
rage distances of 0.9%, 1.4%, 1.6%, 1.6% and
1.9%, respectively. The average distance
between the four studied strains and the
lentogenic LaSota vaccine was 24%, while the
average distance was 22% in the case of the
mesogenic Komarov vaccine.
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Figure 3: Phylogenetic analysis of the nucleotide sequence of NDV strain based on partial F-gene. The

four sequences in this study are labelled. Phylogen

ic relationship through a bootstraps trail of 1000 was

determined with the MEGA Version 6 using Cluster W alignment algorism and neighbour-joining method

for tree construction.

Discussion

Undoubtedly, ND has been considered as
one of the highly destructive disease (12). Not
only the highly contagious nature of disease but
also the high morbidity and mortality rate play
a vital role to classify ND as list A disease by
OIE (21). Since 1948, ND has been recognized
as an endemic disease after it was discovered
for the first time in Egypt (13). The virus still
causes severe outbreaks on poultry farms a
cross Egypt, although intensive vaccination
programs against NDV has been continuously
applied either on large scale or small scale
poultry farming.

The genetic composition of the NDV
genome isolated from chicken flocks in Sharkia

Governorate was studied previously in 2005-
2006 (15). However, it is of interest to identify
the changes characterizing NDV in the past 10
years. Clinically, the examined birds presented
respiratory signs including sneezing, coughing,
and nasal discharge; nervous signs manifesting
as torticollis, opisthotonus, and leg paralysis;
and/or digestive troubles such as greenish
diarrhea surrounding the cloaca. Cyanosis of
the comb and wattles was also observed.
Postmortem examination revealed congestion
(brain, trachea, lungs and liver) and hemorr-
hages (proventriculus, intestine and cecal
tonsils). Thickening of the air sacs and greenish
mucous content in the intestinal tract were
observed. The above-mentioned clinical findin-
gs were previously shown to be associated with
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NDV and AlV virus infection by many authors
(7,22,23). The presence of elliptical ulcers in
the intestinal tract was reported in 20 poultry
flocks as a characteristic pathogenomic lesion
of vwNDV (23).

Viral inoculation in ECE led to congestion
and hemorrhages in chicken embryos with
deaths between 48-96 hours post-inoculation as
well as positive HA activity in the allantoic
fluids of forty investigated samples. Similarly,
Alexander (8) stated that NDV induces
hemorrhage and mortality in chicken embryos
as well as hemagglutinating activity in chicken
RBCS. However, these embryonic lesions and
viral HA activity are potentially attributable to
any of the avian paramyxoviruses or avian
influenza viruses (21). Therefore, it is necessary
to confirm the presence of NDV using an HI
test due to its low cost, availability and
simplicity (24,25). In the present study, the HI
results revealed 15 flocks were infected by
NDV alone, 12 flocks were infected by both
NDV and AIV (H5), and only 9 flocks were
infected by AIV (H5) alone. In Nigeria, a
serological survey using an HI test proposed
that a concurrent infection between pathogenic
avian influenza and NDV was possible (26).

In the current study, the RT-PCR technique
was utilized to schematically identify,
characterize and pathotype the isolated NDVs.
First, the A+B primer set was used for the
preliminary identification of NDVs via
amplification of the 362-bp fragment of the F
gene, which is conserved in all NDV pathotypes
(20). Twenty-seven isolates were confirmed as
positive for NDV via PCR amplification. NDV
isolates are divided into three groups based on
their virulence in poultry: velogenic (high
virulence), mesogenic (moderate virulence) and
lentogenic (low virulence) (3,18). Second,
another set of primer pairs (A+C), which
included conserved forward primer and reverse
primers representing the cleavage site of the F
gene for virulent strains, was used to amplify a
256-bp fragment only in cases of virulent NDV
(20). Our selected 12 samples were based on
their geographical distribution and breeding
purpose were tested and confirmed as positive
virulent strains. These data confirmed that RT-
PCR was a successful and rapid tool for NDV

strain characterization and pathotyping during
outbreaks (20,27).

Because all conserved NDV-positive
samples originated from flocks that were
subjected to intensive NDV vaccination
programs, including live and inactivated
vaccine, pathotyping and genotyping of the
circulating virus among these flocks was a
critical issue. The OIE defines an outbreak of
ND as an infection of birds caused by a virus of
avian paramyxovirus serotype 1 (APMV-1) that
has multiple basic amino acids at the C-
terminus of the F2 protein and a phenylalanine
at residue 117, which is the N-terminus of the
F1 protein. The term multiple basic amino acids
refers to three or more basic amino acids,
specifically lysine (K) or arginine (R), present
in residues 113-116 and phenylalanine (F) at
position 117 (21,28). Failure to demonstrate the
characteristic amino acid residue pattern
described above requires characterization of the
isolated virus with an ICPI test (21).

On the other hand, avirulent viruses contain
the 112 G/E-K/R-Q-G/E-R-L 117 motif at the F
protein cleavage site, which fails to meet the
above-mentioned criteria for virulent strains
(29). Therefore, sequencing of the 766-bp
fragment from four PCR products obtained
from virulent NDV isolates (spanning position
980 of the M gene to position 485 of the F gene)
revealed that they contained the F-gene
cleavage site characteristic of virulent NDV
strains (112RRQKRF117). Based on genome
length and the F gene sequence, NDV strains
have been classified into two classes within a
single serotype: class | (nine genotypes, 1-9)
and 1l (eighteen genotypes, 1-XVIII) (30,31).
Currently, the circulating strains associated
with disease outbreaks worldwide predo-
minantly derive from genotypes V, VI and VII
of class I1 (6).

Interestingly, phylogenetic analysis of the
nucleotide sequence of the F gene clustered the
four sequenced strains with class Il genotype
VIl strains (EG/CK/NDV/19/Luxor-Esna/
2011, NDV/F388/RLQP/CH/EG/14 and NDV/
chicken/VRLCU138/Egypt/2012), which are
responsible for recent NDV outbreaks at other
areas in Egypt (32,33). The four sequenced
strains demonstrate low distance and high
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identity with EG/ CK/ NDV/ 19/Luxor-
Esna/2011 and Chicken /China/SDYTO03/2011
(98.8-99.5% and 97.5-98.5%, respectively).
Analysis of the obtained results clearly
indicates a considerable rate of mutation among
circulating NDVs between 2005 and now. Saad
and colleagues recorded the presence of class Il
genotype Il among chicken flocks in Sharkia
Governorate (34). Later, a similar study
performed on samples obtained from 2005-
2006 in the same Governorate concluded that
the NDV circulating in the Sharkia Governorate
clustered with class Il genotype Il and
demonstrated high identity with the LaSota
strain (93.4-98.2%) (15).

In the current study, the four studied strains
clustered with class Il genotype VII and
demonstrated a lower range of identity (79.2—
80.6%) and an overall amino acid distance of
24.4% with the vaccine strains, including the
LaSota strain. This finding is very similar to a
previous study in which a distance matrix
analysis of the F gene from NDV genotype VII
strains isolated from Malaysia indicated an
overall amino acid distance of 21% with the
genotype Il LaSota vaccine and 12.8% with
genotype VIII isolates (35). The large genetic
distance with the LaSota strain may be alarming
regarding the potential evolution of different
virulent NDV and may explain the circulation
of these virulent strains among Egyptian
poultry farms despite the application of
intensive vaccination programs. On the other
hand, other studies have suggested that the
circulation of virulent NDV among vaccinated
flocks may be attributed to poor flock immunity
due to inadequate vaccination practices and
concurrent infection with immuno-suppressive
agents rather than antigenic variation (36-38).

Moreover, the studied strains had several
amino acid substitutions with the previously
isolated strain from the same locality
(NDV/Chicken/Egypt/4/2006). A  previous
study described NDV genotype VII strains
isolated from China as immune response-
escaping antigenic variants (39). Furthermore,
previous studies concluded that superior
protection against genotype VII is achieved
using the closest vaccine to the circulating field
isolates considering the induction of a higher

and earlier immune response, protection against
morbidity and mortality, and reduction of
challenge virus shedding (33,40). The presence
of specific amino acid residues may help in
subtyping NDV genotypes. Hence, genotype
VIl is sub-classified into 5 subtypes (genotypes
Vlla, b, ¢, d and e), each with a specific
molecular characterization. One example of a
genotype VIId isolate involves a unigue pattern
consisting of VV52-for-1, K101-for-R, S176-for-
A and Y314-for-F (39). In our study, the four
sequences were genotype VIId. Interestingly,
this subtyping method provides researchers
with highly valuable information about the
origin and epidemiology of the studied strains.
For example, genotypes Vlla and b represent
viruses that emerged in 1970 in the Far East and
spread to Europe and Asia or South Africa,
respectively. Another example is genotypes
Vllc and d, which originated from China,
Kazakhstan and South Africa (40,41).
Therefore, there is a strong probability that the
studied strains are from China or Middle
Eastern countries such as Israel and enter Egypt
through infected poultry products or wild birds.

Conclusion

In conclusion, genotype VIId class I strains
are the currently circulating virus strains
responsible for NDV outbreaks among poultry
farms in Sharkia Governorate. Despite current
vaccination regimens against NDV, this virus
continues to impact the Egyptian poultry
industry. Further investigation to evaluate the
efficacy of the available vaccines against
challenge with recently isolated viruses is
recommended, as is the improvement of
vaccine application to ensure proper
vaccination.
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EFFECT OF GINGER DIETARY SUPPLEMENTATION ON GROWTH
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Abstract: Ginger powder was used in the current study for the improvement of the growth
performance and the efficacy of Aeromonas hydrophila (A. hydrophila) vaccination in
Oreochromis niloticus. A total of 120 apparently healthy fish were classified into 2 equal
groups. The control fish received a basal diet and ginger group received a basal diet
enriched with 1% ginger powder. The feeding period lasted for 2 months and the growth
performance indicators were measured. Next, each group was allocated into 2 equal
groups to be 4 groups. G1: received basal diet, G2: received basal diet then vaccinated
with A. hydrophila vaccine, G3: received ginger supplemented diet, and G4: received
ginger supplemented diet then vaccinated with A. hydrophila vaccine. One-week post
vaccination, fish were challenged with A. hydrophila bacteria. Fish fed 1% ginger
supplemented diet had a marked increase in growth performance parameters and utilized
their feed more efficiently than those received the basal diet. Nitric oxide, IgM and
lysozyme activity were significantly differed among fish groups in order of G4 >G2 > G3
> G1. Ginger and/or A. hydrophila vaccine reduced the clinical signs, mortality rate as
well as the elevation of alanine aminotransferase and creatinine which induced by A.
hydrophila infection. It could be inferred that ginger has been suggested as growth
promoter and immune-stimulant in O. niloticus and increase efficacy of A. hydrophila
vaccine, which increase protection against A. hydrophila infection.

Key words: ginger; O. niloticus; growth performance; immunity; vaccine

Introduction

Fish is an important source of protein for
human in most countries all over the world and
aquaculture represents an important source for
fresh water and marine water fish (1).
Oreochromis niloticus (O. niloticus), Nile
tilapia, is the most popular cultured species
among tilapia in many countries around the world
(2). Tilapia are the species of choice in the field
of aquaculture due to their high growth rate, high
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marketable value, reproduce easily and withstand
the environmental conditions and rough handling
(3). Motile Aeromonas Septicemia (MAS) is a
standout amongst the most well-known
bacterial diseases of tilapia which is caused by
Aeromonas hydrophila (A. hydrophila) and
causing high mortalities in tilapia (4). Millions
of dollars were lost per year due to the diseases
caused by this bacterium (5). A. hydrophila can
affect a variety of fish species including tilapia
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(6), common carp (7), eel (8), cat fish (9), and
goldfish (10).

Vaccination has a fundamental role in vast
scale commercial aquaculture. The use of
vaccines in the aquaculture industry has been
important in reducing economic losses caused
by the disease (11,12) and in the reduction of
antibiotic use (13). Excessive use of antibiotics
in fish farms results in the emergence of
antibiotic-resistant bacteria and creation of
toxicants, which may lead to environmental
risk (14).

The vaccine is a preparation of killed micro-
organisms which are attenuated, fully virulent
or non-virulent. Once enhanced by a vaccine,
the antibody-producing B-cells still sensitized
to the infectious micro-organisms and respond
to reinfection by producing more antibodies, so
re-stimulating the immune response (15).

Ginger (Zingiber officinalis, Roscoe), isas a
safe medicinal plant (16); contains flavonoids,
alkaloids, polyphenols, steroids, saponin, fibre,
tannin, carbohydrate, carotenoids, vitamins,
and minerals (17); natural antioxidants as
gingerols, shogaols and zingerone and essential
oils that has strong anti-inflammatory effect
(18). Supplementation of fish diets with ginger
may improve the disease resistance by
strengthen the host growth and innate immune
response that are important for safeguard
against infectious diseases (19). Herbs such as
ginger have been reported for their biological
effects such as growth promotion and immune-
stimulation (20). The current experiment
delineated to investigate the improvement of the
growth performance and the efficacy of A.
hydrophila vaccination in O. niloticus by ginger
supplementation.

Material and methods
Experimental fish

A total number of 120 apparently healthy O.
niloticus with an average body weight 31+0.5 g
purchased from Central Laboratory for
Aguaculture, Abassa Fish Farm at Sharkia
Governorate. Fish kept in glass aquaria filled with
90 L de-chlorinated fresh water. The water
temperature, dissolved oxygen, pH, ammonium
and nitrite were measured and found to be 27 £ 2

°C, 54 mg/l, 7.2, 0.20 mg/l and 0.02 mgl/l,
respectively. They received normal diet, which
was prepared according to NRC (21) to fulfil
the nutrient needs of Nile tilapia. Fish
supplemented with the basal diet daily at 3% of
their body weight throughout the adaptation
period (2 weeks).

Fish diets and feeding

The ginger bulbs purchased from local farms
in Sharkia Governorate, Egypt. They washed,
sun dried, and powdered. The ginger
supplemented diet was prepared at Fish Research
Center, Faculty of Veterinary medicine, Zagazig
University, Egypt. It was prepared by
mechanical mixing as 1% ginger powder with
the basal diet ingredient, and then finally
pelleted. The pellets were dried at room
temperature (26°C for 48 h) and stored in a
refrigerator at 4°C until use. It contained (2940
kcal/kg ME and 30.80% CP) in the form of dry
pellets and prepared to fulfil the nutrient needs
of Nile tilapia (21). Feedstuffs used in diets
preparation examined according to A.O.A.C.
(22). All fish provided with their diets at a level of
3% of body weight three times daily for 60 days.

Preparation of vaccine

Formalin-killed A. hydrophila bacterin
prepared by the addition of formalin (0.3%) to
the bacterial culture, previously incubated at
35°C for 48 hrs according to Baba et al. (23).
The formalized bacterial culture kept at room
temperature overnight, and then subjected to
sterility and safety tests as mentioned by
Cardella et al. (24). The sterility test performed
by culturing washed bacterin on Tryptic Soy
agar and plates incubated at 37°C for 24 hrs and
then examined for bacterial growth. The safety
test performed by the intraperitoneal injection
of the prepared bacterin cells (0.1 ml) to twenty
susceptible tilapia fish. The fish kept under
observation for 2 weeks post-inoculation and
then dead fish subjected to necropsy for re-
isolation of A. hydrophila using Aeromonas
selective base media. Vaccine placed at 4°C.
Immediately before use, the prepared vaccine
washed twice with sterile saline solution and
was prepared at a concentration of 3 mg wet-
weight/ml saline.
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Experimental design

Fish were classified into two equal groups
(each group has three replicates; 20 fish/
replicate). The control group received a basal
diet and ginger group received a basal diet
enriched with 1% ginger powder. The feeding
period lasted for 2 months and growth
performance indicators measured.

Next, each group was allocated into two
equal groups so become four groups each group
contain 30 fish. Group 1: supplemented with
normal fish diet, group 2: supplemented with
normal fish diet then vaccinated with A.
hydrophila vaccine, group 3: received ginger
supplemented diet, and group 4: received
ginger supplemented diet then vaccinated with
A. hydrophila vaccine.

Fish in-group 2 and 4 were vaccinated two
times with one week interval. Fish vaccinated
with 0.1 ml formalin killed A. hydrophila
diluted in 0.1 ml sterile saline according to
Badran etal., (25).

Challenge test

One week post vaccination, all group were
challenged intraperitoneally with 0.1 ml of
pathogenic A. hydrophila (108 CFU mL™) that
had previously isolated from moribund fish and
confirmed to be pathogenic (26). The groups
are, G1 (infected- non-vaccinated group), G2
(infected- vaccinated group), G3 (infected-
ginger supplemented group) and G4 (infected-
vaccinated- ginger supplemented group).
Challenged fish observed for clinical signs and
mortality for 14 days. Any dead fish subjected
immediately to post-mortem examination and
routine bacteriological examination.

Blood samples

Blood samples (n=9/group) were collected 3
days after the 2" vaccination (for evaluation of
some immunological parameters) and 3 days
post-challenge (for assessment of some
biochemical parameters) according to Stoskopf
(27). Blood samples were taken without EDTA
and were centrifuged at 3000 rpm for 15
minutes for serum separation.

Growth performance parameters

The fish weighed at the beginning and after
2 month of feeding. Average body weight
(BW), body gain (g), body gain percent (%),
feed conversion ratio (FCR) and specific
growth rate (SGR) were determined according
to Merrifield et al., (28).

Determination of some immunological and
biochemical parameters

Nitric oxide (NO) level was detected as the
method described by Rajaraman et al., (29).
Lysozyme activity detected according to Parry
et al., (30). Immunoglobulin (IgM) measured
by an ELISA method according to Fuda et al.,
(31). Alanine aminotransferase (ALT) assessed
as described by Reitman and Frankel (32).
Serum creatinine assessed by using the method
of Henry (33).

Data analysis

The statistical significance of the
immunological and biochemical data was
assessed by one way ANOVA using SPSS
statistical software package. Data of growth
performance parameters were analysed by
Student’s t test. The level of significance was
taken as p < 0.05.

Results

Effect of ginger supplementation on growth
performance parameters:

The results revealed that the fish fed 1%
ginger supplemented diet for 60 days had a
highly significant (p<0.05) elevation in total
final BW (53.45 g), BWG (21.8 g), BG %
(68.88%) and SGR (0.87%), and a significant
(p<0.05) improvement in the FCR (1.95) than
those fed the control diet (48.5 g, 16.88 g,
53.38%, 0.71 and 2.48, respectively). There
was non-significant (P>0.05) change in average
daily feed intake between control and ginger
supplemented group (Table 1).
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Effect of ginger supplementation and/or
A. hydrophila vaccine on some
immunological parameters:

Nitric oxide, IgM and lysozyme levels were
significantly (p<0.05) differ among fish groups.

Regarding to the above-mentioned parameters
the positive effect was recorded in group 4 that
fed on diet contained 1% ginger and vaccinated
with A. hydrophila vaccine followed by group
2 and 3 then control group (Table 2).

Table 1: Effect of feeding of 1% ginger supplemented diet for 60 days on growth performance

parameters of O. niloticus (means +SE)

Experimental groups

Parameters Control Ginger Sig. (2-Tailed)
Initial BW (g) 31.62+0.38 31.65+0.51 0.415
Final BW (g) 48.50+0.58 53.45+0.48" 0.000
Body gain (g) 16.88+0.20 21.80+0.25" 0.000
Body gain (%) 53.38+0.17 68.88+1.45" 0.000
Specific growth rate 0.71+0.002 0.87+0.010" 0.001
Feed intake (g) 41.88+0.68 42.66+1.11 0.130
Feed conversion ratio 2.48+0.01 1.95+0.05" 0.000

Values are represented as the meantSE. * denote significant difference (p<0.05). Control group, fed a basal diet.

Ginger group fed a basal diet supplemented with 1% ginger

powder.

Table 2: Effect of feeding of 1% ginger supplemented diet and/ or A. hydrophila vaccine on some
immunological parameters of O. niloticus (means +SE)

Experimental groups

Parameters Gl G2 G3 Ga p-value
Nitric oxide (ng /ml) 34.35£1.95°  40.37+0.90°  36.93+1.92° 40.25+0.582 0.006
IgM (ug /ml) 0.20+0.003°  0.29+0.004*  0.28+0.005*  0.30+0.0005° 0.000
Lyzozyme (ug /ml) 0.22+0.003°  0.34+0.003®®  0.31+0.0.004°>  0.44+0.039? 0.000

Values are represented as the mean=SE. ¢ Within-row d

ifferent superscript letters denote significant difference

(P<0.05). G1: fed on basal diet, G 2: fed on basal diet then vaccinated with A. hydrophila. G3: fed on ginger
supplemented diet. G4: fed on ginger supplemented diet then vaccinated with A. hydrophila and infected with A.

hydrophila bacteria.

Effect of ginger supplementation and/or A.
hydrophila vaccine on clinical signs post-
mortem lesions, mortality rate and some
biochemical parameters of A. hydrophila
infected fish:

Fish in control infected group showed loss of
equilibrium, ascites, skin darkness,
exophthalmia and ulcers. Enlargement and
congestion of internal organs were appeared in
post-mortem examination. The severity of
clinical signs and post-mortem lesions differed
following the order of G1 (infected- non-

vaccinated group) > G2 (infected- vaccinated
group) and G3 (infected-ginger supplemented
group)>G4  (infected-vaccinated-  ginger
supplemented group). The survival rate was
76.7% in G1, 90% in G2, 83.4 in G3 while 96.7
% in G4 (Table 3).

The vaccinated fish group (2"%) or groups fed
on 1% ginger with or without vaccination
revealed a marked (p<0.05) lowering of renal
injury marker (creatinine) and hepatic injury
biomarker (ALT) concentrations compared to
infected non vaccinated group (Table 3).
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Table 3: Effect of feeding of 1% ginger supplemented diet and/ or A. hydrophila vaccine on mortality rate
and serum levels of ALT and creatinine of A. hydrophila infected O. niloticus (means +SE)

Experimental groups

Parameters o1 a2 a3 ca p-value
ALT (IU/L) 40.67+2.022 34.33+1.20° 33.67+1.20° 28.67+0.88°¢ 0.000
Creatinine (mg/ dl) 0.48+0.022 0.47+0.022 0.41+0.01° 0.38+0.01° 0.014

Values are represented as the mean+SE. ®¢ Within-row different superscript letters denote significant difference
(P<0.05). G1: fed on basal diet and infected with A. hydrophila bacteria, G 2: fed on basal diet then vaccinated with
A. hydrophila and infected with A. hydrophila bacteria. G3: fed on ginger supplemented diet and infected with A.
hydrophila bacteria. G4: fed on ginger supplemented diet then vaccinated with A. hydrophila and infected with A.

hydrophila bacteria.

Discussion

Our results revealed that the fish fed 1%
ginger supplemented diet for 60 days had a
significant (p<0.05) elevation in total final BW,
BWG, BG % and SGR %, as well as a
significant (p<0.05) improvement in the total
FCR than those fed the control diet. These
results clearly showed that the ginger
stimulated fish growth. Our data are supported
with those of Talpur et al., (34) who suggested
that supplementation of Asian sea bass diet with
5 and 10 g ginger /kg feed was most effective
for the growth and FCR. In addition,
Sukumaran et al., (19) showed that dietary
enrichment with 0.8% ginger enhanced the
growth performance of L. rohita. The positive
growth promoting effect of ginger might be due
to their chemical and physical properties; their
positive immune-stimulating effect or acted as
an appetizer which led to stimulates digestion
and improving protein and fat metabolism (34)
or contains bioactive compounds which
improving anti-oxidant status of the fish (35),
anti-microbial (36), various pharmacological
effects (37) and favourable effects on gut
function, which is the primary mode of action
for growth promoting feed additives (38).
Additionally, growth performance was affected
by supplementation of Onchorhynchus mykiss
(39) or Lates calcarifer (34) diets with the
ginger.

Fish vaccination is one of the strategies that
can be applied to prevent the infectious diseases
by means of inducing the immune response
(40). A. hydrophila Vaccine significantly

increased the immunity of vaccinated groups
compared to the parallel control groups as
shown in our results. These results supported by
those of Sumiati et al., (41) who detected
improvement of the specific immune response
in O. niloticus vaccinated against A. hydrophila
and the increase of antibody in fish involved in
the elevation of the survival rate fry fish.
Moreover, Sukenda et al., (42) stated that
vaccination in tilapia brood stock succeeded in
improving the specific and non-specific
immune responses, and protecting fry tilapia
from A. hydrophila infection. The mechanism
of its action, the antigen slowly releases into the
blood or tissue, stimulating and prolonging the
humeral response (42). The success of vaccine
is often regulated by the individual antigens
concentration, cross reactivity and competition
among different antigens (43).

Nitric oxide has serum potent bactericidal
activities and showed a variety of biological
functions as microbicidal and tumoricidal
activity, and a range of immunopathologies
(44). In our results, a significant increase NO
level was recorded group 2 and 4, which
indicate the stimulation of the fish immune
system. This may be due to ginger has a special

phytochemical properties which increase
efficacy of wvaccine to activate fish
macrophage—inducible NO synthase and

stimulate  NO generation in response to
infection. NO can inactivate several respiratory
terminal oxidases and aconitase or react with
reactive oxygen intermediates (such as
superoxide) to form several powerful oxidizing
reactive nitrogen intermediates (such as
peroxinitrite) that can effectively Kkill
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microorganisms (45). Further, the serum NO is
elevated in the Renibacterium salmoninarum-
infected rainbow trout with (46) or in the
Edwardsiella ictaluri infected channel catfish
(45).

The soluble IgM is present in the blood and
other fluids and act as an immune stimulator
molecule (47). Current work clarified an
elevation of serum IgM level in ginger
supplemented groups (3" and 4™). These results
coincide with those of Hassanin et al., (48) who
demonstrated that IgM were significantly
improved in Nile tilapia due to supplementation
of the diets with ginger.

Lysozyme is considered a serum bactericidal
activity thus resulting in the reduction of
disease (49). Our findings revealed a significant
increase of lysozyme activity in 3 and 4™
groups which indicates that the immune system
was enhanced in the fish (34). This may be due
to lysozymes are catalysing the peptidoglycans
hydrolysis of bacterial cell walls and acts as
non-specific innate immunity molecules
against the incursion of detrimental bacteria
(50). Also, Hassanin et al., (48) demonstrated
that lysozyme activity in Nile tilapia was
significantly improved due to supplementation
of the diets with ginger. Moreover, Sukumaran
et al., (19) showed that 0.8% ginger dietary
supplementation could strengthen immunity of
L. rohita. Similarly, Clara et al., (20) recorded
a significant advancement of fish resistance
against A. hydrophila infection by dietary
Zingiber officinale supplementation. Positive
immunological results of ginger could be due to
the bioactive compounds polyphenols,
flavonoids, tannins and saponins that present in
ginger may protect fish from bacterial infection
by activating immune system (34) or have a
better coordination of their stimulatory and
anti-oxidant scavenging properties (51).
However, unlike this study, lysozyme activity
wasn't influenced in juvenile beluga fed with
ginger (52).

Increased serum ALT level may indicate
hepatic cellular damage (53) and elevated
creatinine level signifies impaired kidney
function or kidney disease. The vaccinated fish
group (2" or groups fed on 1% ginger with or
without vaccination revealed a marked

reduction of ALT and creatinine concentrations
compared to control infected group. The active
ingredients such as flavonoids, polyphenols,
saponins and tannins that present in ginger may
safeguard fish from bacterial infection by
stimulating immune system and its
supplementation ~ might  prevent lipid
peroxidation of cell membranes and inhibit the
hepatic and renal damage (34). Similarly,
feeding of Indian catfish with Zingiber
officinale incorporated diet at dose of 0.5g
resulted in lowering the level ALT in ginger
treated group than control-infected groups (54).
Furthermore, the immune-stimulating effect of
1% ginger and /or A. hydrophila vaccine could
increase the resistance of O. niloticus to A.
hydrophila infection which manifested by
reduction of the mortality rate and the severity
of the clinical symptoms and post-mortem
lesions in G2, G3 and G4 when compared to
infected—non vaccinated group.

Conclusion

The findings of the current study revealed
that addition of 1% ginger to diet improved
growth performance and immune status in O.
niloticus. Ginger increases the efficacy of A.
hydrophila vaccine, which increase protection
against A. hydrophila infection and could
represent a suitable way against this infection in
O. niloticus aquaculture.
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Abstract: This study aimed to shed light on the effect of eszopiclone (ESZ) administration
once daily for 30 consecutive days at night time on some neurochemical, behavioral and
hematological criteria. A total of 27 male Wister albino rats were assigned to one of three
drug treatment groups, vehicle, Eszopiclone (3mg/kg) and (6mg/kg). After 30 days of
Eszopiclone administration, the neurochemical analysis revealed a significant reduction
in serotonin and glutamate (306.44 ng/ml, 4.33 nmol /ul, respectively) in 6mg/kg treated
animals, furthermore dopamine levels were significantly higher in rats treated with
Eszopiclone (3mg/kg or 6mg/kg) in compare to control group. Reduced glutathione,
superoxide dismutase and catalase levels revealed a significant decrease (0.15 pmol
/gm tissue, 25.24 umol /gm tissue, 1.93 Unit/gmtissue, respectively), while the
malondialdehyde levels (15.79 nmol /gm tissue) demonstrated a significant increase in
animals treated with 6 mg of ezopiclone. Behavioral assessment was carried out 3 times
throughout the study (once/2 weeks) by video recording. It was recorded in 5 tests,
including open field, the hole-board, inclined plain, grip and tail suspension tests. There
were no changes between the rats in 3 mg/kg of ezopiclone and those in the control
group. The rats in 6 mg/kg of ezopiclone showed less response in all behavioral
observations, with significant decreases in inclined plain angle (23.35), exploratory time
(17 second) and exploratory frequency (2 frequencies) in compare to other groups. The
results support the concept that the administration of eszpiclone more than 3 mg/kg may
lead to the behavioral changes. There were no serious adverse events regarding
hematological indices. It is concluded that eszopiclone administration causes an
imbalance between different neurotransmitters in the cerebrum. A marked decrease in
antioxidant scavenging capacity with a behavioral alteration in 6mg/kg treated animals.
The maximum safe dose of eszopiclone was 3mg/kg and more than this dose could lead
to a deleterious reactions as evidenced in this study.

Key words: eszopiclone; neurotransmitters; behavior; hematology

_ maintaining sleep during the night and early
Introduction morning. It is the S (+) enantiomer of the
Eszopiclone is a soporific, mesmerizing dextrorotator_y form of zoplcl_one, a cyclo-
agent that is used for treatment of difficulty PYrrolone with no structural likeness to the
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mesmeric drugs zolpidem and zaleplon, or to
the benzodiazepines (BZs) and barbiturates (1).
Eszopiclone, along with zaleplon and zolpidem,
are member of grade of therapies notorious as
nonbenzodiazepine benzo-diazepine receptor
agonists. These drugs tie up to sites on the
gamma aminobutyric (GABAA) receptor
agonists that are familiar to or overlap with the
sites at which BZs take action (2).

Attic BZs bind equally to GABAA receptors
involving all the a-subunit isoforms with
exclusion of a4 and a6 (3-5). Recently, the use
of BZs has been signified to have a number of
damaging undesirable effects, for example,
anterograde amnesia, and discontinuation
pathologies (6-9). Recognition of these side
effects of BZs led to the development of a brand
new cohort of non-benzodiazepine hypnotics,
incorporating zolpidem and eszopiclone.
Zolpidem has an elevated affinity for GABAA
receptors containing the al subunit, low
resemblance for o2 and o3 containing
receptors, and no remarkable affinity for a5
encompassing receptors (2,4,5,10). Conversely,
eszopiclone evinces significant activity at
GABAA receptors containing al, a2, a3 and a5
subunits (5, 10-13).

Thalamus has a mandatory responsibility in
sleep act and rhythmicity, where two well
defined subtypes of synaptic GABAA
receptors; alB2y2 and a3p3y2 are articulate in
thalamocortical relay neurons and in
interneurons of the reticular thalamic nucleus,
so impairment to the thalamus stand in the way
of normal sleep (14). Behavioural studies are
crucial not only for increasing the knowledge
on the status of animal but also for assessing the
animal's response to its environment (15).
There were some of behavioral tests that used
to assess fear and anxiety in animals, and
therefore attained the status of one of the most
widely used instruments in animal psychology
(16). These tests primarily involve placing the
subject animal in a novel “open” space from
which escape is prevented by a surrounding
wall and then measure the elicited behaviors of
the subject in this test situation. In these tests
the most commonly used parameters to assess
an animal’s state of anxiety are behaviour (body
movements; mainly general level of activity

and exploration such as movement, ambulation,
rearing and freezing) and defecation (17),
although other forms of behaviour such as
grooming and vocalization, and other
parameters such as physiological parameters
(heart and respiration rate, electromyogram
recording and plasma glucocorticoids levels)
have also been included (16). It is generally
thought, in the open field tests, that animals
which show a high level of activity (all forms
of locomotion) and have low defecation scores
are considered to be less emotional (18).

Due to the adverse effects of benzodia-
zepines, the uses of non-benzodiazepines were
more popular in last few years. However, non-
benzodiazepines receptor agonists had adverse
effects, including dementia, delirium,
sleepwalking, serious injuries and fractures
(19-23), furthermore, it is associated with an
increase in hospitalizations and motor vehicle
accidents. Insomnia may be predisposing factor
to develop anxiety disorders (24,25).

Therefore, the objective of this study was to
quantify changes in some neurotransmitters and
behavioral profile following the administration
of Eszopiclone (3mg and 6mg). Another
objective was to determine oxidative stress
related to Eszopiclone administration in
addition to the assessment of alterations in
hematological profile.

Material and methods

The ethical approval was taken from the
Animal Welfare and Research Ethics
Committee, Faculty of Veterinary Medicine,
Zagazig University, Egypt.

Drug

Eszopiclone (Sepracor Inc., Marlberough,
MA) was dissolved in 50 ml of acetate buffer
and the dose of the drug was 3 mg/kg and 6
mg/kg of body weight, according to Huang et
al. (26).

Animals

A total of 27 male Wister rats aged 7-8
weeks and weighed 180-200 gm. The
experimental procedures were carried out in
research unit, Faculty of Veterinary Medicine,
Zagazig University, Egypt. The animals were
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assigned randomly into 3 groups (9 rats in each
one) and each group was subdivided into 3
replicates (3 rats in each/ cage). The rats were
housed in stainless-steel cages (40 cm L*25 cm
W*20 cm H), maintained in a climate-
controlled environment at 23+2°C; 60+£10% of
humidity with a 12/12 dark/light cycle (6 am: 6

pm).
Experimental strategy

Rats were randomized to 3 groups, each
group holding 9 rats. Group 1 received 1 ml of
saline (control animals). Group 2 was given
3mg/kg eszopiclone. Group 3 received 6mg/kg
eszopiclone. All treatments were given orally
once daily for 30 days at night time (10 pm).

Blood samples

Samples were taken from retro-orbital sinus
(27) and Sodium salt of EDTA was used as an
anticoagulant  for estimation of some
hematological frameworks.

Analysis of tissue samples

The brain of each rat was pulled out and
cleaned from the stuck tissues and weighted. It
was homogenized in 0.05 ml potassium
phosphate buffer (pH 7.4) using Electronic
Homogenizer and was kept at -80 °C until
estimation of dopamine, serotonin, glutamate,
glutathione (GSH), superoxide dismutase
(SOD), catalase (CAT), and malondialdehyde
(MDA) levels.

Dopamine estimation

Whole brain was dissected out, wet tissue
was homogenized in HCL-butanol for about 1
minute (1:10 ratio), centrifuged for 10 minutes
at 3000 rpm, and one ml of supernatant was
taken after centrifugation for dopamine
estimation as described by Shyamjith et al. (28).

Serotonin and Glutamate estimation

The content of brain from serotonin was
estimated by the method mentioned by
Schlumfjf et al. (29), while the glutamate levels
were measured by multiple development paper
chromatography (30).

GSH and SOD estimation

The levels of GSH and SOD in the brain
were measured as mentioned by Davies et al.
(31) and Ohkawa et al. (32) respectively.

Estimation of CAT and MDA

CAT was estimated by the decomposition of
H202 after adding 1 ml of H202 to 2 ml of the
prepared sample (0.1 ml of supernatant +1.9 ml
of phosphate buffer). While, malondialdehyde
levels were estimated by thio-barbituric acid
reaction (32).

Hematological studies

Total RBCs count and WBCs were
scrutinized according to the method illustrated
by Dacie and Lewis (33) while hemoglobin
concentration was estimated colorimetrically
following method of Wintrobe (34). The
packed cell volume was determined using the
microhematocrite  method according to
Darcourt et al. (35).

Behavioural observation

The behavioural assessment was carried out
in an experimental room under the same
environmental conditions. The experimenter
was blind to the treatments of the animals. It
was carried out 3 times (once/2 weeks) during
the light phase of the light—dark cycle. The
behaviour of the rat was recorded using a video
camera fixed over the experimental cage and a
focal sampling technique was used to record the
behavior from the electronic compact disc.

Open field test

The rats were held from the tails and placed
in one corner of the open field arena (70 L*70
W*40 H cm), which was divided into 16 equal
squares. Behaviours were recorded by video
recording for 5 minutes after 2 minutes setting
the rat in the apparatus (for acclimation) and the
arena was cleaned with 5% ethanol before the
next rat. The behavioural parameters recorded
were ambulation or locomotion frequency (the
number of floor sections entered with two feet),
rearing frequency (the number of times the
animal stood on its hind legs), stereotype counts
(the number of grooming movements), and
immobility (freezing) duration (total time in
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seconds without spontaneous movements). The
movement of rats in squares reflected the level
of anxiety-like behavior (36).

Hole-board test

This test included a board (80 cm L* 80 cm
W), which had 4 equal holes distributed in four
quarters of board. The exploratory behavior
(time and frequency) was recorded (37) through
head entrance of rat in holes of this apparatus.

Inclined plain test

According to the procedures followed by
Abou-Donia et al. (38), rats were placed in the
horizontal position on a flat plane and the angle
of falling rat from flat plane was calculated.

Grip strength test

The strength of rat's forepaw was recorded
by hanging in wood dowel (5mm diameter)
(39). Time of grip in wood dowel was recorded
in seconds to assess forepaw strength.

Tail suspension test (TST)

TST has been adopted as a behavior model
to predict antidepressant effect of drugs and
chemicals in rodents (40). In this test, the rats
were suspended 50 cm above the floor and
throughout a 5-minute, the total duration of
mobility and struggling was recorded.

Statistical analysis

Data were statistically analyzed using SAS
statistical system Package (41), where it was
analyzed by one-way ANOVA using the SPSS
16.0 computer program. Duncan's Multiple
Range test was performed to compare means
value between experimental groups. The results
were presented (mean + SE) with normal
distribution and significantly differed at
P<0.05.

Results

The neurochemical analysis presented a
marked reduction in serotonin and glutamate
with a noticeable elevation in dopamine levels
in brain homogenate, alterations that were more
observable in 6mg/kg treated animals (Table 1).
Reduced glutathione, superoxide dismutase and
catalase levels revealed a significant decrease
(0.15 pumol /gm tissue, 25.24 pmol /gm tissue,
1.93 Unit/gmtissue, respectively), while the
malondialdehyde  levels  (15.79  nmol
/gm tissue) evoked a significant increase in the
same group (Table 2). There were no serious
adverse events regarding hematological indices
(Table 3). There were no clear changes between
the first and second group, while the rats in
group 3 had less response to all behavioral
observations, with significant differences in
inclined plain (23.35) and exploratory test (17
second and 2 frequencies) (Table 4,5).

Table 1: Effect of oral administration of Eszopiclone (3mg/kg and 6mg/kg) for 30 consecutive days on
serum levels of serotonin, glutamate and dopamine in male Wistar rats

Groups Serotenin (ng / ml) Glutamin (nmol /pl) Dopamin (umol /gm tissue)
Control 488.29+5.40? 8.03+0.592 50.94+2.39°
3 mg/kg Ezopiclone 428.49+14.96° 5.64+0.35° 60.66+1.682
6 mg/kg Ezopiclone 306.44+6.88°¢ 4.33+0.38° 59.284+2.18%

ab¢ Means within the same column having different superscripts are significantly different at P < 0.05).

ng= Nanogram; ml=Milligram; nmol=Nanomole; pl=Micromilly; pmol=Micromole; gm=Gram and

kg=Kilogram
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Table 2: Effect of oral administration of Eszopiclone (3mg/kg and 6mg/kg) for 30 consecutive days on
antioxidant parameters (MDA, SOD, CAT and GSH) in male Wister rats

MDA SOD CAT GSH
Groups (nmol /gm tissue)  (nmol /gm tissue) (Unit/gm tissue) (nmol /gm tissue)
Control 6.28+0.28°¢ 54.16+£1.932 5.79+0.172 0.344+0.016?
3 mg/kg Ezopiclone 13.05+0.45P 41.69+1.38° 3.03+0.18° 0.257+0.010°
6 mg/kg Ezopiclone 15.79+0.622 25.24+1.30° 1.93+0.10¢ 0.15+0.007°
ab¢ Means within the same column having different superscripts are significantly different at P < 0.05).
nmol=Nanomole gm=Gram umol=Micromole mg=Milgram  kg=Kilogram

Table 3: Effect of oral administration of Eszopiclone (3mg/kg and 6mg/kg) for 30 consecutive days on
some hematological parameters in male Wister rats

Groups RBCS (10% ub) HB (gm/dl) PCV (%)
Control 7.24+0.10 10.7+0.43 40.29+0.15
3 mg/kg Ezopiclone 6.98+0.13 10.72+0.32 40.28+0.67
6 mg/kg Ezopiclone 7+0.19 11.06+0.08 40.56+0.69

pl=Micromilly; gm=Gram; dl=Deciliter; mg=Milgram and kg=Kilogram

Table 4: Effect of oral administration of Eszopiclone (3mg/kg and 6mg/kg) for 30 consecutive days on the
open field test in male Wister rats

Groups Latency time (S.) Grooming frequency Rearing frequency Ambulation frequency
Control 2.33+0.15° 2+0.202 6+0.292 34.67+£0.492

3 mg/kg Ezopiclone 3+0.16° 1.33£0.07° 6.33+0.27°2 33+0.64°

6 mg/kg Ezopiclone 0.33+0.02°¢ 0.33+0.03 ¢ 3.33+0.14° 23+0.56"

ab¢ Means within the same column having different superscripts are significantly different at P < 0.05).
mg=Milgram; S.=Second and kg=Kilogram.

Table 5: Effect of oral administration of Eszopiclone (3mg/kg and 6mg/kg) for 30 consecutive days on
sensorimotors tests (grip, tail suspension and inclined plain) and exploratory behaviour in male Wister rats

Groups Grip time  Tail suspension time  Inclined plain angle Exploratory test
(S) (S) Time (S.))  Frequency
Control 3.67+0.112 8.67+0.142 43.33+3.04° 35.67£95%  5.33+0.122
3 mg/kg Ezopiclone 2.5+0.09° 7.67+0.12° 43.1243.05° 29+0.62°  4.33+0.12°
6 mg/kg Ezopiclone 1.5+0.1° 4.66+0.13° 23.35+1.82° 17+0.63¢ 2+0.08°

ab¢ Means within the same column having different superscripts are significantly different at P < 0.05).
S=Second; mg=Milgram and kg=Kilogram.

_ _ commonly referred to as non-benzodiazepine
Discussion agonists. In 1980, the sedative molecules were
Eszopiclone among others like zolpidem, developed to overcome the deleterious aspects

zopiclone and zaleplone are medications which ~ ©f benzodiazepine therapy (1). This cyclopyrro-
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lone derivative was classified as a potentiator of
GABAA receptors, binds to all subtypes
inducing sedation and hypnosis for removal of
the sleep disorders (35,42). However, Buxton et
al. (43) had recently found that eszopiclone in a
dose of 3mg for two months treatment did not
significantly influence sleep.

GABA is the major inhibitory neurotran-
smitter in the brain, and activation of GABAA
receptors causes neuronal inhibition by
increasing chloride ion conductance. GABAA
receptors exist as multiple subtypes and these
subtypes are differently located throughout the
brain. Winsky (44) mentioned that the different
GABAA receptor subtypes may cause
differences in clinical effects caused by various
benzodiazepine and non-benzodiazepine. Still,
it is important to evaluate other neurotran-
smitters if there are any alteration in their levels
could be attributed to eszopiclone nightly
treatment for 30 consecutive days.

Neurochemically, it is inevitable that
eszopiclone acts through modulation of
GABAA receptor sites, despite a research by
Kumar et al. (45) demonstrated that ESZ sleep
induction doesn’t require activation of
GABAergic sleep-regulatory neurons in the
preoptic hypothalamus. Our findings revealed
that eszopiclone led to a significant decrease in
serotonin levels in brain tissue homogenate,
which was more pronounced in the 6mg/kg
treated rats (306.44 ng / ml). Dopamine levels
showed a marked elevation in eszopiclone 3 mg
(60.66 umol /gm tissue) and 6mg (59.28 umol
/gm tissue) treated rats, respectively, while
glutamate values displayed a marked reduction
in both treated groups (5.64 nmol /ul and 4.33
nmol /ul, respectively). The identified
correlations between eszopiclone and other
neurotransmitters than GABAA are unknown.
Literature is small since inadequate work had
been done on this matter, however, ESZ was
found to suppress serotonergic and non-
serotonergic  neurons  (45). Interestingly,
Russell et al. (46) found that ESZ 3mg/kg for
18 successive days besides alleviated social
defeat stress in mice, its neurochemical findings
were elusive.

The decrease in serotonin level may be due
to anxiety, obesity, insomnia, and fibromyalgia

(47). This might explain the behavioral changes
in rats treated with ESZ for 30 consecutive
days, especially the group received 6mg/kg
body weight. There were certain neurons in
brain had the ability to synthesize, store, and
released the serotonin. Serotonin in human
being plays the important role in the regulation
of a variety of processes within the brain,
including, depression, mood, emotions,
aggression and sleep (48,49).

To our knowledge, non-benzodiazepines
have been scarcely investigated from the point
of view of dopamine, glutamate, and other
neurotransmitters  estimation. Apart from
potential confounding variables, what might be
the reason for the association between
eszopiclone treatment and neurotransmitters,
neurotransmitter activity is delicately balanced,
a shift in an inhibitory neurotransmitter alters
other excitatory ones and vice versa. The
findings of this paper declared a marked
elevation in dopamine levels and a decrease in
the glutamate levels in groups 2 and 3 in
comparison to control group.

Despite the fact that activation of
dopamenirgic receptors in the DRN increases
the activity of serotoninergic neurons (50), the
increase in dopamine levels in our findings did
not necessarily elevate the serotonin levels as
we presented a significant decrease in serotonin
values after eszopiclone nightly treatment for
30 days suggesting the direct effect of this non-
benzodiazepine on serotoninergic receptors,
necessitating the need for more research in this
area.

Glutamate is a group of endogenous amino
acids which act as excitatory neurotransmitters
for learning and memory. As neurotoxins, they
are believed to be involved in the pathogenesis
of a variety of neurodegenerative disorders in
which cognition is impaired. McEntee and
Crook (51) found that cerebral structures may
be particularly vulnerable to the neurotoxic
actions of these excitatory amino acids,
especially in the elderly who are most
susceptible to impairments of mnemonic
function. The affinities of (S)-DMZ and N-
oxide zopiclone (two major metabolites) to the
central BZD receptor site were > 20-fold and
>250-fold lower than (S)-zopiclone. (S)-DMZ
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was shown to enhance GABAA current by
increasing the affinity of receptors for GABA
but dose dependently inhibited agonist evoked
currents at both N-methyl-D-aspartate receptor
NMDA (glutamate) and nACh (acetylcholine)
receptors, an effect that was mimicked by
zopiclone. Inhibitory actions at NMDA and
nACh receptors are also evident at a 20 uM
(52).

Rats in group 2 (3mg of Eszopiclone/kg)
showed lower GSH, SOD, CAT activities
compared to rats in group 3 (6 mg). While,
MDA level was significantly higher in group 2
than group 3. These values were more
pronounced in animals treated with ESZ
(6mg/kg), indicating that the oxidative stress
could be gained on brain tissue after
administration of ESZ.

Brain tissue is uniquely susceptible to
oxidative stress as cellular residents of brain
demonstrating markers of oxidative damage in
major depressive disorders, insomnia and
bipolar disorders (53). Eszopiclone showed
deviations from reasonable antidepressants
outcome treating oxidative stress
accompanying brain disorders, administration
of ESZ increased lipid peroxidation and
suppressed antioxidant enzymatic activity. In
contrast to our findings, Szebeni et al. (53)
found that cellular residents of brain white
matter revealed markers of oxidative damage in
major depressive disorder (MDD), medications
that interfere with oxidative damage or
pathways activated by oxidative damage have
potential to improve treatment for MDD.

One of the most possible explanations of the
presented oxidative stress is the reduction of
serotonin level in the brain caused by
eszopiclone treatment. Serotonin acts as a
scavenger of hypochlorous acid (HOCI) in the
cerebrum. Serotonin was shown to inhibit the
oxidation of 2-thio-5-nitrobenzoate by HOCI in
a biphasic fashion. Serotonin might act to
decrease chlorinative tension in the brain (54).

There were no serious adverse events during
the study regarding hematological parameters.
On the other hand, Lovett et al. (55) suggested
that over dose of ESZ (30 times normal dose)
evoked a marked hemolytic anemia and
methemoglobinemia in adult women.

The data of behavior as shown in Table 4 and
5 revealed that rats in group 2 and 3 showed
behavioural alterations as compared to control
group. The changes in behavior are considered
as a marker of emotional condition of the living
organism (56), representing in grooming
frequency and freezing time. Furthermore,
frequencies of rearing and ambulation in this
test help in the measurement of hyperactivity
(57), locomotory activity (58) and anxiety-like
behavior (59). In the current study, animals
receiving 6 mg/kg of Eszopiclone had an
increase in rearing frequency and freezing time,
while frequencies of ambulation and grooming
were the highest in control and rats treated with
3 mg/kg of eszopiclone.

In the current finding, the exploratory time
and frequency were significantly higher in
control and rats treated with 3 mg/kg, while it
was the lowest in rats treated with 6 mg/kg.
These results were consistent with locomotory
behavior in open field test. These results may
be due to the positive effect of Eszopiclone in
treatment of insomnia (60). In this regard, the
durations of immobility in tail suspension were
higher in rats treated with 6 mg/kg. Moreover,
grip  strength  delineated the  motor
neurotoxicology (61).

There was difference in grip strength among
experimental groups, where it was higher in
control and rats treated with 3 mg/kg,
respectively than 6 mg/kg. Also, the marked
depletion of the neurotransmitter here may be
responsible for this neurobehavioral alterations
especially lack of exploration and depression
(62). The most of behavioural changes may be
due to histopathological alteration of brain, as
mentioned before by Khalil et al. (61), who
cited that neuronal degeneration and cerebral
oedema led to behavioural alteration.

Conclusion

In the present study, Eszopiclone
administration caused an imbalance between
different  neurotransmitters in  cerebrum
presented by an elevation in dopamine and a
marked reduction in serotonin and glutamate
levels. Therefore, there are potentials
suggesting cross-talking between GABAergic,
serotoninergic, dopaminergic and NMDA
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systems when eszopiclone is used. Behavioral
activity highlighted side effects of 6mg/kg ESZ
and oxidative stress was more conspicuous in
6mg/kg ESZ than in 3mg/kg treatment as
substantiated by the decrease in antioxidant
enzymes and the increase in lipid peroxidation.
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Abstract: Environmental pollution by heavy metals is a major problem worldwide.
Domesticated animals such as cattle and camel share the same environmental conditions
like human and they are exposed to heavy metals via different sources. Therefore, these
animals are considered as ideal bio-indicators for human exposure to heavy metals.
Heavy metals accumulate in the different tissues of the animals. Estimation of toxic metal
residues such as arsenic (As), mercury (Hg), lead (Pb) and cadmium (Cd) in the animal
edible tissues had been extensively studied. However, estimation of such toxicants in the
non-edible animal byproducts had received little attention. Additionally, non-edible animal
byproducts are frequently used in many industries such as animal feed additives and
leather fabrication. Therefore, this study was undertaken to estimate the residual
concentrations of As, Hg, Pb and Cd in the hair, hides and bones of cattle and camel
slaughtered at Zagazig, Abo-Hammad and Belbies cities, Sharkia Governorate, Egypt.
Metal-metal correlations were additionally calculated. The achieved results indicated
exposure of cattle and camel to high levels of heavy metals, particularly lead and arsenic.
Camel had higher concentrations (mg/kg ww) of arsenic compared with cattle particularly
in hair (38.57 + 8.77 and 22.48 + 1.91 in camel and cattle, respectively). Bone had the
highest load of the measured metals among examined samples. For instances, in camel,
elemental concentrations (mg/kg ww) in bone were 34.53 £ 6.16 (As), 3.41 £ 0.56 (Hg),
2.76 £ 0.36 (Pb) and 0.11 £ 0.01 (Cd). Samples collected from Zagazig city were highly
contaminated compared with other locations. Significant positive correlations were
observed between lead - mercury, lead - cadmium and arsenic- mercury (r <0.0001 in
each). Contaminated non-edible animal byproducts should be hygienically disposed and
avoid its introduction to downstream industries. It is highly recommended to control
environmental pollution with heavy metals in Egypt.

Key words: bone; domesticated animals; hair; heavy metals; hide

food and water leading to several adverse out-

Introduction

Heavy metals are highly accumulative
environmental pollutants that can get entry into
the ecosystem via anthropogenic activities and
subsequently find their way into human and
animal bodies via consumption of contaminated
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comes (1).

Heavy metals such as cadmium (Cd), lead
(Pb), arsenic (As) and mercury (Hg) are
classified as toxic heavy metals. For instances,
Cd exposure is linked to kidney damage and
skeletal muscle deformities (2). Metals like Pb
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may cross blood brain barrier leading to
nervous manifestations in both children and
adults (3). Arsenic is reported to cause
hyperpigmentation and hyperkeratosis of the
skin (4). Mercury can lead to multiple organ
damage as it had pulmonary, nervous and
cardiac symptoms (5).

Domesticated animals such as cattle and
camel are reared for their meat and milk and
other non-edible animal byproducts, such as
hair, hides, bones, that can be used in many
industries such as leather fabrication and as
ingredients in the animal feed additives (6).
These animals are sharing humans in the same
environment and therefore are considered as
ideal bio-indicators for human exposure to
environmental pollutants like heavy metals (7).

Estimation of heavy metals in the edible
tissues of domesticated animals had been
extensively  studied.  However, limited
information is available about the residual
concentrations of the toxic metals in the non-
edible animal byproducts such as hair, hides
and bone in Egypt. Therefore, this study was
undertaken to estimate the residue levels of four
toxic metals including As, Hg, Pb and Cd in
three non-edible animal products, namely hair,
hides and bone of cattle and camel slaughtered
at Zagazig, Abo-Hammad and Belbies cities in
Sharkia Governorate, Egypt. Additionally, the
inter-metal correlations in the examined
samples were calculated. Finally, the public
health significance of the examined metals was
also discussed.

Material and methods

Guidelines of Zagazig University Animal
Ethics Committee were followed during
conducting this research. All chemicals were
the highest quality available and purchased
from Merck, Darmstadt, Germany.

Collection of samples

One hundred and eighty samples were
collected randomly and equally from non-
edible animal byproducts (hair, hides and bone)
of both cattle and camel slaughtered at Zagazig,
Abo-Hammad and Belbies cities, Sharkia
Governorate, Egypt. The sampling sites are
characterized by being rural and the animal

farms are usually located far from highways.
Samples were collected in the period of March
to October 2017. Samples were kept frozen in
plastic falcon tubes at -20°C until the time of
heavy metal extraction and measurements.

Preparation of samples

Hair samples were washed using distilled
water several times for complete removal of
any dirt, dried at room temperature, and then cut
into small pieces to be easily digested by the
acid mixture in the following step.

Hide samples were brushed under running
water to remove any dirt followed by washing
using distilled water, then cut into small pieces
and kept dried.

Bone samples were washed with distilled
water to remove any dirt. After washing, bones
were cut into small pieces and then treated with
a 30% H20. solution to remove any traces of
flesh, fat and blood followed by another wash
with distilled water (7). Then one gram from
each sample was heated in a hot air oven at
100°C for 2 h followed by another heating cycle
for 2 h after mixing with 5 ml of perchloric acid
70% (8).

Digestion of samples

One gram of each sample was mixed with
digestion mixture consisted of 5 ml HNOs
(65%) and 2 ml perchloric acid 70% (9). The
mixture was heated at 50°C for 3 h in the water
bath, followed by filtration, and dilution.
Samples were kept at room temperature until
metal analysis.

Analytical procedures

All analytical procedures were done at the
Central Laboratory, Faculty of Veterinary
Medicine, Zagazig University, Egypt. Residues
of arsenic and mercury were estimated using
hydride  generation/cold  vapor  atomic
absorption spectroscopy, however, graphite
furnace was used in case of lead and cadmium
(Perkin Elmer® PinAAcle™ 900T atomic
absorption spectrophotometer) (Shelton, CT,
USA).
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Quality assurance and quality control

Reference material (fish protein) named
DORM-3 purchased from the National
Research Council, Canada was used to
validating the analytical procedures of heavy
metals. The reference material was exposed to
the same analytical method as in the field
samples, and the tested metals were estimated.
Then the obtained concentrations were
compared with the metal concentrations loaded
on the reference material to obtain the recovery
rates. Recovery rates ranged from 80% to 115%
for all metals examined. The detection limits
(mg/kg) for the analyzed metals were 0.02 for
arsenic, 0.01 for mercury, 0.1 for lead and 0.001
for cadmium.

Statistical analysis

Statistical significance was evaluated using
one-way analysis of variance (ANOVA) and
Tukey-Kramer test with P-value < 0.05
considered to be significant. Pearson
Correlation coefficient (r) was obtained using
SPSS program version (23.0).

Results and discussion

Levels of toxic metals in non-edible animal
byproducts

The achieved results in Table (1) showed
that arsenic was detected in all examined
samples. The residual concentrations of arsenic
(mg/kg ww) in hair, hides and bone of cattle
were 22.48 + 1.91, 7.59 + 0.65 and 16.53 +
1.47, respectively. These concentrations were
38.57 £8.77, 14.56 + 3.67 and 34.53 £ 6.16 in
the examined hair, hides and bone of camel
(Table 1). It is clear that, camel had higher
arsenic residual concentrations compared with
cattle in all examined samples. This may be
attributed to the ability of camel to live under

low water levels and subsequently concentrates
the metals into its different tissues (10). Hair
samples had the highest residue levels of
arsenic followed by bone and hides in both of
cattle and camel. This may be due to the
frequent exposure of hair to contaminated dusts
and water with arsenic. Presence of high
concentrations of arsenic in the hair samples
despite  being washed during sample
preparation indicates accumulation of arsenic in
hair due to past exposure and it is reported that
hair is the target site for arsenic (11). The
recorded concentrations of arsenic in the
present study is extremely high when compared
with the washed cattle hair pastured in the
vicinity of the Glogow copper smelter; West
Bengal, India and in antlers of red deer in
Poland (12-14). This may reflect the high load
of as in the Egyptian environment, probably due
to the uncontrolled agricultural and industrial
activities.

Mercury was detected in all examined
samples, where, its levels in the examined
samples of cattle were comparable to those of
camel. The load of mercury (mg/kg ww) in hair,
hides and bone of cattle were 0.77 £ 0.19, 0.51
+ 0.17 and 3.75 £ 0.52, respectively. While in
camel, these concentrations were 0.83 + 0.19,
0.10 + 0.04 and 3.41 + 0.56 in the examined
hair, hides and bone, respectively (Table 1). It
is obvious that, bone had significantly higher
mercury residues compared with hair and the
hide. The high mercury concentrations in the
bone tissue agreed with that reported in Chinese
rhesus monkeys (15). Hair had significantly
higher concentrations of mercury compared
with that of the hide, particularly in the camel.
It is reported that hair is rich in sulfur
containing amino acid cysteine, which is a
major mercury-binding protein (16).
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Table 1: Arsenic and mercury residues (mg/kg ww) in the non-edible animal byproducts of cattle and

camel
Arsenic Mercury
Cattle Camel Cattle Camel
Range Mean + SE Range Mean + SE Range Mean + SE Range Mean + SE
Hair 12.28-32.88  2248+191* 441-7391 3857£8.77" 0.04-171 0.77+0.19° 0.03-172 0.83+0.19°
Hide 5.47-12.21 7.59 +0.65¢ 2.13-36.24 1456+3.67 001-1.79 051+0.17" 0.01-0.33 0.10+0.04°
Bone 10.11 -23.06 16.53+1.47° 9336203 34.53+6.16% 0.84-6.77 3.75+0.52° 0.72-6.03  3.41+0.56*

a-b-c: Means in the same column carrying different superscript letter are significantly different with each other
(Comparisons among different tissues of the same species). Means carrying star mark indicate significant difference

between same tissue in cattle and camel (p <0.05).

The lead was detected in all examined
samples in the present study. Levels of lead
residues were comparable among both cattle
and camel. Interestingly, bone had significantly
higher lead residues followed by hair and hides,
respectively (Table 2). Lead has the tendency to
accumulate in the bone tissue (17). The residual
concentrations of lead in the bone (mg/kg ww)
were 2.46+0.28 and 2.76 + 0.36 in cattle and
camel, respectively, while that in the hair were
0.994+0.25 and 0.86+0.24 in cattle and camel,
respectively. Hide had the lowest residues of Pb
(0.44£0.11 mg/kg ww) in cattle and (0.58+0.09
mg/kg ww) in camel (Table 2). The results of
the current investigation agreed with that
reported in washed cattle hair pastured in the
vicinity of the Glogow copper smelter and in
the hair samples collected from camels in
Aswan (12, 18). Lower concentrations were
recorded in red deer antler in Poland (14). Lead
was detected previously in the edible offal of
cattle and sheep collected from the same
locations (7). Erythrocytes are considered the
target site for lead binding in 99% of the
absorbed lead. Therefore, lead found its way to
soft tissues (liver and kidney) and to bones with
the highest precipitation percentages in the
bones (18).

Cadmium was detected in all examined
tissues in the present study (Table 2). The
residual concentrations of cadmium (mg/kg
ww) in the examined samples of cattle were
0.13£0.01 in hair, 0.07+0.01 in hides and
0.21+0.02 in bone. These concentrations were
0.09+0.06, 0.01+0.003 and 0.11+0.01 in the
examined hair, hides and bone of camel (Table
2). Itis clear that, bones had the highest residual
contents of cadmium followed by hair and

finally the hide. Cattle bone had the highest
cadmium residues among the examined
samples, which may be explained by the
interactions between cadmium and calcium in
the skeletal system (19). However, cadmium
has no ability to pass the skin barrier (20). The
recorded concentrations of cadmium in the
current study were slightly higher than that
reported in washed cattle hair pastured in the
vicinity of the Glogow copper smelter and in
red deer antler bone in Poland (12,14), but
lower than that recorded in Kalabsha and
Halaiub (18). Similarly, high cadmium residues
were recorded in the liver and kidneys of cattle
and sheep slaughtered in Zagazig city (7).

Arsenic, mercury, lead and cadmium
residues were extremely high in samples
collected from Zagazig city compared with
Abo-hammad and Belbies (Figure 1A, B, C and
D). This may be explained by the increase in the
anthropogenic activities and traffic deposition
in Zagazig city compared with the rural nature
of the other locations. Heavy metal load is
positively correlated with the traffic deposition
(21). Moreover, the Egyptian population in
Sharkia Governorate depends mainly on
agricultural and small industrial activities, so,
many regions of the Governorate have been
contaminated with wastewater and solid wastes
(7).

In general, presence of such toxic metal
residues in animal byproducts reflects the
exposure of the living animals to a vast array of
xenobiotics  including, heavy  metals.
Subsequently, this indicates contamination of
the environment surrounding animals such as
air, food and water with such toxicants.
Additionally, contamination of such animal
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byproducts with toxic metals may lead to toxic metals. Then these metals can find their
loading of the downstream products such as way to other animals or humans using such
animal feeds and leather products with such contaminated products.

Table 2: Lead and cadmium residues (mg/kg ww) in the non-edible animal byproducts of cattle and camel

Lead Cadmium
Cattle Camel Cattle Camel
Range Mean+SE Range Mean+SE Range Mean+ SE Range Mean = SE

Hair 0.06 -1.94 0.99 +0.25° 0.05-2.08 0.86 +0.24° 0.04 - 0.18 0.13+0.01° 0.01-0.64 0.09 £ 0.06%

Hide 0.05-0.94 0.44+0.11¢ 0.01-1.16 0.58+0.09° 0.04 —0.15 0.07 +0.01¢" 0.001 — 0.04 0.01 = 0.003°

Bone 0.72-3.66 2.46+0.28% 1.27-4.26 2.76 £0.36 0.13-0.32 0.21 £0.02%" 0.05-0.17 0.11+0.01%

a-b-c: Means in the same column carrying different superscript letter are significantly different with each other
(Comparisons among different tissues of the same species). Means carrying star mark indicate significant difference
between same tissue in cattle and camel (p <0.05).

Table 3: Significant Pearson correlation’s coefficient values between toxic metals in the examined non-
edible byproducts of cattle and camel

Cattle Camel

Metal r Tissue Metal r tissue
p value p value

Pb-Cd 0.949 bone Pb-Hg 0.947 bone
<0.0001 <0.0001

Pb-Cd 0.914 hide Pb-Hg 0.847 hide
<0.0001 <0.0001

Pb-Hg 0.901 hair Pb-Hg 0.965 hair
<0.0001 <0.0001

As-Hg 0.906 bone As-Cd 0.887 bone
<0.0001 <0.0001

As-Hg 0.988 hide As-Cd 0.800 hide
<0.0001 <0.0001

As-Hg 0.944 hair As-Cd 0.539 hair
<0.0001 0.0043

Values in the table are the significant correlations at p <0.05. r: Pearson correlation coefficient; p: probability; Pb:
lead; Cd: cadmium; As: arsenic; Hg: mercury
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Figure 1: Toxic metal residues in non-edible animal byproducts of cattle and camel in different localities
at Sharkia Governorate, Egypt (2017). A) Arsenic, B) mercury, C) lead and D) cadmium residues (mg/kg
ww) in hair, hide and bone of cattle and camel from Zagazig, Abo-Hammad and Belbies. Values represent
mean + SE (n = 90 from each animal species divided as 10 samples from each byproduct/ each animal

species/each location)

Correlations among metals in the non-
edible animal byproducts

As a method of metal bio-detoxification,
interactions between toxic and essential metals
take place in the animal body. For instances,
cadmium and lead absorption increases by iron
deficiency. Selenium can protect against
mercury-induced cytotoxicity. Lead replaces
zinc on haeme enzymes (21). The results
described in Table (3) showed the significant
positive correlations among the examined
metals in the non-edible byproducts of cattle
and camel. It is clear that there were positive
correlations  between lead-cadmium (p
<0.0001) in bone and hides of cattle; lead-
mercury (p <0.0001) in all examined tissues of
camel; arsenic-mercury in cattle tissues and
arsenic-cadmium (p <0.0001) in tissues of

camel. Nearly similar correlations were
detected in the edible tissues of cattle and sheep
(7) and in the non-edible tissues of camels (18).
Future studies are still needed to estimate the
essential trace elements such as iron and
selenium to have comprehensive image about
correlations among metals in such animal
byproducts. Furthermore, levels of toxic metals
in the blood should be measured in future
studies.

Conclusion

The attained results of the present study
declared that non-edible animal byproducts of
cattle and camel collected from Sharkia
Governorate, Egypt were contaminated with
toxic metals including arsenic, mercury, lead
and cadmium. Therefore, such contaminated
byproducts should be hygienically disposed and
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not introduced into manufacturing purposes. In
addition, strict control measures should be
adopted to reduce the exposure of animal and
human to such toxicants.
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Abstract: Pasteurellosis is a common and troublesome issue of rabbits causing serious
disorders. The immunization procedures are constantly the greatest preventive
measures. In the present study, 40 New Zealand rabbits were used to investigate the
protective efficacy of formalized Pasteurella multocida vaccine alone or in combination
with propolis. The animals were divided into four equal groups (I-1V); negative control
group, challenged non-vaccinated group, vaccinated challenged group and vaccinated
propolis administered challenged group respectively. At the end of the 2" and 6™ weeks
of the experiment, blood samples were collected from ear vein of rabbits for
hematological, plasma, and serum examinations. The rabbits were then anaesthetized
and sacrificed to collect tissue specimens from liver, kidneys, spleen and lungs for
histopathological study. The results showed that using of propolis in combination with
killed vaccine of Pasteurella multocida improved the immune response by increasing the
leukocyte phagocytic activity against Pasteurella multocida (from 23.80% to 60.80%).
Moreover, the clinicopathological findings including hemogram (RBCs count, Hb content,
PCV, RBCs indices, platelets, total and differential leukocytes count), and hepato-renal
function tests (ALT, AST, ALP, bilirubin, urea and creatinine), as well as, histopathological
findings were better in infected rabbits treated with propolis- killed vaccine than using
killed vaccine alone.

Key words: propolis; pasteurellosis; phagocytosis; nitric oxide; P. formalized killed
vaccine

ing pasteurellosis in rabbits, since they don't
totally dispose of the bacterium (2). Control of
pasteurellosis in rabbits is achieved by
vaccination against Pasteurella multocida
infection. Vaccination of rabbits with killed
vaccine (bacterin) frequently brings about

Introduction

One of the common diseases that affect
rabbits' generation is pasteurellosis (1).
Pasteurellosis affects rabbits of 4—- 8 weeks old
causing manifestations ranging from lethal

septicemia, serious pleuritis, and pneumonia to
less serious condition as multiple abscesses,
rhinitis, and otitis media. The utilization of
antibiotics has been in part effective in controll-
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insufficient protection in the field when used in
a single dose (3).

Immunization studies on rabbits’ pasteur-
ellosis have been accounted for the utilization
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of inactivated forms as formalized (4), joined
with oil adjuvant (5) or heat treated (6).
Propolis (honey bee stick) is a resinous hive
item, created by bumble bees from different
plant sources. It has a few natural properties as
antimicrobial, anti-inflammatory and immuno-
modulatory (7-9). Propolis has a several
clinicopathological impacts on rebuilding of
renal and hepatic functions (10). The propolis
extract may have gone about as a right hand
adjuvant substance, potentiating the humoral
response initiated by the antigen (11). Thus, the
aim of the present work was to study the effect
of formalized killed P. multocida vaccine either
injected alone or in combination with propolis
as an adjuvant against experimental challenge
of rabbits with P. multocida strain based on
selective hematological (RBCs, Hb, PCV,
MCV, MCHC, TLC, neutrophils, lymphocytes,
monocytes,  eosinophils,  basophils and
platelets), biochemical (ALT, AST, ALP,
bilirubin, urea, creatinine and nitric oxide),
immunological (phagocytic percent) and
histopathological (liver, kidneys, spleen and
lungs) investigations.

Material and methods
Animals

A total of 40 apparently healthy white New
Zealand rabbits of 1 kg average body weight
and 6-8 weeks old were obtained from
laboratory animal house, Faculty of Veterinary
Medicine, Zagazig University. All rabbits were
not previously vaccinated against pasteurellosis
and with no history of pasteurellosis. They were
kept under hygienic conditions, housed in metal
cages at Experimental Animal Unit, Faculty of
veterinary Medicine, Zagazig University and
fed on balanced ration and water ad-libitum
and maintained in a 12 h light-dark cycle at a
controlled temperature (21-24°C) and humidity
(50-60%). They were kept for 15 days without
medication for acclimatization before beginn-
ing the study. The care and welfare of animals
conformed to the guidelines of the Animal
Welfare and Research Ethics Committee,
Faculty of Veterinary Medicine, Zagazig
University, Egypt.

The used vaccine, propolis, challenging
bacteria and chemicals

The formalized killed vaccine for P.
multocida (9-10° bacterial cell/ml- batch
number: 56) that was obtained from Veterinary
Serum and Vaccine Research Institute,
Abbasia, Cairo, Egypt.

Propolis that was obtained from bee hives
located in Sharkia Governorate, Egypt. Propolis
bulk was cut into small pieces, mixed with
deionized water and then shook at 95°C for 2 h
to prepare the therapeutic dose (50 mg prpolis
in each 1 ml). Then it was cooled to room
temperature and centrifuged at 1500 rpm for 5
min to obtain the supernatant (12).

Challenging bacteria

The strain of P. multocida was obtained
from Veterinary Serum and Vaccine Research
Institute, Abbasia, Cairo, Egypt, as lyophilized
ampoules(1 ml containing 5x10° bacterial cell
of P. multocida serotype A). It was activated by
culturing in nutrient broth followed by
intraperitoneal inoculation (I/P) in Swiss mice,
and then re-isolated from heart blood of mice
on nutrient agar plates (Difco). Bacterial
colonies were suspended in sterile saline, and
the density was adjusted to contain 5x10°
bacterial cell/ ml. The suspension was used for
S/C injection of rabbits in the challenge test
(13). All chemicals and stains were of analytical
grade and obtained from Sigma Co., and El
Gombhoria Co., Egypt.

Experiment design

Forty New Zealand rabbits were divided into
4 groups (I-1V), each group contained 10
rabbits as following; group (I): non vaccinated
and non challenged control group, group (11):
non-vaccinated challenged group and group
(1) the vaccinated challenged group in which
rabbits were injected S/C with single dose of (1
ml/kg BW) formalized killed P. multocida
vaccine according to Okerman and Spanoghe
(3) and Osama (14), group (IV): the vaccinated
propolis administered group in which rabbits
were injected S/C with P. multocida vaccine (a
single S/C dose of 1 ml/kg BW) mixed with
propolis (50 mg /kg BW) as an adjuvant
according to Nassar et al. (15). At the end of the
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51 week from starting the experiment, rabbits
in groups I, 111 and IV were challenged S/C
with broth culture of virulent P. multocida
strain (0.2 ml/ kg BW) (15).

Sampling

Blood samples were collected from the
marginal ear vein of rabbits in all groups at the
end of 2" and 6" weeks of the experiment.
They were divided into three parts. The 1% part
(Aml rabbit blood) was placed in clean
Wasserman tubes containing disodium salts of
EDTA for hematological examination. The 2"
part (5ml rabbit blood) was placed in a chemical
free test tube without anticoagulant to separate
a clear serum for biochemical analysis (16). The
3" part (3ml) was collected in heparinized tubes
for phagocytic activity. Tissue specimens from
liver, kidneys, spleen and lungs from all
experimental groups were collected at the end
of the 6™ week of the experiment for
histopathological examination.

Hematological studies

Complete blood picture was carried out
using an automated hematology analyzer,
Sysmex V2000 (hematology analyzer), UK.
This was done at Veterinary Animal Reseasch,
Sharkia.

Clinicobiochemical analysis

All biochemical tests were performed using
colorimetric ~ kits  (BioMerieux, = ABC
Diagnostics, Vitro Scient, Quimica Clinica
Aplicada S.A. (QCA), Spinreact, ELITech and
Diamond-Diagnostics) according to the
manufacturer's instruction. The applied
biochemical tests were measured the serum
levels of Alanine Aminotransferase (ALT) and
Aspartate Aminotransferase (AST) according
to the method of Reitman and Frankel (17),
Alkaline Phosphatase (ALP) according to
modified method of Tietz (18), Bilirubin levels
(total and direct) according to Fuehr (19), serum
creatinine and urea according to the method of
Henry (20) and Fawcett and Scott (21),
respectively. Nitric oxide based on Griess
reaction as cited in Montgomery and Dymock
(22). Indirect bilirubin was calculated by

subtracting the direct bilirubin level from the
total bilirubin level obtained.

Phagocytic activity

Heat-inactivated Candida glabrata (C.
glabrata) was used as a microbial model to
evaluate the phagocytic activity of the rabbit
monocytes. In brief, leukocytes were separated
from the heparinized blood samples (23,24).
One ml of the adjusted viable leukocytes
suspension (leukocytes in RPMI 1640 with 5%
of pooled rabbit serum) was placed in a sterile
plastic tube, to which 1 ml of the prepared heat
inactivated Candida glabrata was added. The
tubes were then incubated at 27°C for 30 min in
a humidified 5% CO2 incubator. Then the tubes
were centrifuged at 2500 rpm for 5 min, and the
supernatant was removed with Pasteur pipette
leaving a small part into which the sediment
was re-suspended. Slide smears were prepared
from the deposit, air dried and then stained with
Leishman’s stain. Under a light microscope
using oil immersion lens, phagocytic cells were
counted randomly in about ten microscopic
fields. The number of phagocytic cells with
engulfed yeast was recorded. The phagocytic
activity was evaluated according to the
following equation (25):

Phagocytic percentage (P %) =

Number of phagocytes with engulfed yeast cells

Total number of phagocytes

Histopathological examination

Specimens from the liver, kidneys, spleen
and lungs from all groups were collected at the
end of 6™ week post-treatment, and then fixed
in 10% neutral buffered formalin for 48h, then
washed overnight under running water. The
washed specimens were dehydrated by using up
graded concentrations of ethyl alcohol starting
with 75% and ending with absolute alcohol,
cleaned in xylene two times, each for 2 hrs.
There after the specimens were placed in
crucible containing soft paraffin and kept in an
oven at 60°C for 12h. Paraffin sections of 5
microns thickness were prepared and stained

x 100
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with H & E stains for histopathological
examination (26).

Statistical analysis

The obtained data was analyzed using one
way ANOVA (SPSS Inc. Released 2007. SPSS
for windows, version 16.0. Chicago, SPSS Inc.)
(27). Means at the same column followed by
different letters were significantly different and
the highest value was represented with the letter
a(p=0.5).

Results
Hematological findings

Regarding the erythrogram, as shown in
Table (1) comparing with the control non-
infected group (I), the non vaccinated
challenged group (Il) showed non-significant
changes at the values of RBCs (5.68+0.07), Hb
(11.38+0.10), PCV (35.71+0.90), MCV
(62.89+1.44), MCHC (31.94+0.67), and
platelets (456.8+13.58) at the end of the 2"
week from starting the experiment. Meanwhile,
at the end of the 6" week, it showed macrocytic
hypochromic anemia with thrombocytopenia.
On the other hand, the vaccinated challenged
rabbits of group (Ill) showed normocytic
normochromic anemia at the end of the 2"
week with non-significant changes at the counts
of platelets (448.8+36.12) but at the end of the
6™ week, they showed non-significant changes
at the erythrogram indices with non-significant
changes at platelets count also. On the other
hand, vaccinated propolis administered chall-
enged group (1V) did not show any significant
changes in the erythrogram indices and
platelets count during all the experimental
periods.

Leukogram and Immunological results

At the end of the 2" week of the experiment
compared to the control group as illustrated in
Table (2), the infected non-vaccinated group
(1) showed a non significant change in the
counts of total leukocytes (8.84+0.42)
including neutrophils (3.84+0.28), lympho-
cytes (4.21+0.28), monocytes (0.77+0.09),
eosinophils  (0.08+0.02) and  basophils
(0.24+0.09) counts. Meanwhile, at the end of

the 6™ week, group (I1) showed a highly
significant increase in total leukocytic
(13.35+£0.20) and neutrophilic (8.01+0.25)
count with non-significant changes at the other
leukocytes. On the other side, group (l1I)
revealed leukocytosis (11.63+0.39) and
lymphocytosis (5.99+0.26) at the end of the 2"
week with non significant change in leukogram
variables at the end of 6™ week of the
experiment.

Group  (IV)  showed leukocytosis,
neutrophilia, lymphocytosis and monocytosis
with non significant change in eosinophils and
basophils along the experimental periods. The
phagocytic percent of group (I1) (Figure 1b)
was non-significantly changed (25.6+1.5 and
23.8+1.24) than the control group (I) along
experimental periods (Figure 1a), elevated in
group (H1) (35.8+1.24) (Figure 1c,d) and highly
increased in group (IV) (60.20+£1.59 and
60.8+1.74) (Figure le,f).

Biochemical results

At the 2" weeks of the experiment as shown
in Table (3), group (I1) showed non significant
changes in serum ALT (16.5+0.39), AST
(15.2£0.41), ALP  (40.12£0.94), total
(0.94+0.06), direct (0.24+0.02), and indirect
bilirubin ~ (0.71+0.07), urea (34.74+1.05),
creatinine  (0.96+0.05) and nitric oxide
(0.7+0.12) but these parameters were increased
at the 6™ week. However, group (111) at the 2"
week showed a significant increase in serum
ALT (18.32+0.85), AST (19.58+0.38), total
(1.36+0.06), indirect bilirubin (1.1+0.08) and
nitric oxide (0.78+0.07) with non significant
changes in the serum ALP (44.82+1.59), direct
bilirubin (0.25+0.02), urea (33.79+1.33) and
creatinine (0.98+0.03). However, at the 6"
week, it showed marked decrease in the serum

activity of ALT (24.49+0.53), AST
(22.37+1.04), ALP (44.31+1.21), total
(1.61+0.06), indirect bilirubin (1.32+0.05),

urea (34.83+1.05), creatinine (0.98+0.05) and
nitric oxide (2.06+0.05) with non-significant
changes at serum level of direct bilirubin
(0.29+0.01).

On the other hand, group (IV) at the 2" week
did not show any significant changes in all
previously mentioned parameters comparing
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with control group (1), but at the 6" week, it
showed a decrease in urea (22.0+0.95),
creatinine (0.6+£0.03) and direct bilirubin
(0.22+0.01) levels with non significant changes
in other parameters. However, group (IV)
showed good improvement of these parameters
when compared with group (I1).

Histopathological alterations

In group (I1), Liver of rabbit showed
multiple focal areas of coagulative necrosis
surrounded by line of demarcation (Figure 2A).
Furthermore,  vascular  congestion and
mononuclear cell infiltration with widening in
the glomerular space of kidney were recorded
(Figure 2D). Meanwhile, spleen showed
marked polymorphonuclear cell infiltration
(Figure 2G). Lung also showed extensive
hemorrhage (presence of large numbers of
extravasated RBCs in the alveolar lumens)

(Figure 2J). The vaccinated challenged group
(111) showed mononuclear cell infiltration in the
portal areas of liver (Figure 2B), vascular
congestion, with perivascular edema and
mononuclear cell infiltration (Figure 2E) of
kidney, marked thickening of the splenic
capsule of spleen (Figur 2H), pneumonic area
(represented by marked vascular congestion,
and leukocytic infiltration) of lung (Figure 2K).
The vaccinated propolis  administered
challenged group (IV) showed normal
hepatocytes with mild portal congestion of liver
(Figure 2C), normal renal epithelium except for
very mild vacuolations (Figure 2F) of kidney,
normal red and white pulps except for mild
hemosiderosis of spleen (Figure 2I), normal
pulmonary tissue except for a focus having mild
congestion and few mononuclear cell
infiltration of lung (Fig. 2L).

Table 1: Erythrogram and platelets count (mean values+SE) in rabbits’ groups vaccinated and challenged
with Pasteurella mulocida at the end of the 2" and 6™ weeks of the experiment

RBCs o o Platelets
(x105) Hb (g/dI) PCV % MCV (f)  MCHC% (x10%1)
2nd yweek
Control (GI) 5.63+0.148  11.52+0.31%  37.46£1.00° 66.58+1.823% 30.7740.55  483.60+£57.53
'(\'glnl')"acc'”ated Challenged 5 ¢ 0072 1138£0.10° 357140.9%  62.89+41.44° 31.9440.67 456.80+13.58
\(/glcfl')”ated Challenged 508£0.115  9.94+0.10°  3324+1.51°  6529+1.77%¢ 30.11+1.15  448.80+36.12
Vaccinated Propolis
administered (Challenged 56940038  11.86+0.20° 36.64+0.74%  64.4+1.20™  32.39+0.37  437.80+30.05
GIV)
6th week
Control (GI) 5.60+0.099 113440207 34304065  61.33+1.78" 33.1140.90° 469.00+48.10°
'(\'(glnl')"acc'”ated Challenged 3 3/.0140  846+0.16" 31.104044> 102.4346.87% 25.1140.96" 213.20-46.43b
\(/éffl')”ated Challenged 5164026 10.90+0.18%  33.86£1.19%  60.76£2.51°  32.54+0.322 428.20+22.19%
Vaccinated Propolis
administered (Challenged 5.1940.16  .1084+0.19%  33.13+£1.04® 63.82£1.16° 31.29+0.73* 441.40+12.15°

GIV)

Means at the same column followed by different letters were significantly different and the highest value was

represented with the letter a.
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Table 2: Leukogram (x 10%ul) and phagocytic percentage (mean+SE) in rabbits’ groups vaccinated and
challenged with Pasteurella mulocida at the end of the 2" and 6" weeks of the experiment

TLC Neutrophils Lymphocytes Monocytes Eosinophils  Basophils Phagocytic %

2nd week

Control (GI) 9.16£0.74° 4.11£0.15"  3.98+0.47° 0.78+0.28°  0.06+.01 0.23+0.06  26.20+1.39°

Non-vaccinated
Challenged (GII)
Vaccinated Challenged

8.84+0.42°  3.84+0.28° 4.21+0.28° .077+0.09°  0.08+0.02 0.24+£0.09  25.60+1.50°

11.63+0.39* 4.5340.18° 5.99£0.26°  0.81+0.07°  0.09+0.01 0.20£0.08  35.80+1.24°

(Gl
Vaccinated Propolis
administered 14.41+0.38% 6.444+0.172 6.03+0.26% 1.63+£0.18%  0.08+0.02 0.24+0.06  60.20+1.592
(Challenged GIV)
6t week
Control (GI) 9.29+0.41° 4.40+0.19°  4.03£0.60°  0.59+£0.04* 0.06+0.01  0.21+0.08 25.60+1.50¢

Non-vaccinated
Challenged (GII)
Vaccinated Challenged
(Gl11)

Vaccinated Propolis
administered 13.9840.092 6.32+0.14a  6.38+0.13%  0.98+£0.092  0.08+0.01 0.21+£0.06  60.80+1.742
(Challenged GIV)

Means at the same column followed by different letters were significantly different and the highest value was
represented with the letter a

13.35+0.20* 8.01+0.25? 4.50+0.15°  0.63+0.04°  0.05+0.00 .020+0.05 23.80+1.24¢

10.21£0.71°  4.24+0.29°  5.01+0.41®  0.68+0.05°> 0.06+0.01 0.22+0.07  35.80+1.24°

Table 3: Clinicobiochemical results (mean values = SE) in rabbits’ groups vaccinated and challenged with
Pasteurella mulocida at the end of the 2" and 6™ weeks of the experiment

ALT AST ALP T. bilirubin D. bilirubin In. bilirubin ~ Urea Creatinine NO
u/l u/l u/l mg% mg% mg% mg/dl mg/dI pmol/l
2" week
Control (Gl) 16.18+0.37°15.56+0.41°41.07+2.08%® 1.00£0.04° 0.22+0.03° 0.77+£0.04° 33.49+1.19 0.94+0.05* 0.66+0.11°

Non-vaccinated
Challenged (GII)
Vaccinated Challenged
(G

Vaccinated Propolis
administered (Challenged 16.30+0.24°15.72+0.73°37.67+1.33° 0.99£0.03° 0.21+0.01° 0.78+0.03° 32.83+0.84 0.65+0.04° 0.63+0.08"
GIV)

16.5040.39°15.20+0.41°40.12+1.68%® 0.94+0.06° 0.24+0.02° 0.71+0.07° 34.74+1.05 0.96+0.05% 0.70+0.12%

18.3240.85%19.58+0.38%44.82+£1.59° 1.36£0.06* 0.25£0.02® 1.10£0.08* 33.79+1.33 0.98+0.03* 0.78+0.07%

6™ week
Control (GI) 14.86+0.44°13.6440.49°39.70+2.65° 0.95+0.04%  0.30+0.02°  0.65+0.05° 34.14+1.54° 0.95+0.07° 0.58+0.08°
Non-vaccinated
Challenged (GII)
Vaccinated Challenged
(G
Vaccinated Propolis
administered (Challenged 13.78+0.45°13.56+0.33°41