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ABSTRACT

This study was design to characterize the immune response in experimentally Pseudomonas
aeruginosa mastitis mice treated probiotic bifidocin and cazacin of Bifidobacterium spp. and
Lactobacillus casei. We quantified the level of the IFN-y and TNF-a cytokines in blood by
ELISA technique. IFN-y level was significantly higher in infected group compared to control
(340.21 + 41.61, 8.45 = 0.83 pg/ml, respectively). While the level of IFN-y was significantly
higher in mastitis mice than bifidocin and cazacin treated mice. Also, TNF-a level showed a
significant increase in mastitis mice compared to controls (320.11+40.33, 8.45+0.83pg/ml,
respectively). Among mastitis and bifidocin (9 and 18 mg/ml), cazacin (11 and 22 mg/ml)
treated mice a high level of TNF-a was observed in these groups without variant significant
differences. These suggest that Pseudomonas aeruginosa caused mice's mastitis developed a
cell-mediated response. In addition, the extracts of bifidocin and cazacin have a possibility to
use in treatment and prevention of mastitis infections and able to modulate the levels of
cytokines in lactating mice.
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INTRODUCTION

Pseudomonas aeruginosa is an opportunistic
pathogen associated with the mastitis in dairy
animals (14). The infections caused by P.
aeruginosa are sophisticated to cure and
oftentimes required combination therapies. In
addition, the antibiotic resistance caused by P.
aeruginosa is an increasing problem (27). In
severe cases, the affected animal gland might
be necrotic or even gangrenous and the milk
bloody (6). These complications due to the
contaminated environment with the causing
disease's microorganisms when the host
defenses are decreased by  stresses,
concomitant diseases, or the nutritional
imbalances (16). Often, the environmental
sources of these pathogenic bacteria are the
soil and water-related (such as hoses and
muddy pastures) (7). As mentioned previously,
P. aeruginosa considers the most common
bacterial pathogens  that  widespread
distribution in the health care settings (32).
Also, bacteria especially that Bifidobacterium
and Lactobacillusrelated genera are the most
known probiotic organisms (22). Pathogens
are microorganisms that often-caused diseases
in their hosts. So, the potential mechanisms to
inhibit the pathogen invading include the
production of anti-microbial substances such
as bacteriocins, enhancing the epithelial barrier
through  attachment, = competition  for
pathogenic-binding sites, and modulation the
immune system (4). The Lactobacillus casei
bacteria are of interest as a probiotic through
its role for health promotion in treatment or
prevention of a number of diseases and
disorders (8). Also, it found to produce many
bioactive metabolites that confer host benefits
when it consumed (9). Natural-killer cells
(NK), T-helper lymphocytes class one cells
(Th1) and antigenic presenting cells (APCs)
secreted IFN-y cytokines. Else, IFN-y plays a
role in resistance and immune response to
parasites, viruses, intracellular and
extracellular bacteria (30,33). The production
of IFN-y is affected by the stimulation of
Interleukin 12 (IL-12) secretion via
neutrophils, macrophages, dendritic cells after
the stimulation with lipopolysaccharide (LPS),
other microbial products (12), affected and
promotes of IFN-y secretion by naive CD," T
cells and NK cells (18). Else, TNF-a has been
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indicated as an important mediator of
neutrophil recruitment to the inflammation
sites. Some previous studies have shown that
the level of TNF-a is increased in the milk
from udders infected with P. aeruginosa (13).
The aim of the research is to treat experimental
mastitis infection in mice as an alternative
laboratory model to cows by the extracts of
bifidocin and cazacin from probiotic bacteria
and evaluate their probiotic role in immunity.
MATERIALS AND METHODS Samples
collections for Pseudomonas aeruginosa
isolates

Fifty milk samples were collected from cow's
mastitis aseptically in 10 ml sterile plastic
vials from each animal in different areas of
Baghdad to isolate Pseudomonas aeruginosa.
Samples of cow's milk were streaked on
MacConkey and blood agar and incubated at
37 °C for 24 hr., the suspected colonies were
sub-cultured by wusing a selective media
(Chromogenic and Cetrimide media) to obtain
pure isolates, biochemical tests were used to
identify Pseudomonas aeruginosa isolates such

as citrate utilization, catalase, oxidase,
motility, Indole production, methyl red,
Voges-Proskauer, urea hydrolysis and TSI

(20).

Samples collections for Bifidobacterium spp.
and Lactobacillus casei. Isolates

Fifty samples of healthy bovine milk were
collected to isolate Bifidobacterium spp. and
Lactobacillus casei from the different area
around Baghdad city, then 10 ml of each 50
samples of milk were centrifuged at 1250 rpm
for 10 minutes, then the supernatant was
discarded. While the sediment was cultured on
Man Rogosa Sharpe medium (MRS) with
tween 80, then incubated anaerobically for 48
hrs.at 37 °C, then detection by Sugar
fermentation test was used to identify the
isolated colonies (2).

A Confirmation Diagnosis Test
(Remelrapid™ And li System) For
Bifidobacterium spp. and Lactobacillus casei
detection

The principle of RapID™ ANA Il System that
used is based on microbial degradation of the
specific substrates revealed by various
indicator systems. The reactions used are a
combination of traditional exams and single-
substrate chromogenic exams.
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Detection of bifidocin and Cazacin Extracts
Produced By bifidobacterium spp. and
Lactobacillus casei

Bifidocin and Cazacin extracts were purified
from the 50 milk samples as described by
(11,19). The protein concentration was
determined by Bradford method, then purified
by Gel filtration chromatography technique
(31). The molecular weight of extract was
determined by gel filtration chromatography
method by sepharose-6B based on the standard
curve made by standard protein, the
lactobacillus casei was 4.3 (KD) while the
Bifidobacterium spp. was 17.6 (KD).
Expermintal design

Mastitis induced in mice by infected
experimentally with Pseudomonas aeruginosa,
then infected lactating mice treated by IP
injected bifidocin with two concentrations 18
and 9 mg/ ml, and cazacin extracts (22 and 11
mg/ ml) for a week. From total 50 mice, blood
samples were collected from 5 mastitis
infected mice and from 10 of each bifidocin (9
and 18 mg\ml) and cazacin (11, 22 mg/ ml)
mastitis treated mice in addition to 5 blood
samples from healthy control mice group to
determine the serum IFN-y and TNF-a levels
by sandwich ELISA technique
(peproTech,USA), after centrifuged the clotted
blood in 3000 R.P.M. for near 10 min, the
serum were stored at —80 °C until use. The
statistics with Least significant difference —
LSD test Analysis of the Variation ANOVA
used to compare between means in this
research (28).

RESULTS AND DISCUSSION

Assessment of Ifn- " In Mastitis Group

The results of IFN-y serum level showed a
significantly increased P<0.01 level of IFN-y
serum level in infected mice group compared
to the healthy control group (340.21 + 41.62,
8.45 = 0.8 pg/ ml, respectively), as shown in
(Tablel). When a comparison between mastitis
infected mice and mastitis treated mice with
bifidocin extracts with doses 9 and 18 mg/ ml
and cazacin extracts with doses 11 and 22 mg/
ml at the first week, The mean of IFN-y serum
level significantly increased P<0.01in infected
mice group compared to the two bifidocin
extract doses (9 and 18 mg/ ml) of the treated
mice group (340.22+ 41.6,51.86 +18.35and
162.43 + 36.55, respectively). Also, a
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significant increase in IFN-y serum level in
mastitis treated mice with 18 mg/ml bifidocin
than 9 mg/ml (162.43 £36.55,51.86+18.35,
respectively), (Table2). Such, variants result
appearedP<0.01 when a comparison of the
infected mice group and the mastitis treated
mice with cazacin extract doses group (11 and
22 mg/ ml) in the first week (340.22 + 41.6,
104.04 + 30.55and 78.75+ 4.08, respectively),
(Table 3). The results of mastitis infected mice
and mastitis treated mice with bifidocin
extracts with doses 9 and 18 mg/ ml and
cazacin extracts with doses 11 and 22 mg/ ml
for the second week appeared a significantly
increased P<0.01 level of IFN-y in infected
mice compared to mastitis treated mice in both
doses of bifidocin 9 and 18 mg/ml (340.22 +
41.61, 51.74 + 17.07 and 143.09 + 35.57,
respectively) (Table4), Differ appeared P<0.01
when comparisons among the infected mice
group (340.22 + 41.61pg/ml )and mastitis
treated mice with cazacin extract doses 11 and
22 mg/ ml (107.07 + 33.99, 77.50 = 7.69)
(Table 5).

Assessment of TNF-a in Mastitis group
Blood TNF-a was significantly higher in the
infected group of mice (320.11 + 40.33 pg/ml)
than control (8.45 + 0.83 pg/ml) P<0.01 (Table

6). Mastitis treated mice with (bifidocin
9mg\ml, 18 mg/ml) and (cazacin extracts
11mg/ml, 22 mg/ml) showed no significant

difference P>0.05 in TNF-a concentration
than mastitis group, except in group of mice
treated with low dose of Bifidobacterium
spp.(9mg/ml) at first week only showed
significant decrease P<0.05 in TNF-a level
(Table,7,8,9,10) The gram-negative bacteria
commonly caused many clinical cases of
mastitis. Among these bacteria, P. aeruginosa
considers one of the most intramammary
infections characterized by strong resistance to
several antibiotic therapies. Despite this, little
is known about the immune response to P.
aeruginosa (1,10) Following the establishment
of infection and treatment with by bifidocin
and cazacin, the current study descript the
immune response to the intramammary
infection by P. aeruginosa in mice through the
increased level of IFN-y and TNF-a in the
mastitis group experimentally infected by P.
aeruginosa compared to the healthy control
(340.22 £+ 41.61 pg/ml and 320.11 * 40.3
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pg/ml, 845 + 0.83 pg/ ml). In the
inflammatory response, the mammary gland
immune system is activated to eradicate the
pathogen, this defense mechanism comprised
cellular, anatomical, and soluble subjects that
act in coordination, such these subjects are
critical to the modulation the mammary gland
confrontation and susceptibility to infection.
The migration of Neutrophil from the
bloodstream to mammary gland tissue occurs
as a response to the proinflammatory
cytokines, such as TNF-a. In addition, several
cytokines might also increase the phagocytic
bactericidal activity; bacteria are able to
modify the production of cytokines in the
mammary gland immune system cells (3, 24,
29), P. aeruginosa slime-glycolipoprotein
(slime-GLP) is the most potent stimulant
substance for the production of TNF-o and
NF-kB activation in human monocytes, the
secretion of TNF-o by human monocytes
induced by P. aeruginosa slime-GLP, LPS or
viable bacteria, was paralleled by the
phosphorylation and/or the activation of
Mitogen-activated Protein Kinases (MAPKS)
(17) .IFN-y facilitates the direction of the
leukocytes to infection sites through
expression regulation of the chemokines and
some adhesion molecules. On the other hand,
IFN-y antimicrobial effector activates are
demonstrated by increasing receptor-mediated
phagocytosis as well enhancing microbial
killing in neutrophils and macrophages

(5,15,23). Also, it appeared that the mice
suffering lacking IFN-y response have been
decreased their natural resistance to the viral,

Molecular weight ( Kilo Dalton)
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bacterial, parasite infections (25),the immune
response may differ according to the host's
defence system and bacterial isolates, with the
observation of varied individual variation
(26).For bifidocin and cazacin treated mice
groups, the level of IFN-y was in high
concentration, but it remained significantly
higher in mastitis animals than bifidocin and
cazacin treated groups, while a non-significant
high level of TNF-a was observed among the
mastitis and the treated mice with bifidocin
and cazacin groups. The pathogen inhibition
facilitated through nutrient competition,
production of inhibitory substances (organic
acids, bacteriocins, H,0,),
removal/degradation of toxin, adherence sites
competition (mucus, receptors of cell), co-
aggregation and virulence modulation and
induction the immune responses of the host.
So that the ability of pathogens inhibition is
one of the three master probiotics mechanisms,
the enhancement of barrier function and
immune ability and interactions being the
other two mechanisms (21).

Conclusion
IFN-yand TNF-a level was higher in
Pseudomonas aeruginosa mastitis mice

compared to control. For bifidocin and cazacin
treated mice the level of IFN-y decrease
compare to mastitis animals, high level of
TNF-a was observed in bifidocin and cazacin
treated groups as in mastitis. The extracts of
bifidocin and cazacin can treat mastitis
infections and change level of immunity in
nursing mice

—e— Molecular weight
( Kilo Dalton )

Figurel. The molecular weight of Cazacin and Bifidocine by gel filtration chromatography
methods using standard protein of different molecular weight
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Tablel. IFN- y serum level in Pseudomonas aeruginosa infected group comparison with
control group

Groups Mean * SE of conc.(pg/ml) of IFN-y
Infected mice (5) 340.21+4162a
Control (5) 8.45+0.83b
LSD value 95.995 **
P-value 0.0001
Means having with the different letters in column differed significantly.
** (P<0.01).

Table 2. INF- y level in infected group with Pseudomonas aeruginosa comparison with treated
mastitis group with Bifidocin extracts after one weeks of treatment

Groups No. Mean + SE
Infected mice 5 340.22+4161a
Treated mice with low dose of Bifidobacterium spp.9 5 51.86 +18.35¢
mg\ml,
Treated mice with high dose of Bifidobacterium spp.18 5 162.43 +£36.55b
mg\ml
LSD value 103.81 **
P-value | 0.0002
Means having with the different letters in column differed significantly.
** (P<0.01).

Table 3. Level of blood IFN-y in Pseudomonas aeruginosa treated group with cazacin after one
week of treatment.

Groups NO. Mean + SE
Infected mice 5 340.22 £4161a
Treated mice with low dose of cazacin extracts 11 mg 5 104.04 £30.55 b
\ml
Treated mice with high dose cazacin extracts 22 mg \ml 5 78.75+4.08 b
LSD value 92.135 **
P-value 0.0001
Means having different letters in column differed significantly.
** (P<0.01).

Table 4. IFN-y Level in infected mice with Pseudomonas aeruginosa comparison with treated
mastitis group with Bifidocin extracts after two weeks of treatment

Groups NO. Mean + SE
Infected mice 5 340.22 +4161a
Treated mice with low dose of Bifidobacterium spp. (9 5 51.74+17.07b
mg\ml)
Treated mice with high dose of Bifidobacterium spp. (18 5 143.09+35.57 b
mg\ml)
LSD value 102.03 **
P-value 0.0002
Means having different letters in column differed significantly.
** (P<0.01).

Table 5. Level of blood IFN-y in Pseudomonas aeruginosa treated group with cazacin after two
weeks of treatment.

Groups-2 No. Mean + SE
Infected mice 5 340.22 +4161a
Treated mice with low dose of cazacin extracts 11 mg 5 107.07 £33.99b
\ml
Treated mice with high dose of cazacin extracts 22 mg 5 7750+ 7.69b
\ml
LSD value 96.571 **
P-value 0.0001
Means having different letters in column differed significantly.
** (P<0.01).
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Table 6. TNF-a serum level in Pseudomonas aeruginosa infected group comparison with
control group

Groups Mean + SE of conc.(pg/ml) of TNF-a
Infected mice (5) 320.11 +40.33
Control (5) 8.45+0.83b
LSD value 95.995 **
P-value 0.0001
Means with different letters in column differed significantly.
#* (P<0.01).

Table 7. TNF- a level in infected mice with Pseudomonas aeruginosa Comparison with treated
mastitis group with Bifidocin extracts after one week of treatment

Groups-1 No. Mean + SE
Infected mice 5 320.11 +40.33
Treated mice with low dose of Bifidobacterium spp.( 9 5 209.48 £6.33b
mg\ml)
Treated mice with high dose of Bifidobacterium spp.( 18 5 29597 £24.13 a
mg\ml)
LSD value 86.329 *
P-value 0.0188
Means with different letters in column differed significantly.
* (P<0.05).

Table 8. Level of blood TNF-a in Pseudomonas aeruginosa treated group with cazacin after
one week of treatment

Groups-1 NO. Mean + SE
Infected mice 5 320.11+40.33 a
Treated mice with low dose of cazacin extract 11 mg \ml 5 272.36 £8.07 a
Treated mice with high dose cazacin extracts 22 mg \ml 5 271.33+12.89a
LSD value 78.833 NS a
P-value 0.202
NS: Non-Significant.

Table 9. TNF- a level in infected mice with Pseudomonas aeruginosa comparison with treated
mastitis group with Bifidocin Extracts After Two Weeks of Treatment

Groups-2 No. Mean + SE
Infected mice 5 320.11 £ 40.33a
Treated mice with low dose of Bifidobacterium spp.(9 5 211.28 £49.73 a
mg\ml)
Treated mice with high dose of Bifidobacterium spp.(18 5 322.38 +43.97 a
mg\ml)
LSD value 139.40 NS
P-value 0.134
NS: Non-Significant.

Table 10. Level of blood TNF-a in Pseudomonas aeruginosa treated group with cazacin after
two weeks of treatment

Groups-2 No. Mean + SE
Infected mice 5 340.22 £4161a
Treated mice with low dose of cazacin extracts 11 mg 5 273.86 £12.55a
\ml
Treated mice with high dose of cazacin extracts 22 mg 5 29743 £24.94 a
\ml
LSD value 89.166 NS
P-value 0.295
Non-Significant.
REFERENCES commensal gut microbiota. Iragi Journal of

1. Ahmed, N.A., S. S. Mahmood, and A.H. Agricultural Sciences. 50(4): 1193-1198
Abbas. 2019. A comparative study of some 2. Al-Ani, M. M. 2009. Immunopathological
virulence factors and phylogenetic Study of Staphylococcus aureus Isolated
characterization of Escherichia coli isolates from Bovine Mastitis. M.Sc. Thesis -
causing urinary tract infection and the

126



Iragi Journal of Agricultural Sciences —2021:52(1):121-128

Touma & et al.

College of Veterinary Medicine. University of
Baghdad- Iraq

3. Al-Attaby, AK.T. and M.Q.D. Al-Lami.
2019. Role of calcium-regulating hormones,
adipocytokines and renal function test in the
progress of type 2 diabetes mellitus in a
sample of Iraqi patients. Iraqi Journal of
Agricultural Sciences —1029:50(1):343-352.

4. Bermudez-Brito, M., J., Plaza-Diaz, S.
Munoz-Quezada , C. Gomez-Llorente, and A.
Gil.  2012. Probiotic  mechanisms  of
action. Ann. Nutr. Metab. 61: 160-174.

5. Boehm, U., T. Klamp, M. Groot, and J. C.
Howard. 1997. Cellular responses to
interferon-gamma . Annu. Rev. Immunol.
15:749-95.

6. Crossman, P.J. and I|. Hutchinson. 1995.
Gangrenous mastitis associated
with Pseudomonas aeruginosa. Vet. Rec. 136:
548.

7. Daly, M. 1999. Molecular analysis
of Pseudomonas aeruginosa: epidemiological
investigation of mastitis outbreaks in Irish

dairy herds. Appl. Environ.
Microbiol. 65:2723-2729.

8. Daragh , H., 1. Sugrue, C. Tobin, C.
Hill, C. Stanton, and R. P. Ross. 2018.

The Lactobacillus casei Group: History and
Health Related Applications. Front Microbiol.
9: 2107

9. Dietrich, C. G., T. Kottmann , and M.
Alavi. 2014. Commercially available probiotic
drinks  containing Lactobacillus  casei Dn-
114001 reduce antibiotic-associated. World J.
Gastroenterol. 20(42):15837-44.

10. Douglas, D., B. Annapoorani, C. lingam,
J. Max, P. Jayne, and C. Hope. 2005. The
bovine innate immune response during
experimentally-induced Pseudomonas
aeruginosa mastitis. Veterinary Immunology
and Immunopathology; 107(3-4):201-15.

11. Gautam, N., and N. Sharma. 20009.
Purification and characterization of bacteriocin
produced by strain of Lactobacillus brevis
MTCC 7539. Indian Journal of Biochemistry
& Biophysics. 46(4):337-41

12. Heufler, C. , F. Koch , U. Stanzl , G. Topar
, M. Wysocka , G. Trinchieri , A. Enk , R.M.
Steinman, N. Romani , and G. Schuler .1996.
Interleukin-12 is produced by dendritic cells
and mediates T helper 1 development as well

127

as interferon-gamma production by T helper 1
cells. Eur. J. Immunol.26(3):659-68.

13. Isabela, F., P. V. Silva, C. Ch. Lange, M.
F.M. Guimarées , M. M. D. A. Weller, K.R. S.
Sousa, P. S. Lopes, J. D. Guimarées , and S.
E.F. Guimardes. 2009. Expression profile of
genes associated with mastitis in dairy cattle.
Genet. Mol. Biol. 32(4).

14. Jane Kelly, E.and D. J. Wilson. 2016 .
Pseudomonas aeruginosa mastitis in two goats
associated with an essential oil-based teat dip .
J. Vet. Diagn. Invest. 28(67):60-762

15. Jesse, T. L., R. L. Chance, M. F.
lademarco, and D. C. Dean 1998. Interferon
regulatory factor-2 is a transcriptional
activator in muscle where It regulates
expression of vascular cell adhesion molecule-
1. J. Cell. Biol. 140(5):1265-76.

16. Kirk, J.H. and P.C. Bartlett. 1984.
Nonclinical Pseudomonas aeruginosamastitis
in a dairy herd. J. Am. Vet. Med. Assoc.
184:671-673.

17. Lagoumintzis, G., P. Xaplanteri, G.
Dimitracopoulos ,and F. Paliogianni. 2008.
TNF-alpha induction by Pseudomonas
aeruginosa lipopolysaccharide or slime-
glycolipoprotein in  human monocytes is
regulated at the level of Mitogen-activated
Protein Kinase activity: a distinct role of Toll-
like receptor 2 and 4.Scand. J.
Immunol. 67(2):193-203

18. Lederer J.A., V.L .Perez , L .Des Roches

,S. M. Kim , AK. Abbas, and A. H.
Lichtman. 1996. Cytokine transcriptional
events during helper T cell subset

differentiation. J. Exp. Med.184(2):397-406.
19. Lewus, C. B., A. L. A. N. Kaiser, and T. J.
Montville. 1991. Inhibition of food-borne
bacterial pathogens by bacteriocins from lactic
acid bacteria isolated from meat. Appl.
Environ. Microbiol. 57(6): 1683-1688.

20. Markey, B.K., F. C. Leonard, M.
Achambault, A. Cullinana, and D. Maguire.
2014. Clinical Veterinary Microbiology.
2"%d.Mosby Elsevier, pp

21. Martins, F.S., A.A. Silva, A. T. Vieira, F.
H. Barbosa, R.M. Arante, M. M. Teixeira, and
J. R. Nicoli. 2009. Comparative study
of Bifidobacterium animalis, Escherichia
coli, Lactobacillus  casei and Saccharomyces
boulardii probiotic properties. Arch.
Microbiol. 191:623-630


http://www.frontiersin.org/people/u/572405
http://www.frontiersin.org/people/u/590282
http://www.frontiersin.org/people/u/572533
http://www.frontiersin.org/people/u/133418
http://www.frontiersin.org/people/u/133418
http://www.frontiersin.org/people/u/52727
http://www.frontiersin.org/people/u/362652
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6160870/
https://www.ncbi.nlm.nih.gov/pubmed/25400470
https://www.ncbi.nlm.nih.gov/pubmed/25400470
https://www.researchgate.net/scientific-contributions/15267237_Annapoorani_Chockalingam?_sg%5B0%5D=0jkI5KlxuqhEvY6eoCFLpHP0P_PgwL08JhL5dkjnGfcc5il5ZTmK9J7P2kcsifcZa60HSww.z82SAB2psxLJDna7xDpOLZsT5WzlXGXMIq0YKVGD6L_Z3BWLn2qIvgAnqYNF--_pbj_ktW5Y68SVfukDea0FMw&_sg%5B1%5D=8SyyykIvPYmHi_BqZnKHaETnb8NjldkSwY0_gtR3v3mT7qVAaQITYqeDyxu4kDk0OvgfefY.JA5obAqtulGOVJ2GdZo_Rmt6pxbuzQhzOAcoMRdAoO-8w9vmLGSZSv0ShrBWnmOLaNFU64xn1hxHgTW3ziFa7Q
https://www.researchgate.net/scientific-contributions/39218170_M_J_Paape?_sg%5B0%5D=0jkI5KlxuqhEvY6eoCFLpHP0P_PgwL08JhL5dkjnGfcc5il5ZTmK9J7P2kcsifcZa60HSww.z82SAB2psxLJDna7xDpOLZsT5WzlXGXMIq0YKVGD6L_Z3BWLn2qIvgAnqYNF--_pbj_ktW5Y68SVfukDea0FMw&_sg%5B1%5D=8SyyykIvPYmHi_BqZnKHaETnb8NjldkSwY0_gtR3v3mT7qVAaQITYqeDyxu4kDk0OvgfefY.JA5obAqtulGOVJ2GdZo_Rmt6pxbuzQhzOAcoMRdAoO-8w9vmLGSZSv0ShrBWnmOLaNFU64xn1hxHgTW3ziFa7Q
https://www.researchgate.net/scientific-contributions/39218170_M_J_Paape?_sg%5B0%5D=0jkI5KlxuqhEvY6eoCFLpHP0P_PgwL08JhL5dkjnGfcc5il5ZTmK9J7P2kcsifcZa60HSww.z82SAB2psxLJDna7xDpOLZsT5WzlXGXMIq0YKVGD6L_Z3BWLn2qIvgAnqYNF--_pbj_ktW5Y68SVfukDea0FMw&_sg%5B1%5D=8SyyykIvPYmHi_BqZnKHaETnb8NjldkSwY0_gtR3v3mT7qVAaQITYqeDyxu4kDk0OvgfefY.JA5obAqtulGOVJ2GdZo_Rmt6pxbuzQhzOAcoMRdAoO-8w9vmLGSZSv0ShrBWnmOLaNFU64xn1hxHgTW3ziFa7Q
https://www.ncbi.nlm.nih.gov/pubmed/?term=Heufler%20C%5BAuthor%5D&cauthor=true&cauthor_uid=8605935
https://www.ncbi.nlm.nih.gov/pubmed/?term=Koch%20F%5BAuthor%5D&cauthor=true&cauthor_uid=8605935
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stanzl%20U%5BAuthor%5D&cauthor=true&cauthor_uid=8605935
https://www.ncbi.nlm.nih.gov/pubmed/?term=Topar%20G%5BAuthor%5D&cauthor=true&cauthor_uid=8605935
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wysocka%20M%5BAuthor%5D&cauthor=true&cauthor_uid=8605935
https://www.ncbi.nlm.nih.gov/pubmed/?term=Trinchieri%20G%5BAuthor%5D&cauthor=true&cauthor_uid=8605935
https://www.ncbi.nlm.nih.gov/pubmed/?term=Enk%20A%5BAuthor%5D&cauthor=true&cauthor_uid=8605935
https://www.ncbi.nlm.nih.gov/pubmed/?term=Steinman%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=8605935
https://www.ncbi.nlm.nih.gov/pubmed/?term=Romani%20N%5BAuthor%5D&cauthor=true&cauthor_uid=8605935
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schuler%20G%5BAuthor%5D&cauthor=true&cauthor_uid=8605935
https://www.ncbi.nlm.nih.gov/pubmed/8605935
https://journals.sagepub.com/action/doSearch?target=default&ContribAuthorStored=Kelly%2C+E+Jane
https://journals.sagepub.com/action/doSearch?target=default&ContribAuthorStored=Wilson%2C+David+J
https://www.ncbi.nlm.nih.gov/pubmed/27698173
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lagoumintzis%20G%5BAuthor%5D&cauthor=true&cauthor_uid=18086260
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xaplanteri%20P%5BAuthor%5D&cauthor=true&cauthor_uid=18086260
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dimitracopoulos%20G%5BAuthor%5D&cauthor=true&cauthor_uid=18086260
https://www.ncbi.nlm.nih.gov/pubmed/?term=Paliogianni%20F%5BAuthor%5D&cauthor=true&cauthor_uid=18086260
https://www.ncbi.nlm.nih.gov/pubmed/18086260
https://www.ncbi.nlm.nih.gov/pubmed/18086260
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lederer%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=8760793
https://www.ncbi.nlm.nih.gov/pubmed/?term=Perez%20VL%5BAuthor%5D&cauthor=true&cauthor_uid=8760793
https://www.ncbi.nlm.nih.gov/pubmed/?term=DesRoches%20L%5BAuthor%5D&cauthor=true&cauthor_uid=8760793
https://www.ncbi.nlm.nih.gov/pubmed/?term=DesRoches%20L%5BAuthor%5D&cauthor=true&cauthor_uid=8760793
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=8760793
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abbas%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=8760793
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lichtman%20AH%5BAuthor%5D&cauthor=true&cauthor_uid=8760793
https://www.ncbi.nlm.nih.gov/pubmed/8760793

Iragi Journal of Agricultural Sciences —2021:52(1):121-128

Touma & et al.

22. Mikkel J., A. Wind, E. Johansen , J. E.
Christensen, B. Lauridsen, and D.
Microorganisms. 2014. The Science behind
the Probiotic Strain Bifidobacterium
animalis subsp. Lactis. BB-12; 2(2): 92-110.
23. Murphey, E. D., D. N. Herndon, and E. R.
Sherwood' 2004. Gamma Interferon does not
enhance clearance of Pseudomonas
aeruginosa but does amplify a
proinflammatory response in a murine model
of post. septic. Immunosuppression
Infect.72(12): 6892—6901.

24. Ovido - Boyso, J., J.J. Valdez-Alarcon, M.
Cajero - Juarez, A. Ochoa-Zarzsa, J. E. Lopez-
Meza, A. Bravo - Patino, and V.M. Baiza- bal
-Aguirre. 2007. Innate immune response of
bovine mammary gland to pathogenic bacteria
responsible for mastitis. J. Infect.54:399-409.
25. Pearl, J.E., B. Saunders, S.Ehlers, 1. M.
Orme, and A.M .Cooper. 2001. Inflammation

and lymphocyte activation during
mycobacterial infection in the interferon-
gamma-deficient mouse. Cell Immunol.

211(1):43-50

26. Petter, B., and M. M. Davis . 2017. Human
immune system variation.Nat. Rev. Immunol.
17(1): 21-29.

27. Raja, N. S. and N. N. Singh. 2007.
Antimicrobial susceptibility pattern of clinical
isolates of Pseudomonas aeruginosa in a
tertiary care hospital. J. Microbiol. Immunol.
40:45-49.

128

28. SAS. 2012. Statistical Analysis System,
User's Guide. Statistical. Version 9.1" ed.
SAS. Inst. Inc. Cary. N.C. USA

29. Saud, H. M. and M. A. Alaubydi 2019.
Effect of clinical Klebsiella pneumoniae
extracted melanin on some immune aspects in
mice. lraqi Journal of Agricultural Sciences
,50(1):241-247.

30. Schroder, K., P. J. Hertzog, T. Ravasi, and
D. A. Hume. 2004. Interferon-gamma: an
overview of signals, mechanisms and
functions. J. Leukoc. Biol. 75:163-189

31. Taher, H. A. and M.H. Sahar. 2019. Effect
of Bacteriocin extracted from Bifidobacterium
spp. and Lactobacillus casei on the inhibition
of the growth and pathogenesis of multiple
resistant Pseudomonas aeruginosa isolated
from bovine mastitis. .M.Sc . Thesis- College
of Veterinary Medicine- Baghdad University -
Iraq.

32. Temesgen, B. , A. Tesfaye, T. Sewunet
,and H.  DetiWaktola.2015. Pseudomonas
aeruginosa isolates and their antimicrobial
susceptibility pattern among catheterized
patients at Jimma University Teaching
Hospital, Jimma, Ethiopia. BMC Res. Notes.
8: 488.

33. Yoshida, A., Y. Koide , M . Uchijima, and
TO. Yoshida . 1994 IFN-gamma induces IL-12
MRNA expression by a murine macrophage
cell line, J774-.Biochem.Biophys. Res.
Commun. 15;198(3):857-61.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Jungersen%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27682233
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wind%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27682233
https://www.ncbi.nlm.nih.gov/pubmed/?term=Johansen%20E%5BAuthor%5D&cauthor=true&cauthor_uid=27682233
https://www.ncbi.nlm.nih.gov/pubmed/?term=Christensen%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=27682233
https://www.ncbi.nlm.nih.gov/pubmed/?term=Christensen%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=27682233
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stuer-Lauridsen%20B%5BAuthor%5D&cauthor=true&cauthor_uid=27682233
https://www.ncbi.nlm.nih.gov/pubmed/?term=Eskesen%20D%5BAuthor%5D&cauthor=true&cauthor_uid=27682233
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5029483/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Murphey%20ED%5BAuthor%5D&cauthor=true&cauthor_uid=15557610
https://www.ncbi.nlm.nih.gov/pubmed/?term=Herndon%20DN%5BAuthor%5D&cauthor=true&cauthor_uid=15557610
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sherwood%20ER%5BAuthor%5D&cauthor=true&cauthor_uid=15557610
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sherwood%20ER%5BAuthor%5D&cauthor=true&cauthor_uid=15557610
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brodin%20P%5BAuthor%5D&cauthor=true&cauthor_uid=27916977
https://www.ncbi.nlm.nih.gov/pubmed/?term=Davis%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=27916977
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=27916977
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=27916977
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bekele%20T%5BAuthor%5D&cauthor=true&cauthor_uid=26416559
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tesfaye%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26416559
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sewunet%20T%5BAuthor%5D&cauthor=true&cauthor_uid=26416559
https://www.ncbi.nlm.nih.gov/pubmed/?term=Waktola%20HD%5BAuthor%5D&cauthor=true&cauthor_uid=26416559
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4587897/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yoshida%20A%5BAuthor%5D&cauthor=true&cauthor_uid=7906942
https://www.ncbi.nlm.nih.gov/pubmed/?term=Koide%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=7906942
https://www.ncbi.nlm.nih.gov/pubmed/?term=Uchijima%20M%5BAuthor%5D&cauthor=true&cauthor_uid=7906942
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yoshida%20TO%5BAuthor%5D&cauthor=true&cauthor_uid=7906942
https://www.ncbi.nlm.nih.gov/pubmed/7906942
https://www.ncbi.nlm.nih.gov/pubmed/7906942

