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The anti-planktonic and anti-biofilm formation activity
of Iranian pomegranate peel hydro-extract against

Staphylococcus aureus
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Hadi Ebrahimnejad, Maryam Ebadi, Ladan Mansouri-Najand
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ABSTRACT

Staphylococcal infections and contaminations have elicited a growing and perennial
concern in the medical and food industries. Meanwhile, the manifestation of antibiot-
ic-resistant strains such as methicillin-resistant Staphylococcus aureus (MRSA) beside the
production of disinfectant-resistant biofilms makes the confrontation with the bacteria
more cumbersome and challenging. Pomegranate peel as a waste product of juicing fac-
tories is a natural antibacterial agent. The pomegranate peel hydro-extract (PPHE), as a
bio-friendly material, was prepared from an Iranian pomegranate cultivar, Rabab, and
its phenolic compounds and antioxidant (via DPPH and FRAP assays) and anti-staph-
ylococcal (anti-planktonic and anti-biofilm) properties were assessed. The Rabab PPHE
inhibited planktonic cells and biofilm formation of three S. aureus. The Rabab PPHE
produced large and obvious staphylococcal inhibition zones in which their diameters
were significantly dose-dependent for the milk isolated S. aureus (p < 0.05). Despite the
resistance of MRSA (ATCC 33591) to beta-lactam antibiotics, the minimum inhibitory
concentration (MIC) of PPHE against its planktonic cells was only 3.75mg mL™". Further-
more, Rabab PPHE inhibited bacterial biofilms formation in a dose-dependent manner.
The MIC of Rabab PPHE against planktonic milk-isolated S. aureus, S. aureus (ATCC
29737), and MRSA prevented 47, 36, and 26% of their biofilm formation, respectively.
This addresses the differences between the anti-planktonic and anti-biofilm activity of
Rabab PPHE. The anti-planktonic and to a lesser extent the anti-biofilm forming activity
of this water-based extract supports the notion of its effectiveness and salubrious appli-
cation in food and pharmaceutical industries.

Abbreviations

Pomegranate peel, Rabab, Staphylococcus aureus PPHE: pomegranate peel hydro-extract
MRSA: methicillin-resistant Staphylococcus aureus
MIC: minimum inhibitory concentration
MBC: minimum bactericidal concentration
DPPH: 2,2-diphenyl-1-picrylhydrazyl
FRAP: ferric reducing ability of plasma
BHT: butylated hydroxytoluene
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he habitat of S. aureus, as a member of the Mi-

crococcaceae, is nasopharynx and the hair and
skin of more than 50% of healthy people. Staphylococ-
cus aureus is the leading cause of staphylococcal food
poisoning and extra-intestinal infections. Staphylo-
coccus aureus produces many enzymes and toxins that
sustain the bacterium and make it resistant to drugs.
The enterotoxin of the bacterium is heat resistant, and
therefore ordinary cooking, pasteurization, and dry-
ing do not easily destroy it (1). Methicillin-resistant
Staphylococcus aureus (MRSA) is a beta-lactam anti-
biotics resistant bacterium (2). This bacterium was re-
ported in humans and livestock (mastitic cattle milk)
since 1961 and 1972, respectively (3). Antibiotic resis-
tance among pathogens is a worldwide growing prob-
lem (4). In 2004, 59.5% of US health centers reported
at least one case of MRSA (5). This bacterium has a
methicillin resistance gene (mec-A). Strains that have
this gene also resist many other antibiotics. The resis-
tance makes it difficult to fight them and eventually
leads to their further dissemination (6). Staphylococci
can form structures called biofilms that attach differ-
ent surfaces (7). The antibiotic-resistant sessile biofilm
forms can further resist the host immune system or be
a reason for food contamination and spoilage in the
food industry (8-11).

Pomegranate (Punica granatum L.) is a native
plant of Iran and its neighboring countries which its
cultivars have various characteristics (12-14). Rabab
pomegranate cultivar which has a thick peel is one of
the largest commercial products in the Persian fruit
industry (15-17). Pomegranate is classified as a me-
dicinal plant because of its valuable functional com-
pounds (12). Many of its phenolic compounds have
drastic antibacterial and antioxidant properties (18-
20). The pertinent application of water as a solvent for
bioactive compounds extraction from pomegranate
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peel may provide a safe and relevant extract for the
food and pharmaceutical industry which is missed in
many evaluations. Until now, studies did not show cy-
totoxicity towards the by-products of the pomegran-
ate juice industry at arbitrary concentrations (20).
Presumably, the staphylococcal complications usual-
ly come from both the biofilm and planktonic forms.
Lots of the antibacterial agent studies lack a co-assess-
ment of the anti-planktonic and anti-biofilm activity
of compounds (20-23). This study aims to assess the
antioxidant, total phenolic, and antibacterial effects
of an Iranian (Rabab) pomegranate hydro-extract
against the planktonic and sessile life of S. aureus.

The Rabab PPHE had pale pink to red color. The
total phenolic evaluation of the extract revealed that
Rabab PPHE has considerable phenolic compounds.
Although the Rabab PPHE showed lower antioxidant
activity than butylated hydroxytoluene (BHT; syn-
thetic antioxidant), its antioxidant properties in either
DPPH or FRAP assays were quite astonishing (Table
1).

Figure 1 shows the staphylococcal inhibition
zones produced by Rabab PPHE. The illustrated inhi-
bition zones were quite distinctive in which there was
not any tiny colony within their radius. The formation
of opaque-milky aura around the dug-wells was prob-
ably due to the effect of tannins and astringent com-
pounds of the PPHE on the proteins of Mueller-Hin-
ton agar medium (24).

By increasing the concentration of extract in agar-
dug wells the staphylococcal inhibition zones enlarged
(Figure 1 and Figure 2). The lowest Rabab PPHE con-
centration (6mg/well) showed a significantly lower an-
tibacterial activity than other concentrations towards
the milk-isolated S. aureus (p < 0.05). Intriguingly, the
higher concentrations (12 and 24mg/well) did not ex-

Table 1
The Antioxidant activity (determined by FRAP and DPPH assays) and total phenolic content of Rabab PPHE.
DPPH FRAP Total phenols
Extract type (IC50, mg mL?) (mmol Fe(II) g*) (mg GAE g")
Rabab PPHE 1.13 0.84 143
BHT (positive control) 0.019 1.38 ND

ND: not determined

PPHE: pomegranate peel hydro-extract

BHT: butylated hydroxytoluene

DPPH: 2,2-diphenyl-1-picrylhydrazyl assay
FRAP: Ferric reducing ability of plasma assay

IJVST 2020-1(22) 10.22067/veterinary.v12i1.82364
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hibit a significant difference in their antibacterial ac-
tivity (p > 0.05). Statistically, the inhibition zones pro-
duced by Rabab PPHE were 6mg/well < 12mg/well =
24mg/well. Notably, the inhibition zones of these three

concentrations were not significantly different neither

on MRSA nor S. aureus (ATCC 29737) (p > 0.05).
The minimum bactericidal concentration (MBC)

of PPHE was always higher than the MIC (Table 2).

MRSA
(ATCC 33591)

Figure 1.

S. aureus
(ATCC 29737)

S. aureus isolate
(from milk)

= ;
12 mg 6 mg

Antibacterial activity of various concentrations of Rabab PPHE against S. aureus by agar well diffusion technique.

Table 2

The MIC and MBC (mg mL") of Rabab PPHE against different S. aureus.

Antibacterial agent S. aureus MRSA S. aureus isolate
8 (ATCC 29737) (ATCC 33591) (from milk)
MIC MBC MIC MBC MIC MBC
Rabab PPHE 15 30 3.75 15 15 60 <
Cefixime (positive control) 8 12 265 < 265 < 8 24

MIC: minimum inhibitory concentration

MBC: minimum bactericidal concentration
PPHE: pomegranate peel hydro extract

MRSA: methicillin-resistant Staphylococcus aureus

The MIC and MBC of PPHE against MRSA were low-
er than other staphylococci. The lower MIC value of
the extract towards MRSA represents its strong an-
ti-planktonic activity. In contrast, the MRSA sensitiv-
ity to cefixime antibiotic (positive control) was lower
than that of the rest of the bacteria. This antibiotic had
a significant inhibitory effect on the other staphylo-
cocci that was illustrated by lower MIC and MBC val-
ues.

The Rabab PPHE inhibited MRSA biofilm for-

IJVST | 2020-1 (22) | DOIL: 10.22067/veterinary.v12i1.82364

mation by 2.8% at low concentration (0.5mg mL"),
whereas the S. aureus (ATCC 29737) biofilm was
more sensitive than the MRSA to this concentration
of Rabab PPHE. By increasing the concentration of
PPHE, the anti-staphylococcal biofilm formation ac-
tivity was also increased (Figure 3). The extract inhib-
ited the biofilm formation of milk-isolated S. aureus at
intermediate concentrations (from 1.9 to 30mg mL")
more than other S. aureus strains. This extract at 30mg
mL! inhibited more than 50% of the milk-isolated S.



I RESEARCH ARTICLE
25- * 6 mg/well
e 12 mg/well
e 24 mg/well v N p<005
3
_E' . L] p<0.05
2 20] |
§ 20 T . I e .
: 1L L *
2 .
= ° l
2 . .
= ala L L]
£ L oo
T 151 . -
3
o
° L]
m
10 T T T
MRSA (ATCC 33591) S. aureus (ATCC 29737) S. aureus isolate (from milk)
Figure 2.
The effect of three concentrations of Rabab PPHE against S. aureus (n=4; mean + SEM).
80- - MRSA (ATCC 33591)
s . S. aureus (ATCC 29737)
< b H
2> + 8. aureus isolate (from milk)
£ 60- -
§ -
g i
: ] 0wl |
£ =2 LEV A0
S 20- )
2
0 m |§l‘1 ~h |T| r.l T L) L) L) T L)
0.5 0.9 1.9 3.8 7.5 15 30 60

PPHE concentration (mg/mL)

Figure 3.

The anti-biofilm forming activity of different concentrations of Rabab PPHE (n=4).

aureus biofilms.

The anti-biofilm forming activity of the extract
was increased profoundly from 30 to 60mg mL" for
MRSA and S. aureus (ATCC 29737). Accordingly,
Rabab PPHE at 30mg mL" was not sufficient to in-
hibit half of the MRSA and S. aureus (ATCC 29737)

biofilms, while the concentration of 60mg mL™" pre-
vented more than 65% of the biofilm formation by
these strains. The milk-isolated S. aureus lost 25.7%
of its biofilm formation ability while increasing the
PPHE exposure from 0.9 to 1.9mg mL™*

IJVST 2020-1(22) 10.22067/veterinary.v12i1.82364
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Discussion

The extract showed significant anti-staphylococ-
cal and antioxidant activity in this study. It has been
shown that the non-edible parts of the pomegranate
have higher bioactivity (25). Various pomegranate
peel metabolites are very complex (26). Rabab PPHE
contains phenolic compounds (Table 1). Many pheno-
lic compounds and organic acids such as gallic acid,
chlorogenic acid, caffeic acid, vanillic acid, p-couma-
ric acid, ellagic acid, malic acid, quinic acid, illogic
acid, tannins, punicalin, punicalagin, grantin B, ca-
suarinin, corilagin, methyl gallate, kaempferol, cate-
chol, catechin, epicatechin, epigallocatechin 3-gallate,
quercetin, rutin, pelargonidin, naringin, and luteolin,
have been detected in pomegranate peel (27-30). Plant
polyphenolic compounds have antimicrobial and an-
tioxidant effects. In many studies, pomegranate peel
alcoholic extracts demonstrated antimicrobial activity
(21, 26, 31). Bioactive effects of pomegranate are due
to various and abundant bioactive compounds such as
tannins (especially ellagitannin, as a hydrolyzable tan-
nin or prodelphinidin, as a condensed tannin). Two
members of ellagitannins (namely ellagic acid and pu-
nicalagin) play a significant role in the antimicrobial
and antioxidant effects (32, 33). The Precipitation of
cell membrane proteins by pomegranate peel phenolic
compounds causes bacterial cell membrane leakage
and ultimately results in cell lysis and death (25, 26).
The toxicity of phenolic compounds against bacteria
can also occur when they react with thiol groups of
proteins that finally prevents the growth of the micro-

IJVST | 2020-1 (22)  DOIL: 10.22067/veterinary.v12i1.82364

Figure 4.
The growth of Staphylococcus colonies with dull haloes on
Baird-Parker medium.

organism (25). Pomegranate peel extracts (esp. alco-
holic) exhibited other deleterious effects on bacteria
such as inactivating their enzymes or preventing their
protein e.g., staphylococcal enterotoxin A (SEA) pro-
duction (18, 32).

The concentration of the bioactive compounds in
the pomegranate depends on the pomegranate culti-
var and the different stages of plant growth (25, 26).
Furthermore, the antibacterial and antioxidant ac-
tivity of pomegranate extract depends on the plant
cultivar and geographical origin, harvesting sea-
son, and extraction method (34). For example, the
hydro-extracts of South Africa or Yemen pomegran-
ate cultivars in previous studies, contrary to the cur-
rent study, did not show antibacterial activity against
S. aureus (26, 35). The total phenolics and antioxidant
capacity (evaluated by DPPH assay) of Rabab PPHE
in this study were less than the methanolic extracts of
other pomegranate cultivars in the Fawole et al. (2012)
study (26). These differences are probably related to
the characteristics of the pomegranate cultivars and
the type of fruit peel extract. The extraction method
plays an important role in the quality of the extract.
It has been stated that the extraction of polyphenolic
compounds depends on the type of solvent, plant par-
ticle size, solvent to plant solid ratio, and extraction
temperature and time. Extract preparation with high
temperatures for long times may reduce the level of
polyphenols, including ellagitannin (36). Application
of hot water or soxhlet extractor to obtain the extract
and the autoclave-sterilization probably reduce its an-
tibacterial activity (22, 23).



Pomegranate polyphenols are considerably ex-
tracted with hydrophilic solvents. The hydro-extracts
lack the toxicity of solvent remnants and therefore can
be stored wet while retaining high antioxidant activity
(25). Furthermore, hydro-extracts are more compati-
ble with the hydro-nature of the body cells and prob-
ably make better systemic effects. The nature of PPHE
makes it a highly soluble and diffusible extract in the
Muller-Hinton Agar medium. This extract has po-
tent anti-staphylococcal effects, and the combination
of this effect along with its facile diffusion generated
significant bacterial inhibition zones even at low con-
centrations (Figure 1). The bacterial inhibition zones
did not show any significant difference between the
sensitivity of the three staphylococci exposing PPHE
(p > 0.05).

The planktonic MRSA cells showed a signifi-
cant sensitivity to the extract in MIC assay. Even the
MBC of PPHE against this bacterial strain was lower
than other staphylococci (Table 2). The MRSA infec-
tions are mainly divided into two hospitals acquired
(HA-MRSA) and community-acquired (CA-MRSA)
groups (4). Despite hospital infections, the prevalence
of MRSA is higher in patients with open ulcers and
immune deficiency (37). The sensitivity of MRSA to
PPHE is very important due to the resistance of this
bacterium to B-lactam antibiotics such as cefixime as
a third-generation broad spectrum cephem (Table 2).
Methicillin and beta-lactam interfere with bacterial
cell wall peptidoglycan by binding the penicillin-bind-
ing proteins (PBPs). Nevertheless, MRSA resists p-lac-
tam antibiotics by producing PBP2a instead of PBPs
due to the acquisition of the mec-A gene (4).

The staphylococcal biofilm formation was also
strongly influenced by different concentrations of
PPHE. The Rabab PPHE at a concentration of 60mg
mL"* prevented nearly 70% of the staphylococcal bio-
film formation. The anti-biofilm formation activity of
PPHE was dose-dependent and elevated by increasing
the extract concentrations. The extract at 1.9mg mL"!
made a sharp slope in inhibiting the milk-isolated S.
aureus biofilm formation. However, this sudden in-
crease in the inhibition of MRSA and S. aureus (ATCC
29737) biofilm formation occurred at 60mg mL™" (Fig-
ure 3).

Theextractatits MIC (15mgmL™") for the milk-iso-
lated S. aureus and S. aureus (ATCC 29737) inhibited
47% and 36% of their biofilm formation, respective-
ly. Moreover, 26% of the MRSA biofilm formation
was inhibited by the MIC of the extract against this
strain (i.e. 3.75mg mL™"). Therefore, the MIC of PPHE
against planktonic MRSA shows lower anti-MRSA
biofilm formation activity regarding other staphylo-
cocci. Notably, the PPHE at the lowest concentration
(0.5mg mL™") inhibited albeit a low percentage (2.8%)
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but substantial anti-MRSA biofilm formation activity
(Figure 3). Hence, concentrations below the MIC also
show anti-biofilm forming activity. Plausibly, inhibi-
tion of biofilm formation by the extract is achieved
not only through bacterial growth inhibition but also
through other mechanisms. The exact mechanism for
the biofilm formation inhibitory activity of PPHE is
still shrouded in mystery. There are some conjectures
about especially the alcoholic extracts (32, 38-40). The
effect of these extracts on biofilms is probably due to
their ellagic acid. Pomegranate extract can precipitate
proteins, such as adhesins, which are crucial in biofilm
formation. Moreover, tannins such as ellagic acid alter
the surface charge of bacteria and subsequently may
interfere with the cell-substratum attachment. The
pomegranate extract can also disrupt the pre-formed
biofilms of various bacteria (32). It has been estab-
lished that the hydro-alcoholic extract of pomegran-
ate rind shows a good anti-quorum sensing activity.
Quorum sensing is a kind of bacterial communication
that biofilm formation interconnects with it (38).

In conclusion, Rabab PPHE shows remarkable an-
ti-staphylococcal effects. The extract has high levels of
phenolic compounds. Antioxidant and antibacterial
effects of PPHE are probably due to its bioactive com-
pounds such as tannins (e.g., ellagitannin or prodel-
phinidin). The application of this extract will be use-
ful in inhibiting and eliminating staphylococcal food
contaminations or body infections. These antibacteri-
al effects against MRSA are of great importance. The
PPHE showed lower anti-biofilm formation activity
than the anti-planktonic activity against staphylococ-
ci. This was more vivid in the case of MRSA. Although
inhibition of MRSA biofilm by PPHE begins at low
concentrations, the PPHE level equivalent to the MIC
has less inhibitory activity against MRSA biofilm for-
mation than other staphylococci. Conversely, the ef-
fect of PPHE against some staphylococcal biofilms
provokes the use of this water-soluble extract in food
and pharmaceutical industries and even milking ma-
chines disinfection. However, the efficacy and stabil-
ity of PPHE and its active ingredients under various
industrial processing and simulated body conditions
need to be profoundly explored.

Material and methods

Preparation of pomegranate peel hydro-extract
(PPHE)

Commercially ripe and fresh pomegranates were harvested
during October 2017 from mature trees. The pomegranates were
from Rabab-e-Neyriz (from Fars Province) cultivar as a known
Persian pomegranate cultivar. The pomegranate was authenticated
by the Department of Plant Productions, Agricultural Faculty of
Bardsir, Shahid Bahonar University of Kerman. Fifty pomegran-
ates were collected and flushed by tap water and then washed

IJVST 2020-1(22) 10.22067/veterinary.v12i1.82364
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three times with distilled water. After drying, the pomegranates
were peeled while the peel and pulp compartments were carefully
separated from each other. The pomegranate peels were shadow
dried for 7 days and then grounded with a grinder. The Rabab peel
powder mixed with distilled water (0.2g mL*) and the homoge-
nate was agitated gently at 25 °C for 24h in a shaking incubator
(JSSI-100C Compact shaking incubator, JSR). The suspension
was centrifugated at 3000 rpm for 30 min at 4 °C using Universal
320R centrifuge (Hettich, Tuttlingen, Germany). The supernatant
filtered through a filter paper (Whatman No. 1) and after that fil-
ter-sterilized with 0.22um filters (Millipore Sigma, Millex*-GV).
The filtrates were lyophilized and stored at 4 °C as the hydro-ex-
tract (41). The anti-staphylococcal activity of the extract was as-
sessed in less than seven days while being filter-sterilized before
application.

Total phenolic of PPHE

The total phenolic content of PPHE was determined spectro-
photometrically by the Folin-Ciocalteu method (42, 43). A 0.5ml
aliquot of diluted PPHE was mixed with 0.5ml of 10-fold-diluted
Folin-Ciocalteu’s reagent. After 5 minutes of shaking, 0.5ml of so-
dium carbonate solution (20%) was added. Ultimately, the solu-
tion was brought up to 5ml by distilled water and incubated at
25 °C for 90 min in the dark. The absorbance of the mixture was
measured at 765 nm against a blank (Shimatzo, Japan, UV-1201).
The total phenol content obtained using gallic acid as a standard
phenolic acid. The PPHE total phenolic content was expressed as
mg gallic acid equivalents (GAE) per gram PPHE.

Ferric reducing/antioxidant power (FRAP) of
PPHE

Aliquots of iron (III) chloride solution (20 mM), 2,4,6-tri(2-
pyridyl)-S-triazine (TPTZ; 10 mM in 40 mM HCI) and acetate
buffer (pH 3.6; 300 mM) mixed in proportions of 1:1:10 (v/v), re-
spectively to produce the FRAP reagent. Thence, 100 pL of filtered
PPHE were added to 3.0 ml of the 37 °C warmed up FRAP reagent.
The Absorbance (593 nm) was recorded after 5 min. Similarly, the
standard curve was prepared using iron (II) sulfate solution and
butylated hydroxytoluene (BHT) used as a positive control. The
antioxidant capacity was expressed as mmol of Fe (II) per g extract
(44).

The 2,2-diphenyl-1-picrylhydrazyl (DPPH)
antioxidant assay of PPHE

This assay is based on the ability of antioxidants to decolorize
DPPH, a stable free radical. Briefly, the PPHE was diluted in meth-
anol, and 50 yl of each dilution was mixed with 2.5 mL of a fresh
DPPH radical methanol solution (0.004%; w/v). The purple mix-
ture allowed to stand for 30 min in the dark at room temperature.
The Absorbance (517 nm) were recorded on a spectrophotometer
(Shimatzo, Japan, UV-1201) using methanol as a blank. The radi-
cal inhibitory activity of PPHE was calculated as follows:

% inhibition = [(A blank — A sample)/A blank] x 100

Where; “A blank” is the absorbance of the control and “A
sample” is an absorbance produced by the extract. Extract concen-
tration providing 50% inhibition (IC50) was calculated from the
radical inhibition vs PPHE concentration graph. BHT was used as
a positive control (45).

Isolation and identification of S. aureus from
milk
During the summer season, cow milk samples were collected

aseptically from local farms and transferred on ice to the labora-
tory. Samples were serially diluted in sterilized normal-peptone
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(0.85% and 0.1%) and 100 uL of each diluted sample were sur-
face plated onto Baird-Parker agar (M043, HiMedia, India) sup-
plemented with egg yolk and potassium tellurite and incubated
aerobically for 48h at 37 °C. The black colonies surrounded by
an opaque and also clear haloes were considered as staphylococ-
ci (Figure 4). The milk isolates were assessed by Gram-staining,
catalase, and coagulase tests until finding the intended bacteria.
The gram-positive cocci with positive coagulase and catalase
results were further identified as S. aureus by API Staph system
(BioMe 'rieux, 20500, France) (46).

The anti-staphylococcal activity of PPHE

The antibacterial activities of PPHE against S. aureus (ATCC
29737), Methicillin-resistant S. aureus (MRSA) (ATCC 33591)
and the milk-isolated S. aureus were assessed by agar-well diffu-
sion method. The MIC of PPHE against the planktonic bacteria
was assessed via a micro-broth dilution technique. The MBC of
PPHE was further assessed. Finally, the ability of PPHE in the pre-
vention of staphylococcal biofilm formation was measured by a
microtiter plate test.

Agar well diffusion assay

The anti-staphylococcal activity of the Rabab PPHE was
determined by the agar well diffusion method with some modi-
fications (47, 48). The aforementioned S. aureus bacteria were in-
oculated on the cation-adjusted Mueller-Hinton II broth (90922,
Fluka) at 37 °C for 18h. The bacterial suspension density was
adjusted equal to that of the 0.5 McFarland standard. The den-
sity standardized bacterial culture was swabbed on the solidified
Mueller-Hinton agar (70191, Merck) and allowed to dry for 10
min. Thence, 6 mm-diameter wells were made with a sterilized
cork-borer in the inoculated Mueller-Hinton agar plates. The low-
er part of wells was first sealed with a few drops of molten agar
medium (49). 100 pL of the PPHE (6, 12, and 24mg per well) were
added into the wells and allowed to diffuse at room temperature
for 15 min. Negative (sterilized distilled water) and positive con-
trols (Gentamicin sulfate salt, G1264 sigma; 10 pg well ') were also
placed in wells. The plates incubated at 37° C for 16-18h. The an-
ti-staphylococcal activity of the extract revealed by the formation
of bacterial inhibition zones around the wells and the diameter of
the halos were measured by a caliper.

Determination of MIC and MBC of PPHE

The MIC of PPHE against the planktonic bacteria was as-
sessed using a 96-well sterile microtiter plate as described be-
fore via a micro-broth dilution technique (50). Briefly, the MICs
were evaluated after providing 2-fold dilutions of the extract (60
to 0.47mg mL") with cation-adjusted Mueller-Hinton II broth.
The overnight bacterial suspensions were diluted and added into
the wells to provide the final inoculum of 5x10° CFU mL". After
incubation (37 °C, 24h), optical densities (OD620) of the extract
exposed bacteria were studied relative to the negative control. The
bacterial growth inhibition was calculated as follows:

% inhibition = 100 - [(OD620E - OD620B) / (OD620G -
OD620B)] x 100

Where; “OD620E”, “OD620B”, and “OD620G” are the optical
densities at 620 nm for extract containing wells, background con-
trol wells, and growth control wells, respectively. The MIC was the
lowest concentration of PPHE that completely (100%) inhibited
bacterial growth. After the MICs were read and recorded, the 96-
well MIC plates were shaken and re-incubated for an extra 4h at
37°C. Subsequently, the bacteria of wells with no visible bacterial
growth were enumerated using Trypticase soy agar (22091, Mer-
ck) at 37 °C/24h. The minimum bactericidal concentration was
defined as the lowest concentration of PPHE that causes 299.9%



staphylococcal kill relative to the first inoculum. Cefixime trihy-
drate (18588, Fluka) was used as a positive control.

The anti-biofilm forming activity of PPHE

To evaluate the effect of PPHE against staphylococcal biofilm
formation, a microtiter plate adhesion assay was applied (51). In
a 96-well plate, the PPHE was serially diluted with cation-adjust-
ed Mueller-Hinton II broth from 60 to 0.47 mg mL" in a 2-fold
manner. Thence, 100 pL of diluted overnight staphylococcal sus-
pension (1:100) was added to each well. The microtiter plate was
incubated at 37 °C for 24h to let the bacteria form different levels
of biofilm. After incubation, 200 uL of crystal violet (0.06%, w/v)
was added to each well and the plate was shaken three times to
help the biofilms stain. After 15 minutes at 25 °C, each well was
washed at least three times with sterile normal saline (200 pL) to
remove planktonic cells and the unfixed stain. The biofilm-bound
crystal violet was further extracted with 200 pL of ethyl alcohol
(95%) and transferred to a 96-well plate. The absorbance (595 nm)
was recorded by a microplate reader to determine the level of bio-
film formation. Culture medium and also different concentrations
of the extract without the bacteria were used as the control. The
inhibitory activity of PPHE on the staphylococcal biofilm forma-
tion was evaluated by comparing the ODs of the treatments with
negative controls.

Statistical analysis

Anti-staphylococcal inhibition zones and anti-biofilm form-
ing activities were represented as mean + SEM of the results in
quadruplicates. Data analysis was carried out using SPSS software
(SPSS, Chicago, Ill., USA). One-Way ANOVA followed by Dun-
can’s post hoc test (alpha = 0.05) was used to analyze the differenc-
es of inhibition zones between staphylococci and also the levels
of PPHE.
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ABSTRACT

This study aimed to isolate bacteriophages specific to Shiga toxin-producing Escherichia
coli (E. coli) strains, particularly EHEC O157:H7, in order to develop a collection of phages
against different E. coli pathotypes isolated from northeast of Iran. Eighteen samples were
screened without any preliminary enrichment and also with small scale enrichment using E.
coli 12900, which did not result in the phage recovery. Seven samples were prepared with an
extensive enrichment. Of them, 5 samples produced plaques. Eventually, seven phages out of
thirteen isolated phages were selected for phage host range investigation. Results of the spot-
ting host range assay demonstrated that 22 pathogenic E. coli strains and isolates (54%) were
susceptible to at least one of the phages. Phage Ecol-MHDI1 was polyvalent against E. coli and
Salmonella isolates. The other phages were specific to E. coli pathotypes. In conclusion, the
phages isolated in this study can be suggested as preventive or therapeutic candidates against

foodborne E. coli infections in humans.
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Introduction

Escherichia coli (E. coli) is the most frequently
reported cause of foodborne illnesses (~111
million) worldwide [1]. In 2017, Shiga toxin (Stx)-pro-
ducing E. coli (STEC; also known as verotoxin-pro-
ducing E. coli) caused 2050 cases of infections in the
United States [2] and 6,073 cases of infections and 20
deaths in Europe [3].

Pathogenic E. coli strains are categorized into six
diarrheagenic pathotypes [4]. Of those, STEC can lead
to severe gastrointestinal infections, including hemor-
rhagic colitis or even life-threatening complication of
hemolytic uremic syndrome (HUS) [5,6]. The subset
of STEC, which is highly pathogenic in humans and
has the potential to cause HUS, is named enterohe-
morrhagic E. coli (EHEC) [6]. EHEC outbreaks are
linked to the consumption of raw or undercooked
contaminated foods such as ground meat products,
milk and cheeses, and vegetables and sprouts [7].

Although, there are numerous natural and chem-
ical preservatives or treatments for combating food-
borne pathogens, the important thing to watch for is
that foodborne illness outbreaks are still occurring
and even causing human death [8]. On the other
hand, broad-spectrum antibiotics and chemical inter-
ventions that are commonly used for treating or pre-
venting infections could lead to antibiotic resistance
or side effects on human health [9-11]. These factors
intensify a need for an alternative antimicrobial tech-
nique for controlling foodborne pathogens or treating
their associated diseases. Bacteriophages are biolog-
ical tools that specifically target pathogens. They are
safe and non-toxic to human cells and do not influ-
ence the quality and organoleptic properties of foods
[12,13]. Therefore, phages can be possible alternatives
to antibiotics [14,15] and chemical food preservatives
[13,16]. Recently, many studies have been conducted
on phage-mediated biocontrol of pathogens and phage
therapy. These reports emphasize the significance of
isolating novel phages, as well as the determination
of phage organismal properties, especially phage host
range [17]. Specifying the range of targeted bacteria
is a primary requirement for phage biocontrol and
therapy, and also for developing efficient phage cock-
tails that could infect a desirable spectrum of bacte-
ria [15,18]. Although commercial phage preparations
against E. coli have been approved for food safety ap-
plications in the United States and Europe [19,20] and
registered as therapy in Russia [21], Georgia, and Po-
land [22], further phage preparations for reduction of
foodborne zoonoses are urgently needed in the devel-
oping countries. In the developing countries, not only
the prevalence of infectious diseases is higher [23],
but also some of the common infections such as those
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caused by diarrheagenic E. coli in children demon-
strate high or absolute resistance to current antibiotics
[24,25].

This study aimed to isolate bacteriophages specific
to STEC strains, in particular, EHEC O157:H7 and to
determine their host range for developing a collection
of phages against pathogenic E. coli strains isolated
from northeast of Iran. Additionally, in terms of phage
isolation, the influence of methodology on the yield of
phage recovery has been reported. The current study
could eventually lead to the creation of a bacterio-
phage cocktail that would be a potential antibacterial
against pathogenic E. coli isolates for safeguard in food
chain or therapy.

Results

Preparation without enrichment and with small
scale enrichment

A screening for STEC-infecting phages was per-
formed on filtrates of 18 samples (out of 25; group
A in Table 3) directly and following enriching 100 ul
of them in combination with E. coli 0157:H7 ATCC
12900. Neither of the methods led to positive results,
and none of 18 samples lysed the lawn of E. coli 12900,
and field- and patient-derived isolates by either spot-
ting assay or double agar overlay plaque assay.

Preparation with extensive enrichment

Screening of E. coli-infecting phages in the remain-
ing samples (7 out of 25 samples; group B in Table 3)
was conducted following enriching 30 ml of each sam-
ple in combination with E. coli O157:H7 ATCC 12900,
and three pathogenic food- and patient-derived iso-
lates. According to the results of spot assay in prelim-
inary screening, five samples (septic wastewater of a
veterinary clinic, city aqueduct, mixed minced meat,
cow cartilage, and vegetables) out of seven (71%)
lysed at least one of the tested bacteria. Negative sam-
ples were beef and fat that were collected from a cattle
slaughterhouse.

Isolation and purification of bacteriophages

Filtrates taken from complete clear spots in prelim-
inary screening were applied for isolating STEC-in-
fecting phages by using the most susceptible hosts
based on the spot assay results.

By applying different hosts in double agar overlay
plaque assay, 13 STEC-infecting phages recovered
from five positive samples. Considering the stability,
titer, and clarity of plaques, seven phages (Ecol-MHD1
to Ecol-MHD?7) were selected for propagation and
further phage host range investigation. Septic waste-
water of a veterinary clinic was the richest source that
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yielded six phages, including Ecol-MHD4 to MHD?7,
followed by city aqueduct that resulted in recovering
four phages, including Ecol-MHD1 and Ecol-MHD2.
Ecol-MHD3 was isolated from minced meat. Plaque
sizes ranged from pinpoint to 3.5 mm, as shown in
Figure 1. After phage propagation for expanding the
phage titer, the final titer of phage suspensions reached
10% to 10° PFU/ml

Determination of phage host range

Spotting host range assay was applied for the ex-
ploration of the host spectrum of phages. The results
(Figure 2) demonstrated that 22 pathogenic E. coli
strains and isolates (54%) were susceptible to at least
one of the phages. As shown in Figure 2, phage Ecol-
MHDI1 was polyvalent and caused lysis on the lawn
of 15 E. coli, including different pathotypes and also
3 Salmonella isolates. The other six phages were spe-
cific to E. coli pathotypes. Phage Ecol-MHD4 showed
a broad spectrum of lytic activity against 15 isolates,
followed by Ecol-MHD7 (13 hosts), Ecol-MHD2 (8
hosts), and Ecol-MHD6 (6 hosts), respectively. The
narrowest host range belonged to Ecol-MHD3 and
Ecol-MHD?5, which were only specific to their orig-
inal host (STEC m145). Whereas, both latter phages
in comparison with other isolated phages, produced
the largest plaques (~3.5 mm) (Figure 1-A). The phage
cocktail could lyse the lawn of 20 E. coli strains and
one Salmonella isolates. Among the phages, only
Ecol-MHD?2 and Ecol-MHD7 were effective on E. coli
0157:H7 NCTC12900. The heat-map of host ranges is
shown in Figure 2.

Discussion

Developing antibiotic resistance is one of the glob-
al concerns in recent years. Bacteriophages could be
promising alternatives to antibiotics and food an-

tibacterial agents. Therefore, investigation of novel
bacteriophages that are efficient on antibiotic-resis-
tant pathogens is an urgent need, particularly in the
developing countries [23]. In our study, we could not
isolate any STEC-specific phages from various sam-
ples (Table 3, group A) by plating them without en-
richment and with small scale enrichment. Similar to
our results, Oot et al. [26] could not isolate any E.
coli O157-infecting phages out of 60 samples by us-
ing direct plating without enrichment. These results
demonstrated that the levels of O157:H7-infecting
phages in environmental samples could be extremely
low [26,27]. However, there are some reports to ap-
prove the isolation of E. coli-infecting phages by ap-
plying direct plating protocol, from sewage effluent,
wastewater [28,29], and stool samples [30] using oth-
er E. coli strains instead of 12900 as the indicator host.

It has been suggested that for recovering
broad-spectrum phages, which are particularly vir-
ulent against desirable bacteria, a volume of sample
greater than 1 ml, a variety of host bacteria, and mul-
tiple cycles of selection [31], as well as an extensive
enrichment, is necessary [27]. Therefore, an extensive
enrichment by using different E. coli strains and iso-
lates was applied to some of the untested raw samples
(Table 3, group B). The results demonstrated that 5
samples out of 7 contained E. coli-infecting phages.

Samples taken from cattle fecal slurries are the rich-
est sources for isolating E. coli-specific phages [32,33].
Phages in our study were recovered from wastewater,
minced meat, cattle cartilage, and vegetables, with the
highest concentration and variety in the septic waste-
water of a veterinary clinic. In contrast with our data,
in a study, no E. coli O157:H7-infecting phages were
detected in meat and vegetables [29].

According to the results from host range assay,
as shown in Figure 2, five phages were efficient on a
broad spectrum of E. coli isolates including EHEC,
STEC, EAEC, EPEC and ETEC pathotypes and were

Figure 1.
Different sizes of plaques produced by some of isolated phages such as Ecol-MHD?5 (A), Ecol-MHD4 (B) and Ecol-MHD?2 (C).
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of lysed lawn scored from +4 to 0. +4: complete clearing, +3: clearing throughout but with faintly hazy background, +2: substantial
turbidity throughout the cleared zone, +1: a few individual plaques, 0: no clearing - but a spot may be seen where the pipette tip touched

the agar.

highly infective for E. coli O157:H7 35150 (presence of
eaeA, stxl, and stx2 genes), while only two could in-
fect E. coli O157:H7 12900 (stx negative). This implies
that the prevalence of E. coli O157:H7-specific phag-
es could be higher than if E. coli 12900 was the only
strain using in phage isolation procedures. In agree-
ment with our findings, in a study conducted by Oot
et al. [26] , samples that were negative by using E. coli

12900 for phage isolation, yielded 93% phage recovery
by changing the indicator host.

Phage Ecol-MHDI1 was polyvalent against a va-
riety of field- and patient-derived pathogenic E. coli
(33%) and three Salmonella isolates (out of 11), as
shown in Figure 2.

Many phages specific to E. coli [34-40], and poly-
valent phages against E. coli and Salmonella strains
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[33,41,42] have been previously reported. However,
the risk of developing EHEC complications such as
HUS depends on virulence factors of EHEC strains as
well as host and environmental factors [6]. In view of
this fact, the regional prevalence of pathogens and the
emergence of antibiotic resistance should be taken into
account for evolving the phage biocontrol approach.
To our knowledge, this study was the first attempt in
Iran to investigate effective phages against pathogenic
food- and patient-derived E. coli and Salmonella iso-
lates from northeast of Iran.

In conclusion, the phages isolated in this study, in
particular Ecol-MHD1, MHD4, MHD7, MHD2, and
MHDS6, can be suggested as potential candidates for
phage biocontrol approach and therapy. They could
be used in phage cocktails or combination with other
techniques as preventive or therapeutic agents against
foodborne E. coli infections in humans.

Material and methods

Bacterial strains

A total of 52 bacterial strains and isolates, including two stan-
dard EHEC, 39 pathogenic E. coli, and 11 Salmonella isolates used
in this study were provided by a simultaneous study (unpublished
study). Strains and isolates, their pathotypes, origins, and antibi-
otic resistance profiles are shown in Tables 1 and 2.

Sampling

25 samples with a variety of sources from wastewater and
cow feces to meat and vegetables (Table 3) were collected to be
screened for STEC-infecting phages. Of them, 18 samples were
prepared both without enrichment and with enriching a small
volume of filtrates and categorized as group A in Table 3. While
the remaining samples (n=7) were prepared with an extensive en-
richment and categorized as group B (Table 3). Sampling occurred
during spring and summer in Mashhad and its suburbs.

Sample preparation for bacteriophage screening

Sample preparation procedures are briefly explained as fol-
low:

1. Without enrichment. In order to isolate diverse phages
with no biases, samples in group A were prepared without enrich-
ment for direct plating. Initial preparation was accomplished, as
was described by Gill and Hyman’s [43] with some modifications.
Briefly, liquid samples (30 ml) were centrifugated directly, while
solid samples (5 ml) centrifugated following soaking in 30 ml so-
dium chloride-magnesium sulfate (SM) buffer (5.8 g NaCl, 2.0 g
MgSO, x7 H,0, 50 ml 1 M Tris (Merck, MSD, Darmstadt, Germa-
ny) pH 7.5, filled up with distilled water to 1000 ml) and overnight
incubation in the refrigerator. The centrifugation was conducted
initially for 20 min at 3500 rpm in order to sediment large parti-
cles and debris, and then 2 ml of supernatants were centrifuged
(Sigma 1-14, GmbH, Germany) for 10 min at 13000 rpm. Super-
natants were then filtered through 0.22-micrometer membrane
filters (MS® PES, Membrane Solutions, LLC, USA), and filtrates
were stored in the refrigerator until further use.

2. Small scale enrichment. 100 pl of filtrates from group A
samples was added to 5 ml LB broth (Merck, MSD, Darmstadt,
Germany) containing 1mM CaCl2 (Merck, MSD, Darmstadt,
Germany) and 100 pl overnight culture of E. coli O157:H7 NCTC
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12900. The suspensions were incubated in an incubator (GFL
30131, mbH, Burgwedel, Germany) shaking at 50 rpm for 24 h at
37 °C. Then they were centrifuged for 10 min at 13000 rpm and
afterward filtered through 0.22-micrometer membrane filters. Fil-
trates stored at 4 °C and used for further phage screening.

3. Extensive enrichment. In group B, samples were enriched fol-
lowing the methodology of Van Twest and Kropinski [44] with
some modifications. In brief, liquid samples (50 ml) were centrif-
ugated for 30 min at 3500 rpm, and supernatants (30 ml) were
mixed with double strength LB broth (30 ml) supplemented with
1mM CaCl,. The mixture was then inoculated with 100 ul of over-
night culture of desired bacterial strains including E. coli O157:H7
12900, E9 (Hospital isolate), m145 (antibiotic-resistant (ABR)
STEC), and m6 (ABR EHEC) and incubated for 48 — 72 h at 37 °C
while shaking at 50 rpm. Solid samples (10 ml) were added to SM
buffer (40 ml) and kept overnight in the refrigerator. They were
then centrifuged for one hour at 3500 rpm, and the supernatants
were enriched in the same manner. After the incubation period,
all samples were individually filtered through 0.22-micrometer
membrane filters, and filtrates were stored at 4 °C until further
use.

Sample screening for STEC-infecting bacterio-
phages

All filtrates were initially screened for the presence of phage
by applying spotting assay, as described by Akhtar et al. [45] with
some modifications. For this purpose, several bacterial strains
and isolates including E. coli O157:H7 NCTC 12900 and ACTC
35150, m3 (ABR STEC), m6 (ABR STEC), m57 (ABR EHEC),
m60 (STEC), m90 (ABR STEC), m91 (ABR STEC), m145 (ABR
STEC), and E9 (Hospital isolate) (presented in Table 1) were culti-
vated in LB broth supplemented with 1mM CaCl,. 100 ul of their
overnight cultures was inoculated into 5 ml molten LB overlay
agar (0.4% agar; Quelab, Inc, Montréal, Canada), and the mixture
was overlaid on 1.5% LB underlay agar supplemented with ImM
CaCl,. The overlay agar was allowed to solidify at room tempera-
ture. Subsequently, 10 pl of each sample was spotted on the top
agar and left at room temperature until the drop dried and then
incubated for 24 h at 37 °C. Samples that produced clear zones
or single plaques on any of the bacterial lawns were considered
as positive and selected for phage isolation. Complete clear spots
were picked and kept for 24 h in SM buffer in the refrigerator,
and after centrifugation and microfiltration, filtrates used for
further procedure of phage isolation. All negative samples were
rescreened for plaque formation on the lawn of E. coli 12900 by
using double agar overlay plaque assay.

Isolation, purification, and propagation of bac-
teriophages

For phage isolation and purification, positive samples were
investigated by using double agar overlay plaque assay, as it was
described by Kropinski et al. [46]. Briefly, 100 ul of the overnight
culture of host E. coli isolates and 100 pl of filtrate from each pos-
itive sample was inoculated into 5 ml 0.4% Luria-Bertani (LB)
overlay agar, then plated on 1.5% LB underlay agar supplement-
ed with 2mM CaCl, and incubated at 37 °C overnight. Individual
plaques were picked by a sterile needle, soaked in 1ml SM buffer,
and stored in the refrigerator for 24 h. Phages were purified by
centrifugation of the suspensions for 10 min at 13000 rpm fol-
lowed by sterile filtration. The filtrates were plated a minimum of
three times to obtain purified phages.

Phage propagation was accomplished following the method-
ology of Viazis et al. [33] with some modifications. In brief, 100 pl
of each phage at titers of 10* to 10° PFU/ml along with 100 ul of the



Table 1.

Characteristics of E. coli strains.
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Antibiotic resistance profile

E. coli Origin Pathotype
Resistant Intermediate Susceptible
CAZ, FEP, GEN,
d2 raw milk EAEC CTX AMP, CHL, IPM, FOX, CIP, SXT, TET
AZM
. CAZ, FOX, CIP, GEN, SXT,
di13 raw milk EAEC AMP CTX, FEP TET, CHL, IPM, AZM
FEP, CIP, GEN, SXT, TET,
4, ilk EPE TX, CAZ, AMP FOX, AZM
d48 raw mi C C C O CHL, IPM
dc133 cheese STEC CTX, AMP, IPM CAZ, i?;[’ CHL, FEP, FOX, CIP, SXT, TET
dc134 cheese STEC CTX, CAZ, FEP, FOX, TET IPM CIB GEN, i)(ZiAAMR CHL,
. FEP, FOX, SXT, AMP, TET,
m3 minced meat STEC CHL, IPM CTX, CAZ, GEN CIP, AZM
CTX, CAZ, CIP, SXT, AMP,
m4 lamb EPEC TET, CHL FOX, GEN, IPM FEP, AZM
mb5 minced meat EPEC CIP, GEN, SXT, AMP, TET CTX, CAZ FEP, FOX, CHL, IPM, AZM
mé6 lamb EHEC CTX, CIP, SXT, AMP, TET CAZ, GEN FEP, FOX, CHL, IPM, AZM
. CTX, CIP, GEN, SXT, AMP,
m9 minced meat STEC TET, AZM CAZ, FEP FOX, CHL, IPM
FEP, FOX, SXT, AMP, TET,
1 EHE TX, CAZ, GE 1P, AZM
m57 amb C CHL, IPM C C GEN C
CTX, CAZ, FEP, FOX, CIP,
m60 lamb STEC - AMP GEN, SXT, TET, CHL, IPM,
AZM
CTX, CAZ, FEP, GEN, SXT,
mé65 lamb STEC AMP, TET, CHL, AZM - FOX, CIP, IPM
m75 minced meat EPEC CTX, CIP, SXT, AMP, TET GEN, IPM, AZM CAZ, FEP, FOX, CHL
GEN, AMP, CHL,
m76 minced meat STEC CTX, CAZ AZM FEP, FOX, CIP, SXT, TET, IPM
CTX, FEP, FOX, CIP, GEN,
m90 lamb STEC TET, CHL CAZ
SXT, AMP, IPM, AZM
FEP, FOX, CIP, SXT, IPM,
m91 lamb STEC CTX, AMP, TET CAZ, GEN, CHL
AZM
CTX, FEP, FOX, CIP, GEN,
m93 lamb STEC TET CAZ
SXT, AMP, CHL, IPM, AZM
CTX, CAZ, FOX,
m102 lamb STEC SXT, AMP, TET FEP, CIP, GEN, CHL, IPM
AZM
CTX, CIP, SXT, TET, CHL,
m1l45 lamb STEC CAZ, FEP FOX, GEN, AMP, IPM
AZM
FEP, CIP, GEN, SXT, TET,
m1l54 minced meat STEC CTX, CAZ FOX, AMP
CHL, IPM, AZM
CTX, CAZ, FOX, CIP, SXT,
H2 Hospital* EAEC - FEP, GEN, CHL

AMP, TET, IPM, AZM
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CTX, CAZ, FOX, CIP, SXT,

H3 Hospital EAEC AZM FEP, GEN, AMP, CHL
TET, IPM
FEP, FOX, CIP, GEN, SXT,
H4 Hospital EAEC CTX, CAZ AMP, CHL
TET, IPM, AZM
CTX, CAZ, FEP, FOX, CIP,
H12 Hospital EPEC - AMP GEN, SXT, TET, CHL, IPM,
AZM
CTX, CAZ, FEP, GEN, SXT,
H13 Hospital EPEC CIP FOX, CHL
AMP, TET, AZM
CAZ, CHL, IPM,
H14 Hospital EPEC CTX, SXT, AMP, TET FEP, FOX, CIP, GEN
AZM
FEP, FOX, CIP, GEN, SXT,
H15 Hospital EPEC - CTX, CAZ, AMP
TET, CHL, IPM, AZM
CAZ, FEP, FOX, CIP, GEN,
H34 Hospital EPEC, EIEC - CTX SXT, AMP, TET, CHL, IPM,
AZM
FEP, FOX, CIP, GEN, SXT,
H73 Hospital EPEC CTX, TET CAZ
AMP, CHL, IPM, AZM
CTX, FOX, CHL,
H76 Hospital EPEC CIP, AXT, AMP, TET CAZ, FEP, GEN
IPM, AZM
FEP, FOX, CIP, GEN, SXT,
H93 Hospital STEC - CTX, CAZ, AMP
TET, CHL, IPM, AZM
CTX, CAZ, FEP, GEN, SXT,
H96 Hospital EPEC CHL FOX, CIP, IPM
AMP, TET, AZM
GEN, AMK, LVX, IPM, MEM,
E9 Hospital - -
CIP, CAZ, NIT, CFZ
H Cattle farm trough
E Cattle farm trough
G Cattle farm trough
O157:H7 NCTC 12900
0O157:H7 ATCC 35150 EHEC

*Hospital isolates taken from hospitalized children.

CTX: Cefotaxime 30, FEP: Cefepime 30, CAZ: Ceftazidime 30, FOX: Cefoxitin 30, CIP: Ciprofloxacin 5, GEN: Gentamicin 10, SXT:
Trimethoprim 1.25-Sulfamethoxazole 23.75, AMP: Ampicillin 10, TET: Tetracycline 30, CHL: Chloramphenicol 30, IPM: Imipenem 10,
AZM: Aztreonam 30. AMK: Amikacin 30, LVX: Levofloxacin 5, MEM: Meropenem 10, NIT: Nitrofurantoin 300. CFZ: Cefazolin 30.
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Table 2.
Salmonella isolates and their origins
Salmonella Origin

F37 mixed minced meat
F40 mixed minced meat
F41 mixed minced meat
F42 chicken meat
F45 chicken meat
F51 chicken leg
F53 chicken meat
F55 chicken meat
F58 beef
F59 beef

exponential phase of host strain was inoculated in 10 ml LB broth
supplemented with 1mM CaCl,. Cultures were incubated for 72 h
with shaking at 37 °C, and meanwhile, 10 ml fresh LB broth was
added to them. Subsequently, cultures were centrifugated at 3000
rpm for 15 min, and supernatants were filtered through 0.22 pore-
size filters and stored at 4 °C.

Determination of phage host range.

Following the methodology of Kutter [27], spot testing explo-
ration of the host range was accomplished. 39 pathogenic E. coli
and 11 Salmonella isolates, which all were isolated from various
meat, milk, cheese, cattle farm trough, and human samples ob-
tained from different zones of Mashhad (unpublished data) and
two standard strains (Table 1) were tested for phage susceptibili-
ty. Briefly, bacterial strains were grown in LB broth supplemented

Table 3.
Samples and the methods of preparation

Samples prepared without enrichment and with

small scale enrichment (Group A)

RESEARCH ARTICLE

with 1mM CaCl, for 4 hours at 37 °C to reach an OD600 of 0.4
to 0.6. Cultures were individually plated on LB underlay agar as
it was described earlier for screening samples. When overlay agar
solidified, 10 pl of purified phages was pipetted on the overlay
agar, and plates were incubated at 37 °C overnight. A phage cock-
tail consists of the same aliquots of seven selected phages was also
tested for the spectrum of susceptible hosts. After 24 h, the sensi-
tivity of bacteria to phages was determined considering the degree
of lysed lawn and spots were classified according to a standard
system for assessing bacterial infection by phages as described by
Kutter [27]. This experiment was accomplished in two repetitions.
Cluster analysis performed using CIMMiner software.
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Samples prepared with extensive enrichment

(Group B)

Minced meat
- beef (n=2)
- mixed beef and lamb (n=6)

Cattle slaughterhouse
- Septic wastewater (n=3)
- Effluent (n=2)

Cattle feces (n=5)

Total (n=18)

Minced meat
- beef (n=1)

- mixed beef and lamb (n=1)

Veterinary hospital
- Septic wastewater (n=1)

City aqueduct (n=1)
Cow cartilage (n=1)
Cow fat (n=1)
Vegetables (n=1)

Total (n=7)
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ABSTRACT

This research was performed on uropathogenic Escherichia coli (E. coli) isolates and
established the genes of resistance to ciprofloxacin between the isolates. A total of
one hundred and three urine samples were tested for uropathogenic E. coli which
were obtained from dogs with urinary tract infections (UTIs) using cultural isolation,
antimicrobial susceptibility test, and polymerase chain reaction (PCR). The results
revealed that genes associated with ciprofloxacin resistance are 24.3% positive for E.
coli. The E. coli isolates were resistant to both ciprofloxacin and ampicillin (100%),
highly susceptible to chloramphenicol (84.0%), and less susceptible to gentamycin
(44.0%) and amikacin (40.0%). The PCR tests showed the presence of the ParC (in 25
samples; 100%), GyrA (in 25 samples; 100%), and GyrB (in 4 samples; 16.0%) genes.
The findings of the present study showed an upsetting rate of ciprofloxacin and ampi-
cillin resistance among the E. coli isolates from dogs with UTIs.
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scherichia coli is the most common patho-

gen associated with urinary tract infections
(UTIs) in dogs and cats, and many fluoroquinolones
have been accepted for UTIs treatment in dogs and
cats [1,2,3]. Resistance to fluoroquinolones is, howev-
er, increasing following their widespread clinical use
in veterinary medicine [4]. Thus, treatment can be
more complicated, particularly for those fluoroquino-
lones resistant E. coli isolates that show multidrug re-
sistance (MDR) phenotypes [3, 5]. These resistances
are both a medical problem for failure of treatment in
veterinary medicine practice, and a public health wor-
ry for resistant E. coli transmission from companion
animals to humans, and also in reverse order [2,6].
E. coli resistance to fluoroquinolones mainly results
from the progressive accumulation of different point
mutations in the genes that encode the target enzymes
of fluoroquinolones, DNA gyrase (encoded by gyrA
and gyrB) and topoisomerase IV (encoded by parC
and parE). Such mutations are chiefly found in gyrA’s
quinolone-resistance deciding regions (QRDR) and
its homologous parC region, which lead to multidrug
resistance [7, 8]. However, decreased intracellular ac-
cumulation of fluoroquinolones in association with
AcrAB-TolC system increased efflux pump activity
[2]. Manipulation of the fluoroquinolone structure is
among the approaches taken by pharmaceutical com-
panies that could mitigate emerging resistance. Dif-
ferent molecular architectures may lead to a change
in primacy targets for identical bacteria [9, 10]. Pri-
macy is typically calculated using in vitro selection
tests which classify the first mutation that confer re-
sistance in the initial target protein, with mutations
that subsequently occurred in the secondary target.
Nevertheless, fluoroquinolones are commonly used in
the therapy of UTIs due to a high concentration in the
urinary tract and good concentrations on tissue [11].
However, there is comparatively less knowledge about
the molecular mechanisms for resistance to ciproflox-
acin in dog isolated uropathogenic E. coli.

Table 1.
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The current study aims to use a molecular tech-
nique to identify the gene of resistance to ciprofloxa-
cin and its distribution in E. coli associated with uri-
nary tract infections.

Assessment of a total of 103 urine samples from
dogs of different breeds, genders, and age groups af-
flicted with urinary tract infections (UTI) divulged 25
(24.3%) of Escherichia coli.

Antimicrobial susceptibility profile of E. coli

The findings of antimicrobial susceptibility test
showed that the isolates were resistant to ciprofloxacin
(25 isolates; 100%), ampicillin (25 isolates; 100%), cef-
triaxone (20 isolates; 80.0%), ceftizoxime (19 isolates;
76.0%), nitrofurantoin (14 isolates; 56.0%), strepto-
mycin (13 isolates; 52.0%) and amoxyclav (12 isolates;
48.0%) while they were susceptible to chloramphen-
icol (21 isolates; 84.0%), gentamycin (11 isolates;
44.0%) and amikacin (10 isolates; 40.0%) as depicted
in Table 2.

Ciprofloxacin resistance genes

PCR was used to explore the presence of the ParC,
GyrA, and GyrB genes (Figures 1, 2, 3, and Table 1).
In all 25 (100%) E coli isolates, ParC and GyrA were
present, while only 4 (16.0 %) isolates harbored GyrB
gene.

Urinary tract infections in companion animals,
particularly dogs, are life threatening. Nonetheless, if
detected sooner, the disease is curable with antibiotics.
This may happen at any age, but the highest incidence
is observed in adult dogs. Infection occurs mainly in a
dog’s urinary tract as a result of bacterial colonization.
Escherichia coli is by far the most important cause
of urinary tract diseases in dogs and other pets [16,

Distribution of ciprofloxacin resistance genes among 25 E. coli isolates from dogs with UTI

No. of resistant

Antibiotics isolates (%) No. of positive isolates (%)
ParC 25 (100)
Ciprofloxacin GyrA 25 (100)
GyrB 4(16)

IJVST 2020-1(22) 10.22067/veterinary.v12i1.86316
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17]. The prevalence of bacterial infections in dogs
with urinary tract is not completely known. In the
present study out of 103 urine samples of dogs with
UTIs symptoms, Escherichia coli was isolated from
25. Chang et al. [18] reported that 114 dogs out of
201 dogs were positive for E. coli. Moyaert et al. [19]
isolated E. coli from dogs with UTIs symptoms from
204 out of 437 urine samples. Kuan et al. [20] re-
corded that 146 out of 200 urinary specimens from
dogs diagnosed with UTIs were cultivated with E.
coli. Liu et al. [21] also confirmed E. coli growth de-
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Figure 1.

tection in 106 out of 174 dogs investigated. Such data
suggest that infections of the urinary tract caused by
bacteria are mainly diagnosed by urinalysis, clinical
tests, and culture. The pattern of antimicrobial suscep-
tibility of the E. coli isolates reported in the current
studies has identified a very high level of ciprofloxacin
and ampicillin resistance. Fluoroquinolone/quinolone
class ciprofloxacin exhibits its antimicrobial activity by
inhibiting DNA gyrase and topoisomerase IV through
alterations in target enzymes. The presence of muta-
tions in the DNA gyrase enzymes quinolone-resis-
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Agarose gel electrophoresis showing PCR amplified products of ciprofloxacin resistance gene (ParC) of E. coli isolates

Lane L: 100bp DNA ladder
Lane: 1-25 positive samples (264bp)
Lane NC: negative control. Lane PC: positive control
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Agarose gel electrophoresis showing PCR amplified products of ciprofloxacin resistance gene (GyrA) of E. coli isolates

Lane L: 100bp DNA ladder
Lane: 1-25 positive samples (189bp)

Lane NC: negative control. Lane PC: positive control
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Agarose gel electrophoresis showing PCR amplified products of ciprofloxacin resistance gene (GyrB) of E. coli isolates

Lane L: 100bp DNA ladder
Lane: 3, 7, 21 & 23 positive samples (203bp)

Lane: 1-2, 4, 5, 6, 8-20, 22, 24 & 25 negative samples

Lane NC: negative control.

Table 2.

Antibiotic susceptibility pattern of E. coli isolated from dogs (n = 25)

No. of resistant

No. of intermediate No. of susceptible

Antibiotics isolates (%) resistance isolates (%) isolates (%)
Amikacin 9 (36.0) 6 (24.0) 10 (40.0)
Amoxyclav 12 (48.0) 3(12.0) 10 (40.0)
Ampicillin 25 (100) 0(0.0) 0(0.0)
Ceftizoxime 19 (76.0) 0(0.0) 6 (24.0)
Ceftriaxone 20 (80.0) 0(0.0) 5(20.0)
Chloramphenicol 3(12.0) 1(4.0) 21 (84.0)
Ciprofloxacin 25 (100) 0(0.0) 0(0.0)
Gentamicin 9 (36.0) 5(20.0) 11 (44.0)
Nitrofurantoin 14 (56.0) 5(20.0) 6 (24.0)
Streptomycin 13 (52.0) 3(12.0) 9 (36.0)

tance determining region (QRDR) is the main cause
of high-fluoroquinolone resistance in gram-negative
bacteria such as E. coli [22]. This high degree of re-
sistance observed against ciprofloxacin is possibly ex-
plained by cross-resistance with the other members of
quinolones such as enrofloxacin, nalidixic acid, and
norfloxacin [23].This finding is close to that observed
in a previous research [21]. However, Oliveira et al.
[24], and Thungrat et al. [25] published previously on
fluoroquinolone tolerance in companion animals.

24

Other studies have nevertheless reported a higher
degree of canine resistance to ciprofloxacin in E. coli
[26, 27]. Besides, increased resistance to fluoroquino-
lone in companion animals might restrict the treat-
ment of uropathogenic E. coli infections in humans
who might develop E. coli infection from their dogs
[21]. This also demonstrates that the widespread use
of ampicillin and other Beta lactams antibiotics may
be related to the selection of antibiotic resistance
mechanisms in pathogenic and non-pathogenic E.

IJVST |2020-1 (22) DOI1:10.22067/veterinary.v12i1.86316
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coli isolates [28]. Beta-lactam antimicrobial resistance
in E. coli is primarily mediated by B lactamases that
mostly hydrolyze the beta-lactam ring and hence de-
activate the antibiotics [29]. Ampicillin resistance
found in this research was higher than the previous-
ly recorded studies of the companion animals. [30],
while the results are consistent with those of Gilliver
et al. [31], Wedley et al. [32], Wong et al. [33], Nhung
et al. [34], Liu et al. [35], Cavalho et al. [36] and Liu et
al. [21]. Furthermore, Allen et al. [37] reported high
ampicillin resistance. The high degree of antibiotic re-
sistance among the isolates of E. coli reported in this
study is directly due to the colossal number of cases
referred to the Veterinary Clinical Complex (VCC)
hospital from primary health care centers and private
practitioners with complicated diseases and repeated
cases where dogs have already been exposed to vari-
ous groups of antibiotics without any prior laboratory
evaluation as previously stated by Mustapha et al. [38].
The presence of drug-resistant E. coli in dogs presents
a possible public health threat. The role of livestock as
a source of pathogen transmission to humans was well
established, mainly through nutritional exposure, but
also through direct contact [39, 40]. In Hisar, though,
dogs usually share the entire home setting with their
owners and are considered as family members [38].
Therefore, close interaction with dogs is typical
among humans. It can serve as an essential route of
transmission of E. coli to humans. Indeed, an increas-
ing body of evidence suggests that resistant bacteria
or mobile resistance determinants can be passed be-
tween dogs and humans through direct contact. [41,
42]. The isolates of E. coli are particularly susceptible
to chloramphenicol, gentamicin, and amikacin. This
indicated that chloramphenicol has broad-spectrum
activity against gram-positive and gram-negative or-
ganisms while also providing protection from anaer-
obic infection. Moreover, gentamicin and amikacin
of the same aminoglycoside class have exhibited high
activity against uropathogenic E. coli, which could be
the product of aminoglycoside complexity and possi-
bly due to the route of administration [43].

The genes ParC, GyrA, and GyrB were found to be
associated with the resistance of fluoroquinolones to
all the E. coli urinary tract isolates tested in this study.
The genes ParC and GyrA were found in all isolates,
while only four isolates had GyrB genes. In addition,
the high-level resistance isolates found in this study
that contain multiple mutations within the E. coli iso-
lates at different stages. This was consistent with the
previous research which showed that enrofloxacin-re-
sistant uropathogenic E. coli isolates had a mutation of
two points, one in ParC and the other in GyrA [18].
In addition, several researchers have documented
over-expression of the ACrAB -TolC system causing

IJVST | 2020-1 (22) 10.22067/veterinary.v12i1.86316

multiple drug resistance like fluoroquinolone [44].

In conclusion, the study clearly reported a large
number of pathogenic E. coli strains in the urine of
dogs with high levels of resistance to ciprofloxacin
and ampicillin. The molecular study shows that the
genes responsible for the resistance of ciprofloxacin in
clinical isolates of E. coli were ParC, GyrA, and GyrB.
Monitoring the patterns of antibiotic prescription and
resistance in companion animal medicine, serves as
an early indicator for the changes in the susceptibility
of clinical isolates to antibiotics via cultural isolation,
antimicrobial susceptibility, and PCR-based amplifi-
cation of antibiotic resistance genes that provide use-
ful data to the veterinarians. These are more effective
therapeutic protocols in the control of chronic or re-
current UTTs in dogs. Prescription of antibiotics such
as chloramphenicol, gentamicin, and amikacin may
be more effective for treating UTIs in dogs.

Material and methods

Source of Animals

The present research was performed on dogs of various
breeds, different age groups and of both sexes, presented at the
Veterinary Clinical Complex (VCC), Lala Lajpat Rai University of
Veterinary and Animal Sciences (LUVAS), Hisar with History /
clinical symptoms of anorexia, vaginal discharge, failure to urinate
or just dribbling a small amount of urine, dark urine, dysuria, in-
creased water intake, constant licking of urinary opening, soiling
in appropriate areas, hematuria, vomiting, lethargy, fever, protein-
uria, weight loss, heavy urinal odor (smelly urine), back arching
(cystitis), and oliguria.

Sample Collection

A maximum of 103 urine samples was collected aseptical-
ly from dogs diagnosed with UTIs in sterile test tubes between
February 2017 and January 2018 using cystocentesis. Where each
sample was classified with an identifier number and collection
date. The samples were transported for evaluation immediately in
the central laboratory at the college.

Bacteriological Examination

The aseptically collected fresh urine samples were inocu-
lated and streaked onto a 5% sheep blood agar (BA) (HiMedia,
Mumbai, India) and MacConkey’s lactose agar (MLA) (HiMedia,
Mumbai, India) plates separately with the aid of a 4 mm diame-
ter platinum loop. Over 24 - 48 hours, the plates were aerobically
incubated at 37 °C and analyzed for the presence of any standard
distinct purple / pink colonies. Positive isolates were streaked onto
Eosine Methylene Blue Agar (EMB), (HiMedia, Mumbai, India), a
selective medium for E. coli and the plates were aerobically incu-
bated for 24 hours at 37 °C. The appearance of blue, green colonies
with a metallic luster on EMB was presumptive to indicate the ex-
istence of E. coli. Biochemical techniques have further confirmed
all positive E. coli isolates, including Indole, Methyl Red, Voges
Proskauer, Glucuronidase, Nitrate reduction, ONPG, Lysine uti-
lization, Lactose, Glucose, Sucrose, and Sorbitol) using commer-
cially KB010 HiE.ColiTM identification Kit (HiMedia Mumbai,
India) following the guidelines of the manufacturer.



Antimicrobial Susceptibility Testing

The drug sensitivity test of Escherichia coli isolates was as-
sessed using the Bauer-Kirby method [12] by using commercially
prepared disc (Himedia, Mumbai, India) with a well-known anti-
biotic concentration. Using a sterile platinum loop, small amounts
of test culture were transferred to a brain heart infusion broth
(BHI) tube and incubated at 37 °C for 2-5 hours to achieve turbid-
ity. The broth culture was then uniformly distributed by smear-
ing on the surface of Mueller Hinton agar plates with the aid of a
sterile cotton swab. The antibiotic discs were placed on the agar
and gently squeezed to provide a smooth, near contact with the
medium with a sterile forceps. The inoculated plates were held 3-4
hours at low temperatures to allow the antibiotics to pre-diffuse.
For 24 hours, the plates were then incubated at 37 °C. The sensi-
tivity was observed based on the manufacturer’s zones size defini-
tion map. Sensitive (S), intermediate (I), and resistant (R) results
were reported. Amikacin (AK) 30mcg, ampicillin (AMP) 10mcg,
amoxyclav (AMC) 30mcg, ceptriaxone (CTR) 10mcg, ceftizoxime
(CZX) 30cmg, chloramphenicol (C) 30mcg, ciprofloxacin (CIP)
10mcg, gentamycin (GEN) 30mcg, nitrofurantoin (NIT) 300mcg
and streptomycin (S) 25mcg (HiMedia, Mumbai, India) are the 10
antibiotics used in this study.

Bacterial DNA Insolation

Following the manufacturer’s instructions, DNA of E. coli
from all the positive isolates was extracted using commercially
available PureLink Genomic DNA mini-kit (Invitrogen, USA).
The extracted DNA was stored at -20 °C until further processing.

Detection of Ciprofloxacin resistance gene

The presence of resistance genes to ciprofloxacin in E. coli
DNA extracts was determined by standard PCR. Table 3 gives the
primers sequences, target genes, product size, and references. The
standard PCR was conducted in a 25 pl volume reaction in Veriti
thermo cycler (ABI, USA) containing 6 pl of template DNA, 1ul
of each of the primers (10 pmoles concentration), 12.5 ul Phusion
PCR Mastermix (2x) (High Fidelity, USA), 1yl DMSO and 2.5 pl
nuclease-free water. The amplification process involved initial de-
naturation at 98 °C for 30 sec, followed by 35 denaturation cycles
at 98 °C for 10 secs, annealing at 60 °C for 30 secs, extension at 72
°C for 30 secs, and a final extension at 72 °C for 5 mins. The PCR
products were analyzed with 1.5 % agarose gel electrophoresis and
visualized under the Gel Doc UV Trans illuminator XR 170-8171
(BIO-RAD, India).

Descriptive statistics were used to analyze the data obtained
with JMP Version 11 (SAS, Cary, NC, USA).

Table 3.
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ABSTRACT

Renal disorders in livestock may appear subclinically, leading to reduced production per-
formance without any clinical signs, and causeing significant economic losses. In this re-
search, blood and kidney tissue samples were obtained from 102 buffaloes (males and females)
slaughtered at Ahvaz industrial slaughterhouse and sent to the laboratory for biochemical
and histopathological analyses. Having used the conventional and specific staining methods
along with the microscopic examination of the histopathological sections of the kidney tissue
samples from buffaloes, 41 samples with no lesion were selected as control and 61 with renal
lesions were considered as the lesion group. The samples with renal lesions were then divided
into 4 subgroups including acute tubulointerstitial nephritis, chronic tubulointerstitial nephri-
tis, urinary tubular inflammation, and congestion. Serum biochemical tests including para-
thyroid hormone, erythropoietin, and Vit D3 were measured in blood samples using com-
mercial ELISA kits. After the statistical analysis of the data, the results of Vit D3 in the studied
groups did not show any significant differences. However, the levels of erythropoietin and
parathormone in buffaloes with renal lesions were significantly lower and higher than those
in the control animals, respectively. The results also showed that most of the kidney lesions in
the studied buffaloes led to a decrease in the production of erythropoietin hormone following
the occurrence of such lesions and their functional effects on the infected kidneys. Besides, the
effects of erythropoietin deficiency were reflected in the hemogram, and its resulting anemia
was deemed to affect overall body health. As the findings showed, no significant differences
were observed between male and female buffaloes in terms of the abundance of renal lesions
and laboratory findings.
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ater buftalo (Bubalus bubalis) is an import-

ant livestock resource in many countries of
Asia, including Iran, the Mediterranean region, and
Latin America. It plays an important role in providing
milk, meat, and draught power in agricultural systems,
particularly in the developing countries. This produc-
tive, adoptive and multipurpose domestic animal spe-
cies has thus received significant attention in national
and international livestock arena in recent years. In
addition to supplying the motive power for agricul-
ture allied activities and transport, there is indeed a
higher need for raising and successful maintenance of
buffalo milk, milk products and meat production in
the agriculture-based countries (1).

The breeding of buffalo as a source of milk, meat
and labor in tropical regions of Iran and South Asian
countries are thus of special economic importance (2).
West and East Azarbaijan provinces, Khuzestan, Ar-
debil, Gilan, Mazandaran, Golestan and Lorestan are
considered to be the breeding centers of buffaloes in
Iran. According to the statistics provided by the Sta-
tistical Centre of Iran in 2017, the number of Iranian
buffaloes is estimated to be 127 thousand, showing a
decreasing trend in number of buffaloes than in previ-
ous years. In effect, due to the lack of proper breeding
management, the rise in demand for buffalo meat and
the lack of replacement for the slaughtered animals,
have resulted in a decline in the population of buffa-
loes in Iran.

Though its natural habitat consists of hot and hu-
mid regions that are very favorable to microorganism
and parasite proliferation, Bubalus bubalis is generally
a healthy animal (3). However, like many other animal
species, Bubalus bubalis is susceptible to most diseases
and parasites that afflict cattle, though the effects of
such diseases on the buffalo and its productivity are
sometimes less evident. Among others, renal diseas-
es are not uncommon in food animals and informa-
tion from slaughterhouses can be considered a good
source of data for the evaluation and monitoring of
renal diseases in livestock (4).

Among body organs and tissues, kidney plays an
important role in maintaining the health and adjust-
ment of the internal environment of the body, and any
damage to it may cause changes in blood biochemi-
cal parameters. Infectious agents, toxins, impacts,
immune responses, kidney hypoxia, tumors, and the
formation of urinary stones are among the causative
agents of the kidney. Thus, awareness of such chang-
es in kidney before the advent of clinical symptoms
is the first essential step in improving the methods of
prevention and management in livestock farms. In
addition to economic losses, diseases affecting buffa-
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loes might constitute an epidemiologic and zoonotic
threat to humans. As such, problems concerning meat
hygiene and possible health risks to consumers should
be well documented during both ante-mortem and
post-mortem examinations.

Different affections of kidney include develop-
mental anomalies, growth, metabolic and circula-
tory disturbances, infarction and necrosis, diseas-
es of glomeruli (viral glomerulonephritis, embolic
nephritis, immune-mediated glomerulonephritis,
immune-complex glomerulonephritis, glomerulo-
siderosis and glomerulolipidosis), tubulo-interstitial
diseases (interstitial nephritis, granulomatous nephri-
tis, and pyelonephritis), chronic renal diseases, uro-
lithiasis and various neoplasms (5). However, there is
little information on the renal pathological changes in
buffaloes compared to those in other animal species
(6, 7).

Erythropoietin (EPO), as a glycoprotein hor-
mone produced primarily by the kidney, is a principal
growth factor regulating the red blood cell production
(8). Kidney is indeed the major EPO producing organ
in adult life, while the liver produces only 10-15% of
the total amount of EPO produced in the body (9).

It is also established that vitamin D is not simply
a nutrient required for normal skeletal growth and
development; rather it serves as a precursor to an
intricate endocrine mechanism that maintains calci-
um and phosphorus concentrations in blood. More
recently, vitamin D has been shown to have multiple
physiological roles, including the control of cellular
differentiation and proliferation as well as the activa-
tion of innate immune defenses. The new-found roles
of vitamin D, along with its critical role in the calcium
and phosphorus homeostasis, highlight the need to
examine current practices for vitamin D supplemen-
tation in the dairy industry and question whether cur-
rent recommendations are adequate for dairy cattle
(10).

In turn, parathyroid hormone, as a single-chain
polypeptide made up of 84 amino acids secreted by
the chief cells in the parathyroid gland, augments
the absorption of calcium from the intestines and si-
multaneously conditions its re-absorption from the
skeleton. Also, parathormone (PTH) is the principal
hormone involved in the fine regulation of the calci-
um homeostasis. The hypercalcemic biological action
of PTH is indeed by its direct influence on the target
cells in bones (osteoclasts and osteocytes) and kidney
(proximal and distal tubules) along with its indirect
action on the duodenum (11, 12).

Kidney lesions, in addition to having a direct im-
pact on regulating the body’s homeostasis, disrupt the
production and metabolism of some hormones that
directly affect the health of the kidney tissue. There-
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fore, this research was aimed to study different types
of histopathological disorders of kidney, the changes
in EPO, PTH, and Vit D3 along with the correlation
between the hormonal changes and histopathologic

Table 1.
Specimens from studied buffaloes according to gender and renal
lesions.

. . Buffaloes Male Female Total
lesions. To those ends, blood and kidney samples were
collected from buffaloes slaughtered at Ahvaz indus-
trial slaughterhouse so as to investigate the pathomo- ~_Normal 32 0 4l
rphological and hormonal alterations in the samples. Kidney lesion 56 5 61
Total 88 14 102
Table 2.
Changes in the Mean + SE values of EPO, parathyroid hormone and Vit D3 in buffaloes according to renal lesions.
Group Number % EPO PTH Vit D3
Healthy 41 40.20 49.32 + 4.089 bedel 2134 +4.520°¢ 69.44 + 6.399
ATN 18 17.65 31.89 +2.747 22.44 +3.601 © 63.06 + 6.503
CTN 23 22.55 33.50 £2.846 * 31.50 + 3.417 bdef 64.25 + 4.642
UTI 13 12.74 34.69 +2.041° 22.69 +4.385° 65.15 £ 5.581
Congestion 7 6.86 36.43 +3.036 * 22.57 +3.359 67.86 + 4.340
Total 102 100 37.28 +11.398 22.89 +4.693 ¢ 64.85 + 6.97

Different lower case letters (a-f) demonstrate significant diffeences between groups (p < 0.05)

Results

Histopathological findings

In this study, 102 kidney samples were obtained
from apparently healthy buffaloes (88 males and 14
females) slaughtered at Ahvaz industrial slaughter-
house. Among them, 61 kidney samples had lesions
and 41 others were healthy. From kidney samples with
lesions, fifteen cases (14.7%) had gross lesions such as
enlargement of kidney, severe congestion and hem-
orrhages. All kidney samples were then examined in
the laboratory so as to identify the histopathological
renal changes in bufalloes. The prevalence of histo-
pathological renal changes including acute tubuloint-
erstitial nephritis (ATN), chronic tubulointerstitial
nephritis (CTN), urinary tubular inflammation (UTI)
and congestion is presented in Table 2.

Analysis of hormones

The t-test analysis showed that the presence or ab-
sence of any renal injury was significantly correlated
with the serum EPO levels (p < 0.001), and it was sig-
nificantly lower in the groups with renal lesions than
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in the healthy one. As for vitamin D, there was no sig-
nificant difference between healthy and kidney lesion
groups. However, there was a significant elevation in
PTH in CTN group compared to the healthy and oth-
er groups with different kidney lesions. This was likely
related to the secondary renal hyperparathyroidism.

Statistical analysis

The results of statistical analysis for the groups
with different lesions showed that EPO level in healthy
group was significantly different from that in all other
groups. It was also found that EPO level in the healthy
group was significantly higher than that in other
groups. Besides, the results showed that there were no
significant differences between different groups with
lesions in EPO levels. The two-way analysis of variance
with two factors of gender and kidney lesions showed
that renal injury alone was effective in the EPO levels
(p < 0.001), while gender had no significant effect on
the EPO levels. In the case of Vit D3, neither injury
nor gender had a significant effect on the EPO values
(p > 0.05).



Discussion

Little is known about the pathological kidney le-
sions in buffaloes in comparison to other animal spe-
cies. Although some cases of kidney lesions in other
animal species slaughtered at Ahvaz slaughterhouse
have been investigated in some research studies, no
study has been already conducted on buffalo kidney
lesions in Khuzestan province. Thus, this research
investigated the association between histopatholog-
ical kidney lesions in slaughtered buftaloes and any
possible changes in important indicators such as
EPO, parathyroid hormone and Vit D3. As the find-
ings showed, interstitial nephritis was considered as
the most common pathological finding in this study.
Although interstitial nephritis, either diffuse or focal,
is most frequent in post-slaughter inspection in some
species, it is rarely detectable in clinical examinations.
However, chronic focal interstitial nephritis in kidney,
known as a white spot, is a common finding in appar-
ently healthy animals in post-slaughter inspection.

The results showed that from the 102 samples ex-
amined, 41 had no renal lesions (40.2%, Fig. 1). Also,
most of the lesions were interstitial nephritis, compris-
ing 41 samples (18 acute and 23 chronic samples) or
40.2% of the total cases (Figs. 3, 4). Of these, chronic
interstitial nephritis had the highest number of lesions
(22.5%), including connective tissue replacement in
the interstitial spaces, especially around the glomer-
ular network, infiltrated by mononuclear cells such as
macrophages and lymphocytes. Besides, the EPO level
was significantly decreased in the groups with chronic
interstitial nephritis compared to the healthy group;
however, no significant difference was observed in
PTH and Vit D3 values between the groups.

Acute interstitial nephritis was, in turn, found

Figure 1.

The structure of the kidney tissue including the glomerular cor-
puscle and the urinary tubules is normally observed. H & E stain-
ing. Magnification: 100x
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to be second in abundance in 18 samples examined
(17.65%) and comprised hyperemia and severe infil-
tration of mononuclear cells, especially lymphocytes
and monocytes.

Among others, anemia is one of the main clinical
problems in the chronic kidney disease (CKD). Dif-
ferent factors are indeed responsible for the decreased
erythrocyte production, especially EPO synthesis.
The mechanism by which EPO synthesis deficiency
develops in CKD subjects has been attributed to a de-
crease in the number of kidney EPO-producing cells.
In effect, EPO seems to be synthesized by a particular
subtype of interstitial fibroblast and the loss of such
cells, in the progressive interstitial fibrosis that char-
acterizes CKD, has been supposed to be the cause of
EPO deficiency (13).

The EPO levels in the acute interstitial nephri-
tis group were significantly lower than that in the
healthy group, but changes in PTH and Vit D3 were
not significant in this group compared to those in
the healthy group. Besides, it was found that thirteen
samples (12.74%) in this group had tubular necrosis
and hyaline casts (Fig. 5), and a significant decrease
happened in the EPO level compared to that in the
healthy group, but no significant change was observed
in the PTH and Vit D3 values compared to those in
the healthy group. The findings also showed that seven
specimens (6.86%) had vascular congestion showing
a significant decrease in the EPO values compared to
that in the healthy group, while no significant change
was observed in the PTH and Vit D3 values in this
group compared to those in the healthy group (Fig. 2).

In turn, the active form of Vit D3 plays a very
important role in mineral and bone metabolism, al-
though it is synthesized mainly in the kidney. In CKD,
there is an unusual accumulation of extracellular ma-

Figure 2.
Glomerular congestion and the decreased glomerular urinary
pole space. H & E staining. Magnification: 400x
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Figure 3.
The presence of mononuclear cells in the interstitial space, necro-
sis of the urinary tubules and the congestion of the affected areas.
H & E staining. Magnification: 100x

Figure 4.

The aggregation of fibroblasts around glomeruli, infiltration of
mononuclear cells into interstitial tissue, the accumulation of
connective tissue and the collagen fibers in the interstitial space
without the presence of any congestion. H & E staining. Magni-
fication: 200x

trix (ECM) proteins in the renal interstitium, a finding
known as interstitial fibrosis (14). The results of Vit D3
concentration showed that all samples examined were
within a normal value range, and there was no signifi-
cant difference between the healthy and lesion groups
in this regard. However, a statistically significant neg-
ative correlation was found between the levels of EPO
and PTH in the CTN group. Indeed, the secondary
hyperparathyroidism, as a common complication of
CKD, resulted from the interaction of several different
factors initiated by the loss of kidney tissue and the in-
ability to excrete the daily load of phosphates, causing
an increase in its serum levels. In effect, hyperphos-
phatemia stimulates the posterior liberation of fibro-
blastic growth factor 23 (FGF23) by osteocytes, which

VST |2020-1 (22) | DOI: 10.22067/veterinary.v12i1.85313

inhibits proteins NaPilla and NaPillc in the proximal
convoluted tubule generating phosphaturia. It also
inhibits the activity of the la- hydroxylase renal en-
zyme, diminishing the synthesis of active vitamin D
(1, 25(OH)2D), leading to a reduction in the intesti-
nal absorption of calcium and phosphorus, and serum
levels of phosphorus. The final outcome of lowering
phosphorus is an increase in the levels of FGF23 and
hypocalcaemia, the latter causes an increase in the
synthesis and liberation of parathyroid hormone (15,
16).

In Restrepo and Aguirre (2016) study on the level
of vitamin D in patients with CKD stages, 21.1% of
the patients had normal vitamin D levels, 70.1% were
within the insufficient range, while 8.8% were in defi-
cit. Moreover, a negative correlation was found be-
tween the levels of vitamin 25 (OH) D and the values
of PTH. They also found low levels of vitamin 25(OH)
D in patients with CKD, leading to the appearance of
secondary hyperparathyroidism. The active vitamin
D or calcitriol has indeed important functions in pa-
tients with CKD as it promotes the intestinal absorp-
tion of calcium and phosphorus, increases the distal
tubular absorption of calcium in the kidney and ex-
erts negative feedback on the parathyroid gland, low-
ering the synthesis and secretion of the parathyroid
hormone (PTH). Thus, a sufficient supply of native vi-
tamin D (25(OH) D) in the form of ergocalciferol (vi-
tamin D2) or cholecalciferol (vitamin D3) is required
for its synthesis in the kidney’s proximal convoluted
tubule. As such, a progressive reduction in the levels
of active vitamin D has been observed in patients with
CKD proportional to the decrease of their glomeru-
lar filtration rate. It has been assumed that this hap-

Figure 5.
Protein leakage, hyaline casts, and the necrosis of the urinary
tubule cells are observed. H & E staining. Magnification: 100x



pens due to a smaller amount of renal mass and the
decrease in the number of proximal tubular cells that
absorb the filtered native vitamin D (25(OH) D) to
then be hydroxylated to its active form by the la-hy-
droxylase (17).

Nikodimopoulou and Liakos (2011) reported
that the secondary hyperparathyroidism (SHPT), as
a common disorder in patients with CKD, is char-
acterized by excessive serum parathyroid hormone
(PTH) levels, parathyroid hyperplasia and an imbal-
ance in the calcium and phosphorus metabolism. In
turn, the SHPT develops early in the course of CKD
and becomes more prominent as the kidney function
declines (18). Interstitial nephritis is indeed caused by
different infective agents including bacterial, viral and
protozoal agents such as Escherichia coli, sheep pox vi-
rus, Adenovirus and Leptospira (19).

To determine the prevalence and type of urinary
bladder and renal lesions in the slaughtered buffaloes
at Ahvaz industrial slaughterhouse, Mohamadian et
al. (2016) randomly selected a total of 353 buftaloes
for gross histopathological studies. The histopatholog-
ic findings showed that 128 (36.3%) of the examined
animals had renal lesions including interstitial ne-
phritis (27.2%), acute tubular necrosis (ATN) (3.1%),
hydronephrosis (2.5%), glomerular capillary hemor-
rhage (1.7%), pyelonephritis (1.4%), glomerulone-
phritis (0.3%). Besides, interstitial nephritis was found
to be the major observed lesion (75%) and also the
most common histopathological lesions of the kid-
ney identified in buffaloes. As the statistical analysis
showed, gender and age were not correlated with the
renal lesions (20).

In another research, Nikvand, et al. (2014) showed
that the isolation of bacteria from urine was not relat-
ed to cystitis and pyelonephritis. Indeed, some cases of
chronic cystitis were not able to isolate bacteria from
urine and for causing pyelonephritis they need predis-
posing factors which caused urine retention (21).

According to histopathological findings of Bagh-
ban and Yaripour (2016), interstitial nephritis was
the most abundant condition observed in 69 cas-
es (71.13%) of sheep kidneys and 68 cases (72.34%)
of goat kidneys. The other renal lesions observed in
sheep included purulent abscess in 15 cases (15.47%),
pyelonephritis in 6 cases (6.18%), nephrosis in 5 cases
(5.16%) and hydatid cyst in 2 cases (2.06%). In goats,
the renal lesions were purulent abscess in 10 cases
(10.64%), pyelonephritis in 4 cases (4.25%), nephro-
sis in 4 cases (4.25%), amyloidosis in 2 cases (2.13%),
hydatid cyst in 3 cases (3.19%), infarction in 2 cases
(2.25%) and congestion in 1 case (1.07%). The statis-
tical analysis showed a significant difference (p <0.05)
in relation to the lesions observed in the condemned
kidneys between the two sexes. The results also
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showed that interstitial nephritis followed by purulent
abscesses and pyelonephritis was the most abundant
lesion in the condemned kidneys of sheep and goats
(22).

Examining sheep from different breeds in Tur-
key, Hatipoglu et al. (2001) found renal abnormalities
macroscopically and microscopically in 316 (3.13%)
head of sheep. The most prevalent renal lesions in
sheep was interstitial nephritis in 203 (62.24%) head
of sheep (23).

In another study, Ansari-Lari (2007) determined
gross abnormality changes in the condemned kidneys
of sheep and goats to be 1.5-3% in the Shiraz slaugh-
terhouse. Also, Ansari-Lari reported the abundance of
kidney condemnation in sheep and goats to be 1.1 and
2.3%, respectively. Moreover, nephritis was identified
as the most important reason of kidney condemnation
in sheep and goats with 25% and 16% abundance, re-
spectively (4). In another study, Mathur and Dadhich
(2005) reported that from 1284 head of sheep exam-
ined, 223 head of sheep with apparent macroscopic
lesions showed interstitial nephritis in 45 (20.17%)
samples (24).

Investigating bovine kidney diseases in Shahre-
kord district, Kojouri et al. (2008) showed that the
prevalence of renal diseases in Shahrekord slaugh-
terhouse was approximately 7.9%. The relative fre-
quency of disorders was reported as interstitial ne-
phritis (34.18%), cyst (27.85%), hydatid cyst (11.4%),
glumerulonephritis (3.8%), acute tubular necrosis
(5.06%), fibrosis (3.8%), hydronephrosis (3.8%), ab-
scess (2.53%), hemorrhage and congestion (3.8%), re-
nal dysplasia (1.26%), infarction (1.26%) and hyaline
cast (1.26%) (25).

Using the slaughterhouse data in Dublin,
Monaghan and Hannan (1983) reported that 4.2% of
4166 cattle slaughtered had kidneys that were reject-
ed due to gross abnormalities. The rejection rate was
7.7%, 1.7%, 2.2% and 28% for cows, bullocks, heifers,
and bulls, respectively. Besides, the focal interstitial
nephritis was found to be the most frequent renal le-
sion (60.1%) in the slaughtered cattle (26).

Similarly, investigating the prevalence and types
of renal lesions, Nourmohammadzadeh et al. (2010)
reported that 35 (8.6%) of the examined animals had
renal lesions including interstitial nephritis (85.7%),
cyst (11.4%), glomerolonephritis (5.7%), ATN
(5.75%), pyelonephritis (2.85%), amyloidosis (2.85%),
leukosis (2.85%), hydronephrosis (2.85%), and unilat-
eral renal aplasia (2.85%). Moreover, the prevalence of
renal lesions in female and male cattle was 8.5% and
9.4%, respectively, which was not statistically signifi-
cant. Likewise, the prevalence of renal lesions in cows
and heifers was found to be 10% and 2.8%, respective-
ly, which was statistically significant (27).
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In another study, aiming to assess the prevalence
of renal lesions in the slaughtered cattle in the Shiraz
slaughterhouse, Taghadosi, et al. (2016) reported the
correlation between the rejected kidneys and infec-
tion with Leptospira using the nested PCR-restriction
fragment length polymorphism (RFLP) techniques.
The findings showed that out of 1000 inspected an-
imals, 205 (20.5 %) had renal lesions. Among them,
chronic nephritis (7.5%), white-spotted kidney (7.3
%), and petechial hemorrhage (3.5 %) were the most
prevalent forms of the lesions. Moreover, a direct cor-
relation between increasing the age and a significant
increase in the rate of lesions was also observed (29).

Conclusion

As the findings showed renal disorders in livestock
may appear subclinically leading to their reduced pro-
duction performance without any clinical signs. Thus,
further studies are required to determine the other as-
pects of renal subclinical diseases in the cattle slaugh-
tered. Moreover, the changes in the level of kidney
function-related hormones such as EPO, PTH, and
vitamin D were found likely to affect the metabolism
of many organs, causing significant economic losses
by reducing the growth and production in the meat
and dairy industry. The results of this study could thus
help veterinary clinicians and other stakeholders in
the field of buffalo breeding improve their knowledge
about the role of healthy kidney in the maintenance of
buffalo healthy conditions.

Material and methods

Having identified the specifications of buffaloes, 5 ml of
blood samples were taken from each animal in clot tubes imme-
diately after the slaughter at Ahvaz industrial slaughterhouse. The
blood samples were centrifugated after being transferred to the
laboratory at 2500 rpm for 10 minutes. Then, the serum was sep-
arated and stored in a freezer at -70 °C until the tests were carried
out. The ELISA method was used to measure the levels of EPO,
PTH and serum Vit D3. The EPO ELISA kit (Mybiosource, cat no:
MBS907898; USA) assay has high sensitivity and excellent speci-
ficity for detection of bovine EPO. No significant cross-reactivity
or interference between bovine EPO and analogues was observed.

Bovine parathyroid hormone (PTH) was, in turn, measured
by the ELISA Kit (Abbkine cat: KTE10155; USA). The PTHELISA
Kit employs a two-site sandwich ELISA to quantitate PTH in the
samples. Vitamin D ELISA kit (Mybiosource, cat no: MBS744057;
USA) assay has high sensitivity and excellent specificity for the
detection of Vitamin D. No significant cross-reactivity or interfer-
ence between Vitamin D and analogues was observed.

After the slaughter was done, kidneys were isolated from
the buffalo carcasses to examine their appearance and record any
probable macroscopic lesions. In case of any macroscopic lesion or
abnormality, a proper sample was taken from the lesion site, while
in the absence of any macroscopic lesion, the sample was taken
from one of the lobes near the umbilical region of the kidney and
transferred to the pathology lab in 10% formalin. The tissue sam-
ples were then placed in a 10% formalin buffer container (10 times
the sample volume) and 24 hours later, formalin was replaced. Af-
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ter a week, each sample was made up of sections of 2 to 3 mm in
diameter and placed in special containers with specified numbers.
If the specimen had a macroscopic lesion, it was taken from the
same site. Afterwards, the baskets were placed under running wa-
ter for 4 hours and then transferred to the Autotechnicon (Leica,
Germany) tissue processor. The process of tissue passage involv-
ing dehydration, clearing and impregnation was carried out on
the tissue processor. After 18 hours, the specimens were extract-
ed from the device and paraffin blocks were prepared. The blocks
stored in the laboratory temperature and also in the refrigerator
for one day were prepared using a 5-micrometer section of the
microtome. After placing the tissue sections on the slide, paraffin
was melted in a hot air oven at 50-60 degree centigrade depend-
ing upon the melting point. Then, the samples stained with the
hematoxylin-eosin method were used for histopathological evalu-
ation. If necessary, the Periodic acid-Schiff (PAS) staining method
was also used. After careful examination of the prepared slides,
healthy kidney specimens were separated and the lesions samples
were divided into five groups according to the type and severity of
the lesions including ATN, CTN, chronic multifocal tubulointer-
stitial nephritis, UTI and congestion. Then, different types of his-
topathological disorders of kidney, the changes in EPO, PTH, and
vitamin D values along with the correlation between the hormonal
changes and histopathologic lesions were studied statistically us-
ing SPSS-22 software and the related tests.
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ABSTRACT

The present study examined the effects of overripe banana (Musa cavendish) pulp and
green banana peel extract and powder on oxidants/antioxidants parameters and some min-
erals in Holstein dairy calves. Forty newborn calves were randomly divided into four groups
of 10 (control, group one, group two and group three). The groups were homogenous for the
parity of the dams and the time of birth. Within 12-48 hours of birth, calves were assigned
to their treatment groups. In the control group, animals received no banana meal. In group
one, calves were supplemented with 2 g (dry matter)/kg body weight/day of overripe banana
pulp extract for five days. The calves in group two were supplemented with 1 g (dry matter) of
overripe banana pulp extract /kg body weight/day and 1 g (dry matter) of green banana peel
extract/kg body weight/day for five days. The animals in group three were supplemented with
2 g/kg body weight/day of green banana peel powder for five days. Blood samples were taken
on day 0 (at birth) and on days 7, 15 and 30 through the jugular vein. Age (the time of sam-
pling) had a significant effect on the values of phosphorous, potassium, iron, copper, FRAP
and activity of GPx enzyme (p < 0.05). Significant group and sampling time interaction was
seen for the FRAP concentrations (p < 0.05). In conclusion, banana supplementation in the
Holstein dairy calf’s diet at the concentration and duration that was reported in the present
study had beneficial effect on the values of FRAP.
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SOD: superoxide dismutase
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www.IJVST.um.ac.ir Corresponding author Email: mohri@um.ac.ir
Mehrdad Mohri

Tell/Fax: +98 513 880 5643



Introduction

Calves are the substitution stocks for cows
and bulls in a herd and their initial growth is
the most important phase of their life. The nutrition
of calves is an important factor in their health. For
this reason, the diet of calves has been supplement-
ed with many feed additives. Also, herbs are being
used recently. The antioxidants of herbs may reduce
the incidence of morbidity and mortality by reducing
oxidative damage and improve the pre-weaning calf
performance [1].

Banana is one of the most important tropical fruit
crops, which belongs to the order of Zingiberales, the
family of Musaceae and genus Musa [2]. Banana can
be classified into commercial and non-commercial
cultivars. The non-commercial ones are also referred
to as indigenous varieties because their cultivation for
export or trade is rare [3]. Non-commercial banan-
as which are cultivated in the south, the east and the
southeast of Iran can be utilized as animal food. The
use of natural products in the ration of food for ani-
mals results in the reduction of the presence of chem-
ical residues in human foods [4]. All different parts of
the banana plant including fruits, peels, leaves, roots,
bulbs, flowers, gels and barks have medicinal utiliza-
tions [5, 6].

Bananas contain high levels of minerals such as
potassium and phosphorus. The pulp and the peel
possess various antioxidants including phenolic com-
pounds such as catechin, epicatechin, lignin, tannins,
anthocyanins, vitamins (A, B, C and E) and B- caro-
tene. Forty percent of the total weight of fresh bananas
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is peel which is considered as a rich source of protein,
crude fat, lipid, dietary fiber, pectin, micronutrients,
polyunsaturated fatty acids, and essential amino acids.
Different studies have been conducted on the effects
of various parts of banana plant supplementation in
humans, small and large laboratory animals, chick-
ens and even in prawns. In these studies, the effects
of adding banana meal to ration have been evaluat-
ed on health, growth performance, feeding behavior,
milk production, carcass characteristics, hematologi-
cal, biochemical and immunological factors, diseases
like metabolic disorders, and wound healing [4, 7-31].
In vitro studies have also been done for assessing the
antimicrobial effects of bananas [5, 6, 32-36].

To the best of our knowledge, there is just one
study on calves which has evaluated the effect of di-
etary supplementation of bananas on immunocyte
populations [7]. Hence, this study was conducted to
investigate the effects of dietary supplementation of
extract of overripe banana pulp, extract of green ba-
nana peel with extract of overripe banana pulp togeth-
er, and powder of green banana peel on oxidants/an-
tioxidants variables and some mineral concentrations
of Holstein dairy calves.

Results

The treatment (group) had no significant effect on
the measured variables (p < 0.05). Age (time of sam-
pling) had a significant effect on the values of phos-
phorous, potassium, iron, copper, FRAP, and activity
of GPx enzyme (p < 0.05). No significant effect was
seen for calcium, sodium, zinc, MDA, and SOD. The

gle)leef;ects of treatments on measured minerals (LSM and SE) between trial groups.
LSM

Parameter Control  Group1' Group2? Group 3’ SE+ Age Group  Age x Group
Ca (mg/dL) 11.33 11.97 12.20 11.37 0.43 NS NS NS

P (mg/dL) 7.04 7.15 7.17 6.95 0.36 S NS NS

Cu (pg/dL) 71.22 69.44 67.59 67.52 4.80 S NS NS

Zn (ug/dl) 152.62 147.3 156.16 140.48 11.28 NS NS NS

Fe (pg/dl) 120.84 94.55 86.18 74.98 15.76 S NS NS
Na (mEq/L) 148.28 145.98 150.88 146.30 3.44 NS NS NS

K (mEq/L) 6.34 6.14 6.12 5.66 0.36 S NS NS

': Overripe banana pulp extract supplemented group, * Overripe banana pulp extract + green banana peel extract supplemented
group, *: Green banana peel powder supplemented group, *: Standard error
S: significant effect (p < 0.05), NS: non significant effect, Ca: calcium, P: phosphorous, Cu: copper, Zn: zinc, Fe: iron, Na: Sodium, K:

potassium
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significant treatment and the sampling time interac-
tions (treatment x sampling time) were seen for the
quantities of FRAP (p < 0.05), while there were no

significant interactions for the other variables (Tables
1-3).

Table 2
The effects of treatments on oxidants/antioxidants characteristics (LSM and SE) between trial groups.
LSM
Parameter Control Group 1! Group2* Group 3® SE* Age Group  Age x Group
FRAP ( mmol
Fe2+/L ) 2.35 2.29 2.36 2.36 0.06 S NS S
MDAm(lr)‘mOU 2.20 3.03 3.31 2.65 0.67 NS NS NS
SOD (Units/ 13924 13619 13805 13729 233.89 NS NS NS
gr Hb)
GPx (H%I;‘“/ 8T 2390.66 2386.71 2445.11 2559.58 106.41 S NS NS

': Overripe banana pulp extract supplemented group, > Overripe banana pulp extract + green banana peel extract supplemented
group, *: Green banana peel powder supplemented group, *: Standard error
S: significant effect (p < 0.05), NS: non significant effect, FRAP: Ferric Reducing Ability of Plasma, MDA: malondialdehyde, SOD:

superoxide dismutase, GPx: glutathione peroxidase

Table 3

The effects of treatments on FRAP amount (LSM + SE) with a significant age and group interaction at various

sampling time (age).

Age Control Group 1! Group 2? Group 3°

FRAP (mmol Fe2+/L)
Day 0 2.26 £0.082 2.14 £ 0.082 2.30 £0.092 2.13£0.082
Day 7 2.43 +0.08* 2.41 +£0.082 2.55+0.092 2.44 +0.082
Day 15 2.28 £0.082 2.33 £0.082 2.29 £0.092 2.61 +.08°
Day 30 2.42 £0.082 2.28 £0.082 2.30 £0.092 2.27 £0.082

': Overripe banana pulp extract supplemented group, *: Overripe banana pulp extract + green banana peel
extract supplemented group, *: Green banana peel powder supplemented group
Means within rows lacking a common superscript, were significantly different (p < 0.05 or 0.05 < p < 0.1)

Discussion

Levels of iron significantly increased from birth to
day 30 which is consistent with the results of another
study in calves [37], but in contrast with the report
from Mohri et al. (2007) [38]. The discrepancy may be
resulted from the influence of body iron reserve and
the iron content of the diet. In the present study, the
concentration of potassium declined on day 30 com-
pared with its amounts at birth except in group 3 be-
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cause of high potassium content (78.1mg/g) of banana
peel [39, 40]. The decreased value of potassium, can be
justified by a significantly lower tubular resorption of
potassium in calves in postnatal period than sodium
and chloride which are similar to the levels in adult
animals [41].

In agreement with our results, Mohri et al. (2007)
reported that phosphorus levels significantly increased
by age [38]. This can be attributed to the enhancement
of renal phosphate reabsorption by growth hormone,
which is high in growing animals [42]. Copper value



significantly increased from birth to day 30, similarly
in the study of Enjalbert et al. (2002) reporting that
plasma copper concentration in calves increased after
birth and reached its normal values at 3 weeks of age
[43]. This can be attributed to the elevation in the con-
centration of liver copper in the first 2 months of life
and the increased absorption of copper in newborn
calves in comparison with adults in response to phys-
iological needs for bone and connective tissue growth
and development [44].

Age had a significant effect on the activity of GPx
enzyme and the values of FRAP. The activity of GPx
was significantly declined on day 30 compared with
its activity at birth. Previous studies reported similar
results and mentioned that age related changes in the
antioxidants status can be detected in several species
and several tissues, and factors such as nutrition and
hormones have important effects on the activity of
GPx [45, 46]. Micronutrients such as Zn, Cu, Fe and
Mn improve the efficiency of antioxidant system [47],
so the results obtained for the values of FRAP may be
resulted from the significant increase in the amounts
of Cu and Fe.

In the calves supplemented with unripe banana
peel powder, the amounts of FRAP were higher than
the other three groups on day 15. FRAP assay, is a
novel method for evaluating the antioxidant power.
The total FRAP is dependent on the individual plas-
ma antioxidants (uric acid, ascorbic acid, vitamin E,
bilirubin, albumin, and others) [48]. The reason for
the higher value of FRAP in calves supplemented with
peel powder compared with those supplemented with
pulp extract is the higher antioxidant content of the
peel. Although the amounts of ascorbic acid regard-
less of the ripening stage was constant (10 mg/100 g)
in both peel and pulp [49]. The amounts of most oth-
er antioxidants are higher in the peel than pulp [50].
In the study of Fatemeh et al. (2012) the amounts of
total phenolic and flavonoid contents were higher in
the Cavendish variety, the green stage and the peel
of banana than pulp [50]. Similarly, Sundaram et al.
(2011) revealed that fruit maturation and ripening
was accompanied by a decrease in the activities of
phenolic compounds and antioxidant enzymes [51].
Devatkal et al. (2014) correlated the antioxidant ca-
pacity of bananas to their gallocatechin and dopa-
mine contents [52]. They observed that gallocatechin
was more abundant in the peel (158 mg/100 g dry
wt.) than in the pulp (29.6 mg/100 g dry wt.). Gallo-
catechin is a polyphenol and a major catechin in the
banana. Catechins are the strongest antioxidants in
phytochemicals [50]. In the study of Kanazawa and
Sakakibara (2000) on the antioxidants of Musa cav-
endish, large amounts of dopamine in both the pulp
and the peel were found. The amounts of dopamine,
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a strong water-soluble antioxidant in the peel (80-560
mg/100 g) were greater than the amounts in the pulp
(2.5-10 mg/100g) and decreased a little with ripening.
Flavanone glycoside naringin and flavonol glycoside
rutin are two antioxidative phytochemicals in bananas
that are mostly in the peel (10 mg) compared with the
negligible amounts in the pulp [49]. Also, carotenes
and tocopherols were appreciable in the peel and less
in the pulp [50]. These reports are in agreement with
our results in the group three in which the FRAP val-
ues were more than that of calves supplemented with
pulp. Furthermore, in calves supplemented with un-
ripe banana peel powder the FRAP values were higher
in comparison with those in group two. It seems that
the causative agent may be the differences in process-
ing techniques for preparing unripe banana peel sup-
plement (extract or powder) which result in the re-
duction of the antioxidants in the extract.

Treatment did not have any significant effects on
the activity of MDA and the antioxidant enzymes
of SOD and GPx. Giri et al. (2016) reported that in
Labeo rohita (is a species of fish belonging to Cyprin-
idae family) supplemented with yellow banana peel
flour for 60 days, the activity of antioxidant enzymes
SOD and GPx were significantly higher and MDA ac-
tivity was significantly lower compared with the con-
trol group [53]. In prawns supplemented with green
banana peel extract for 120 days a significant increase
in SOD activity has been observed [30].

Change in antioxidant parameters and lipid per-
oxidation happens more slowly in RBCs than in the
plasma or serum [54]. On the other hand MDA that
is generated from lipid peroxidation is known as a
marker of oxidative stress in cells [55]. Thus, it can
be concluded that after antioxidant supplementation
(and increasing FRAP amount in serum), antioxida-
tive defense in cells (GPx and SOD) and consequently
the amount of MDA change slowly. In addition, it is
important to note that in neonatal calf erythrocyte,
the pro-oxidant features predominate over antiox-
idant features which make it susceptible to oxida-
tive damage. As a result of higher autoxidation, the
amounts of peroxide, hydroxyl and superoxide rad-
icals produced from foetal haemoglobin in neonatal
erythrocytes are more than these generated from adult
haemoglobin. Furthermore, in newborn the activities
of GPx and catalase enzymes and the ability to renew
fatty acids are reduced and the amounts of vitamin E
in young animals’ erythrocytes is inadequate which
has an important role in preventing membrane lipids
autoxidation [56]. As a result of lower antioxidative
defense in neonatal calves’ RBCs, ROS and lipid per-
oxidation products including MDA are increased [55,
56]. Moreover, consumption of solid feed in growing
calves results in a period of oxidative stress from 2nd
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week of life [54].

In addition, in the present study the duration of
supplementation with banana (pulp and/or peel, ex-
tract or powder) was short in comparison with the
previous studies that reported a reduction of MDA
activity as a result of banana peel [53] or pulp sup-
plementation [57]. All these reports are in agreement
with our results which show no significant differences
in MDA level between treatment groups and control
and also unchanged GPx and SOD activity.

In conclusion, banana supplementation in the Hol-
stein dairy calf’s diet at the concentration and dura-
tion that was reported in the present study had bene-
ficial effects on the values of FRAP. Further studies are
required to identify the optimal dosage and duration
of banana supplementation in dairy calves.

Material and methods

Experimental design

The duration of study was seven months, from 18 August
2017 to 18 March 2018 in a dairy herd with about 210 calves per
year at the suburbs of Mashhad (northeast of Iran). This herd con-
sists of pure bred animals of Holstein breed. The herd was totally
restricted in open-shed housing with no access to pasture. The in-
gredients of dry cow ration in both far off dry period and close up
dry period are shown in Table 4. The ration was balanced accord-
ing to NRC recommendations (NRC, 2001).

After parturition, the umbilicus of each calf was treated with
povidone iodine and they were allowed to remain with their dams
until the umbilicus dried off. The calves were weighed, then their
sex was recorded and they were transferred to individual pens bed-
ded with straw. Within the first 6 hours of life, the calves were fed
dam’s colostrum by nipple bottle in amounts of 10% of their body
weight and the colostrum feeding was repeated every 8 hours for
48 hours. Then, herd milk was replaced for feeding twice daily (2
kg every 12 h) until seventy days of life. The calf starter ration was
also balanced according to NRC recommendations (NRC, 2001).
After transferring them to an individual pen, the animals had free
access to clean drinking water. The calves were weaned at seventy
days of life.

Forty newborn Holstein dairy calves from both sexes were
selected for the study. The animals were randomly divided into
four groups of ten. The groups were homogenous for parity of
dams and time of birth. In the control group, animals received no
banana meals. In group one, calves were supplemented with 2 g
(dry matter)/kg body weight/day of overripe banana pulp extract
for five days. Calves in group two were supplemented with 1 g (dry
matter) of overripe banana pulp extract /kg body weight/day and
1 g (dry matter) of green banana peel extract/kg body weight/day
for five days. In group three animals were supplemented with 2
g/kg body weight/day of green banana peel powder for five days.
The amounts and duration of supplementation were selected ac-
cording to a previous report in calves (7). The extract or powder
was mixed with milk or warm water and was administered to the
calves orally in a milk bottle. All other aspects of their diets were
identical for all groups including the control group.

Preparation of aqueous extracts

Ripe and also completely green Bananas (Musa cavendish)
were purchased locally from a banana local market without any
ethylene gas exposure and were stored at 20 °C for 24 h before
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extraction.

Preparation of green banana peel extract

Green bananas were rinsed thoroughly in tap water, surface
sterilized with 70% alcohol and then they were rinsed by distilled
water to remove any contaminants. Peels were manually separated
from the pulp and they were put into 70 °C water for 20 second
to inactivate polyphenol oxidases. The peels were cut into small
pieces by using a sharp knife and they were dried in an oven at 60
°C for 38 h. Then, the dried peel was ground into a powder with
an industrial grinder. The milled peel was mechanically stirred for
2 h (1 gin 10 ml distilled water) in a vacuum evaporator under
reduced pressure at 60 °C. After extraction, the extract was cen-
trifugated for 15 min at 3500 rpm. The supernatant containing the
water-soluble extracts was transferred into 50 ml falcon tubes and
it was stored at -70 °C until the experiment started.

Preparation of overripe banana pulp extract

Yellow bananas were left at room temperature until peels be-
came yellow brown and the edible portion became leaky (over-
ripe). The peels were separated from the pulps by hand. The flesh
was weighed, cut into appropriate sizes, and mixed with a 3-fold
weight of deionized water in a vacuum evaporator under reduced
pressure at 60 °C for 10 h. The homogenate was centrifuged at
1500 rpm for 15 minutes. The obtained supernatant was trans-
ferred into 50 ml falcon tubes and was stored at -70 °C until the
experiment started.

Preparation of green banana peel powder

The peels were manually separated from the pulp and were
cut into small pieces. Pieces were shade-dried for about two weeks
and then they were crushed to make a coarse powder in a pulver-
izer. The powder was stored in cold, dry and dark place until the
experiment started.

Calculating dry matter

The moisture content of the extracts was calculated on the
basis of weight loss after the sample had been heated in an oven
at 105 °C. The DM content of pulp and peel extracts were 45.86%
and 8.5%, respectively.

Blood sampling

The blood samples were taken on day 0 (at birth) and on days
7,15, and 30 through the jugular vein with the aid of disposable sy-
ringes. 2.5 milliliters of blood was transferred into EDTA-3K tubes
for hematological analysis and hemolysate preparation and 7.5 ml
was transferred to plain tubes for serum separation. As soon as
collection done, all tubes were placed on ice and were immediate-
ly transferred to the laboratory. The blood in the plain tubes was
allowed to clot at room temperature and then it was centrifugated
for 15 min at 3000 rpm for serum separation. The serum was ali-
quoted into 1.5 ml microtubes and the sample code was written on
them. The serum was frozen at -20 °C until analysis.

Minerals measurement

Calcium (Ca), phosphorous (P), iron (Fe), sodium (Na), po-
tassium (k), copper (Cu), and zinc (Zn) concentrations in serum
were measured by commercial colorimetric kits (for Ca, P and Fe:
Pars Azmoon, Tehran, Iran and for Na, K, Cu and Zn: DIALAB,
Wiener Neudorf, Austria) using an autoanalyzer (Mindray, BS-
200E, Shenzhen, China). The control serum (Centronorm, cen-
tronic GmbH, Wartenberg, Germany) was used for controlling
measurement accuracy. The inter assay and intra assay of methods
were less than 5%.



Estimation of serum oxidant/antioxidant char-
acteristics

MDA in the serum samples was estimated by reaction with
thiobarbituric acid (TBA) at a high temperature to generate a
MDA-TBA adduct. The pink color adduct was measured spec-
trophotometrically at 530-540 nm (Nalondi assay kit, Navand
Salamat, Orumieh, Iran). Kit sensitivity was 0.1 nmol/well.

Measurement of Ferric Reducing Ability of Plasma (FRAP): An-
tioxidant potential in the serum samples was measured through
reduction of ferric iron (Fe**) to ferrous iron (Fe?*) by single elec-
tron-transfer mechanism by antioxidants present in the serum.
Change of color of the reaction was estimated colorimetrically at
593 nm (Naxifer assay kit, Navand Salamat, Orumieh, Iran). The
antioxidant potential of the samples was determined using a fer-
rous iron standard curve. Kit sensitivity was 2 umol Fe?".

Hemolysate preparation

Blood samples in the anticoagulant containing tubes were
centrifugated at 3000 rpm for 5 minutes. The plasma and bufty
coat layers were removed immediately and normal saline (0.9%
NaCl) with approximately two times the volume of the packed
RBC that was added for washing. Then, the tubes were centrifu-
gated at 2000 rpm for 5 minutes. The washing process was repeat-
ed four times. After the 4th washing, cold redistilled water was
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added to the washed RBC in a ratio of 3:1 and vortexed vigorously
to make hemolysate. After final centrifugation, the hemolysate
was refrigerated at 4 °C for 15 min and then it was aliquoted to 1.5
ml micro tubes on which the sample code was written and they
were frozen at -20 °C until analysis.

Estimation of antioxidant enzymes activity

The activities of superoxide dismutase (SOD) and glutathi-
one peroxidase (GPx) were measured colorimetrically in hemo-
lysate samples using Ransod and Ransel commercial kits, respec-
tively (Randox Co., Crumlin, United Kingdom). The inter assay
and intra assay of SOD measurement method were 7.07% and
3.58%, respectively and the sensitivity was < 6.13 U/ml. The total
assay and intra assay of GPx measurement method were 4.37%
and 3.2%, respectively, and the sensitivity was 75 U/L.

Statistical Analysis

The data was subjected to repeated measure analysis of vari-
ance (ANOVA) using the PROC MIXED of SAS 9.2 (SAS institute
Inc.). Normality of all variables was evaluated by univariate pro-
cedure. The outcome variables with Shapiro-Wilk values of > 0.05
were considered as normal (FRAP, phosphorous, sodium) and all
the other variables were transformed by using a natural logarith-
mic transformation to reach a normal distribution. The time of
sampling (0, 7, 15 and 30), group (control, group one, two and
three), sex and parity of dams were used as independent effects

The ingredients of dry cow ration in both far off dry period and close up dry period.

Ingredients Far off dry period ration (%) Close up dry period ration (%)
Alfalfa hay 17.79 13.71
Corn silage 25.22 19.45
Wheat straw 31.16 13.73
Barley grain rolled 10.37 16
Corn grain ground dry 5.73 16.68
Wheat bran 7.7 6.14
Fish meal 1.27 -
CaCo3 0.23 -
Salt 0.24 -
Canola meal - 2.67
Soy meal, expellers - 6.59
Anionic supplement - 3.92
TMS - 1.11
Vitamin/mineral supplement* 0.29 -
Total 100 100
Calculated dry matter intake 14 kg 17 kg

*Supplements contain/kg: Vit A 1,000,000 IU, Vit D3 300,000 IU, Vit E 10,000 IU, Ca 6118 mg, P 1500 mg, Mg
5000 mg, Mn 1000 mg, Zn 1000 mg, Cu 500 mg, Se 50 mg, lodine 50 mg, Fe 1000 mg, Co 5 mg and antioxidant

1000 mg.
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and all measured variables were considered as dependent. The
results were expressed as Least squares means (LSM) + standard
errors of means (SE) in each group. The effects of independent
factors were considered significant at p < 0.05, whereas a trend
toward significance was noted at 0.05 < p < 0.1.
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Effect of four local anesthetics (tetracaine, bupivacaine,
lidocaine and proparacaine) on intraocular pressure in
rabbits- Comparison of an applanation and a rebound
tonometer
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ABSTRACT

The type of device used, the type of local anesthetic agents, and the animal species may
affect the intraocular pressure (IOP). Therefore, in order to determine these issues, the effects
of four local anesthetics were investigated in 10 adult rabbits by ICare TAO1i and Tono-Pen
Vet tonometers. In the right eye of half of the rabbits and in the left eye of the other half of the
rabbits, one drop of tetracaine was instilled. The IOP in each rabbit was measured using two
tonometers, ICare and Tono-Pen Vet, before and each 5 minutes until 40 minutes later. The
effects of other drugs were also studied at least with one-week interval. Based on the results
of ICare tonometer, tetracaine significantly reduced the IOP immediately and 25 minutes
after instillation. IOP changes after instillation of bupivacaine, lidocaine and proparacaine
were not significant at any time compared to baseline values (p > 0.05). Based on the results
of Tono-Pen Vet tonometer, all drugs reduced the IOP immediately after use; however, the
effects of bupivacaine and lidocaine on IOP were much lower than that of tetracaine and
proparacaine. The average duration of corneal anesthesia were 20, 15.5, 7.5 and 21 minutes
for tetracaine, bupivacaine, lidocaine, and proparacaine, respectively. It is concluded that IOP
reduction by local anesthetics when Tono-Pen Vet is used is much greater than the ICare to-
nometer measurements. Also, the reduction of IOP with each of the devices when tetracaine

or proparacaine is used is greater than when bupivacaine or lidocaine is used.
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Introduction

laucomas are a group of eye diseases that

commonly affects the optic nerve head and
are caused by various factors, especially the increase
of intraocular pressure (IOP). Therefore, in many cas-
es, the intraocular pressure should be measured to
diagnose the glaucoma (1). In order to measure the
intraocular pressure, it is often necessary to use top-
ical anesthetics (2, 3). The use of topical anesthetics
may affect the IOP. Many studies have shown that the
use of topical anesthetic agents reduce the IOP (4-8).
On the other hand, there are other studies that have
reported opposite findings, and have shown that these
drugs do not change the IOP (9-11). The causes of
these differences can be due to many factors (12, 13).
We have previously shown in a study that tetracaine
reduced the IOP in healthy and glaucomatous rabbits
(8). In that study, the reduction of IOP in glaucoma-
tous rabbits was higher than healthy rabbits. There-
fore, one of the causes of differences in reports is the
initial amount of IOP. In another study, we investigat-
ed the effects of tetracaine, bupivacaine, lidocaine, and
proparacaine on IOP in the dogs (14). In that study we
used a rebound tonometer (TAO1i tonometer, ICare,
Finland) that registers the IOP with lower ranges than
the other tonometers (15, 16). In that study, tetracaine
and proparacaine decreased the IOP, but the effect of
lidocaine and bupivacaine on IOP was not significant.
Therefore, another cause of the differences in reports
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is the types of drugs used. We thought that the third
major factor is the type of device used to measure the
IOP. Therefore, in the present study, we investigated
the effect of four local anesthetics (tetracaine, bupi-
vacaine, lidocaine and proparacaine) on intraocular
pressure in rabbits using two types of tonometers (re-
bound ICare and applanation Tono-Pen Vet). With
this aim in mind, we asked whether the type of drug,
the type of device and animal species are effective in
changing the IOP. Also, the duration of anesthesia in
rabbits was measured and compared with other stud-
ies.

Results

Tetracaine

The results of intraocular pressure measurements
with the ICare rebound and Tono-Pen Vet tonometers
after the tetracaine instillation are shown in Fig. 1. The
ICare tonometer readings showed that, IOP was im-
mediately decreased after the administration of drug
so that it was significant at times zero (p = 0.046) and
25 after instillation (p = 0.027). On the other hand,
the Tono-Pen Vet readings showed that, the tetracaine
immediately reduced the IOP. This IOP reduction
continued up to 15 minutes after drug instillation and
then began to increase; however, it was significantly
lower than pre-treated values up to 30 minutes after
drug administration. When compared to control eyes,
the intraocular pressure reduction in treated eyes was
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Figure 1.

Mean IOP of treated and control eyes in tetracaine group. The IOP in the treated eyes started to decrease
immediately after instillation. The reduction of IOP by Tono-Pen Vet device was much sharper than the
rebound Icare device; so that IOP by Tono-Pen Vet device decreased immediately after tetracaine in-
stillation lasting for 30 minutes in treated eyes but by rebound Icare device, IOP reduction was signifi-

cant only in 0 and 25 minutes after drug instillation. The data are based on the mean

*: p < 0.05 comparing to pretreated baseline values.
a: p < 0.05 comparing to control eye values.

+ SD for 10 rabbits.
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significant at times 15 until 30 minutes after drug in-
stillation.

Bupivacaine

The results of intraocular pressure measurements
using the ICare and Tono-Pen Vet tonometers after
the bupivacaine administration are presented in Fig. 2.
The ICare tonometer readings showed that the chang-
es of IOP were not significant after the instillation of
bupivacaine at any time compared to before baseline
values; however when compared to control eyes, IOP
reduction in the treated eyes was significant at times
10 (p = 0.034), 15 (p = 0.040), 20 (p = 0.041), and 25
(p = 0.017) minutes after drug administration. On the
other hand, the results of Tono-Pen Vet tonometer in-
dicated that the IOP significantly decreased at times 5
(p=0.011), 10 (p = 0.011) and 15 (p = 0.027) minutes
after instillation and then began to increase afterwards
and reached its initial value in 40 minutes. Also, com-
parison of intraocular pressure in the treated eyes with
the control eyes showed a significant decrease at 5 (p =
0.016), 10 (p = 0.008) and 15 (p = 0.013) minutes after
drug instillation.

Lidocaine

As shown in Fig. 3, with the use of the ICare to-
nometer, the changes of IOP was not significant in the
treated eyes after drug instillation compared to both
baseline and control eyes (p > 0.05); but the Tono-Pen

Vet tonometer readings showed that, the IOP signifi-
cantly decreased 5 minutes after drug instillation com-
pared to pretreated baseline values (p = 0.021). When
compared to control eyes, the reduction of IOP in the
treated eyes was significant at times 0 (p = 0.024) and
5 (p = 0.007).

Proparacaine

As shown in Fig. 4, using ICare tonometer, the IOP
changes were minor and not significant. However, the
differences of IOP in the treated eyes were significant
attimes 5 (p=0.017), 15 (p = 0.016) and 20 (p = 0.027)
compared to control eyes. On the other hand, by us-
ing Tono-Pen Vet tonometer, the IOP in the treated
eyes started to decrease immediately after instillation
of proparacaine and reduction of IOP was significant
until 20 minutes after the administration of drug. The
IOP in the treated eyes was significantly lower than
that in control eyes immediately after drug instillation
up to 25 minutes later.

Duration of anesthesia and side effects of drugs

All four drugs caused corneal anesthesia imme-
diately after instillation. This effect was evaluated by
corneal reflex, touching a piece of cotton with the cor-
nea and seeing the animal’s blink. Also, the returning
of corneal sense was evaluated with this reflex. The
mean duration of anesthesia was 20 minutes for tet-
racaine, 15.5 minutes for bupivacaine, 7.5 minutes for
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Figure 2.

MeanIOPoftreatedand controleyesinbupivacainegroup. TheIOPinthetreatedeyesstartedtodecrease5minutesafter
instillationandlastinguntil 15minutesafterinstillationby Tono-Pen Vetdevice. TheIOPinthetreatedeyesbyrebound
Icaredevicewerenotchanged comparingtopretreatedbaselinedata. Thedataarebasedonthemean+SDfor 10rabbits.

*: p < 0.05 comparing to pretreated baseline values.
a: p < 0.05 comparing to control eye values.
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Figure 3.

Mean IOP of treated and control eyes in lidocaine group. The IOP in the treated eyes started to decrease imme-
diately after instillation and was significant after 5 minutes by Tono-Pen Vet device. The IOP in the treated eyes
by rebound Icare device were not changed (p > 0.05). The data are based on the mean + SD for 10 rabbits.

*: p < 0.05 comparing to pretreated baseline values

a: p < 0.05 comparing to control eye values.

lidocaine, and 21 minutes for proparacaine. In this re-  Tetracaine
search, no adverse effects of drugs were observed in Sarchahi and bozorgi (2012), and Wang et al

rabbits. (2013) evaluated the diurnal variation of IOP in rab-
bits, and reported that the intraocular pressure may

Discussion change over the course of the day (8, 17). Thus, it is
necessary to pay attention to this point and to investi-
Effects on IOP gate the effects of drugs in a short time. Therefore, in

the present study, intraocular pressure in rabbits was
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Figure 4.

Mean IOP of treated and control eyes in proparacaine group. The IOP by Tono-Pen Vet device decreased imme-
diately after proparacaine instillation lasting for 20 minutes in treated eyes but by rebound Icare device, IOP re-
duction were not significant after drug instillation compared to baseline values. The IOP reduction by rebound
Icare device was significant in 5 minutes after drug instillation lasting for 20 minutes compared to control eyes.
The data are based on the mean + SD for 10 rabbits.

*: p < 0.05 comparing to pretreated baseline values.

a: p < 0.05 comparing to control eye values.
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taken from 13:00 to 18:00 h.

In the current study, the intraocular pressure, mea-
sured with both devices, has been reduced after instil-
lation of tetracaine. The comparison of the IOP mea-
sured by two devices, Tono-Pen Vet and ICare, shows
that firstly, the IOP measured with the Tono-Pen Vet
is higher than that of the ICare device. Knollinger et
al. (2005) and Leiva et al. (2006) comparing two To-
no-Pen devices (Tono-Pen Vet, and Tonopen XL) and
ICare in dogs and horses reported that the IOP shown
by ICare was lower than that of Tono-Pen (15, 16).
Secondly, because of the high pressure measured by
the Tono-Pen Vet device, the effect of tetracaine on
the IOP was more pronounced; While the IOP mea-
sured with ICare was lower and the reduction of IOP
produced by this device was not very clear. The results
of this study are almost the same as our two previous
studies. In the first study, we compared the effects of
tetracaine on healthy and glaucomatous rabbits and
concluded that the greater the initial IOP, the more it
decreases by tetracaine, so that the reduction of IOP
in glaucomatous rabbits was more than healthy rab-
bits (8). In our previous second study, we investigated
the effect of tetracaine on the intraocular pressure in
dogs with a rebound ICare tonometer (14). In the pre-
vious and current studies, since the IOP measured by
the ICare tonometer was low, the reduction in the IOP
produced by tetracaine was low.

The results of this study and other researchers in-
dicate that tetracaine reduces the IOP; however, the
rate of reduction in IOP in various studies is different.
One of the main causes of these differences appears
to be the difference in baseline IOP before tetracaine
instillation.

Bupivacaine

In a study done by Baudouin and Gastaud in the
healthy and glaucomatous subjects, it was found that
bupivacaine reduced the intraocular pressure within
minutes 1, 5, and 15 after instillation (4). In our pre-
vious study, performed in dogs with ICare tonometer,
bupivacaine did not significantly affect the IOP (14).
In the present study, the results of the ICare device are
consistent with our previous study. However, using of
Tono-Pen Vet tonometer showed a decrease of IOP in
5-15 minutes. This finding is in agreement with the
findings of Baudouin and Gastaud (4). This again em-
phasizes that the higher the initial IOP, the more it de-
creases, thus the decrease in IOP becomes significant.
Nociti, et al., (2001) also reported a decrease in intra-
ocular pressure 15 minutes after retrobulbar injection
of bupivacaine. They have suggested that the reason of
IOP decrease is the relaxation of extraocular muscles
(18).
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Lidocaine

There are some reports that show the using of lido-
caine by other methods may affect the IOP; For exam-
ple, Lerman and Kiskis (1985) and Abdulla and Flaifil
(1991) reported that the use of lidocaine as an intra-
venous injection prevented the increase in IOP after
tracheal intubation and laryngoscopy in children, and
even 3 minutes after tracheal intubation, the IOP was
also lower than that of zero time (19, 20). Hassanein
et al. (2016) also reported similar results for lidocaine
during the withdrawal of tracheal tubes (21). In the
previous study, using the Icare tonometer, we con-
cluded that lidocaine did not have a significant effect
on IOP in dogs (14). In the present study, the effects of
lidocaine on IOP were similar to those of ICare results
and did not affect the IOP in rabbits; however when
the IOP was measured with Tono-Pen Vet tonom-
eter, it was found that lidocaine had some effect on
the IOP; So that, IOP started to decrease immediately
after administration and dropped to its lowest point
within 5 minutes. Comparison of the effects of lido-
caine with tetracaine and proparacaine in the present
study showed that the reduction effect of lidocaine on
IOP is similar to that of bupivacaine and is very low.

Proparacaine

The results of ICare tonometer showed that the
proparacaine increased the IOP immediately after
instillation (time 0), then IOP began to decrease and
reached its lowest level in 5 minutes and then gradu-
ally increased. All these changes were not significant.
On the other hand, results of Tono-Pen Vet tonome-
ter showed that the IOP decreased immediately after
instillation so that IOP was significantly lower than
pretreated and control values until 20 and 25 min-
utes later respectively. Dosunmu et al. (2014), using
ICare tonometer, evaluated the effects of 0.5% propa-
racaine on IOP in children (22). They reported that
IOP slightly increased compared to before, and then,
within 8 minutes after drug administration, a slight
decrease in IOP was created, which, of course, was not
significant. The results of ICare tonometer in the pres-
ent study are similar to Dosunmu et al’s study. Herse
and Siu (1992), Ko et al., (2005) and Nam et al. (2006)
reported that proparacaine causes a transient increase
in the thickness of the cornea, thereby temporarily
increases IOP (23-25). Leiva et al. (2006) Compared
the IOP values of ICare and Tonopen XL tonometers
in the eyes of healthy dogs (16). The results showed
that ICare values were significantly lower than those
of Tonopen XL (p < 0.0001), however, they conclud-
ed that the ICare tonometer could be an appropriate
measurement method for daily clinical use after cali-
bration for the dogs. As previously mentioned in this



discussion about tetracaine, the results of Leiva et al.
and present study show that the IOP values obtained
by the ICare tonometer are low. Therefore, the reduc-
tion effect of topical anesthetics such as proparacaine
on IOP is less likely to be detected. Therefore, by mea-
suring with this device, it seems that the drug has no
effect on the IOP, but Tono-Pen Vet tonometer shows
higher IOP values; As a result, the reducing effect of
proparacaine on IOP is more visible.

Duration of anesthesia

In the present study, the average duration of cor-
neal anesthesia after instillation of a drop tetracaine in
rabbits was 20 minutes. This time has been reported
9.4, 16 and 30 minutes in humans, dogs and horses,
respectively (14, 26, 27). Therefore, the duration of
corneal anesthesia caused by tetracaine also vary in
different species. We have already reported that the
duration of corneal anesthesia were 20 and 22 minutes
in healthy and glaucomatous rabbits, respectively (8).
The findings of the present study confirm our previous
findings on the duration of anesthesia in rabbits. Since
two studies have been conducted in two separate geo-
graphical areas, the consistency of the results strongly
confirms the effect of the species on the duration of
corneal anesthesia.

The mean duration of corneal anesthesia after in-
stillation of a drop bupivacaine in rabbits in the pres-
ent study was 15.5 minutes. Sun et al. (1999) found
that bupivacaine, and especially its buffered solution,
had a greater effect than procaine or benzocaine on
corneal anesthesia. The anesthetic effect of bupiva-
caine begins in the first minute after use, and if the
acidity is adjusted, the duration of the effect becomes
greater (28). In a study conducted by Liu et al. in rats,
Bupivacaine had less toxic effects than proparacaine,
and the duration of its effect is doubled by increas-
ing the pH of the drug from 5.7 to 6.5 (29). In our
previous study, the duration of corneal anesthesia by
bupivacaine was 22 minutes in dogs (14). These find-
ings indicate that the duration of corneal anesthesia
caused by bupivacaine vary in different species, and
in the present study, which is done on rabbits, it is less
than the rest.

In the present study, lidocaine immediately after
instillation caused corneal anesthesia but the mean
duration of corneal anesthesia was very low (7.5 min-
utes). Assia, et al., (1999) concluded that lidocaine gel
in human eye surgery was more effective than lido-
caine drop, and had a good lubricating property (30).
Shah et al. (2010) found that lidocaine (akten) gel
produced longer anesthesia than lidocaine solutions
in the eye and, due to containing of hydroxypropylcel-
lulose, protects the corneal epithelium (31).
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The duration of corneal anesthesia created by
proparacaine varies in different species. Bartfield et
al,, in a study on humans, have shown that the degree
and the duration of anesthesia created by propara-
caine is greater than that of tetracaine (26). The results
of the present study indicate that the duration of an-
esthesia created by proparacaine is longer than that of
three other drugs. The reported duration of anesthesia
induced by proparacaine in cats is 25 minutes (32), in
dogs 45 and 34 minutes (14, 33), and in the horse 25
minutes (34).

Bupivacaine and lidocaine are amide anesthetics
and they are classified as long-acting local anesthetic
drugs. We expected their duration to be greater than
tetracaine and proparacaine. But the duration of an-
esthesia caused by bupivacaine and lidocaine in the
present study was in contrary to our expectations.
One of the reasons for this can be the type of drug
form used. In the present study, due to lack of top-
ical forms of bupivacaine and lidocaine, we used an
injection formulation of these drugs. This problem
can be resolved in the future by producing and testing
the topical form of these drugs. A second and more
important reason can be the species in which the drug
is used. As mentioned above, the effects of local anes-
thetic drugs vary in different animals and it seems that
the effect of these drugs on rabbits is less than that of
other species. Comparing the results of present study
in rabbits with our previous study in dogs confirms
this idea (14).

One of the limitations of the present study was that
the injectable forms of these drugs were used. The sec-
ond limitation was a small number of samples. How-
ever, this was a preliminary study, and these limita-
tions can be overcome in the future by producing the
topical form of these drugs and evaluating them in a
larger number of samples.

It can be concluded that all drugs used in this study
(tetracaine, bupivacaine, lidocaine and proparacaine)
reduce the IOP immediately after use; however, the ef-
fects of bupivacaine and lidocaine on IOP were much
lower than that of tetracaine and proparacaine. Thus,
since they do not intensely affect the IOP and since
lidocaine has antimicrobial and even positive effect
on corneal cells (35), it is recommended that these
two drugs be used topically before measuring IOP.
Tetracaine and proparacaine reduce the IOP and this
should be taken into account in the glaucomatous an-
imals to avoid mistakes.

Material and methods

In the present study, 10 healthy adult white rabbits with a
weight of 1.63-3.27 kg (mean+SD: 2.17 +0.54) were used. Ages
of rabbits were 6 months. Five male and five female rabbits were
used. The study was approved by the research council of the Facul-
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ty of Veterinary Medicine, Ferdowsi University of Mashhad, Iran.
The rabbits were kept in individual cages and were fed with dry
commercial food and water ad libitum. All rabbits were carefully
examined and were healthy, and showed no abnormalities in flu-
orescein staining, direct and panoptic ophthalmoscopy. Intraoc-
ular pressure of rabbits was measured at least once a day from a
week before the start of the study to habituate the rabbits to this
procedure.

To evaluate the effect of the first drug, one drop of 0.5% tet-
racaine (Anestocaine, Sina Darou, Tehran, Iran) was instilled in
the right eye of five rabbits and the left eye of the other five rab-
bits. One drop of normal saline was instilled in the opposite eyes
as controls. IOP was measured before and at 0, 5, 10, 15, 20, 25,
30, 35 and 40 minutes after drug instillation using an electronic
rebound tonometer (TAO1i tonometer, ICare, Finland) and im-
mediately afterwards by an applanation tonometer (Tono-Pen
Vet, Reichert, New York, USA). After an interval of at least one
week, the effects of 0.5% bupivacaine (Marcaine® Spinal Heavy,
Astrazeneca, Sweden), 2% lidocaine (Lignodig, Caspian Tamin,
Iran) and 0.5% proparacaine (Alcaine, Alcon, Canada) were
studied in the same way. Because IOP may vary throughout the
day, IOPs were measured at 13:00-18:00 h in all rabbits. The sen-
sation of the eyes was also examined every 5 minutes by corneal
reflex (touching a piece of cotton with the cornea and observing
the animal’s blink). The rabbits were placed on a table in a relaxed
state and prevented from any stress and minimal restraint was
done on the head and neck without the use of systemic anesthet-
ics or tranquilizers (Fig. 5). The eyelids were slowly opened and
avoided any pressure on the eyelids and neck to prevent a change
in IOP. Restraint was performed by the same assistant at all times.
All measurements were also performed by a person who was un-
aware of the medication or placebo used in individual eyes and
experienced with the use of both devices.

Statistical analysis: The normality of the data was analyzed
using Shapiro-Wilk’s statistical method. Since some of the data
were abnormal, nonparametric tests were used for statistical
comparisons. To compare the effect of each drug on time Fried-
man test, and in the case of significance, the Wilcoxon test was
used to compare two sets of scores. The Wilcoxon test was also
used to compare the IOPs of treated and control eyes. The Pear-
son correlation coefficient was used to test the relationship be-
tween IOP and the weight of rabbits. The Spearman correlation
coeflicient was used to determine the relationship between IOP
and sex. The data are based on the mean + SD for 10 rabbits. The

Figure 5.
RestraintofrabbitandtonometrywithreboundIcare (a)and To-
no-Pen Vet (b)tonometers. Probesareinthecenterofthecornea.

IJVST 1 2020-1 (22) DOI: 10.22067/veterinary.v12i1.82719

level of significance was set at p < 0.05.
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ABSTRACT

The present study was designed to investigate the effect of different available bedding
materials on learning and memory performance, bedding texture preference as well as
intra-cage ammonia concentration in rats. The animals were housed on different bedding
types for two weeks. Bedding materials were produced in the same sizes from poplar,
walnut, pistachio, apricot, almond woods and alfalfa steam and live. Spatial and pas-
sive avoidance learning and memory were assessed by Morris water maze (MWM) and
shuttle box tasks. A modifying six-arm radial maze was used to assess bedding texture
preference by rats. For each bedding groups, average ammonia level (ppm) over a week
was calculated. The data indicated that the rats that had walnut and almond chips show
better learning and memory performance in both MWM and shuttle box tests than other
groups. The weakest learning and memory performances were observed in rats exposed
to alfalfa bedding. In texture preference test, the rats spent more time in walnut and
almond arms, and less time in alfalfa. Besides, the total water and food intake as well as
the number of visit to alfalfa arm were decreased as compared to other arms. Moreover,
in alfalfa bedding cage, average intra-cage ammonia level was utmost. Overall, current
bedding materials may contain diverse biochemically effective compounds or individual
micro edges which alter learning and memory performances of rats.
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he normal physiological functions of labora-

tory animals were strongly affected by their
housing and husbandry conditions. In particular, bed-
ding is one of the most important housing elements,
which has influence on various neurobiological func-
tions of laboratory animals [1-3]. Ethogram of mice
behaviors including agonistic interaction, feeding,
drinking, locomotion, nest-building and resting show
bedding material-related changes [4]. On behalf of ro-
dents, various kind of wood shavings such as paper,
corncobs and hill rice are known as common bedding
substances. There is no definition for ideal bedding,
however, ideal bedding must have a low ability of in-
fection, high absorbency, low allergenic activity, min-
imal chemical toxicity, low cost and high accessibility
and compatibility [4-7].

It has been indicated that variations of bedding
materials affects the stress and immune system [8],
somatosensory signaling [9], neuropathic pain[10],
vocalizations [11], body mass [12], temperature reg-
ulation, metabolism [13, 14], as well as liver enzyme
levels in laboratory rodents [15, 16]. In particular, ro-
dent’s neurocognitive development has been affected
by bedding materials and housing conditions. It has
been indicated that corncob bedding suppresses es-
trogen-dependent aggressive behavior in rats [17].
In another study, mice housed in cages containing
pulp chips, for 8 week, show better water maze per-
formance than wood flakes group [18]. It has been
indicated that exposure to an enriched environment
induces dendritic branching and synaptogenesis in
cortex and hippocampus of rats. Besides, housing
enrichment can improve learning, memory, and syn-
aptic plasticity in rodents[19]. Housing rats in cages
with limited nesting/bedding materials impaired spa-
tial learning and memory and hippocampal long term
potentiation (LTP). Providing enriched environment
can overcome the memory impairments through the
recovery of LTP [1].

Preference testing has indicated that rodents have
different preferences for bedding substances. Addi-
tionally, another study on rats and mice indicated that
animals had strong preference for large fibrous bed-
ding particles than relatively small particles [20]. It
has been also reported that mice prefer cloth bedding
type in comparison to wood shavings, paper and poly-
carbonate bedding substances [21]. Bedding materi-
al preferences for animals are determined by various
chemical and physical features including color, odor,
chemical compounds, and texture properties such as
condition of surfaces, edges and coarseness.

In the present study, bedding texture preference
was evaluated by housing the rats on six different bed-
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ding types including standard hard bed poplar chip,
dried alfalfa as typical soft bedding material; walnut,
apricot and almond as unusual bedding, and pistachio
chip as very exclusive hard bed available in Iran and a
few countries. Regarding climate change in Iran many
large quantities of pistachio, walnut, apricot, and al-
mond at low cost are available and can be used as
bedding surface. We also examined bedding material
mediated possible alterations in learning and memory
performance of rats. In each bedding cage, ammonia
concentration was also assessed.

MWM test

There was a significant difference in the escape la-
tency time among experimental groups during acqui-
sition blocks [F (3,480) = 44.52, p = 0.001]. In the first
day, the latency time to find the hidden platform was
significantly decreased in the rats housed on walnut
and almond as compared to other groups (p < 0.05). In
the second day, there was a significant decrease in the
escape latency of rats housed on almond as compared
to apricot and poplar groups (p < 0.05) (Fig. 1, upper
graph). In addition, the main escape latency was sig-
nificantly different among groups [F (5,165) = 15.93, p
=0.001]. The rats housed on walnut and almond bed-
ding showed the lowest latency time to find the hid-
den platform (Fig. 1, lower graph).

Significant differences were observed in the trav-
elled distance to find hidden platform among exper-
imental groups during acquisition days [F (3,480) =
31.47, p = 0.001]. In the first day, the rats housed on
walnut and almond travelled lower distance to find
the hidden platform as compared to rats that were
housed on poplar and pistachio (p < 0.05). In the sec-
ond day, rats kept on almond travelled lower distance
to find the hidden platform in comparison with pista-
chio, apricot and alfalfa group (p < 0.05). In the third
day, rats kept on almond and poplar travelled lower
distance to find the hidden platform as compared to
walnut, pistachio, apricot and alfalfa group (p < 0.05)
(Fig. 2, upper graph). In the fourth day, however, rats
subjected to walnut travelled lower distance to reach
the hidden platform as compared to alfalfa and pista-
chio groups (p < 0.05). Furthermore, the main trav-
elled distance to find the platform was significantly
decreased in rats reserved on almond (p < 0.05) and
walnut bedding (p < 0.05) in comparison to pistachio,
alfalfa, and apricot (Fig. 2, lower graph).

The results of probe test indicated that time spent
in the target zone was significantly increased in rats
kept on walnut and almond as compared to poplar,
apricot and alfalfa groups (p < 0.01) (Fig. 3).
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Figure 1.

Evaluation of the escape latency in each acquisition block (upper
graph) and the mean scape latency (lower graph) in rats subject-
ed to different bedding surfaces.

*: p <0.05, **: p < 0.01 vs walnut group

#:p <0.05, ##: p <0.01 vs almond group

Shuttle box test

As shown in Fig. 4A, the number of trials re-
quired to reach acquisition were significantly de-
creased in walnut, apricot and almond groups in
comparison with poplar group (p < 0.05). In the
retention test, rats housed in alfalfa bedding sub-
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Figure 3.

Evaluation of the time spent in the target zone in probe test
between the groups of rat subjected to the different bedding
surfaces. Data are presented as mean + SEM.

**: p < 0.01 vs apricot and alfalfa

#: p < 0.05 vs poplar
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Evaluation of the travelled distance in each acquisition block
(upper graph) and the mean travelled distance (lower graph) in
rats subjected to different bedding surfaces. Data are presented as
mean * SEM.

*: p <0.05,**: p < 0.01 vs walnut

##: p <0.01, #: p < 0.05 vs almond

&: p <0.01 vs poplar.

stance showed significant decrease in STL (p < 0.05)
and increase in TDC (p < 0.001) as compared to other
groups (Fig. 4B and 4C).

Ammonia concentration

Intra-cage ammonia level was recorded during
the first week of experiment. As shown in Fig. 5, the
mean ammonia concentration in alfalfa cage was sig-
nificantly increased in comparison with others groups
(p <0.001).

Bedding preference

During the first week, the rats spent highest time
in walnut and almond (p < 0.001) and lowest time in
the alfalfa comprised arms (p < 0.001) (Fig. 6A). In
addition, the rats had more visit to arms containing al-
mond than pistachio and apricot (p < 0.05) and alfalfa
(p < 0.001). Besides, rats visit into the cage contain-
ing alfalfa bedding was lowest (Fig. 6B). Moreover,
As shown in Fig. 7A, the total water consumption by
rats were significantly increased in walnut, almond as
well as poplar cages in comparison with pistachio and
alfalfa cages (p < 0.01). In addition, the total food con-
sumption was significantly increased in almond cage
as compared to pistachio and apricot (p <0.05) as well
as alfalfa cage (p < 0.01). Moreover, food consumption
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Figure 4.

Evaluation of the number of acquisition trials to reach successful
learning (A), the step through latency (STL) (B) and time spent
in dark chamber (TDC) (C) in shuttle box test in the groups of
rats subjected to different bedding types. Data are presented as
mean + SEM.

*: p <0.05 vs poplar group

#:p < 0.05, ###: p < 0.001 vs alfalfa

was significantly increased in poplar and almond cag-
es in comparison with alfalfa (p < 0.05) (Fig. 6B).

Discussion

The present study investigated the learning and
memory performances of rats subjected to different
bedding chips including poplar, walnut, pistachio,
apricot, almond, and alfalfa. According to the results,
in comparison with other groups, rats housed on wal-
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nut and almond chips showed better learning and
memory performance in MWM and shuttle box tests.
The learning and memory performances of rats sub-
jected to alfalfa bedding were lesser than other bed-
ding types. Besides, investigation preferences of rats
for types of bedding by a six-arm radial maze showed
that rats spent more time in chips of walnut in com-
parison with pistachio, apricot and alfalfa bedding
types. In addition, the rats had highest and lowest visit
into almond and alfalfa-containing cage, respectively.
Likewise, food and water intake by rats in alfalfa con-
tain cage was lowest. There are only a few studies on
the substance quality as bedding material. The pres-
ent study, tried to fill the gap of data about pistachio,
apricot and almond.

It has been well documented that bedding and
husbandry have influence on rodent’s neurophysi-
ologic responses. However, just a few studies have
shown bedding texture property on cognitive-related
behaviors. A study by Tanaka and colleagues showed
that mice subjected to pulp chips bedding, over eight
weeks period, had better water maze performance
than those kept on wood flakes [18].

The results of this study also showed that the rats
find walnut and almond sawdust more suitable as a
resting surface than other four bedding types. It shows
direct relationship between comfortable bedding tex-
ture and learning and memory performances. The
bedding materials used here due to their structure
have diverse edge and surface which may result in
changed stimulation of the plantar foot area [22]. In
other words, edge of the bedding show different me-
chanical effect on rat planter surface. It has been indi-
cated that the daily behaviors of rats such as nesting
and sleeping are affected by kind of bedding materi-
als [10]. Besides, bedding material features may affect
sensory processes even down to the molecular and
cellular levels [10].

Here, the rats subjected to walnut and almond
chips showed better learning and memory perfor-
mance. Nuts, leaves, woods and hulls from walnut and
almond are highly valued for their biological prop-
erties. In particular, the compounds have potential
health-promoting activities because of their pheno-
lic-enriched contents. It has been indicated that wal-
nut polyphenol improves learning and memory per-
formances of hypercholesterolemia mice [23]. It has
been indicated that flavonoid and other polyphenols
material improve learning and memory performances
mainly via their antioxidant capacity and cholinester-
ase activities [24-26]. In the present study, it is like-
ly that beddings different influences on learning and
memory are partially mediated by differences in their
polyphenolic capacity. However, we did not explore
polyphenols capacity of different chips and to clarify
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such relationship further studies are still required.

To the best of our knowledge the study was the first
to consider association between bedding preference
and learning and memory related behaviors. Howev-
er, some studies have indicated that improvement of
nesting conditions positively modulate learning and
memory -related functions. It has been demonstrated
that environmental enrichment improves learning and
memory in various laboratory tasks [2]. In addition,
environmental enrichment can induce morphological
changes in the cortex and hippocampus of rat such as
enhancement of neuron numbers, synapses and den-
dritic branches [3, 27]. Increasing bedding volume
has been correlated with intracage ammonia decrease
[4, 28]. Moreover, there is significant relationship be-
tween the depth of bedding and animal preference as
well as animal physiology [4].

Welfare of laboratory animals are closely related to
optimum intracage features like the level of ammonia,
moisture, and absorbency and bacterial growth [29].
In the current study, assessment of ammonia concen-
tration in each cage showed that there was the highest
intracage ammonia in the cage containing alfalfa bed-
ding. As shown in the results, the mean ammonia level
was lower than adverse level 100 ppm or 130 ppm [22,
30]. Metabolized urea from urine and feces of the ani-
mal is responsible for ammonia production [31].

Interestingly, the rats housed on alfalfa bedding
surface showed lowest learning and memory perfor-
mance. Various studies have been reported on the
distractive effect of ammonia on brain functions. In-
creased ammonia concentration in the brain as a re-
sult of diseases could induce a range of neurobehav-
ioral dysfunctions like learning and memory deficient,
sleep-wake inversions, brain edema and seizures [32,
33]. It has also been reported that inhalation of am-
monia was able to reduce cognitive performance for
culture fair, digit symbol and vocabulary[34]. Besides,
increased intra cage CO, levels and fecal cortisol con-
centrations have crucial role in animal function and
behaviors [4], but were not included in this study.

Conclusion

This study provides some primary data support-
ing the relationship between bedding texture prefer-
ence and learning and memory function of rats. The
effect may be partially mediated by bedding differenc-
es in ammonia absorption capacity. It also could be
related to biochemical diversity and individual micro
edges of distinct bedding materials.

Material and methods

Animal and housing conditions
Adult male Wistar rats (230-270 gr) were used. The animals
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were housed in conventional animal room (3x 8x 3 m) under a 12
h light/dark cycle in controlled condition with temperature of 22
+ 2 °C. The ventilation rate was 8-15 times per hour. During the
experiment the same amount of food and water was available ad
libitum. All experimental procedures were approved by the Ani-
mal Research Ethics Committee of the Shahid Bahonar University
of Kerman, Iran.

Experimental design

Experiment 1: Evaluation of the spatial and
passive avoidance learning and memory perfor-
mances

The rats were divided into six experimental groups and kept
on the same amount of different bedding substances for 2 weeks.
Bedding materials included were chip of poplar, walnut, pistachio,
apricot, almond and dried alfalfa. The wood ship average particle
sizes were 15 x 4 x 1 mm with a moisture of 8%, which was sieved
(purchased from zist mehvar-pajoheshe Pars Company, Kerman,
Iran). The number of animals per group and per cage were seven.
The amounts of animal biomass per cage were the same in the be-
ginning and during the study. The rats learning and memory per-
formances were evaluated using Morris water maze (MWM) and
shuttle box tests. Besides, during first week of the experiment daily
changes in intracage ammonia concentration was measured using
multigas transmitter (ModBus, TM-1280). To take a reading, the
sampling tube was inserted in the middle of bedding. The monitor
took continuous reading for 5 min, for measuring ammonia level
according manufacturer’s recommendations. The experimenters
were not blinded to the bedding types; they had no expectations
of any group differences.

Experiment 2: bedding material preference

Bedding texture preference by rats (n=7) was assessed using
a modified bedding preference test system introduced by Blom
[20]. Briefly, the maze consisted of a central wire mesh circle area
surrounded by six enclosed wooden cages (50 x 10 x 40 cm).
The central zone was raised 2 cm above the floor than the cages.
Equal amounts of six bedding materials, almost the same in size
and shape, were situated on different cages of the maze. In each
cage food and water was ad libitum. For beginning the experi-
ment, each rat was placed on the central area of maze and during
one-week period the rats’ behavior including the number of visit
and time spent in each arm were monitored by a video camera
system. Besides, rats’ food and water intakes in different cages of
maze were measured. Before this test, rats were housed on pine
shavings.

Assessment of learning and memory perfor-
mance

Shuttle box test

PA learning and memory was assessed by a shuttle box appa-
ratus as previously described. The test protocol was divided into a
learning session on the first day and a test trial 24 h later. For the
learning trial, each animal was placed in light chamber of shuttle
box apparatus. Then, the door was opened and the animal was al-
lowed to enter into the dark sector. The animal received an electri-
cal shock (0.5 mA, 50 Hz, 2 s once) upon entrance to dark sector
via the stainless steel floor. The learning trial was terminated when
the rat remained in the light chamber for 5 consecutive minutes.
After one day, the retention test for assessing memory, each rat was
placed in the light compartment of shuttle box device. After 30
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seconds, the door was opened and the step-through latency (STL),
the time before the first entry of the rat to the dark sector, and total
time spent in the dark compartment (TDC) were recorded.

Morris water maze (MWM) test

Spatial learning and memory was assessed by MWM pool. It
consisted of a dark circular pool (136 cm in diameter and 60 cm
high) filled with water (20 + 1 °C) to a depth of 25 cm. The extra
maze cues were placed in consistent locations on the walls which
were visible to the rats. The pool was divided into four quadrants
defined by the four cardinal directions. A circular platform was
located 2 cm below the water surface in the middle of one of the
quadrants. At the beginning of experiment, each rat was lightly
placed in the water facing the wall of the pool from one of the
directions. The location of each rat was tracked by a digital TV
system and analyzed using the Ethovision video tracking system
(Noldus Information Technology, the Netherlands). One day prior
to the beginning of training; the rats were habituated to the pool
by allowing them to swim for 60 s without the platform.

The test included acquisition and probe trials. The acquisi-
tion test was performed on 4 consecutive days with four trials per
day with a 5 min interval between trials. The rats were allowed to
swim within 60 s to find the hidden platform at each trial. Once
the platform was found, the animal would have to stay on the plat-
form for 30 s. If unsuccessful within 60 s, it was gently guided to
the platform for 30 s. The escape latency, traveled distance and
swimming speed for each rat were evaluated. In probe test, one
day after acquisition test, the hidden platform was removed from
the pool and rats were placed in the quadrant opposite the target
quadrant and allowed to swim freely for 60 s. The time spent in the
target quadrant was recorded and analyzed as a measure of spatial
memory retention.

Statistical analysis

All data were expressed as mean * standard error of mean
(SEM). The acquisition test data related to four acquisition days of
MWM test were analyzed using repeated measures ANOVA. The
statistical significances for probe and preference tests were deter-
mined by one way ANOVA followed by post-hoc Tukey’s test. The
results of shuttle box test were analyzed by Friedman and Krus-
kal-Wallis tests followed by Mann-Whitney U test.

Acknowledgments

This work was supported by Shahid Bahonar Uni-
versity of Kerman, Kerman, Iran.

Author Contributions

M.A and S.EM designed the study; A.T and R.N
collected data; R.K analyzed the data and wrote the

paper.

Conflict of Interest
None .

References

1. CuiM, YangY, Yang ], Zhang J, Han H, Ma W, et al. Enriched
environment experience overcomes the memory deficits and

IJVST | 2020-1 (22) 10.22067/veterinary.v12i1.86943

10.
11.
12.

13.
14.
15.

16.
17.

18.

depressive-like behavior induced by early life stress. Neuro-
science letters. 2006;404(1-2):208-12.

Van Praag H, Kempermann G, Gage FH. Neural consequenc-
es of enviromental enrichment. Nature Reviews Neurosci-
ence. 2000;1(3):191.

Diamond MC, Ingham CA, Johnson RE, Bennett EL, Rosenz-
weig MR. Effects of environment on morphology of rat ce-
rebral cortex and hippocampus. Journal of neurobiology.
1976;7(1):75-85.

Freymann J, Tsai P-P, Stelzer H, Hackbarth H. The impact of
bedding volumes on laboratory mice. Applied Animal Be-
haviour Science. 2017;186:72-9.

Couto M. Laboratory guidelines for animal care. Vertebrate
Embryogenesis: Springer; 2011. p. 579-99.

Council NR. Guide for the care and use of laboratory animals:
National Academies Press; 2010.

Potgieter F, Wilke P. The dust content, dust generation, am-
monia production, and absorption properties of three differ-
ent rodent bedding types. Laboratory animals. 1996;30(1):79-
87.

Vijayakumar R, Samanta R, Samanta A, Guria R, Joardar S.
Influence of different types of bedding materials on immune
response and serum biochemical profile of caged mice. Veter-
inary World. 2010;3(9):417.

Moehring F, O’Hara CL, Stucky CL. Bedding material affects
mechanical thresholds, heat thresholds, and texture prefer-
ence. The Journal of Pain. 2016;17(1):50-64.

Robinson I, Dowdall T, Meert TE. Development of neu-
ropathic pain is affected by bedding texture in two mod-
els of peripheral nerve injury in rats. Neuroscience letters.
2004;368(1):107-11.

Natusch C, Schwarting R. Using bedding in a test environ-
ment critically affects 50-kHz ultrasonic vocalizations in
laboratory rats. Pharmacology Biochemistry and Behavior.
2010;96(3):251-9.

Burn CC, Peters A, Day M]J, Mason GJ. Long-term effects of
cage-cleaning frequency and bedding type on laboratory rat
health, welfare, and handleability: a cross-laboratory study.
Laboratory animals. 2006;40(4):353-70.

Gordon CJ. Effect of cage bedding on temperature regulation
and metabolism of group-housed female mice. Comparative
medicine. 2004;54(1):63-8.

Gaskill BN, Gordon CJ, Pajor EA, Lucas JR, Davis JK, Garner
JP. Impact of nesting material on mouse body temperature
and physiology. Physiology & behavior. 2013;110:87-95.

Buddaraju AKYV, Van Dyke RW. Effect of animal bedding
on rat liver endosome acidification. Comparative medicine.
2003;53(6):616-21.

Armstrong KR, Clark TR, Peterson AR. Use of corn-husk
nesting material to reduce aggression in caged mice. Journal
of the American Association for Laboratory Animal Science.
1998;37(4):64-6.

Landeros RV, Morisseau C, Yoo HJ, Fu SH, Hammock BD,
Trainor BC. Corncob bedding alters the effects of estrogens
on aggressive behavior and reduces estrogen receptor-a ex-
pression in the brain. Endocrinology. 2012;153(2):949-53.

Tanaka T, Ogata A, Inomata A, Nakae D. Effects of different
types of bedding materials on behavioral development in lab-
oratory CD1 mice (Mus musculus). Birth Defects Research



19.

20.

21.

22.

23.

Part B: Developmental and Repro-
ductive Toxicology. 2014;101(5):393-
401.

Hullinger R, Oriordan K, Burger C.
Environmental enrichment improves
learning and memory and long-
term potentiation in young adult
rats through a mechanism requiring
mGIluR5 signaling and sustained ac-
tivation of p70s6k. Neurobiology of
learning and memory. 2015;125:126-
34.

Blom H, Van Tintelen G, Van Vor-
stenbosch C, Baumans V, Beynen A.
Preferences of mice and rats for types
of bedding material. Laboratory ani-
mals. 1996;30(3):234-44.

Kawakami K, Shimosaki S, Tongu M,
Kobayashi Y, Nabika T, Nomura M, et
al. Evaluation of bedding and nesting
materials for laboratory mice by pref-
erence tests. Experimental animals.
2007;56(5):363-8.

Broderson JR, Lindsey JR, Crawford
JE. The role of environmental ammo-
nia in respiratory mycoplasmosis of
rats. The American journal of pathol-
ogy. 1976;85(1):115.

Shi D, Chen C, Zhao S, Ge F, Liu D,
Hao S. Effects of walnut polyphenol
on learning and memory functions
in hypercholesterolemia mice. ] Food

24.

25.

26.

27.

28.

29.

Nutr Res. 2014;2(8):450-6.

Smach M, Hafsa J, Charfeddine B,
Dridi H, Limem K, editors. Effects of
sage extract on memory performance
in mice and acetylcholinesterase ac-
tivity. Annales pharmaceutiques fran-
caises; 2015: Elsevier.

Bakoyiannis I, Daskalopoulou A, Per-
gialiotis V, Perrea D. Phytochemicals
and cognitive health: Are flavonoids
doing the trick? Biomedicine & Phar-
macotherapy. 2019;109:1488-97.

Khan H, Amin S, Kamal MA, Patel S.
Flavonoids as acetylcholinesterase in-
hibitors: Current therapeutic standing
and future prospects. Biomedicine &
Pharmacotherapy. 2018;101:860-70.

Rosenzweig MR, Bennett EL. Psy-
chobiology of plasticity: effects of
training and experience on brain and
behavior. Behavioural brain research.
1996;78(1):57-65.

Rosenbaum MD, VandeWoude S,
Johnson TE. Effects of cage-change
frequency and bedding volume on
mice and their microenvironment.
Journal of the American Associa-
tion for Laboratory Animal Science.
2009;48(6):763-73.

Jaasma L. A Review of the Housing
Conditions for Laboratory Animals

IJVST

30.

31.

32.

33.

34.

2020-1 (22)

RESEARCH ARTICLE

2014.

Coon R, Jones R, Jenkins Jr L, Siegel J.
Animal inhalation studies on ammo-
nia, ethylene glycol, formaldehyde,
dimethylamine, and ethanol. Toxi-
cology and applied pharmacology.
1970;16(3):646-55.

Ferrecchia CE, Jensen K, Van Andel
R. Intracage ammonia levels in stat-
ic and individually ventilated cages
housing C57BL/6 mice on 4 bedding
substrates. Journal of the American
Association for Laboratory Animal
Science. 2014;53(2):146-51.

Bosoi CR, Rose CFE Identifying
the direct effects of ammonia on
the brain. Metabolic brain disease.
2009;24(1):95-102.

Niknahad H, Jamshidzadeh A,
Heidari R, Zarei M, Ommati MM.
Ammonia-induced  mitochondrial
dysfunction and energy metabolism
disturbances in isolated brain and
liver mitochondria, and the effect of
taurine administration: relevance to
hepatic encephalopathy treatment.
Clinical and experimental hepatolo-
gy. 2017;3(3):141.

Kilburn KH. Is inhaled ammonia
neurotoxic? Environmental Manage-
ment and Health. 2000;11(3):239-50.

10.22067/veterinary.v12i1.86943



Iranian Journal of Veterinary Received: 2019-Sep- 30
Accepted after revision: 2020- Mar- 26

SCience and TeChnOIOgy Published online: 2020- Sep- 09

RESEARCH ARTICLE DOI: 10.22067/veterinary.v12i1.83273

Biological effects of agricultural bio-materials on some
blood and tissue factors in Balb/c mice

a b c a d
Manijeh Rostaminia, Davood Habibi, Samira Shahbazi, Behzad Sani, Alireza Pazoki

*Department of Agronomy, Shahr- e- Qods Branch, Islamic Azad University, Tehran, Iran.

b Department of Agronomy, Karaj Branch, Islamic Azad University, Karaj, Iran.

“Nuclear Agriculture Research School, Nuclear Science and Technology Research Institute (NSTRI), Alborz, Iran.

d Department of Agronomy, Yadegar-e-Imam Khomeini (RAH) Shahr-e- Rey Branch, Islamic Azad University, Tehran, Iran.

ABSTRACT

Pseudomonas infections are an important cause of morbidity and mortality and sap-
rophytic fungi are now increasingly being recognized as serious pathogens in immuno-
compromised patients. To investigate the effect of using bio-materials on mammalian
tissues, two experiments were designed; the first one was feeding of Balb/c mice with
irrigated lettuce with bio-fungicide (mutant and wild) and bio-fertilizers prepared with
Pseudomonas (p) fluorescens, p. putida, p. aeruginosa, and the second was the usage of
drinking water containing (Trichoderma (T) spores (mutant and wild) or P. fluorescens,
P. putida, P. aeruginosa suspensions). Then, blood factors and inflammation of tissues
(liver, kidney, spleen and large intestine) in all mice were analyzed after two months.
Blood samples were taken from the mice to examine some of the hematological (RBC,
MCV, MCH, MCHC) (data not shown) and biochemical (AST, ALT, ALP) factors, and
also observed under a microscope. The study of tumor marker carcinoembryonic antigen
(CEA) in all treatments showed that the strains in these bio-fertilizers did not stimulate
carcinogenic indices. The results from the other blood factors were normal for all strains
(data not shown). Only P. putida showed no adverse effect on the increase in alkaline
phosphatase (ALP). The results also showed that the effect of bio-fungicide on mamma-
lian tissues (spleen and large intestine) was normal. But a small number of mild liver ne-
crosis was seen in the treatment groups with wild Trichoderma, and moderate necrosis in
the the liver tissue after treatment with mutant Trichoderma isolates. More investigation
should be made to determine the impact of these biotic factors on the mammalian tissues
before commercialization.
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Introduction

According to the statistics published in Iran, per
capita consumption of poison in agricultural products
for each person is 400 grams, and the use of chemical
fertilizers has been increased from 2.5 to 3.5 million
tons over the past 10 years. In the traditional agri-
culture, over 300 types of hazardous chemicals such
as pesticides, herbicides, and fertilizers are used to
control pests, insects and to increase soil fertility. The
residue of these materials will be absorbed into plants
by infecting groundwater and air. In addition, it will
accumulate in agricultural products such as fruits and
vegetables and will be transmitted to the human body.
For many years, to tackle these problems, the bio-fun-
gicides such as commercial products made by Trich-
oderma and bio-fertilizers made with Pseudomonas
have been used in different countries (1). Pseudo-
monas spp. is an aerobic, gram negative, rod shaped,
non-spore forming and fast growing bacterium. The
most important fluorescent species are Pseudomonas
aeruginosa, Pseudomonas putida, and Pseudomonas
fluorescens (2). Pseudomonas fluorescens unlike P.
aeruginosa has generally been regarded to be of low
virulence, and an infrequent cause of human infec-
tion (3). However, it has been reported to cause in-
fections such as blood transfusion-related septicemia
(4, 5), catheter-related bacteremia (3), and peritonitis
in peritoneal dialysis patients (6). Pseudomonas aeru-
ginosa being the most common species isolated from
clinical specimens (7). Its pathogenicity has generally
been related to its exotoxin. These exotoxins can pro-
duce leukopenia, acidosis, circulatory collapse, necro-
sis of liver, pulmonary edema, hemorrhage, and tubu-
lar necrosis of kidneys. The extracellular toxins that
cause damage to the tissues of different hosts may dif-
fer. Pseudomonas aeruginosa causes several different
infections including endocarditis, pneumonia, malig-
nant otitis externa, bacteremia, and also, gastrointes-
tinal tract, skin and soft tissue, skeletal, eye, and burn
infections (8, 9). Pseudomonas putida is an uncom-
mon cause of skin and soft tissue infections. It is of-
ten associated with trauma or immunocompromised
states, and in patients possessing medical devices or
catheters (10, 11). Pseudomonas putida is considered
a low-virulence pathogen and has been recognized as
a rare cause of bacteremia. Despite the fact that this
organism causes health care-related infections, clini-
cal data on P. putida infections are lacking, owing to
the rarity, relatively lower virulence, and higher an-
timicrobial susceptibility of P. putida compared with
other Pseudomonas species, especially Pseudomonas
aeruginosa (10, 12-14).

It is necessary to reduce the consumption of
chemical fertilizers and pesticides on greens and veg-
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etables, such as lettuce, which are eaten fresh. Howev-
er, problems with residual pesticides and pathogenic
chemical compounds indicate that the production
and use of bio-fertilizers has become more important.
The current research was conducted to evaluate the
possibility of undesirable effects from these organisms
in greenhouse cultivation systems, groundwater and
the mammalian food chain.

Trichoderma spp., has been widely investigat-
ed in recent years and is the most widely used as a
bio-control agent against phytopathogens (15). Over
the past decade, infections caused by opportunistic
filamentous fungi have become increasingly common
among patients after allogeneic stem cell transplanta-
tion (allo- HSCT). Trichoderma species are consid-
ered plant saprophytes, but have recently been linked
to severe cases of invasive infection in immunocom-
promised human hosts [16-19]. The aim of this study
was to investigate the biological effects of Trichoder-
ma rifaii (mutant and wild types) on Balb /c mice (as
a model mammal). Obviously, a more comprehensive
study should also be carried out on the other isolates
that are used as bio-fungicides and pesticides in the
production systems. The goal is to draw the attention
of other researchers, before the recommendation and
application of bacterial microorganisms. The possible
adverse effects of inoculation with different species of
Pseudomonas spp. and the risks associated with the
use of these biological compounds on mammalian
health has also been investigated.

Results

The present study examined the biological effects
of these bacteria and Trichoderma as a bio fungicide
on inflammation or necrosis of tissues such as kidney,
liver, spleen and large intestine, blood factors (alka-
line phosphatase), carcinoembryonic antigen (CEA)
and hemoglobin in a mammalian model (mouse). The
study of tumor marker CEA in all treatments showed
that the strains in these bio-fertilizers did not stimu-
late carcinogenic indices. The results from the blood
factors were normal for all strains (data not shown).
Only P. putida showed no adverse effect on the in-
crease in alkaline phosphatase (ALP). In this study of
the inflammatory processes in the liver, kidney and
large intestine, of the 12 mice studied, only minor liv-
er and kidney necrosis and the large intestine necrosis
were observed for the different bacterial strains (Fig-
ure 1). No pathologies were found in the spleen tissue
(Figure 1). The data acquired from 12 mice indicates
the need for further studies on the effects of bio-fer-
tilizers on mammals (Table 1). The results of blood
factors ALP and CEA in all treatment groups showed
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that the bio-fungicide propagule did not stimulate
carcinogenicity indices. The study of inflammatory
process in the liver and kidney of the twelve studied
mouse tissues showed that a small number of mild
liver necrosis were seen in the treatment with wild-
type Trichoderma, and moderate necrosis in the liv-
er tissue after treatment with Trichoderma mutant
isolates (Figure 1-b2). There were no effects on the
spleen and large intestine (Table 2) (Figure 1c, d2).

Discussion

According to the results of this study, tumor
marker CEA was not affected by different bacteri-
al strains. Similar results were reported by Kiyama
et al. (20). Blood factors were normal in all groups
treated with all strains (data not shown). Only P
putida showed no adverse effect on the increase in
ALP (21, 22).

The pathological changes in the liver, spleen,
lung and heart were similar to the changes reported
by Al-Muhammadawi (23). Olgerts et al., (24) re-
ported the histopathology and serum enzyme levels
of mice inoculated intravenously with Pseudomonas

aeruginosa exotoxin. The toxin had a significant effect
on the liver but did not cause any microscopic changes
in other organs. Microscopic changes resulting from
an injection of two 50% lethal doses (LD50) of tox-
ins (2.3 g) into the liver are characterized by necrosis,
cell swelling, and fat change within 4-8 hours and it
was similar to necrosis of cells in the kidney, after
48 hours. Liver necrosis was associated with a parallel
increase in serum levels of aspartate and alanine ami-
notransferases and alkaline phosphatase.

A single injection of 10 LD50 elicited similar but
somewhat more rapid degeneration. No progressive
lesions were seen after injection of toxoid or of 0.5
LD50 of toxin. Our results were similar to these re-
sults. Our microscopic observations are similar with
those made by Liu (25). He has briefly reported liver
necrosis, edematous and hemorrhagic lungs, and ne-
crotic and hemorrhagic kidneys in mice given intra-
peritoneal toxin. The enzyme activity in serum (a rela-
tively small increase in levels of alkaline phosphatase)
was consistent with the histologic pattern of necrosis.

Based on the Rees (26) report, Trichoderma har-
zianum strain T-39 was not infectious, pathogenic or
toxic to rats when administered orally at 1.4 to 2.0 x

E?fii (l)f bio-fertilizer on blood factors and inflammatory processes in extremities of mice treated with bacterial cells and lettuce.
Blood Vital organs

Treatment . .

Normal%fZIf‘S2 ng/ml ) Normal ?213:‘%))—155 U/L) KGdueras pleen v ga;t:{) g'l:s:tl_
Control (tap water) 0.31 139 0 0 0 0
P, fluorescens + (water) 0.39 485 0 0 1 1
P, putida + (water) 0.21 142 1 0 0 0
P. aeruginosa + (water) 0.3 296 1 0 1 1
Control (lettuce) 0.27 129 0 0 0 0
P, fluorescens + (lettuce) 0.33 330 0 0 0 1
P, putida + (lettuce) 0.29 165 1 0 1 0
P aeruginosa + (lettuce) 0.25 288 0 0 1 0

! alkaline phosphatase
? carcinoembryonic antigen

Ranked inflammatory process: negative=0; mild necrosis=1; moderate necrosis=2; severe necrosis=3
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Figure 1.

Comparison of microscopic image of different organ tissues treated with biological materials. al: The kidney tissue of mouse fed with P. putida. a2:
The kidney tissue of mouse fed with mutant Trichoderma. a3: The kidney tissue of control. bl: The liver tissue of mouse fed by P. aeroginosa, b2: The
liver tissue of mouse fed with mutant Trichoderma. b3: The liver tissue of control. c1: The gastrointestinal tract tissue of mouse fed with P. fluorescens,
c2: The gastrointestinal tract tissue of mouse fed with mutant Trichoderma. c3: The gastrointestinal tract tissue of control. d1: The spleen tissue of
mouse fed with P, putida. d2: The spleen tissue of mouse fed with mutant Trichoderma. d3: The spleen tissue of control. Dark ovals in the shapes
indicate the presence of necrosis or cell degeneration. The nucleus becomes swollen and dark and eventually disappears
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10® CFU/animal. Clearance and infectivity were eval-
uated in the brain, blood, lymph nodes, kidney, liver,
spleen, lungs, caecum and feces. According to Leus-
chner’s (27) findings. Rats were given an oral dose of
trichoderma asperellum strain ICC 012 (Trichoderma
asperellum conidia 4.2 x 10° CFU/g) at 6-7 weeks of
age, then the mice were evaluated over a period of 14
days. The results of this study showed that the Tricho-
derma strain was not toxic at a concentration of 2000
mg / kg body weight. No deaths occurred during the
study. Trichoderma infection and pathogenesis are
also unknown and no clinical signs of treatment or
weight change were observed.

According to a report, a suspected case of inva-
sive pulmonary infection with T. longibrachiatum in
a patient with severe aplastic anemia who received
allo-HSCT and was successfully treated with liposo-
mal amphotericin B (L-AmB). There are few reports
on the effects of T. harzianum on mammalian cells
(28) or humans, while the effects of biologically active
peptides produced by other Trichoderma species have
been extensively investigated (29).

According to the Biotechnology Committee of
biological products the total cultivated area of crops
produced in Iran without the use of pesticides and
fertilizers is about 239 thousand and 364 hectares, in-
cluding 125 thousand and 802 hectares of horticultur-

Table 2

al products and 113 thousand and 659 hectares of ag-
ricultural crops. Generally, the amount of cultivation
of agricultural and horticultural that produce them
without using fertilizers and poisons is 1% and 2.7%
of the total cultivated in Iran, respectively.

In order to establish a bio-agronomic system
in Iran, at the same time as the development of this
production, the reliable and verified planning in the
field of supply these compounds in the distribution
network is essential because economization of bio-ag-
riculture is necessary for its development and expan-
sion. Before all this, accurate and sequential reviews
on the effect of the use of this fungicide and bio-fer-
tilizers on consumers in long-term should always be
included in the agricultural research program in order
to prevent the potential harm of such compounds or
to make informed choices based on scientific data to
the consumer.

Conclusion

The results for the effect of bio-fertilizers on mam-
mals show that they have a minor effect on the liver,
kidney and large intestine. The effect of active bio-fer-
tilizers on blood factor such as Carcinoembryonic
antigen (CEA) and Alkaline phosphatase(ALP) were
normal for all strains. The results also show that the
effect of bio-fungicide on mammals tissues (spleen

Effect of active fungicide on blood factors and inflammatory process in vital organs of mice treated with suspension of Trichoderma

wild type and mutant spores and lettuce treated with fungicide.

Blood Vital organs
Treatment 2 1
N%l;ﬁal Nﬁfnl:al Kidney Spleen liver gastn:ir;tcetstinal
(<2.5ng/ml) (230-55 U/L)
Control (water) 0.31 139 0 0 0 0
Wild type Trichoderma + water 0.32 170 0 0 1 0
Mutant Trichoderma + water 0.33 290 1 0 1 0
Wild type Trichoderma + lettuce 0.10 250 0 0 1 0
Mutant Trichoderma + lettuce 0.42 198 1 0 2 0
Control (lettuce) 0.27 129 0 0 0 0

! alkaline phosphatase
? carcinoembryonic antigen

Ranked inflammatory process: negative=0; mild necrosis=1; moderate necrosis=2; severe necrosis=3
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and large intestine) was normal. But a small number
of mild liver necrosis were seen in the treatment with
Trichoderma, and moderate necrosis in the liver tis-
sue after treatment with mutant Trichoderma isolates
that it reminds to researchers that the observation of
some mild liver necrosis requires a re-examination
and double-check on the effects of bio-fungicides.

The protocol of the research entitled Biological ef-
fects of Agricultural bio-materials on some blood and
tissue factors in Balb/c mice was performed according
to Iranian animal ethics society and local university
rules.

Material and methods

Bio-materials

Three commercial bio-fertilizers containing p. aeruginosa, P.
putida and P. fluorescens were obtained from the Soil and Water
Research Institute in Karaj, Iran. T. rifaii species (wild and mu-
tant isolates) were collected from fungal collections of the Karaj
Nuclear Agriculture Research Center. The tested mice were white,
male and female, prepared from the Razi Vaccine and Serology
Research Institute.

The effect of Trichoderma spp and Pseudomo-
nas on mammals

The bio-fungicide propagule (suspension of the spore from
isolated wild and mutant Trichoderma, with a concentration of
107 cells per ml) and the bio-fertilizer propagule (suspension of
bacterial cells with a concentration of 10° cells per ml) were added
to drinking water for two months, two times per week to the first
group of Balb/c mice (3 males and 9 females). In the second group,
mice (3 males and 9 females) were fed with lettuce treated with
bio-fungicide and three biological fertilizers three times per week.
Blood factors (ALP, AST, CBC), tumor marker carcinoembryon-
ic antigen (CEA), hemoglobin and the inflammatory process of
tissues such as kidney;, liver, spleen and large intestine in all mice
were examined. Only alkaline phosphatase (ALP) and CEA as the
main carcinogens are presented here (Tables 1, 2).

Preparation of tissues and blood samples

Mice were 3.5-4 months old and of balb/c strain. The average
weight of balb/c mice was from 20 to 25 grams. At the end of the
mentioned time (50 days), the mice were anesthetized by perito-
neal injection, and after the completion of the procedure, organs
such as the spleen, kidney, liver and large intestine were sampled.
The tissue samples were fixed in 10% formalin. After the fixation,
the digestion and molding stages were done by alcohol and par-
affin, respectively. Then, the transverse sections of the anterior,
middle, and posterior tissues were prepared by a microtome. The
slides were stained with hematoxylin and eosin and then observed
by an optical microscope. Blood samples were directly taken from
the heart by an insulin syringe, so that the needle was inserted into
the area by observing the heartbeat, and when the heartbeat was
felt as vibration of the syringe, complete blood sampling was done.
After blood sampling, the samples were transferred to two vials
with and without anti-coagulant EDTA. The EDTA-free samples
were used for analysis of liver enzymes.

Statistical analysis

Data obtained from the experiments was analyzed in SPSS
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(ver. 13). The groups were compared using ANOVA followed by
Duncan’s multiple range test at the (p < 0.05) level of significance.
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Anti-quorum sensing and antibacterial activities of
Satureja sahendica hydroalcoholic extract against avian
isolate of Salmonella Typhimurium

Razieh Sharchi, Jalal Shayegh, Somayyeh Hosseinzadeh
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ABSTRACT

Quorum sensing (QS) is a cell density dependent mechanism used by many patho-
genic bacteria for regulating virulence gene expression. Inhibition or interruption of
QS by herbal remedies has been suggested as a new strategy for fighting against anti-
biotic resistant bacteria. The aim of this study was to evaluate the antibacterial activity
of Satureja sahendica hydroalcoholic extract (SSHE) against Salmonella Typhimuri-
um (S. Typhimurium) isolates, and to assess the impact of sub-inhibitory concentra-
tions of this extract on the QS-associated gene (sdiA) expression. Using the Soxhlet
method, hydroalcoholic extract of S. sahendica leaves was prepared and antimicrobial
effects of the SSHE were determined by minimum inhibitory concentration (MIC)
and minimum bactericidal concentration (MBC) methodS. The reverse transcription
quantitative PCR (RT-qPCR) assay was used to analyze the expression of sdiA in 20 S.
Typhimurium isolates from poultry flocks in response to the treatment of sub-inhib-
itory concentrations of SSHE at 60-min time point. The MIC values of SSHE against
S. Typhimurium isolates were ranged from 0.29-4.68 mg/ml" and MBC values were
ranging from 75-150 mg/ml ™. The results also indicated that the expression of sdiA
gene was reduced in S. Typhimurium isolates triggered by the treatment of SSHE
comparatively with those from the control cultureS. Findings suggest that SSHE pos-
sess the antibacterial and anti-QS activity and can be used to control the expression of
virulence genes in pathogenic bacteria, such as S. Typhimurium.

Abbreviations

Satureja sahendica, Hydroalcoholic extract, sdiA gene, QS: Quorum sensing

gene expression, Salmonella Typhimurium SSHE: Satureja sahendica hydroalc'ohol%c extract
S. Typhimurium: Salmonella Typhimurium
MIC: Minimum inhibitory concentration
MBC: Minimum bactericidal concentration
RT-qPCR: Reverse trasncription quantitative PCR

www.IJVST.um.ac.ir Corresponding author: | Email: Jalalshayegh@iaushab.ac.ir
Jalal Shayegh
Tell/Fax: +98 4133341260



almonella enterica, subspecies enterica sero-

type Typhimurium (S. Typhimurium) is one
of the most important causes of bacterial food-borne
outbreaks and systemic diseases in humans and an-
imals (1). In S. Typhimurium, various secreted pro-
teins and regulatory cascades of virulence genes are
located within the Salmonella pathogenicity islands
(SPIs) and the Salmonella plasmid virulence (spv) that
are regulated by a microbial cell to cell communica-
tion process called quorum sensing (QS) (2, 3). It is
widely accepted that QS is a form of bacterial com-
munication that involves the production, secretion,
detection, and response to extracellular signaling mol-
ecules called autoinducers (Als) (4). There are three
different QS autoinducer systems in Salmonella that
include acyl-homoserine lactone (AHL), autoinduc-
er-2 (AI-2), and autoinducer-3 (AI-3) signals (5). S.
Typhimurium encodes a LuxR homolog, named SdiA
(suppressor of cell division inhibition) that responds
to AHLs which is produced by other bacterial species
(6). Existence and expression of the sdiA and sdiA-reg-
ulated genes would be beneficial to Salmonella within
the gastrointestinal tract, and the observed upregula-
tion of this gene in the population brings the relevance
of the differentiated state closer to the milieu of the
host environment (7). Also, the potential roles of sdiA
may be construed from the recognized functions of
genes known to be regulated by SdiA. SdiA regulates
seven genes located in virulence plasmid and chromo-
somes of Salmonella which are involved in Salmonel-
la’s colonization of the intestine. These genes include
pefl/srgC operon, srgE (SdiA-regulated gene E), and
sirA (Salmonella invasion regulator) (7).

One of the common infection management strat-
egies to treat, prevent, and control common salmonel-
losis in human and animals include the use of anti-
biotic therapy (8). However, increased occurrence of
antimicrobial-resistant S. Typhimurium strains have
been reported from different food animals around
the world (9-11). For example, Emergence of mul-
tidrug-resistant (MDR) S. Typhimurium definitive
phage type 104 (DT104), is a particular concern for
animal husbandry, and in human medicine (12).

In recent years, strategies have been taken to
combat bacterial resistance by new antimicrobial
agents from natural sources (13-15). Among the new
therapeutic strategies, anti-virulence strategies have
emerged as promising alternatives, since instead of
killing the pathogens, these strategies try to deprive
the bacteria from their virulence factorS. One of the
novel therapeutics that are currently being developed
is focused on quench pathogen QS systems, because
QS is a key regulatory system in the pathogenesis of
various bacterial infections (16).

It has been demonstrated that plant-derived natu-
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ral products contain abundant sources of anti-bacteri-
al or anti-QS compounds (17, 18). The genus Satureja
is known as “Marze” in Persian, belongs to the Lami-
aceae family. This genus consists of 16 species in Iran,
10 species are endemic (19). Satureja sahendica (S. sa-
hendica), one of these species, is a perennial and bushy
aromatic herb with small white-viola colored flowerS.
It is a late flowering species, grows in the rock walls
and mountains of northwestern and western Iran. The
aerial parts of some Satureja species have been widely
used as a flavoring compound in food and as a tradi-
tional plant for the treatment of gastrointestinal dis-
orders (20).

Although, many studies reported that the essen-
tial oils and extracts of Satureja species have potential
antimicrobial activities against different pathogenic
bacteria (20-22), the antimicrobial and anti-QS effects
of S. sahendica hydroalcoholic extracts (SSHE) against
the S. Typhimurium are still poorly understood.
Therefore, the objectives of this study were to observe
the antimicrobial and anti-QS effects of SSHE on S.
Typhimurium isolated from poultry flocks.

The Antimicrobial susceptibility testing

In the assessment of the antimicrobial activities of
SSHE, the MIC and MBC values against 20 S. Typh-
imurium isolates were ranged from 0.29-4.68 mg/ml’
and from 75-150 mg/ml’', respectively.

Confirmation of presence of 16S rRNA and sdiA
genes by PCR

Among 20 different S. Typhimurium isolates, all
stains showed the presence of 16S rRNA and sdiA
genes (100%). PCR results confirming the presence of
these genes are shown in Figurel.

Growth of S. Typhimurium in the presence of
sub-inhibitory concentrations of SSHE

In this study, the MIC value of S. Typhimuri-
um RITCC1730 versus SSHE was 2.34 mg/ml ™" The
growth curve of S. Typhimurium RITCC1730 is
shown in Figure 2. The test revealed that after 30 min
of SSHE treatment, there was no obvious difference
in the OD600 value among all cultureS. A steady in-
crease in the optical density with 0.58, 1.17 mg/ml™!
of SSHE treatment and control occurred after 45 min.
The optical density increased at a slower rate than the
lower concentrationS. After 300 min, the OD value of
the S. Typhimurium treated with 0.58, 1.17, 2.34, 4.68,
and 9.37 mg/ml ™" of SSHE was approximately 95.03%,
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89.17%, 66.62%, 41.52% and 33.63% of the control
cultures, respectively.

These results show that SSHE concentration of
IMIC, 2 MIC and 4 MIC strongly inhibited the growth
of S. Typhimurium RITCC1730. To study the effects of
a low SSHE concentration on the transcription of the
S. Typhimurium, we reduced the inhibitory SSHE con-
centration to 1/2 MIC according to the growth curve.
It was claimed that compound concentrations should
be at concentrations that are just low enough not to
affect the growth of the organism (23). We chose 60
min time point for SSHE treatment in the experiment
based on the growth curve mentioned above and our
preliminary experimentS. In the preliminary experi-
ments, cultures were harvested for RNA preparation
following 45, 60, and 120 min of SSHE treatment. Our
results demonstrated that time point 45 min delivered
the most meaningful results (data not shown).

Influence of subinhibitory concentrations of
SSHE

Expression level of sdiA gene in 20 treated S. Ty-
phimurium strains with SSHE were examined using

3000bp
2000 bp

1500 bp
1200 bp

Figure 1.

RT-qPCR and compared to that in non-treated ones
of the same strain. The results indicated that sdiA gene
expression in the SSHE-treated strains was signifi-
cantly down regulated in comparison to that in the
non-treated isolates (p =0.0246) (Figure 3).

The widespread emergence of resistance to a large
number of antimicrobial agents in pathogenic bacte-
ria has become a significant global public health threat
(24). Most plant extracts studied have various anti-
microbial activities and have been used to cure many
infections (25). The findings of our study show that
SSHE has a good inhibitory effect on S. Typhimuri-
um with a minimum inhibitory concentration in the
range of 0.29-4.68 mg/ml" and minimum bactericidal
concentration of 75-150 mg/ml™. These results clearly
indicated that SSHE has a strong antimicrobial activi-
ty against S. Typhimurium isolateS. To our knowledge
this is the first report on the antimicrobial activity of
the SSHE. Previous studies reported that the essential
oils of the S. sahendica are known to possess antibac-
terial activity against both Gram positive and Gram
negative bacteria (20-22). In a report of Yousefzadeh
et al. the minimum inhibition concentration of S. sa-

9 10

11 12 13 14 15 16

Agarose gel electrophoresis of the PCR product of 16S rRNA and sdiA genes for DNA extracted from analyzed S. Ty-
phimurium isolateS. Lane M: GeneRuler™ 100 bp plus DNA ladder; lane 1 and 9: positive control for 16S rRNA and
sdiA genes (S. Typhimurium RITCC1730), respectively; lane 2 and 10: negative control for 16S rRNA and sdiA genes,
respectively; lanes 3-8 and 11-16: amplified fragments of 16S rRNA and sdiA genes in the isolates.
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Figure 2.

Growth curve for S. Typhimurium RICC1730 in the presence or absence of SSHE. a) untreated S. Typhimurium; b) S. Typhimurium
plus 10% DMSO; c) S. Typhimurium plus 0.58 mg ml™' SSHE; d) S. Typhimurium plus 1.17 mg ml™' SSHE; e) S. Typhimurium plus
2.34 mg ml™! SSHE; and f) S. Typhimurium plus 4.68 mg ml™' SSHE; g) S. Typhimurium plus 9.37 mg ml~' SSHE.
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Figure 3.

Relative expression of sdiA in response to SSHE. Relative expression of sdiA mRNA was detected in 20 SSHE -treated and
-nontreated S. Typhimurium using RT-qPCR, and it’s expression in each sample was normalized to the level of 16S rTRNA mRNA
expression in each sample.
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hendica essential oil in Gram negative bacteria was in
the range of 3.5-15 mg/ml™ (21). Serrano et al. showed
that the essential oil and ethanol extracts of Satureja
contain several compounds with antimicrobial prop-
erties (26). The composition of the essential oil iso-
lated from aerial parts of S. sahendica has previously
been reported. Thirty-three component were iden-
tified in S. sahendica essential oil. In fact, the major
components in S. sahendica essential oil were thymol,
P-cymene, y-terpinene and a-terpinene, respectively
(27). The high antimicrobial activity of S. sahendica
essential oil could be explained by the higher percent-
age of thymol that is well known to has antibacterial
activity (28). Most studies on the mechanisms of thy-
mol indicate that it disturbs the structure of cellular
membranes, altering their function, and reacts with
the active sites of enzymes in Gram positive and Gram
negative bacteria (29, 30). The ethanol and methanol
extracts of other Satureja species were assessed against
some Gram-positive and Gram-negative bacteria. The
MIC values of S. bachtiarica ethanol extract against
Gram negative bacteria have been reported in the
range of 100-200 mg/ml™" (31) and the corresponding
value of methanol extract of S. khuzestanica were in
the range 4-10 mg/ml" (32). In the another study, the
MIC values of methanol extract from the aerial parts
of S. hortensis plants against Gram negative bacteria
were ranging from 0.03 to 0.25 mg/ml™ (33). Although
it has been reported that essential oils of plants con-
tain more antimicrobial substances than their extracts
including methanol, ethanol and water extracts, but
the results of our study indicate that hydroalcoholic
extract of S. sahendica can be stronger than essential
oil and other type of extractS. These differences can
be due to ecological factors or species variationS. In
total, these data indicate the possibility that SSHE may
find an application as an antibacterial agent against
salmonellosiS. However, conducting further studies
with more focus on antimicrobial mechanisms of this
extract is suggested. For this reason, in this study the
attention has been given to it's QS inhibition activity.
A number of studies have shown that extracts
from traditional medicinal plants could interfere with
bacterial cell-cell communication and can be used for
the development of novel anti-infective measures (34-
36). Overall, plant extracts or compounds usually tar-
get the bacterial QS system via three different ways:
stopping the signaling molecules from being synthe-
sized by the luxI encoded AHL synthase, degrading or
modifying the signaling molecules, and/or targeting
the luxR signal receptor (17, 37). In this study, we have
quantitatively assessed the expression level of sdiA
gene (one of LuxR family member) in SSHE -treated,
and non SSHE treated S. Typhimurium isolateS. Ac-
cording to the results, sdiA gene was found to be sig-
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nificantly down-regulated in SSHE treated isolates as
compared to the matched non-treated oneS.

Many Gram-negative bacteria, including Salmo-
nella, employ the QS system to control the expres-
sion of several virulence genes (38). One of the most
significant regulators of S. Typhimurium QS system
was SdiA which responds to AHLs produced by other
bacterial species (39). Thus, downregulation in the ex-
pression of this gene was associated with a decrease in
expression of the genes involved in QS system. Genes
that are controlled by SdiA include: the pefI/srgC op-
eron, the srgE gene, and the sirA gene (7). Hence, re-
ducing the expression of the sdiA gene can affect the
expression of these genes, and subsequently on their
virulence factors, including flagella formation (motili-
ty), fimbria formation, bacterial invasion, biofilm pro-
duction, type 3 secretion system, and the phenotypes
derived from genes located on the pathogenic islands
1 and 4 (40-43).

Overall, the results of this study showed that SSHE
has antimicrobial and anti-QS effects by decreasing
the expression of sdiA gene. Although there is no doc-
umented scientific report on the Quorum Quenching
(QQ) potential of SSHE, we found that SSHE also
possessed significant anti-QS activity against sdiA
gene. These results can be in agreement with the re-
sults of other studieS. The results of Sharifi et al., 2018
revealed that S. hortensis essential oil can act as an an-
ti-QS agent against Staphylococcus aureus (44). Like-
wise, in the study of Bacha et al. two of the eighteen
plant extracts were found interfering with bacterial
QS (18). In another study, Adonizio et al. reported
that medicinal plants and their extracts exhibited anti
QS activities (45).

To our knowledge, this is the first report which
introduces SSHE as an effective antibacterial medic-
inal plant agent against S. Typhimurium isolates and
shows noticeable anti-QS effect. Nevertheless, further
studies about the safety and toxicity of this extract are
needed to evaluate possible clinical applications in the
therapy of infectious diseases.

In conclusion, the results of this study revealed
that MICs of SSHE can be used to control the expres-
sion of virulence genes involved in QS system of S. Ty-
phimurium. Also, the present study introduced SSHE
as an anti-QS agent with natural origin against S. Ty-
phimurium. Nevertheless, more efforts are required
to conduct clinical trials of these compounds in the
future.

Plant material and extraction procedure

S. sahendica plants were collected from the wild growing
plants at the full flowering stage, from East Azerbaijan province of



Iran. The plant was authenticated by Herbal Museum of the Facul-
ty of Pharmacy, Tabriz University of Medical Science, Tabriz, Iran.
A voucher specimen (No. 4035) has been deposited at the Herbar-
ium of Medicinal Plants, Faculty of Pharmacy, Tabriz University of
Medical Science, Tabriz, Iran.

The collected plant materials were air-dried under shade and
the plant leaves were separated from the stem. Then dried leaves
were powdered and stored in an airtight container.

Preparation of the ethanol extract

SSHE were prepared with aqueous ethanol (70%; v/v) by
using Soxhlet extractor for 72 h at a temperature not exceeding
the boiling point of the solvent. The ethanol extracts were filtered
through Whatman filter paper (No.1) and then concentrated vac-
uo at 40 °C by means of rotary evaporator. The residues obtained
were stored in a freezer at -80 °C until future testS.

Bacterial strains

S. Typhimurium RITCC1730 was obtained from Razi In-
stitute Culture Collection Center. A total of 20 local clinical iso-
lates of S. Typhimurium, which were isolated from poultry flocks,
were provided from Faculty of Veterinary Medicine, Tehran, Iran.
These isolates had previously been identified by biochemical and
molecular tests to be representative of S. Typhimurium (46).

Antimicrobial susceptibility testing

The minimum inhibitory concentrations (MICs) of SSHE
against the S. Typhimurium isolates described above were deter-
mined according to the CLSI (Clinical and Laboratory Standards
Institute) procedures (47). The stock solution extract of S. sahendi-
ca (300 mg/ml) was dissolved in 10% dimethyl sulfoxide (DMSO;
Sigma-Aldrich). The MIC was defined as the lowest concentra-
tion of extract that prevented resazurin colour change from blue
to pink. The minimum bactericidal concentration (MBC) values
were determined by removing 100 pL of bacterial suspension
from subculture, demonstrating blue color in wells and inoculat-
ing on Muller Hinton agar (MHA) plateS. MBC was recorded as
the lowest concentration of SSHE, which killed 99.9% of bacterial
inoculate after a 24-hour incubation at 37 °C (19). The assays were
repeated in triplicate.

Confirmation of presence of 16S rRNA and sdiA
genes by PCR

PCR amplification was carried out in a 25 pL reaction mix-
ture containing 2 pL of the DNA as the template, 12.5 pL of 2X
PCR master mix (3 mM MgCl2, 0.04U/ pL Taq polymerase, reac-
tion buffer, 0.4 mM of each dN'TPs), 1 uL (0.4 Mm) of the forward
and reverse primers (Sinaclon, Iran) (Table 1). PCR amplification
was conducted in a Touchgene Gradient (Model FTGRAD2D,
UK). The cycling program consisted of: denaturation at 94 °C for
5 min, followed by 35 cycles of 94 °C for 1 min, 60 °C for 1 min,
72 °C for 1 min. A final extension was performed at 72 °C for 10
min. Both positive and negative control reactions were includ-
ed in each PCR amplification experiment. For negative controls
template DNA was replaced with sterile water. S. Typhimurium
RITCC1730 was used as positive control. PCR products were
resolved by electrophoresis in 2% (w/v) agarose gel stained with
SYBR Safe DNA gel stain. Visualizations were made using a UV
transilluminator (BTS-20, Japan), and the 100 bp plus DNA lad-
ders were used as molecular size markers.
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Growth curves

S. Typhimurium RITCC1730 was grown to an optical density
of 0.1 at 600 nm in Muller Hinton Broth (MHB), and was distrib-
uted as 100ml volumes into six 500ml Erlenmeyer flaskS. SSHE
(dissolved in 10% DMSO) was added to six of the cultures to ob-
tain final concentrations of 0.25 MIC, 0.5 MIC, 1 MIC, 2 MIC, and
4 MIC respectively. The control cultures included the addition of
10% DMSO alone. The cultures were incubated further, and cell
growth was monitored spectrophotometrically in the optical den-
sity at 600 nm. Three ml samples of each culture were collected
immediately at 15 min intervals after the addition of SSHE. In ad-
dition, the total number of viable bacteria was estimated by plating
dilutions of the culture on MHA without antibiotic and counting
the numbers of CFU after 24 h at 37 °C.

Treatment with SSHE

To obtain RNA for investigating the effects of SSHE on sdiA
gene expression, S. Typhimurium RITCC1730 and each of the
clinical isolates of S. Typhimurium were grown overnight at 37 °C
in 10 ml of MHB. Two 250 ml Erlenmeyer flasks, each of which
contained 100 ml of MHB, were inoculated with an overnight cul-
ture to an initial OD600 of 0.1. Subsequently, the tock solution
(SSHE), prepared in 10% DMSO was added to one of the cultures
(experimental culture), giving a final concentration of 0.5 MIC.
The other culture containing 10% (v/v) DMSO lacking SSHE was
used as the control. All bacterial suspensions (both experimental
and control suspensions) were further incubated for 60 min at 37
°C. RNA isolation was then performed at this time. Three inde-
pendent bacterial cultures for SSHE treatment or control condi-
tion were prepared as biological replicates for RNA isolation on
different days.

RNA Extraction and cDNA Synthesis

Four hundred pL of the bacterial suspension were removed
and combined with 800 pL of RNA protect Bacteria Reagent
(Qiagen, Valencia, Calif., U.S.A.) to minimize RNA degradation
immediately before harvesting for RNA isolation, then cells were
collected by centrifugation and kept at -80 °C.

Extraction of the total RNA was carried out from both treat-
ed and non-treated bacteria using the Qiagen RNeasy mini kit
(Qiagen) according to the manufacturer’s instructions, and then
each RNA sample was treated with RNase-free DNase I (TaKaRa
Bio Inc., Shiga, Japan) to remove contaminating DNA. The RNA
quality and quantity was monitored by agarose gel electrophore-
sis and by measuring the absorbance at 260 and 280 nm using a
NanoDrop 2000c spectrophotometer (Thermo Fisher Scientific,
Wilmington, DE, USA).

Extracted RNAs were stored at -70°C until required for the
experimentS. The cDNA synthesis of each sample was measured
using a cDNA synthesis kit (Yekta Tajhiz Azma, Iran), following
the manufacturer’s instructionS. All the samples were stored at -20
°C until used in the analysis.

Relative Quantitative Real-Time PCR

YTA qPCR Probe Master Mix (Yekta Tajhiz Azma, Iran) was
used for amplification and the real-time PCR analysis, according
to the manufacturer’s instructionS. The primer pairs listed in table
1.

The amplification was done with the Applied Biosystems Step
One Plus (Thermo Fisher Scientific, ABI, U.S.). Each reaction mix-
ture (20 uL) was prepared as follows: 10 pL of 2X One-Step SYBR
RT-PCR Buffer III (Takara), 0.4 uL of TaKaRa Ex Taq HS (5 U
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Table 1.
Primers used in the PCR reactions

Primer Sequence Size References
165 rRNA for AGGCCTTCGGGTTGTAAAGT
97 bp (Lee et al., 2009)
16s rRNA rev GTTAGCCGGTGCTTCTTCTG
sdiA for AATATCGCTTCGTACCAC
274 bp (Halatsi et al., 2006)
sdiA rev GTAGGTAAACGAGGAGCAG

pL-1), 0.4 uL of PrimeScript RT enzyme Mix II, 0.4 uL of each
primer (4 mM), 0.4 pL of ROX reference dye I, 2 uL template RNA
and 6 pL of RNase-free dH20. Amplification and detection were
performed with StepOne Real-Time PCR System (Applied Biosys-
tems, Waltham, USA). Cycling condition included 42°C for 5 min,
95°C for 10 sec and then 40 cycles of 95°C for 5 sec and 60°C for
34 sec. To verify the identity of the amplified product, post-am-
plification melting curve analysis was conducted as follows: 95°C
for 15 sec followed by stepwise elevation of the temperature from
60°C to 95°C at a rate of 0.3°C per sec with continuous fluores-
cence collection.

All the samples were analyzed in triplicate and in order to
confirm that there was no background contamination, a cDNA
template-free negative control was included in each run, and the
16S rRNA gene was used as internal control. To minimize data
variation in separate runs, paired treated and non-treated samples
from the same isolate were examined on the same runS. The ex-
pression of the target gene sdiA was determined as relative to the
expression of the endogenous control gene 16S rRNA by using the
comparative CT (AACT) method of RT-qPCR.

Statistical analysis

All the experiments were performed in triplicate and repeat-
ed for three times and the data are expressed as the mean + SD.
The statistical calculations were performed using GraphPad Prism
software (version 8). A paired ¢-test was used to analyze the data.
A p-value of < 0.05 was considered to be statistically significant.

Acknowledgments

This report has been extracted from the first au-
thor thesis supported by the Islamic Azad Universi-
ty, Shabestar branch, Iran. The authors are grateful
to them valuable support. Also, we especially thank
to Prof. Taghi Zahraei-Salehi for providing bacterial
isolates.

Author Contributions

Conceived and designed the experiments: SH,
JSH. Performed the experiments: SH, RSH. Analyzed
the data: SH. Research space and equipment: SH, JSH,
RSH. Contributed reagents/materials/analysis tools:
SH, JSH, RSH. Wrote the paper: SH, JSH.

IJVST | 2020-1 (22) 10.22067/veterinary.v12i1.85433

Conflict of Interest

The authors declare that there is no conflict of in-
terest in relation to the publication of this

paper.
References

1. Andino A, Hanning I. Salmonella enterica: survival, coloniza-
tion, and virulence differences among serovarS. Sci World J.
2015; 520179.

2. TFabrega A, Vila J. Salmonella enterica serovar Typhimurium
skills to succeed in the host: virulence and regulation. Clin
Microbiol Rev. 2013;26(2):308-41.

3. Schroeder M, Brooks BD, Brooks AE. The Complex Relation-
ship between Virulence and Antibiotic Resistance. Genes (Ba-
sel). 2017;8(1):39.

4. Xayarath B, Freitag NE. When being alone is enough: non-
canonical functions of canonical bacterial quorum-sensing
systemS. Future Microbiol. 2016;11(11):1447-59.

5. Steenackers H, Hermans K, Vanderleyden ], De Keers-
maecker SCJ. Salmonella biofilms: An overview on occur-
rence, structure, regulation and eradication. Food Res Int.
2012;45(2):502-31.

6. Habyarimana F, Sabag-Daigle A, Ahmer BM. The SdiA-regu-
lated gene srgE encodes a type I1I secreted effector. ] bacteriol.
2014;196(12):2301-12.

7. Gnanendra S, Anusuya S, Natarajan J. Molecular modeling
and active site analysis of SdiA homolog, a putative quorum
sensor for Salmonella Typhimurium pathogenecity reveals
specific binding patterns of AHL transcriptional regulatorsS.
J mol model. 2012;18(10):4709-19.

8. Landers TF, Cohen B, Wittum TE, Larson EL. A review of an-
tibiotic use in food animals: perspective, policy, and potential.
Public Health Rep. 2012;127(1):4-22.

9. Schmidt JW, Agga GE, Bosilevac JM, Brichta-Harhay DM,
Shackelford SD, Wang R, et al. Occurrence of Antimicrobi-
al-Resistant Escherichia coli and Salmonella enterica in the
Beef Cattle Production and Processing Continuum. Appl En-
viron Microbiol. 2015;81(2):713-25.

. DiMarzio M, Shariat N, Kariyawasam S, Barrangou R, Dudley
EG. Antibiotic Resistance in Salmonella enterica Serovar Ty-



22.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

phimurium Associates with CRISPR
Sequence Type. Antimicrob Agents
Chemother. 2013;57(9):4282-9.

V T Nair D, Venkitanarayanan K,
Kollanoor Johny A. Antibiotic-Resis-
tant Salmonella in the Food Supply
and the Potential Role of Antibiot-
ic Alternatives for Control. FoodsS.
2018;7(10):167.

Akoachere J-FTK, Tanih NF Ndip
LM, Ndip RN. Phenotypic charac-
terization of Salmonella Typhimuri-
um isolates from food-animals and
abattoir drains in Buea, Cameroon. |
Health Popul Nutr. 2009;27(5):612-8.

Wohlleben W, Mast Y, Stegmann E,
Ziemert N. Antibiotic drug discovery.
Microb Biotechnol. 2016;9(5):541-8.

Hayashi MA, Bizerra FC, Da Silva PJ,
Jr. Antimicrobial compounds from
natural sourceS. Front Microbiol.
2013;4:195-.

Taylor PW. Alternative natural sourc-
es for a new generation of antibacte-
rial agentS. Int J Antimicrob AgentS.
2013;42(3):195-201.

Fleitas Martinez O, Cardoso MH, Ri-
beiro SM, Franco OL. Recent Advanc-
es in Anti-virulence Therapeutic Strat-
egies With a Focus on Dismantling
Bacterial Membrane Microdomains,
Toxin Neutralization, Quorum-Sens-
ing Interference and Biofilm Inhi-
bition. Front Cell Infect Microbiol.
2019;9:74.

Koh C-L, Sam C-K, Yin W-F, Tan LY,
Krishnan T, Chong YM, et al. Plant-de-
rived natural products as sources of
anti-quorum  sensing compoundsS.
Sensors (Basel). 2013;13(5):6217-28.

Bacha K, Tariku Y, Gebreyesus E
Zerihun S, Mohammed A, Wei-
land-Brduer N, et al. Antimicrobial
and anti-Quorum Sensing activities of
selected medicinal plants of Ethiopia:
Implication for development of potent
antimicrobial agentS. BMC Microbiol.
2016;16(1):139.

Jamzad Z. Thymus and Satureja spe-
cies of Iran. Research Institute of For-
est and Rangelands. 2009.

Sefidkon F, Akbari-nia A. Essential Oil
Content and Composition of Satureja
sahendica Bornm. at Different Stag-
es of Plant Growth. ] Essent Qil ReS.
2009; 112-4 p.

Yousefzadi M, Riahi-Madvar A,
Hadian ], Rezaee F Rafiee R. In vi-
tro cytotoxic and antimicrobial ac-
tivity of essential oil from Satureja
sahendica. Toxicol Environ Chem.
2012;94(9):1735-45.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Tepe B, Cilkiz M. A pharmacological
and phytochemical overview on Sa-
tureja. Pharm Biol. 2016;54(3):375-
412.

Hutter B, Schaab C, Albrecht §,
Borgmann M, Brunner NA, Freiberg
C, et al. Prediction of Mechanisms
of Action of Antibacterial Com-
pounds by Gene Expression Profil-
ing. Antimicrob Agents Chemother.
2004;48(8):2838-44.

Agyare C, Boamah V, Zumbi C, Osei
E Antibiotic Use in Poultry Pro-
duction and Its Effects on Bacterial
Resistance Antibiotic Use in Poul-
try Production and Its Effects on.
2018;1-20.

Bor T, Aljaloud SO, Gyawali R, Ibra-
him SA. Chapter 26 - Antimicrobials
from herbs, spices, and plants A2 -
Watson, Ronald RosS. In: Preedy VR,
editor. Fruits, Vegetables, and Herbs:
Academic PresS. 2016;551-78.

Serrano C, Matos O, Teixeira B, Ra-
mos C, Neng N, Nogueira J, et al. An-
tioxidant and antimicrobial activity
of Satureja montana L. extractS. J Sci
Food Agric. 2011;91(9):1554-60.

Kargar V, Alizadeh A, Namayandeh
A. Essential oil constituents of Sat-
ureja sahendica Bornm. and Satureja
hortensis L. cultivated in Iran. Intl J
Farm & Alli Sci. 2014;3(1):91-4.

Marchese A, Orhan IE, Daglia M,
Barbieri R, Di Lorenzo A, Nabavi
SE, et al. Antibacterial and antifun-
gal activities of thymol: A brief re-
view of the literature. Food Chem.
2016;210:402-14.

Garcia-Salinas S, Elizondo-Castillo
H, Arruebo M, Mendoza G, Irusta
S. Evaluation of the Antimicrobial
Activity and Cytotoxicity of Differ-
ent Components of Natural Origin
Present in Essential OilS. MoleculeS.
2018;23(6):1399.

XuJ, Zhou E, Ji B-P, Pei R-S, Xu N. The
antibacterial mechanism of carvacrol
and thymol against Escherichia coli.
Lett Appl Microbiol. 2008;47(3):174-
9.

Zareii B, Seyfi T, Movahedi R, Cher-
aghi J, Ebrahimi S. Antibacterial
Effects of Plant Extracts of Alcea
Digitata L., Satureja Bachtiarica L.
and Ferulago Angulata L. Journal of
Babol University Of Medical Scienc-
eS. 2014;16(1):31-7.

Amanlou M, Fazeli MR, Arvin A,
Amin HG, Farsam H. Antimicrobial
activity of crude methanolic extract
of Satureja khuzistanica. Fitoterapia.
2004;75(7):768-70.

IJVST

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

2020-1 (22)

SHORT COMMUNICATION

Adiguzel A, Ozer H, Kili CH, Cetin B.
Screening of Antimicrobial Activity
of Essential Oil and Methanol Extract
of Satureja hortensis on Foodborne
Bacteria and Fungi. Czech J Food Sci.
2007; 25(2): 81-89.

LiG,YanC,XuY, Feng Y, Wu Q, Lv X,
et al. Punicalagin inhibits Salmonella
virulence factors and has anti-quo-
rum-sensing potential. Appl Environ
Microbiol. 2014;80(19):6204-11.

Ahmad A, Viljoen AM, Chenia HY.
The impact of plant volatiles on bac-
terial quorum sensing. Lett Appl Mi-
crobiol. 2015;60(1):8-19.

Chu W, Zhou S, Jiang Y, Zhu W,
Zhuang X, Fu J. Effect of Tradi-
tional Chinese Herbal Medicine
with Antiquorum Sensing Activity
on Pseudomonas aeruginosa. Evid
Based Complement Alternat Med.
2013;2013:648257.

Chan K-G, Atkinson S, Mathee K,
Sam C-K, Chhabra SR, Cidmara M,
et al. Characterization of N-acylho-
moserine lactone-degrading bacteria
associated with the Zingiber officinale
(ginger) rhizosphere: co-existence of
quorum quenching and quorum sens-
ing in Acinetobacter and Burkholde-
ria. BMC Microbiol. 2011;11:51-.

Thomas MS, Wigneshweraraj S. Reg-
ulation of virulence gene expression.
Virulence. 2015;5(8):832-4.

Janssens JCA, Metzger K, Daniels R,
Ptacek D, Verhoeven T, Habel LW,
et al. Synthesis of N-acyl homoser-
ine lactone analogues reveals strong
activators of SdiA, the Salmonella
enterica serovar Typhimurium LuxR
homologue. Appl Environ Microbiol.
2007;73(2):535-44.

Ahmer BM. Cell-to-cell signalling in
Escherichia coli and Salmonella enteri-
ca. Mol microbiol. 2004;52(4):933-45.

Bravo D, Silva C, Carter JA, Hoare
A, Alvarez SA, Blondel CJ, et al.
Growth-phase regulation of lipopoly-
saccharide O-antigen chain length
influences serum resistance in sero-
vars of Salmonella. ] med microbiol.
2008;57(Pt 8):938-46.

Teplitski M, Al-Agely A, Ahmer BM.
Contribution of the SirA regulon to
biofilm formation in Salmonella enter-
ica serovar Typhimurium. Microbiol-
ogy (Reading, England). 2006;152(Pt
11):3411-24.

Wallar LE, Bysice AM, Coombes BK.
The non-motile phenotype of Salmo-
nella hha ydgT mutants is mediated
through PefI-SrgD. BMC Microbiol.
2011;11:141-.

10.22067/veterinary.v12i1.85433



SHORT COMMUNICATION

44.

45.

IJVST

Sharifi A, Mohammadzadeh A, Zah-
raei Salehi T, Mahmoodi P. Antibacte-
rial, antibiofilm and antiquorum sens-
ing effects of Thymus daenensis and
Satureja hortensis essential oils against
Staphylococcus aureus isolateS. J Appl
Microbiol. 2018;124(2):379-88.

Adonizio A, Kong K-F, Mathee K.
Inhibition of quorum sensing-con-

2020-1 (22)

46.

trolled virulence factor production
in Pseudomonas aeruginosa by South
Florida plant extractS. Antimicrob
Agents Chemother. 2008;52(1):198-
203.

Fazl AA, Salehi TZ, Jamshidian M,
Amini K, Jangjou AH. Molecular de-
tection of invA, ssaP, sseC and pipB
genes in Salmonella Typhimurium iso-

10.22067/veterinary.v12i1.85433

47.

lated from human and poultry in Iran.
Afr ] Microbiol ReS. 2013;7(13):1104-
8.

Clinical and laboratory standards in-
stitute “performance standards for
antimicrobial susceptibility testing”;
2018.



% Iranian Journal of Veterinary Received: 2019- Aug- 06
-. )| 8 Accepted after revision: 2020- Jun- 13
;;,j Published online: 2020- Sep- 09

Abstracts (in Persian)

ol gt St 9 S SNy (5t ol e (S 1 S gy (T 0 jlas Cudlnd
v 391 w5 o5 shdlin

YW P (g y9am0 90Y Mgols p 0 TIFIN P madtl gl Ol

S e sl 58l st oS5 AL Bl s gk oung,

ol oS eslesS il aged oLl o Kb el ULl ¢ agos cuiligy 5 ol olye Cuilags 09,5 Y
e ol ial s oSl K5l oSl ol 8 ¥

Jsts o0ty gs *

NS>

S agms y505 (o o load (Glie g (a5 mlio j3 ) Se gl ) G Sl (S5 skdlinl sl (Sogll s b cisie

S5 35l 55 polie slo plidos adsi LS )0 (MRSA) (ol (e a0 pslie (gl (555 shdlwl wiile sy (31 &y sl
osas] (gl G5 1S Slals Jpams <y Slaie 4 Ul gy S o 53S0l Ll 5 it |y 1o (6,55l ol b alilio do oS
Sl U 8, s 5l el lataags (s oale S lgie 4 (PPHE) Ul Comgy o (5 0 lae il snmals 6 55T s o0l 55 s 5
sldsbo ade) o (S5 sldbislas s FRAP s DPPH (slyisejl bawgs) ST il slo (Shg 9 (i SlaS 5 g 0 ags ool
55 5 kbl ds ansgi WLy JSis g SgisiMly sledshs by Ul Cengy (2T (6 0jbas 0005 bl (elidgn 5 SgSOd
abaly 5o Ll Jlad a5k 5,87 g | SsSgldlinl o S5 5 moly lo dlla by Ul cengy ol 5 0jbas 05 s |y ogh gl
559 (95 55 phdlinl Cuglio 3925 L (D < 2/ 0) 392 590 4 dnly (510 (e joka el eadlaz gl yol eS sS Sldlinl L
Sl sledsls aule ol 0uiiS Jlgo cile JBlas (oliSY Ly (gl Sigm 2] il 5 (ATCC 33591) eyl o 4 polio
4 il ol 1) 2l iSL gl plidse JoSts Qb LUl gy ol (5 ojlae (T opdle 0g 12 (oo 50 0,8 (oo YIVO ks
s 3 oadlaz agh gl asSsS shedlin] gty sledsh adde by Ul cengy ol o)las 0aiiS Lo clile BBlax 555 o 90
@ iy @ Ll Gl plidsn JSas 5l Gelew (5o & polie ugiysl o555 gldlisl o (ATCC 29737) (yughyl (55 sS shedlin!
by Ul ey ] 6 oylae ey 5 g called e (sleislis & Allae ) 5,5 (s S sln LYF o Y5 FY lie
Siedges g Jige )5 jpal tel ol 5wl s o)las (nl (oekdsnad 7S (i 4 5 SgShas Collad S s 0 L

93l weS 95 gl (b Ul Cawgy

IJVST |2020-1 (22) 10.22067/veterinary.v12i1.82364



i~

y ———

X1 Iranian Journal of Veterinary Received: 2020- Jan- 27

% | " ) Accepted after revision: 2020-Mar- 11
Mot ;‘j Published online: 2020- Sep- 09

Abstracts (in Persian)

STt pil (5 3L s g w1 audls Al Quwg SS9 WS (g jlwlva
O slowt 9 (SI0E 3190 3 ou 11> (oS 9l DS U g9

T R9 P LS O Giwines dlllis !5 S cpidS

Ol i giin g 8 olSiils ¢ Kb jaals suSiils (bl 5 (S13E Slge Cllags 09,5
inuw O&.«M—lj—g -

oS>
b bl ade U iSL gacseme S g cqz 9 STEC olais] slaslss xS gilulazr adlas (ol 5l San
At 58 anseis 4 e A og S50 o8 e )0 (Sl (S 5 e ol Slods; 09 Gl Gpb Jled 50 9250 (L 2
WLyl sla (6 ,5SL AOFT [0 ol digel V ggomme 3l diges O H0 5B Laskis 4 e B og )T 0 JolS gile 8 a0
JrsS lp b3l el (o 0 50 Migelles g oMLty 2ol ade Ecol-MHDT (Vg L 56 .sogs wla a3l a4 s
e canlie STty 515 36 sla Cagac

Sl (£ e Slme aials Gligy Sl S 51D p0iiS a5 (WS Loy 0

IJVST |2020-1 (22) 10.22067/veterinary.v12i1.85298



% Iranian Journal of Veterinary Received: 2020- Jan- 30
-. )| 8 Accepted after revision: 2020- May- 14
sﬂ‘“’? Published online: 2020- Sep- 09

Abstracts (in Persian)

Olalo b bla,f 49 (390589131 9 D3 ol g o 939 33 5 T ghaw andline
(Bubalus bubalis) gl 43¢, s gl 3o 5ol

I b omn (S 2 e 5 hotxo T slahomen Sy 2 Ve (o oo ¢ o3l O

Sl 158! lgal ol et LSl (Sl 01K w5elyly JSailS s 5255 (sl )
Ol leal lgal il ez agds olBiils ( S pals oaSiils ( 2ke s psle 09,5 Y

Sl 58l Iyl Slyar s SIS (Sl aSS 55yl 05,5 ¥

0lpl lgal lgal juld uiz (Sbp pele oBlails (oosd yn DlidzS S50 ¥

Jstons 0255

NS>

G2 ol 50 gl adg ralS 4y yoenie g ead jalb b G Ojge 4 Conl e (B aiiS leis (o (55lST YL

5 0038,5 A3 slgal s ol iS5l adS il 5l pasin ashd § 9> aigel WJle ol 4y osle 955 ieweglS ely VY olaws
solaisl 5 Jslis gl el S5 oLl 5 Gy p0 ) ol ool & Soslsiligin 5 S p9 lo (alojl plil
PV olaws g aals 09,5 lgin anls a8l diges Flolow aiges V-V Lo 5l g ad )3 13 S o 0b3,l 0590 (230 slo diges
Sl ipeie (Sl St ol (mber Copiiog)S ) b o anls ladiges wiad 43,5 Hla )3 anls 09 plsie 4 diges
4 polaisl slo CuS jloslitul L D3 eling 5 090,80k comms )l Slo (90598 polie ol pendl (G955 5 5100 1yl
sl 09,5 lawgio | jieS ax ST )b anls slgag,S ;0 D3 palig polis asols olis o bl 5JUT o (6 15 ojlusl 13l o,
23 (e (simlim S 09,5 0090950k 5 gl O9eys nolie (I nl b canl 0395 (o)l (e gl el (Jg cunl
ul.ul..a)...w...u aS ol éb cul...) o 09y dals 05;)1 ).ij); u...ul.v wj,u LS)L) ‘S.M)j.lo L 65...15 ul.uL.a L| LSLD uw-»-ojlf
Slals ol 5ep (2 00 Ormerel Osesse dg el & e Vb jo 0ul 553190 alax jlaslllas 3550 slo (Auedl ;5 (5alS
S olas; 0 )ls 0529 (55l 5 rigng il adg G (sewiiiane bLI, AT 5l 0gd o o adS o Sles ] @l
Do oo L8 gl co 1) oy Glo piiaew 5l (g ks 0 Sas 595 aigi 4y ol (pl aS 00gy L e 555 Sl b as""'—l O

032,850 D3 by gy o)l (oS Slulo (sl a0y, siuegls

IJVST |2020-1 (22) 10.22067/veterinary.v12i1.85313



% Iranian Journal of Veterinary Received: 2020- Feb- 17
-. )| 8 Accepted after revision: 2020- Jun- 21
;;,j Published online: 2020- Sep- 09

Abstracts (in Persian)

[ gitlownS| s o>l 3 390 0 ga0 Ao sLdCwwd 50 las p o 0‘;;!3
D (5 g ST 10 (S0 31 g0 (B 9 CdAlE g gl | ST

T g9 @ Lo e ¢l (W plu T g 3g0 D19 3g0 ¢ "8I 5 (N gaS A

Ol edguion cguinn oy 8 olBiils o Sirels ouSiily ( 2Kle s pgle 09,5 )

Ol et ciguinn g 3 olBily ¢ S als caSiils (FauS lemeis oljgl oy S ye g i hads Olalllas ode (dad Y
Olnl edtin cdgetio (ougs 3 oA ¢ St pals 0aSils (5l gmagily 095 ¥

Jots oty ¥

oWS>

7 5 IS T ST slogtally o)l j90 Congy 392 5 05kae wdms 3k 90 by o)lac ;b ol adllas 5o
09,5 (JiS) @b Ve 095 F 4 Bolal &jpa ould Wgie o)l AllgS ¥ sl oy (pliide (gt sladllusS )0 (Sane slge
09,5 ;5 allugS gl g 59, VT-FA (b wiog aline () oo 5 lagls (il o5 )15 51 b S s (T 9 ¥ 09,57 )
£S5 oS (S 0ole) ,5 Y LallngS a oS 05,5 ,0 .050,50 <8l 10 j90 JaSo baallusS ¢ J a8 09,5 j0 a8 5 138 laileyo
590 sl olas Sl (S osle) ,5) 190 05,5 SlaallusS ay ol 03ls 59, B Se dy sy 35 je Gl o)las Sl s [0 (35
b ol 59, B e a9, [0 (g 5 ST )b See Samgy ojlas sl (S esle) 5 5 59, [ 09 o5 shSTedwms; b
3259 5 09> Sladiged AD 2925 9, O Sdes 9, [ 0j9 P 9kS 5T Glies 4 )l e Cemgy j00 WaallugS 4 095 50
P < 140) on 5 0] qommiliy i 5o (59, o sine (6555 (5T Wiges o) (o 0 SSI Y+ 510 Y e (sl 50 5 210y
@ a0 JoSo 50933 45 wms o lid yols sle aidl (D < +/00) oy o gxe FRAP ol sl oyloj x 09,5 2Ty .cusls
38 FRAP 0lie s diedge 6,50 (pliide (6 s allusS (50>

s Slge o5l AlusT (e o ylalST ‘_,,_';.ﬂ

IJVST 2020-1(22) 10.22067/veterinary.v12i1.85599



y ———

X1/ % Iranian Journal of Veterinary Received: 2020- Aug-31

% . o Accepted after revision: 2020- Feb- 29
Mot w#? Published online: 2020- Sep- 09

Abstracts (in Persian)

I g0 (S 19 99 (5SS 5) (RO 90 D> (5918 J 6> I (W y
oliwd g9 99 amilio — i g¥ 3> 30 > (519 5Lid g (3L 95 5
ks g &gyt

* A g yrol (s (b 4 ol o yT

Ol et cguin gwgo 3 olRiily (S el oSl ¢ cold (gl jlow (6 iy 5 Cilagy ( 2KSle o pgle 09 S
inm.a o.A.’u.mi}; -

NS>

B L e | AOP) i (A3l jlid cnl (Son o Slo 4355 5 (ndge (oo (2 65,10 £55 (515 ol ol g3
oBows 95 99 Abewgr (5955 )0 i I LA (5) (290 (on> 2 S ez Sl o)l (nl ST (o) S I i
Ao 555 3 ady o pid )0 5 b igS 5 5l cad Caly itz 50 .85 )18 Sbsl 0550 (Ssngis g S8 yegigh) (505l
313 iS5l amy 4hB T B 4o D o 5 L it 655 5 b 55 0 50 i (510 b 0 il 50515 o a8 5,
o815 dCare jogiss gl (wlul 508,85 18 aslllas 0550 55 ;500 slag ls Ol il aiie G alols b Blas ol (6.5 o5l
5 oelgad (S8 len e iS5l s TOP &l s ols als g)ls ailSs 51 s 428 YO ¢ alolddl | IOP LS)‘%_;‘-'-“ ok
ool 51 o alolddl lag,lo pled gy gigs ol bl 5 (P <e/+0) 090 o e b polie a4 i loj y2 48 (155T,bg
olos St eSile 332 Sl 1 5 ST 5 08 e TOP s S 5 0l lgyse Sl Jlor ] saisls als |, TOP
S a cnl by 0 (3Ll 5 ol 9o (g s (S (Sl ABB YN S VIB OO T S S 4 a8 B e (o
ICare yagiss 5l aS conl gloj 5l pion Jlos Socpgig 5l oolatwl sl rdge cwr o gl Lawsi IOP als aS 04 oo
Sas el gloy 5l yiin 0ed so oolaul 3T )Lgy b ST55 4 Sloj olws 2 LIOP pals oo 048 co ooliul
gz ool (58 g0 b sl Tey s

REL TR LIPS LES WX N v L P

IJVST 2020-1(22) 10.22067/veterinary.v12i1.82719



y ———

§ X1 % Iranian Journal of Veterinary Received: 2020- May- 19

% . o Accepted after revision: 2020- Jun- 26
Mot w#? Published online: 2020- Sep- 09

Abstracts (in Persian)

S Lign 3O Jwid> Tu> 3 9 (S 0L g AN 5 SUos 3 jlw piwd g0 I
& 0

16596 x5 0 5T 26 s ¢ Sblo bt st % K58 400t 19135 et 5000

ol oS eilosS i b anged olKitols cpgle oAl  auilidh g i)
L)‘)"‘ 5\3[)—‘ r>1.> 5QL...J)J olRKisls 4’9515 ouSiils ‘Q.S"“L““" [t MY

inuw O&.«M—lj—g -

oS>

3 el ooliiwl 0550 BEolo;l Sl g plo (gl a2 g (109 (o yiesd 10 oDl ax 50 ool o 5les s Slge glgil 059 yal
@liBes o i dlge Cod oals (IS glrre sla (hge jo sle s olas 4 > 5 5 (6 S0l g ababls o Sles ¢ ol dslllas
aan g0 gl axigy 5 g a8l g plol aiens i (99,5 <o)l S szl ailie o3Il jo sl s olgs j0 Sllgs 0l )
Al s elad jlo S ol cwyp SL BLE g (MWM) s y90 o 5le s 5l ool b (6 nSob g aladls> aios (6,lagSS
s i Sy (b i (19,0 Sligel rla Sl s dlge 51 S e gl o eolil jlo s Slge iz ez i gl
oSL Ble s MWM cas )0 5540 650k g aladls ollgs wiod (6l 99,5 ¢ plob o jo a5 Sllgs ols jlis ol o
Ty Sl 5 b odline Sl s oole (lgie 4 azigy o a8 S 13 Lo lo Jise jo (6,80l g aladls oy 5 s le
Syac nlp odle Wuil 35 axigy sol> 4l jo 1) %S ey g plol 5 99,5 ol slagil o ) i oy Sllgem (i
o8 0 Cpizman 8l ralS Sl s olge S0 b dislie (o dxig jle yius oole (gol> b s 09,5 Slasd e o 13§ O
e e Pl 3 alise i b sy g 813 L S gazme 55 A adalie Sligal s (0 i sl
s alme Gl Gige 5Tk g aldbl> o Sles y (Fglite 3]

IJVST |2020-1 (22) 10.22067/veterinary.v12i1.86943



y ———

§ X1 % Iranian Journal of Veterinary Received: 2019- Sep- 30

% . o Accepted after revision: 2020-Mar-26
Mot w#? Published online: 2020- Sep- 09

Abstracts (in Persian)

8l g S e ) By 3 (859U (K598 9w Sgo (S ) O
Balb/c 81§ yigo 49

"5 54 L0 e (6 1508 72,5 3 w919 U5 (i 0 i

al e 545 e oDl ol5T RS ¢ poad o il sl 0,5 )

ol oS el ol olEtils 8wl Wbl Mol 5 sl 05,5 ¥

ol Gl egmdl 5331 Glojles (8T i (38 5 pole olSingsy (sl dtd (55l oaSimgs, ¥
otl el eeedol 5T RS eigy 0 (0,) e plal JEsly axly (lils Z3lol 5 el 05,5 F

L%
Jew o..\.;».g.y

oS>

oz sl olew Jelse Olgre @ sl osialBl b 4 e 5 S o i Jolse 51 Syl slo )8 9 (uligegogm sla Zigie
Sload a6l Sielsm 095) (st SIS oy & aalllas ) igd oo WSl el e a4 Do (lilew 0
S5 STl 5 S8l (LydsS iy e glo G5 50 02 5 g g 5l gz dsiny (wligogogun ¢ puins 5l uligagoges
B L sl Lo 9ol b (cundl 0I5 Sledige 4335 3550 sl il oad (b falejl g0 slate (s 5l (oo el
a5 5l (ealdl O Sl ookl pgo ((sligagoges aisS aw)jl ool and Sujslser 955 5 (g 5 4l (i) Sy OS5
W) Sb slo <8l Sl g 93 Sla )Tl e 35 lgegdse W95 A (grailiwga b ((SB2g 9 48L 42) LojosS
39290 5l dg 45 ols L5 I lews ples ;3 CEA 5 Lo gag5 aalllan . (6,5 o5l ol 50 5| g (U)ls5 olKaus 5 Jlonbor 45
(Sl ooz ools Lis Lo 0018) 041 srdo Lo g3 aen sl Js5 slo,eS L bl Wigd o |y by slo asls S o0 el
oS0 5 Jloxb) o il il 5 25 25 5o 1l paizman 05 olis ALP Lili3l jo i 3l lass, ebigogdgm Laid
oz la oz b less 5l e 05 awgie 59,50 9 (o829 LoyosSh 5 b jlend ;0 A CndS 59,50 (oS Sunl 039 (ol (L3155
sl o 5l L by Sl s Jelge DSl paend (sl 45 amo o i dalllae ) b anlie LeyosSy 5 asily
e plol (g yion Olidos

Loy095a 5 ¢ So5eam iS5 758 w055 wligegdgu

IJVST |2020-1 (22) 10.22067/veterinary.v12i1.83273



i~

y ———

4% % Iranian Journal of Veterinary Received: 2020- Feb- 04

%’ ; P ) & Accepted after revision: 2020- Jun- 26
B - T;g;‘&; Published online: 2020-Sep- 09

Abstracts (in Persian)

2 Bonigw 0 30 ISI1g o 0 jbas (b JTU WO g (Swwinw £9 19395 WS il
P9 390 A6 Wgodlw (5 39k b WIu> (59

013 Lo dnows ¢* @I IU> 62 )L 4l

Ol s e oMol Sl T o8l ¢ s oy ¢ Sl 09,5)
Jﬁ—i.u&.é °'A’:““:{95 -

oz sla (5 Olo st Sz 1 5slem Sl AL Sl )l L o8 Sl (Jshos o515 4 dtsly pacsile St 9,955
—6 L L oj ke sl v SFIl S laie 4 (oL Slog )l Lawgs i (0l (59,5 Bgie b Jlen 025 (o0 )8 o0litl 350
95 2 Saigew 05 p0 (Al 002 0 lae (2l S 0l Colled ) cdalllas (nl 5Bl 00,5 (oo Cogmime Sgenel 4 plie lo
(SIA) St 5355 by oo 55 ol 55 7 50 (1 oo s 3 5 5 ks i g 50 (5l gl sl i
s MIC) FousS Lo clale Plas g ol g dleS g g, 5l oolainl b aigew o) 0 (ASlg 0 o)lac 0e b o ol (o
3 SAIA 55 oo 5aUT gl 0,8 Lo mole Lms 45 o5l B3, 31y Lbs, 3l eolied b 5] (MBC) Sazas il Jsla
Ohey Sl eadeBo Fe oy D o g 050 (S5 y000 0 las 6 ke ot CLlE b oad lad pgjse (U Mgl sl
£ e —YAL PN 03g0me 0 b aylaz ply 10 G aiges 0] 0 (JSUlg jaue 0 lae MIC jlade .ol solaiwl o5 real-time PCR
s 8diA (5 olo a8 ols oylis =l Grizen 09 il L S Lo VO LYV b gl bl o MBC s 9 2d s
SIS (Fre ok a4 oais jled sl i & e aig o) 0 (MSlg 000 o jlas bowd Jles psajse (L Wselle sla 4l
(S 19,5355 08 9 2k T bad Cllad (1)1 Bhaage 0550 (Slgjaem o )lac a5 ol (lis s (57 jokas el adly S
29, )% psryse b MWgalls aboz 5115 5 5lows sl 251 jo Sam o 03 Gle 58S lp Slsiee 5 Sl

P390 sl Mgl o35 (ylo SAIA 15« ASUlgj00m 0 lac (Soaigm o) 50

IJVST 2020-1(22) 10.22067/veterinary.v12i1.85433



V GGUIDE FOR AUTHORS

SCOPE

Iranian journal of Veterinary Science and Technology (IJVST) is a peer-reviewed and multi-dis-
ciplinary journal that supports important research advances in veterinary medicine and subject are-
as relevant to veterinary medicine including anatomy, physiology, pharmacology, bacteriology, bio-
chemistry, biotechnology, food hygiene, public health, immunology, molecular biology, parasitology,
pathology, virology, etc. Contributions related to clinical sciences including large and small animal
medicine, poultry disease, diseases of equine species and aquaculture are welcomed. Articles can
comprise research in basic sciences, as well as applied veterinary findings and experimental studies
with impacts on diagnosis, treatment and prevention of animal diseases. Manuscripts are published as
Original articles, Review articles, Case reports, or Short communications.
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GENERAL GUIDELINES

1. Submitted manuscripts should not be previously published elsewhere and should not be under
consideration by any other journal.

2. The submitted manuscript should be accompanied by a written statement signed by the corre-
sponding author on behalf of all the authors that its publication has been approved by all coauthors,
stating that the whole manuscript or a part of it has not been published.

3. The corresponding author should provide all co-authors with information regarding the manu-
script, and obtain their approval before submitting any revisions.

4. Ethics: Authors must state that the protocol for the research project has been approved by the
Ethics Committee of the institution within which the work was undertaken. Authors are responsible
for animal welfare and all statements made in their work.

OPEN ACCESS POLICY

Iranian Journal of Veterinary Science and Technology is a fully Open Access journal in which
all the articles are available Open Access. There is no cost to the reader or author. Since all costs are
covered by Ferdowsi University of Mashhad Press, there is no cost to the author, or through article
processing charges.

COPYRIGHT

Accepted manuscripts become the permanent property of the IJVST and may not be reproduced, in
whole or in part, without the written permission of the Editor. The Copyright assignment form can be
downloaded from IJVST website.

SUBMISSION

Authorsshould submit their manuscriptin electronic format directly through the IJVST website (ijvst.
um.ac.ir) along with aletter to editor signed by the author to whom correspondence should be addressed.
Pleaseensurethat Emailaddressesare university/governmentaladdressesand full postaladdressesarein-
cludedonthetitlepageofthemanuscript. Listoffilesand formswhichshouldbecompletedandsubmittedare:

Manuscript (template file can be downloaded from IJVST website)

Title page (template file can be downloaded from IJVST website)

Tables (template filecan be downloaded from IJVST website)

Figures

Endnote manuscript library file (Vancouver style can be downloaded from IJVST website)
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Copyright assignment form (can be downloaded from IJVST website)
Conflict of interest and author aggreemnt form (can be downloaded from IJVST website)

For further information, please contact the Editorial Office:
Iranian Journal of Veterinary Science and Technology

Email: ijjvst@um.ac.ir;

Tel: +98 51 3880-3742

PREPARATION OF MANUSCRIPT

Manuscripts should be written in English, with Abstract in both English and Persian (where ap-
plicable), typewritten in MS Word program, double-spaced, in 12-point “Times New Roman” font on
A4 paper size. Authors are requested to reserve margins of 2.5 cm all around the pages. Manuscript
should also have line numbers. All pages of the manuscripts should also be enumerated.

Original Articles should contain Title page, Abstract, Keywords, List of Abbreviations, Introduc-
tion, Results, Discussion, Materials and methods, References, and Figure legends. Tables and figures
should be appended as individual files.

Review Articles should contain Title page, Abstract, Keywords, List of Abbreviations, Introduc-
tion, appropriate sections dependeing to the subject, Conclusions and future directions. Tables and
figures should be appended as individual files. The review article should provide an update on recent
advances in a particular field. Authors wishing to submit review articles should contact the Editor
with an outline of the proposed paper prior to submission.

Case Reports should include Title page, Abstract, Keywords, List of Abbreviations, Introduction,
Case Presentation, Results and Discussion, and References. Case reports should not exceed 2000
words (excluding the references) and sould include no more than two tables or figures. Tables and
figures should be appended as individual files.

Short Communications should not exceed 2000 words (excluding the references) and include no
more than two tables or figures. They should include Title page, Abstract, Keywords, List of Abbrevia-
tions, the text summarizing results with no other divisions, and References. Tables and figures should
be appended as individual files.

Title Page

Full Title Page should include title (concise and informative), author(s) (including the complete
name, department affiliation, and institution), running head (condensed title) (< 50 characters,
including spaces), name and address of the authors to whom correspondence and reprint requests
should be addressed, Acknowledgements, Author contributions, and Conflict of interest.
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Acknowledgements

Personal acknowledgement, sources of fi-
nancial support, contributions and helps of
other researchers and everything that does not
justify authorship should be mentioned in this
section, if required.

Author contributions

Authors are required to include a statement
to specify the contributions of each author. The
statement describes the tasks of individual au-
thors referred to by their initials. Listed below is
an example of author contributions statement:
Conceived and designed the experiments: HD,
SS. Performed the experiments: SS. Analyzed
the data: HD, SS, MMM, ARB. Research space
and equipment: HD, MMM, ARB. Contributed
reagents/materials/analysis tools: HD. wrote the
paper: SS, HD.

Conflict of interest

All authors must disclose any financial and
personal relationships with other people or or-
ganizations that could inappropriately influence
(bias) their work. Examples of potential con-
flicts of interest include employment, consul-
tancies, stock ownership, honoraria, paid expert
testimony, patent applications/registrations, and
grants or other funding. If there are no conflicts
of interest then please state this: “The authors
declare that there is no conflict of interest’ This
form can be downloaded from IJVST website.

Abstract

Abstract (in English and Persian) no more
than 250 words should contain the purpose of
the study, findings and the conclusion made on
the basis of the findings. Authors who are not
native Persian speakers may submit their man-
uscript with an abstract in English only. Abbre-
viations and reference citations may not be used

in the abstracts.

Keywords

For indexing purposes, each submitted man-
uscript should include three to seven keywords,
following the abstract and preferably chosen from
the Medical Subject Headings (MESH). Key-
words should express the precise content of the
manuscript.

Introduction

Introduction should be as concise as possible,
and clearly explain the main objective and hy-
pothesis of the investigation.

Results

Results indicate the results of an original
research in a clear and logical sequence. Do not
repeat data that are already covered in tables and
illustrations. In manuscripts describing more
than one animal, all animals should be assigned
a case number.

Discussion

Discussion should include the answer to the
question proposed in the introduction and em-
phasize the new and important aspects of the
study and the conclusions that follow from them.
It could include the implication, application, or
speculation of the findings and their limitations,
relate the observations to other relevant studies,
and links the conclusions with the goals of the

study. Recommendations, when appropriate, may
be included.

Materials and methods

Materials and methods should be described in
sufficient details to allow other workers to repro-
duce the results. Specify any statistical computer
programs used .The methods of data collection
and use of statistical analysis will be checked by
the referees and if necessary, a statistician. Drugs

GUIDE FOR AUTHORS

IJVST 2020; VOLUME 125 NO. 1



(GUIDE FOR AUTHORS

and therapeutic agents, reagents, softwares and
equipments should be given in the format: name
(trade name, manufacturer name, city, country),
e.g. Statview 5 (SAS Institute, Inc., Cary, NC,
USA).

References

Must be up-to-dated and limited to those that
are necessary. Lists of references should be given
in numerical order in the text, and in the reference
list. Please use Vancouver style. To download the
Vancouver Style follow the link in IJVST website
which could be used in the Endnote software.

Example piece of text and reference list :

An unhealthy diet, obesity and physical inactivity play
arole in the onset of type 2 diabetes, but it has been shown
that increased physical activity substantially reduces the
risk [1], and participation in regular physical activity is one
of the major recommendation of the evidence based guide-
lines for the primary prevention of diseases [2]. According
to the 2004-05 National Health Survey, more than half a
million Australians (3.5% of the population) have diabetes
mellitus which had been medically diagnosed and most of
these people have the Type 2 condition [3]. Gestational di-
abetes is also on the increase, rising steadily between 2000-
01 and 2005-06 [4]. Approximately two thirds of those with
diabetes have been prescribed medication [3], but it is of
concern that a recent review of the literature found that
many people do not take their medication as prescribed [5].
Many patients also self monitor the disease by measuring
their blood glucose levels with a glucose meter but Song
and Lipman [6] have concerns about how well this is man-
aged.

References for the above example:
1. Hull ], Forton J, Thompson A. Paediatric respiratory
medicine. Oxford: Oxford University Press; 2015.

2. Eckerman AK, Dowd T, Chong E, Nixon L, Gray R, John-
son S. Binan goonj: bridging cultures in Aboriginal health.
3rd ed. Chatswood, NSW: Elsevier Australia; 2010.

3. Johnson C, Anderson SR, Dallimore J, Winser S, Warrell
D, Imray C, et al. Oxford handbook of expedition and wil-
derness medicine. Oxford: Oxford University Press; 2015.

4. McLatchie GR, Borley NR, Chikwe ], editors. Oxford
handbook of clinical surgery. Oxford: Oxford University

Press; 2013.

5. Petitti DB, Crooks VC, Buckwalter JG, Chiu V. Blood
pressure levels before dementia. Arch Neurol. 2005
Jan;62(1):112-6.

6. Liaw S, Hasan I, Wade, V, Canalese R, Kelaher M, Lau
P, et al. Improving cultural respect to improve Aboriginal
health in general practice: a multi-perspective pragmatic

study. Aust Fam Physician. 2015;44(6):387-92.

Tables

Please submit tables as individual files and ed-
itable text and not as images. Place all table notes
below the table body. Each table should have a
title which is followed by explanation of results
shown in the table. Use of vertical rules must be
avoided. Tables should be self-explanatory, and
clearly arranged. Tables should provide easier
understanding and not duplicate information al-
ready included in the text or figures. Each table
should be typewritten with double spacing on a
separate file and numbered in order of citation in
the text with Arabic numerals. Each table should
have a concise heading that makes it comprehen-
sible without reference to the text of the article.
Explain any nonstandard abbreviations in a foot-
note to the table.

Figures

Figures must be submitted in individual files
(format: TIFF, Dimensions: Width: 789 - 2250
pixels at 300 dpi Height maximum: 2625 pixels
at 300 dpi, Resolution: 300 - 600 dpi, file size: less
than 10 MB, Text within figures: Arial or Symbol
font only in 8-12 point). The text and other labels
should be placed in the figure as un-compressed
layers. Each figure should have a title which is
followed by explanation of results shown in the
figure. Figures should be numbered in order of
citation in the text with Arabic numerals.

The bar diagrams should be provided with
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shading of black, white, gray, cross-hatching, vertical stripes, and horizontal stripes. Please do not use
different shades of gray. The axes of diagrams should have titles and units. Also, the source file of the
image (Excel etc.) should be provided for typesetting.

Ilustrations should be numbered as cited in the sequential order in the text, with a legend at the
end of the manuscript. Color photographs are accepted at no extra charge. The editors and publisher
reserve the right to reject illustrations or figures based upon poor quality of submitted materials.

If a published figure is used, the publisher’s permission needs to be presented to the office, and the
figure should be referenced in its legend.

Use of Italics

Gene symbols, Latin terms (i.e. in vivo, in vitro, ex vivo, in utero, in situ, and etc.) and species
scientific names (using the binomial nomenclature), should be typed in italics, while the first letter of
the genus name must be capitalized (i.e. Homo sapiens).
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Publication ethics

Iranian Journal of Veterinary Science and Technology is aligned with COPE’s (Committee on Pub-
lication Ethics) best practice guidelines for dealing with ethical issues in journal publishing and adopts
the COPE guidelines. The journal members (editor, editorial board and the journal manager) have
agreed to meet the purposes and objectives of the Journal.

Ethical guidelines for authors:

Authorship Criteria:

IJVST requires authors to confirm that they and their co-authors meet all four criteria for author-
ship based on the guidelines of The International Committee of Medical Journal Editors (verbatim as
follows):

1. Substantial contributions to the conception or design of the work; or the acquisition, analysis, or
inter pretation of data for the work; AND 2. Drafting the work or revising it critically for important
intellectual content; AND 3. Final approval of the version to be published; AND 4. Agreement to be
accountable for all aspects of the work in ensuring that questions related to the accuracy or integrity
of any part of the work are appropriately investigated and resolved.

The section “Author Contributions” in the manuscript should illustrate and clarify who contributed
to the work and how. If a contributor does not meet all four above criteria should be acknowledged in
the “Acknowledgements” section of the article.

Author agreements and conflict of interest:

Written authorization from all authors for publication of the article is mandatory for IJVST to start
the review process. This form entitled “Conflict of interest declaration and author agreement form”
must be signed and completed by all authors. This statement and signatures certifies that all authors
have seen and approved the manuscript being submitted. Also, the authors by signing this form war-
rant that the article is the Authors’ original work, that the article has not received prior publication and
is not under consideration for publication elsewhere, and that the corresponding author shall bear full
responsibility for the submission.

Editors and members of editorial board as authors:
Editor and members of editorial board are excluded from publication decisions when they are au-
thors or have contributed to a manuscript.

Open access policy:
Iranian Journal of Veterinary Science and Technology is a fully Open Access journal in which all
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the articles are available Open Access. There is no cost to the reader or author. Since all costs are cov-
ered by Ferdowsi University of Mashhad Press, there is no cost to the author, or through article pro-
cessing charges. The article will be published under the Ferdowsi University of Mashhad Press open
access policy. This means that the article will be made freely available online for non-commercial use
immediately upon publication.

Authors are urged to thoroughly read and follow the guidelines for responsible publication from
Second World Conference on Research Integrity [Wager E & Kleinert S (2011) Responsible research
publication: international standards for authors. A position statement developed at the 2nd World
Conference on Research Integrity, Singapore, July 22-24, 2010. Chapter 50 in: Mayer T & Steneck N
(eds) Promoting Research Integrity in a Global Environment. Imperial College Press / World Scien-
tific Publishing, Singapore (pp 309-16). (ISBN 978-981-4340-97-7)] and COPE guidelines for authors
[How to handle authorship disputes: a guide for new researchers].

Ethical guidelines for Peer reviewers:

Iranian Journal of Veterinary Science and Technology (IJVST) follows and adheres to COPE Eth-
ical Guidelines for Peer Reviewers. IJVST peer reviews all submitted manuscripts with contents in
the scope of the journal. The process has been explained in the section “Peer Review Process”

Ethical guidelines for Editor:

Iranian Journal of Veterinary Science and Technology regarding the responsibilities of the editors
follows and adheres to COPE Ethical Guidelines for editors. The main guidelines are summarized in
the guide to ethical editing from COPE.
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PEER REVIEW PROCESS

Iranian Journal of Veterinary Science and Technology peer reviews all submitted manu-
scripts with contents within the scope of the journal.

Initial assessment:
The structural format of the paper, quality of figures, and format of references are evaluated within 5
days from the time of submission.

Initial screen:

The manuscripts are evaluated by editor and a member of editorial board (depending to the field of
study) for the scope, sufficient originality, having a message that is important to the general field of
Veterinary Medicine, quality of data, novelty, English language, and overall manuscript quality. This
stage is performed within 2 weeks in order to not waste authors’ time, allowing them to submit the
manuscripts to another journal. Those manuscripts which are evaluated as not-appropriate in the ini-
tial review will be rejected at this stage. We aim to reach a first decision on all manuscripts within two
or three weeks of submission.

External review:

The manuscripts which are found to be appropriate after the initial screen, will be sent for external
review by experts in the related field. We have prepared a checklist for reviewers that summarizes their
evaluation of the manuscript. The items in this checklist are:

1. TITLE is clear and adequate

2. ABSTRACT clearly presents objects, methods and results.

3. INTRODUCTION is well-structured and provides rationale for experiments described.

4. MATERIALS AND METHODS is sufficiently explained and is detailed enough to be reproduced.

5. RESULTS are clearly presented and are supported by figures and tables.

6. DISCUSSION properly interprets the results and places the results into larger research context, and contains all im-
portant references.

7. Conclusions are logically derived from the data presented.

8. English Language/style/grammar is clear, correct, and unambiguous.

9. Figures and tables are in good quality and well-designed and clearly illustrate results of the study.

10. References are appropriate.

11. There are no issues relating to author misconduct such as plagiarism and unethical behavior.

12. The article is imprtant and worthy of publication.

Final Decision:

Based on reviewers recommendations a final decision is made by the editor and if needed the help of
a member of editorial board (depending to the field of study). Decisions will include accept, minor
revision, major revision with and without re-review, and reject. We aim to reach a final decision on
each manuscript as soon as their review results are available.
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