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ABSTRACT: 

T 
his study investigated the occurrence and antimicrobial susceptibility 
of Pseudomonas aeruginosa in Oreochromis niloticus and evaluated 
the antibacterial effect of essential oils (Mintodin®) in vitro and in 

vivo. A total of 100 samples of apparent health Oreochromis niloticus col-
lected from fish markets and examined bacteriologically for Pseudomonas 
aeruginosa which isolated from24/100 (24%) of the samples tested and 
confirmed via PCR, yielding a 956 bp product specific to 16S rDNA gene. 
Antibiotic susceptibility testing showed high resistance rates, with 95.8% 
resistant to amoxicillin and 87.5% to erythromycin. Moreover, 83.33% of 
isolates were multidrug-resistant (MDR), and 16.66% exhibited extensive 
drug resistance (XDR). An experimental infection study was conducted on 
apparently healthy 150 Nile tilapia were divided into five groups: G1 
(healthy control), G2 (infected, untreated control), G3 (infected , 
doxycycline-treated), G4 (infected, essential oil treated), G5 (pretreated with 
essential oil, then infected and doxycycline-treated). The infected untreated 
group (G2) showed significant reductions in RBC count, Hb, PCV, lympho-
cytes, and monocytes, alongside increased serum ALT, AST, urea, creati-
nine, and glucose, with decreased antioxidant enzyme activity (catalase, 
GSH-Px). In post mortem examination, signs of septicemia were observed 
and histopathological changes of different organs of infected fishes were de-
scribed.  However, treatment with doxycycline (G3), essential oils (G4), or a 
combination of pre-treatment with essential oils followed by doxycycline 
(G5) resulted in notable improvements in blood parameters, oxidative stress 
markers, inflammatory responses, and histopathological alterations. Notably, 
G5 showed the most promising results, with upregulated antioxidant genes 
expression (SOD, CAT) and metabolic gene expression (Tfam), while down-
regulating the pro-inflammatory cytokine IL-6. These findings suggest that 
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essential oils could enhance the therapeutic efficacy of antibiotics and 
serve as a protective strategy against P. aeruginosa infections in aqua-
culture. 

INTRODUCTION: 

Nile tilapia (Oreochromis niloticus) are 
typically subjected to a variety of biological, 
physical, environmental, and chemical stresses 
as a result of increased production, which can 
harm their health, lower their general perfor-
mance, and make them more susceptible to ill-
nesses. (Ibrahim et al. 2022). 

Bacterial infections are considered the most 
serious problem faced by the Egyptian aquac-
ulture industry during the intense farming of 
fish by this method (Abdel-Rahman et al. 
2020). 

The world's most popular fish is the Nile 
tilapia (Oreochromis niloticus), which is prized 
for its flavor, profitability, and ability to with-
stand hazardous farming conditions (Mengistu 
et al.  2020). 

The Nile tilapia (Oreochromis niloticus), 
the most economically valuable fish, has been 
lost to Pseudomonas sp. infection (El-Saadony 
et al. 2022). Pseudomonas species are one of 
the most aggressive bacterial infections that 
infect fish and cause ulcerative conditions 
(Algammal et al. 2020). One of the primary 
reasons of nosocomial infections is the oppor-
tunistic, Gram-negative bacterial pathogen 
Pseudomonas aeruginosa (Crone et al. 2020). 

Pseudomonads are commonly found in 
aquatic environments and are a natural compo-
nent of the gut flora in healthy fish. They trig-
ger outbreaks when environmental conditions 
shift, leading to symptoms such as fin rot, pete-
chial hemorrhages, detached scales, skin dark-
ening, abdominal ascites, and exophthalmia 
(Khalil et al. 2010). Additionally, Pseudomo-
nas (most commonly Ps. aeruginosa) can harm 
human consumers by causing illnesses linked 
to healthcare.  (Zilberberg and Shorr, 2009). 

Oxytetracycline and doxycycline are part 
of the broad-spectrum antibiotic class known 
as tetracyclines. Tetracyclines are widely ac-
cessible due to their low cost and effectiveness 
in treating a variety of infectious illnesses. The 
drugs that are most frequently provided in sev-

eral African countries, including Egypt, are 
oxytetracyclines (Alsayeqh et al. 2021). 

 
 Doxycycline a broad-spectrum antibiotic 

has more permeability and lipophilicity than its 
analogs, which leads to a lengthy elimination 
half-life and widespread tissue disposition of 
the medication to effectively eradicate infec-
tions. (Riviere and Papich, 2018).    

 
Because of its many qualities (such as an-

esthetic, antioxidant, and anti-bacterial), essen-
tial oils generated from plants have been the 
subject of aquaculture research. These features 
have been demonstrated to lessen endocrine 
and biochemical changes and, as a result, to 
enhance the state of welfare (Souza et al. 
2019).  Furthermore, aquaculture research have 
employed essential oils generated from plants 
due to their various qualities that might en-
hance the welfare, growth, and health of ani-
mals. (Souza et al. 2018a). 

 
The incorporation of plant essential oils 

(EOs) as dietary supplements has demonstrated 
positive effects across various farm animal 
species in numerous studies. These additives 
have the potential to enhance fish growth, im-
prove animal welfare, optimize feed utilization, 
boost disease resistance, and prevent disease 
outbreaks. these nutritional substitutes have 
recently been assessed and documented in pro-
duction of fish (Sutili et al. 2017).   

Due to their positive effects on growth per-
formance, overall well-being, gut microbiota, 
and digestion, essential oils (EOs) present a 
promising alternative to antibiotic growth pro-
moters in animal feed, offering a new genera-
tion of solutions for animal nutrition and health 
(Zeng et al. 2015). EOs have been shown to 
have antimicrobial and immunomodulatory 
qualities, making them a potentially useful 
agent for fish health. Therapeutic use of essen-
tial oils has demonstrated antimicrobial effects 
against various fish contaminants and patho-
gens, including  Pseudomonas spp., Vibrio 
spp., Aeromonas spp., Enterobacter spp., etc 
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(Da Cunha et al. 2018). Significant effects of 
essential oils (EOs) on fish growth, immunity, 
and antioxidant responses (Brandão et al. 
2021) 
 

The present study was conducted to assess 
the effectiveness of doxycycline and some es-
sential oils (Mintodin®), both individually and 
in combination, in managing Pseudomonas 
infections in Nile tilapia (Oreochromis nilot-
icus). 
 
MATERIALS and METHODS 

Ethical approval  

The approval number from the Ethical 
Committee of the Animal Health Research In-
stitute is ARC/AHRI/164 /24, and the local 
committee of the ARC-IACUC committee ap-
proved this study. The Animal Health Re-
search Institute recommendations and the OIE 
criteria for the use of animals in research and 
education were followed in all methodological 
aspects. 

 
Collection of samples:  

One hundred O. niloticus apparent health 
samples were collected from fish markets. 
Every sample was gathered and delivered to 
the lab in an icebox as soon as possible. Every 
sample underwent a bacteriological analysis.  
 
P. aeruginosa Isolation and Identification:  

Following the collection of internal organs 
a loopful sample was directly streaked onto 
Cetrimide agar and MacConkey's agar (Oxoid, 
UK), followed by incubation for 24 hours at 
37°C under aerobic conditions. Yellowish-
green colonies luminous pigment synthesis is 
frequently linked to pseudomonads. (Lamont 
and Martin, 2003). All suspected colonies 
were subsequently purified. In order to deter-
mine their biochemical and phenotypic traits. 
In summary, Gram's stain was used for mor-
phological identification of the isolates, and a 
range of biochemical assays, such as urease, 
catalase, oxidase, indole, methyl red, Voges 
Proskauer, citrate utilization, H2S generation, 
mannitol fermentation, and gelatin hydrolysis, 
were used for biochemical identification. Ad-

ditionally, the isolates' motility was evaluated 
using the hanging drop technique Mac Faddin 
(Williams & Wilkins, 1985). 
 
Molecular identification of P. aeruginosa:  

Presumed colonies were incubated over-
night in tryptone soy broth (Oxoid, USA). Fol-
lowing the manufacturer's guidelines, bacterial 
DNA was extracted using the QIAamp DNA 
Mini Kit (Qiagen GmbH, Hilden, Germany). 
Using the Polymerase Chain Reaction Tech-
nique (PCR), the bacterial DNA is molecularly 
identified. PCR was conducted following 
Spilker et al. (2004) amplified 956 bp 
(position and size relative to 16S rDNA se-
quence of P. aeruginosa AT2 (AB091760)) 
using PA-SS-F GGGGGATCTTCGGAC-
CTCA, situated at locations 189–206, and PA-
SS-R TCCTTAGAGTGCCCACCCG, located 
at locations 1124–1144. Initially, the thermal 
cycling protocol involved an initial denatura-
tion step at 95°C for 2 minutes, followed by 25 
cycles consisting of 20 seconds at 94°C, 20 
seconds at 58°C, and 40 seconds at 72°C. This 
was concluded with a final extension phase at 
72°C for 10 minutes. A 1.5% agarose gel in 
TBE buffer, stained with Ethidium Bromide, 
was employed to visualize the PCR product, 
and images were captured using a BioRad Gel 
Documentation system. 
 
Antibiotic Susceptibility of P. aeruginosa   
Isolates  

An in-vitro sensitivity test was performed 
on the isolated P. aeruginosa using the Kirby-
Bauer disc diffusion method to evaluate its 
susceptibility to different antibiotics. Bauer et 
al. (1966) using different antimicrobial agents 
(Oxoid, UK): doxycycline (Do; 30 μg), chlo-
ramphenicol (C; 30 μg), ciprofloxacin (CIP; 5 
μg), streptomycin (S; 10 μg), amoxicillin (Ax; 
10 μg), gentamycin (CN; 10 μg), imipenem 
(IPM;10 μg), ), erythromycin (E; 15 μg) and 
sulfamethoxazole/trimethoprim ( SXT; 25 µg). 
The results were analyzed following the CLSI 
(2023) guidelines. Multidrug resistance 
(MDR) Indicators were computed using the 
methodology outlined by Tambekar et al. 
(2006).  
 
 



112 

Thoria et al.,                                                               Egyptian Journal of Animal Health 5, 2(2025), 109-132 

In-vitro antimicrobial efficacy of Mintodin® 
essential oils  

To test the antimicrobial efficacy of Min-
todin® against P. aeruginosa, the isolate with 
the highest level of antimicrobial resistance 
profile was selected. The antibacterial efficacy 
of Mintodin® were evaluated using the Agar 
Well Diffusion Method as follows: The bacte-
rial culture was grown in sterile saline and ti-
trated to 0.5 Macfarland (1.5 ×18 CFU/mL) 
optical density. A sterile cotton swab was used 
to evenly distribute the bacterial suspension on 
Mueller Hinton (MH) agar (Oxoid Ltd., Eng-
land. In each inoculated agar plate, 8 mm wells 
were made, and 10 µL of Mintodin® at a 
100% (v/v) concentration was added to each 
well. The agar plates were then incubated at 37 
°C for 24 hours. Antimicrobial activity was 
evaluated by measuring the diameter of the 
inhibition zones in millimeters, with all experi-
ments conducted in triplicate. 
 

Gene Expression Analysis for Quantifica-
tion of Host Response 

QIAamp RNeasy Mini Kit (Qiagen, Ger-
many) was used to extract total RNA from tis-
sue samples.On a StepOneTM real-time PCR 
system, real-time PCR was carried out using 
the HERA SYBR® Green RT-qPCR Master 
Mix (Willowfort, UK). Β-actin was employed 
as an internal control gene to assess host re-
sponses, such as metabolic, oxidative stress, 
and immune responses. Table 1 lists the primer 
sequences and PCR conditions. 10 µL of 2x 
HERA SYBR® Green RT-qPCR Master Mix, 
The RT Enzyme Mix (1 µL) (20X), 0.5 µL of 
each primer (20 pmol), 3 µL of water, and 5 
µL of RNA template were combined to create 
a 20 µL reaction mixture. Every PCR run in-
cluded a no-template control. According to 
Yuan et al. (2006), we utilized the 2-ΔΔCt 
method to calculate relative gene expression 
levels.  
 

Antibiotic: Doxybiotic® Doxycycline hyclate 
obtained commercially from Memphis Compa-
ny, Egypt. By dose 20 mg /Kg BW (Ibrahim 
et al. 2020). 
 

Essential oils: Mintodin® obtained commer-
cially from Pro pharma company, Egypt. Com-
posed of (Oregano oil, Mint oil, Eucalyptus oil, 

Ginger oil and Curcmin oil) by dose 1-2 ml/ 
Kg diet. 
 
Pseudomonas aeruginosa: P. aeruginosa, the 
field isolate with the highest level of antimi-
crobial resistance profile was used for experi-
mental infection by dose 0.2 ml of trypticase 
soy broth containing 3x107 CFU/ml intraperi-
toneal (Eissa et al. 2010). 
 
Experimental design: 

A total of apparently healthy 150 Nile ti-
lapia (Oreochromis niloticus) , each weighing 
approximately 35.8 ± 0.5 gram, were sourced 
from the El-Abassa Fish Hatchery in Sharkia, 
Egypt. These fish were then transported to the 
Fish Research Unit at the Animal Health Re-
search Institute, located in the Zagazig branch 
of Egypt. Fish were fed the control food and 
allowed to adjust to the laboratory-rearing con-
ditions for two weeks before the experiment 
started. Fish were bacteriologically examined 
before experiment to confirm that they were 
free from P. aeruginosa infection. Fish were 
divided into five equal groups (15 for each 
with one replicate) in a well-aerated glass tank 
and dechlorinated tap water was added to each 
aquarium. All aquariums were maintained un-
der consistent rearing conditions during the 
acclimatization and experimentation phases. 
Group 1 (G1) healthy normal fish fed on ration 
without any supplement (control), Group2 
(G2) were experimentally infected by Pseudo-
monas aeruginosa field isolate by dose 0.2 ml 
(3x107) CFU/ml intraperitoneal  and non-
treated (control positive). Group 3 (G3) infect-
ed by Pseudomonas and treated by doxycy-
cline at dose 20 mg /Kg BW for 1 week 48 
hours post infection. Group 4 (G4) infected by 
Pseudomonas and supplemented by essential 
oils by dose 1-2 ml/ Kg diet for 1 week 48 
hours post infection. Group 5 (G5) supple-
mented by essential oils for 1 week and then 
infected with Pseudomonas then treated with 
selected antibiotic (doxycycline) by the same 
dose 48 hours post infection (the experiment 
time was 3 weeks). 
 

Blood samples: 

Under aseptic conditions, blood samples 
(50) were taken from fish caudal veins. One 
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milliliter of blood was drawn on EDTA as the 
initial sample for hematological analysis. The 
second sample of blood was taken without an-
ticoagulant. It was left to coagulate at room 
temperature and rotated at 3000 rpm for ten 
minutes. Serum was collected for biochemical 
analysis, properly labeled, transferred into 
clean, dry tubes with covers, and stored frozen 
at -20°C. 
 
Hematological studies: 

Red blood corpuscles (RBCs), concentra-
tion of hemoglobin (Hb), and total leukocytic 
counts were determined according to the he-
matological procedures routine outlined by 
Feldman et al. (2000). 
 
Biochemical studies: 

Each biochemical parameter was measured 
using commercial kits, and the manufacturer's 
instructions were followed for each parame-
ter's technique. The activity of the liver trans-
ferases, aspartate aminotransferase (AST) and 
alanine aminotransferase (ALT), were calculat-
ed using (Murray. 1984).  According to 
Kaplan (1984), serum urea was measured and 
serum creatinine was approximated using 
(Henry, 1974). The procedure outlined by 
Lott and Turner (1975) was used to measure 
serum glucose. Glutathione peroxidase (GSH-
Px) and catalase (CAT) activities were as-
sessed after following (Aebi, 1984).  
 
Histopathological Investigation: 

Samples from liver, gills, muscle, intestine 
were taken from all experimental fish group at 
the end of this experimental period then fixed 
in 10% neutral buffered formalin, the samples 
were dehydrated using ascending degrees of 
ethyl alcohol, cleared with xylene, and embed-
ded in paraffin wax. Thin sections of 5 micron 
were prepared on glass slides and stained with 
hematoxylin and eosin for examination. Then 
stained sections were inspected and captured 
on camera using a microscope with a digital 
camera according to (Suvarna et al. 2018). 
 

Statistical analysis: 

The statistical analysis employed the anal-
ysis of variance (ANOVA). At a significant 
threshold of 0.05, Duncan's Multiple Range 
was employed to identify changes in the treat-
ment groups. The SPSS application was used 
on a PC to run all statistics (SPSS, 2004).  
 
RESULTS 

Occurrence and molecular identification of 
Pseudomonas aeruginosa 

Based on their distinctive blue-green colo-
nies on Pseudomonas agar and their large ir-
regular greenish-blue colonies with a distinc-
tive grape-like odor on nutrient agar, the bacte-
riological analysis showed that 24 out of 100 
fish samples were bacteriologically positive 
with P. aeruginosa, with a total prevalence of 
24%. All isolates showed positive biochemical 
reactions to arginine dihydrolase, nitrite reduc-
tion, catalase, oxidase, and ornithine decarbox-
ylase, but negative reactions to methyl red, in-
dole, Gram stain, and Vogues-Proskauer (VP). 
These isolates were identified molecularly us-
ing a species-specific gene (16S rDNA gene) 
PCR, which showed a distinctive band size of 
956 bp. 
 
Antimicrobial Susceptibility results 

Antimicrobial susceptibility testing re-
vealed that P. aeruginosa   isolates exhibited 
high sensitivity to ciprofloxacin (87.5%) and 
doxycycline (83.33%) and moderate sensitivity 
to both trimethoprim/sulfamethoxazole and 
gentamycin (58.33%). However, high rates of 
resistance (95.8%) were noticed for amoxicil-
lin, and (87.5%) for erythromycin. 

 
The Resistance profiles showed that 83.33 

% (20 out of 24) of the examined isolates 
showed MDR pattern  However, only 16.66% 
(4 out of 24) among the isolates were XDR 
pattern. The MAR index for P. aeruginosa   
examined isolates were ranged from 0.33 to 
0.88. 
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Table 1. resistant profile of P. aeruginosa   isolates (n=24) 

Antibiotic agent Sensitivity % Resistant % 

Doxycycline 20(83.3%) 4(16.66%) 

Chloramphenicol 12(50%) 12(50%) 

Ciprofloxacin 21(87.5%) 3(12.5%) 

Streptomycin 10(41.66%) 14(58.3%) 

Amoxicillin 1(4.16%) 23(95.8%) 

Gentamycin 14(58.33%) 10(41.66%) 

Imipenem 4(16.66%) 20(83.3%) 

trimethoprim/sulfamethoxazole 14(58.33%) 10(41.66%) 

Erythromycin 3(12.5%) 21(87.5%) 

% calculated according to the total number of samples examined 

In vitro Antimicrobial Action of Mintodin® 

The antimicrobial action of the Mintodin® 
against the multi-drug resistant P. aeruginosa  
isolate was evaluated utilizing the agar well 

diffusion technique. Mintodin® with concen-
tration 100% demonstrated strong antibacterial 
activity, with a 28 mm inhibition zone diame-
ter (figure 1).  

figure 1: The antimicrobial activity of the Mintodin® against MDR P. aeruginosa  
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Experimental study findings  

Hematological findings 

The changes in Erythrogram and leu-
kogram parameters were demonstrated in table 
(4) showed that the infected non treated group 
(G2) revealed a significant decrease in RBCs 
count, Hb, PCV, lymphocytes and monocytes 
count with a significant increase in TLC and 
heterophils count compared with negative con-
trol group. A significant improvement in RBCs 
count, PCV, Hb content and leukogram in in-
fected treated groups (G3, G4 and G5) com-
pared to positive control group at 7 and 14 
days post treatment. 

Biochemical findings 

The untreated infected group (G2) demon-
strated a significant increase (p < 0.05) in se-
rum levels of ALT, AST, urea, creatinine, and 
glucose, alongside a marked reduction in cata-
lase and glutathione peroxidase (GSH-Px) ac-
tivities at Days 7 and 14 after infection com-
pared to the negative control group (G1). How-
ever, groups treated with doxycycline and/or 
essential oils (G3, G4, and G5) showed signifi-
cant improvements in these biochemical pa-
rameters relative to the positive control group 
(G2) during the same periods. (table5). 

Table 2. Effect of antibiotic and or some essential oils on Erythrogram and leukogram of healthy and experi-
mentally infected  Oreochromis niloticus with Pseudomonas  aeruginosa at 7 and 14 days post 
treatment (M±S.E) (n=5).  

  
Groups 

7 days post treatments 14 days post treatments 

G1 G2 G3 G4 G5 G1 G2 G3 G4 G5 

RBCs x106 /µl 2.66a 
±0.02 

1.75c 
±0.03 

2.20b 
±0.06 

2.15b 
±0.02 

2.59a 
±0.4 

2.87a 
±0.02 

1.97c 
±0.04 

2.28b 
±0.03 

2.20b 
±0.02 

2.82a 
±0.03 

Hb (gm/dl) 9.13a 
±0.37 

6.66e 
±0.20 

7.92c 
±0.30 

7.70d 
±0.25 

8.10b 
±0.42 

9.56a 
±0.27 

6.78c 
±0.25 

8.18b 
±0.26 

8.27b 
±0.28 

8.37b 
±0.20 

PCV % 33.75a
±2.02 

25.53d 
±1.70 

27.59c 
±1.50 

27.14c 
±1.07 

29.88b 
±2.50 

34.40a 
±2.30 

26.28e 
±2.08 

28.68d 
±1.93 

27.94c 
±1.90 

31.45b 
±2.02 

TLCx103 /µl 10.81d 
±1.36 

12.36a 
±1.20 

11.98b 
±2.15 

11.59c 
±1.04 

11.00d 
±1.17 

10.77c 
±1.51 

12.17a 
±1.04 

11.95a 
±1.70 

11.17b 
±2.00 

11.12b 
±1.46 

Heterophilsx 
103 /µl 

3.50e 
±0.77 

6.30a 
±0.90 

5.20b 
±0.27 

4.29c 
±0.70 

3.79d 
±0.63 

3.74e 
±0.31 

5.79a 
±0.20 

5.22b 
±0.43 

4.02c 
±0.45 

3.95d 
±0.23 

Lymphocytesx 
103 /µl 

4.73a 
±0.36 

3.96c 
±0.28 

4.36b 
±0.17 

4.83a 
±0.39 

4.50a 
±0.29 

4.56a 
±0.60 

3.86c 
±0.25 

4.24b 
±0.57 

4.63a 
±0.44 

4.69a 
±0.45 

Monocytesx 
103 /µl 

1.78ab 
±0.04 

1.25d 
±0.03 

1.62c 
±0.03 

1.70bc 
±0.08 

1.80a 
±0.06 

1.77a 
±0.02 

1.58d 
±0.07 

1.66c 
±0.06 

1.73ab 
±0.08 

1.70bc 
±0.05 

Eosino-
philsx103 /µl 

0.70 
±0.02 

0.75 
±0.03 

0.69 
±0.03 

0.74 
±0.02 

0.70 
±0.02 

0.65 
±0.03 

0.70 
±0.04 

0.72 
±0.02 

0.69 
±0.02 

0.68 
±0.03 

The presence of different letters in the same row indicates a significant change at p<0.05  
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Table 3. Effect of antibiotic and or some essential oils on some biochemical parameters of healthy and exper-
imentally infected  Oreochromis niloticus with Pseudomonas  aeruginosa at 7 and 14 days post treat-
ment (M±S.E) (n=5).  

  
Groups 
  

7 days post treatments 14 days post treatments 

G1 G2 G3 G4 G5 G1 G2 G3 G4 G5 

ALT 
U/L 

5.48± 
0.23e 

21.79± 
0.88a 

11.79± 
0.37c 

15.48± 
0.31b 

7.23± 
0.20d 

5.29± 
0.26d 

18.48± 
0.34a 

8.47± 
0.24c 

13.09± 
0.12b 

6.10± 
0.41d 

AST 
U/L 

145.34
±0.38d 

367.38± 
1.06a 

206.40± 
1.70b 

202.16± 
4.06b 

168.61± 
1.84c 

144.56± 
0.49d 

300.53± 
2.29a 

177.01± 
3.35b 

167.01± 
3.09c 

151.63± 
1.84d 

Urea 
mg/dl 

1.66± 
0.06e 

3.18± 
0.02a 

2.48± 
0.05c 

2.65± 
0.02b 

1.83± 
0.03d 

1.52± 
0.03c 

2.55± 
0.10a 

1.96± 
0.06b 

2.01± 
0.14b 

1.62± 
0.02c 

Creati-
nine 
mg/dl 

0.16± 
0.00e 

0.34± 
0.00a 

0.24± 
0.01c 

0.27± 
0.00b 

0.19± 
0.00d 

0.13± 
0.00c 

0.29± 
0.00a 

0.17± 
0.00b 

0.19± 
0.00b 

0.13± 
0.00c 

Glu-
cose 
mg/dl 

68.40± 
1.43d 

116.88± 
0.47a 

98.78± 
0.90b 

88.40± 
1.61c 

71.09± 
0.91cd 

68.26± 
1.00d 

102.88± 
1.25a 

87.71± 
0.98b 

74.44± 
1.07c 

70.53± 
0.35d 

Cata-
lase 
U/L 

131.29
±1.64a 

46.31± 
1.73e 

79.14± 
2.94d 

94.83± 
2.69c 

113.35± 
1.14b 

134.55± 
1.17a 

65.24± 
3.09d 

91.69± 
0.87c 

110.53± 
0.49b 

129.93± 
0.91a 

GSH-
Px 
µmoL/
mg 

126.65
±1.27a 

56.83± 
0.89e 

92.11± 
0.46d 

99.53± 
0.86c 

117.78± 
1.39b 

126.52± 
0.65a 

66.09± 
1.53d 

103.32± 
1.28c 

111.86± 
0.87b 

123.53± 
0.49a 

The presence of different letters in the same row indicates a significant change at p<0.05  

Gene expression findings (Quantitative as-
sessment of Mintodin® efficiency using the 
qRT-PCR) 

The findings of antioxidant-related genes' 
mRNA expression levels (super oxide dis-
mutase: SOD and catalase: CAT) post experi-
mentally infection with multi-drug resistant P. 
aeruginosa   was shown in (figure 2). SOD, 
and CAT genes were upregulated in group 5 

(increased by 2.81and 2.80-fold change respec-
tively, vs. the control group2). However, the 
expression of pro-inflammatory cytokine, IL-6 
was significantly downregulated in group (G5) 
compared to group (G2) by 1.39- fold (Figure 
3). The expression of metabolic genes, TFAM, 
was considerably elevated in G5. compared to 
the control group (G2) by 4.01-fold, respec-
tively (Figure 4).  

Figure 2: Relative gene expression of oxidative-related genes SOD (A), CAT (B) in Mintodin® treated fish. 
Bars with distinct letters show significant differences (p < 0.05)  
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Histopathological findings  

In comparison with organs of (G1) Nile 
tilapia fish which revealed normal tissue archi-
tecture and cellular details in gills, liver, mus-
cle and intestine tissues, the microscopical ex-
amination of fish of group (G2) (challenged-
non treated) gills revealed lamellar fusion 
(Fig.5A). Diffuse telangiectasis (Fig.5B), con-
gestion and hemorrhage was also seen 
(Fig.5C). Muscle appeared with discontinuity 
of some muscle fibers with interfibrillar in-
flammatory cell infiltration (Fig.5D). Intestine 
showed diffuse vacuolation of submucosal 
glands (Fig.5E), with destruction of upper parts 
of lamina propria (Fig.5F) and over branching 
of some intestinal villi were also observed. 
(Fig.5G).While liver exhibited congestion in 
the hepatic blood vessels along with wide-
spread hepatic vacuolation. (Fig.5I). Vacuola-
tion with coagulative necrosis of some hepato-
cytes represented in pyknosis . Organs of in-
fected fish and treated with doxycycline group
(G3) showed gills with normal lamellae 
(Fig.6A), muscle appeared  with normal mus-
cle fiber and vasculature (Fig.6B), intestine 
was also with normal tissue architecture 
(Fig.6C). Congestion of  hepatic blood vessels 
with hepatocytes vacuolation (Fig.6D). Organs 
of infected fish and supplemented with essen-
tial oils 48 hours post infection group (G4) The 

gills displayed congestion in the lamellar blood 
vessels along with hyperplasia of the lamellar 
epithelium. (Fig.7A), muscle showed interfi-
brillar edema (Fig.7B) ,while intestine showed 
destruction of villus tips and submucosa 
(Fig.7C). Liver appeared with hyperplasia of 
melanomacrophage center (Fig.7D). Organs of 
fish supplemented with essential oils for 1 
week and then infected and treated with 
(doxycycline) group (G5) revealed gills with 
apparently normal lamellae (Fig.8A),and mus-
cles were apparently normal(Fig.8B).Intestine 
tissue appeared normal (Fig.8C) .While liver 
appeared with few inflammatory cells infiltra-
tion (Fig.8D)  

Figure 3: Relative gene expression of Immune-
related gene IL-6 in Mintodin® treated fish. 
Bars with distinct letters show significant differ-
ences (p < 0.05).  

Figure 4: Relative gene expression of metabol-
ic-related gene Tfam in Mintodin® treated fish. 
Bars with distinct letters show significant dif-
ferences (p < 0.05).  
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Figure (5): Photomicrograph of H&E sections of group (2) experimental infected fish by Pseudomonas: 
A) gills showing curved, bent secondary lamellae with almost fusion (arrow head) and telangiectasis 
(arrow). B) gills with diffuse telangiectasis (arrowhead). C) gills with severe congestion (arrow head)  
and mild hemorrhage (arrow). D) muscle with discontinuity of some muscle fibers (arrow) and inter-
fibrillar few inflammatory cellular infiltration (arrowhead). E) intestine with diffuse vacuolation of 
submucosal glands (arrowhead). F) intestine with destruction of upper parts of lamina propria . G) 
intestine with over branching of some villi (arrowhead). H) liver with extensive hepatic blood vessel 
congestion (arrow) and diffuse hepatic vacuolation. .I) liver with coagulative necrosis (arrows head) 
and vacuolation of some other hepatocytes (arrows). (Scale bar =100µm)  
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Figure (6): Photomicrograph of H&E sections of group (3) experimental infected fish with Pseudomonas and 
treated by doxycycline showing: A) gills with apparently normal primary and secondary lamellae . B)  
muscle with apparently normal muscle fiber and vasculature. C) intestine with normal mucosa , mus-
cularis mucosa and serosa (L= lumen). D) liver revealing congestion of some blood vesseles 
(arrowhead) and vacuolation of hepatocytes (arrow). (Scale bar =100µm)  

Figure (7): Photomicrograph of H&E sections of group (4) experimental infected fish with Pseudomonas and 
supplemented with essential oils showing : A) gills with  congestion of lamellar blood vessels (arrow) 
and hyperplasia of lamellae epithelium (arrow). B) muscle with interfibrillar edema (arrows head). C) 
intestine with destruction of villus tips (arrowhead) with submucosal edema and destruction (arrow). D) 
liver with hyperplasia of melanomacrophage center (arrowhead). (Scale bar =100µm)  
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Figure (8):Photomicrograph of H&E sections of group (5) fish supplemented with essential oils for 1week 
and then infected with Pseudomonas then treated with selected antibiotic (doxycycline) showing: A) 
gills with apparently normal primary and secondary lamellae . B) Muscle with apparently normal 
muscle fiber and vasculature . C) intestine with normal mucosa, muscularis mucosa and serosa (L= 
lumen). D) liver showing few inflammatory cells infiltration in the hepatic tissue . (Scale bar 
=100µm).  

DISCUSSION: 

The majority of fish species are vulnerable 
to Pseudomonas species, which causes moder-
ate to significant financial losses (Somsiri and 
Soontornvit, 2002). Freshwater fish septice-
mia is primarily caused by Pseudomonas aeru-
ginosa, which causes enormous financial loss-
es for the industries that produce fish all over 
the world (Roberts, 2012). For the bacterio-
logical analysis of Pseudomonas aeruginosa, 
100 fish samples (O. niloticus) were randomly 
selected for the investigation. and the occur-
rence rate was 24%.   Almost identical out-
comes were noted by Eissa et al. (2010). 
Meanwhile, disagreed with others who record-
ed lower incidence, EL-Hady and Samy,
(2011) and Elham et al. (2017) who recorded 
higher prevalence. Shahrokhi et al. (2022) 
reported a lower prevalence of Pseudomonas 
aeruginosa in freshwater fish (5%), whereas 
Mohamed et al. (2023) and El-Tarabili et al. 
(2023) isolated the bacteria in freshwater fish 
at 29% and 32 %, respectively. Prevalence var-
iations may be caused by host susceptibility, 
environmental variables, geographic distribu-
tion, and sample collection season (Algammal 

et al. 2020). Gene specific to a species even 
for rare isolates, (16S rDNA) provides clear 
information, making it a useful initial gene for 
P. aeruginosa   detection (Abu-Elala et al. 
2016). 

 
According to our PCR results, this gene 

was found at 956 bp in all identified 
P.aeruginosa strains. 

 
Long-term use of antibiotics to treat Pseu-

domonas infections causes R-plasmids to 
spread, creating multidrug-resistant strains in 
aquatic environments (Abd-El-Maogoud et al. 
2021). Pseudomonas aeruginosa has become 
resistant to several antibiotics, including β-
lactams, quinolones, and aminoglycosides 
(Hancock and Brinkman 2002). In this study, 
P. aeruginosa   isolates exhibited increased 
susceptibility to ciprofloxacin (87.5%) and 
doxycycline (83.3%) which was contradicting 
the results of Benie et al. (2017) who docu-
mented that P. aeruginosa isolates exhibited 
primary resistance to ciprofloxacin. While the 
isolates were resistant to amoxicillin (95.8%), 
and erythromycin (87.5%) which, like another 
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result by Abd El-Baky et al. (2020), docu-
mented that the isolates of P. aeruginosa 
showed total resistance to clavulanic acid and 
amoxicillin. 
 

The Resistance profiles showed that 83.33 
% (20 out of 24) among the isolates were mul-
tidrug resistance (MDR) pattern. However, on-
ly 16.66% (4 out of 24) of the examined iso-
lates showed an extreme drug-resistant (XDR) 
pattern. These results closely align with the 
findings of Abou Elez et al. (2024) who noted 
that when P. aeruginosa tested isolates were 
examined, 23.1% showed XDR and 61.5% 
showed MDR. The MAR index for P. aeru-
ginosa   examined isolates were ranged from 
0.33 to 0.88. The results of Darwish et al. 
(2023) in Egypt were in agreement with this 
study's MAR of more than 0.2. The frequency 
of MDR P. aeruginosa ranges from low in 
Saudi Arabia (0–7.3%) to high in Egypt (50–
75%) due to differences in data gathering 
methods and sample sizes (Al-Orphaly et al. 
2021). The absence of pan drug resistant 
(PDR) Pseudomonas in this investigation was 
consistent with Abd El-Baky et al. (2020) and 
Abou Elez et al. (2024). Additionally, because 
fish infections are become increasingly re-
sistant to conventional antimicrobial therapy, 
study on the antibacterial properties of natural 
materials like essential oils (EOs) is required 
(Kluga et al. 2021). 

 
The result of antimicrobial activity of the 

Mintodin® EOs against the multi-drug re-
sistant P. aeruginosa   isolate showed that 
Mintodin® demonstrated notable antibacterial 
efficacy, producing an inhibition zone measur-
ing 28 mm in diameter which higher than pre-
vious recorded with Shehata et al. (2013) who 
found that T. vulgaris EOs had antibacterial 
activity with a 13 mm inhibition zone diameter 
on P. aeruginosa. 

 
To evaluate the anti-oxidant efficacy of 

Mintodin® post experimentally infection with 
the multi-drug resistant P. aeruginosa   we in-
vestigated the modulatory effect of Mintodin® 
on expression of antioxidant-related genes 
(super oxide dismutase: SOD and catalase: 
CAT). SOD, and CAT genes were upregulated 

in group 5 (increased 2.81and 2.80 – fold 
change respectively, vs. the control group2). 
SOD is an antioxidant enzyme that is essential 
to the first line of defense because it detoxifies 
H2O2 and free radicals (Fridovich 1995). 
CAT, another essential antioxidant defense en-
zyme, is believed to be a key biomarker for 
evaluating oxidative stress by observing chang-
es in activity (Kim et al. 2017). 

 
Moreover, the result displayed decreased 

the expression levels of the pro inflammatory 
related gene IL-6 un like the control group 2 
(up to 1.39 fold change respectively). In line 
with previous studies, the high expression lev-
els of inflammatory related genes in G2 justi-
fied by Drolia  et al. (2018) who proposed that 
an infection could affect the permeability of 
the gastrointestinal epithelium by increasing 
the IL-6 and TNF-α genes expression. 

 
However, the transcription of metabolism 

related gene Tfam  significantly decreased in 
G5 compared to the control group2(decreased 
by 4,01 – fold change respectively). According 
to certain reports, TFAM regulates cell migra-
tion, proliferation, and survival (Yoshida et al. 
2005). A transcription factor found in the mito-
chondria, TFAM controls the biogenesis and 
function of the mitochondria (Xu et al. 2023). 

 
Since blood is a component of the majority 

of mobile tissues, the cell composition and pro-
tein pattern of serum can be used as a trial indi-
cator of diseases or changes and accurately de-
pict the immunophysiological state of a fish 
organism. The hematological parameters 
changes in infected non-treated group (G2) 
may be due to the pathogenic effect of pseudo-
monas which cause anemia as a result of  dis-
ruption in the production of RBCs and the de-
struction of hematopoietic organs whose ex-
plained the RBCs, Hb and PCV reduction  and 
that agree with (El Azzy et al. 2020, Zafar et 
al. 2023 and Alemu et al 2024). Group 3, 4 
and group 5 which administrated antibiotics or 
essential oils showed a significant improve-
ment in the hematological parameters. El Azzy 
et al. (2020) and Salah et al. (2022a) indicated 
that supplementation of essential oil 
(Origanum vulgare L.) revealed a notable en-
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hancement in hemoglobin, red blood cells and 
white blood cells count due to improvement 
oxygen carrying capacity. Hemoglobin may 
show how much oxygen is in the blood, and 
under stress conditions, anoxia can happen, 
which stops the body's other energy-synthesis 
method, oxidative phosphorylation (Ramesh 
et al. 2018). Oliveira et al (2022) stated that, 
fish treated with doxycycline exhibited no sig-
nificant changes in erythrocyte counts (P > 
0.05). 

 
Leukocytosis and heterophilia observed in 

the infected group in our study could be at-
tributed to antigen stimulation caused by bac-
terial infection. This, in turn, may trigger an 
inflammatory response, leading to the activa-
tion of the immune system (Nasr El –Deen et 
al, 2019). Treated birds with a combination of 
antibiotics and essential oils showed improve-
ment in the leukogram compared to non-
treated group. Our results were supported by 
Gehan et al. (2011) who recorded that, vola-
tile oils and volatile oils co-administered with 
oxytetracycline resulted in an improvement in 
blood picture which returned to its control lev-
el. Oliveira et al. (2022) who said that during 
treatment with this tetracycline, no changes in 
the quantity of circulating leukocytes were 
seen, indicating that therapy with doxycy-
cline's low toxicity does not cause inflammato-
ry alterations. The reduction in monocyte and 
neutrophil counts on the 7th day following 20 
mg of doxycycline treatment supports the re-
sults of (Maklakova et al. 2011) in rainbow 
trout (Oncorhynchus mykiss) treated with five 
doses of oxytetracycline at 20 mg/kg.      

Regarding to the recorded results of serum 
biochemical parameters. Infected non-treated 
group revealed significant rise in ALT, AST, 
urea, and creatinine levels in the blood. The 
same results obtained by EL-Wafai et al. 
(2024), who investigated that Pseudomonas 
aeruginosa infection in Nile Tilapia show sig-
nificant increase in AST, ALT, urea and creati-
nine. P. aeruginosa-induced infection stress 
causes liver and renal damage, as seen by ab-
normalities in the ALT, AST, urea, and creati-
nine levels. Magdy et al. (2014) and Soror., 
(2020) observed same outcomes in P. aeru-
ginosa-infected African catfish and common 
carp. 

 
Fish infected with Pseudomonas aerugino-

sa and non-treated showed significant increase 
in serum glucose level. Abd- Allah et al. 
(2015) recorded an increase in glucose level in 
African catfish (Clarias gariepinus) Infected 
with Pseudomonas florescence. The treated 
groups (G3, G4 and G5) which received 
doxycycline and or essential oils showed sig-
nificant improvement in the mention parame-
ters. Ibrahim et al. (2020) recorded that 
doxycycline could improve serum ALT, AST 
and creatinine levels in Clarias gariepinus 
challenged by Aeromonas hydrophila. This 
improvement could be attributed to the bacteri-
ostatic effect of the drug (Flower et al. 2012). 
This helps minimize the harmful and toxic ef-
fects on the liver and kidneys. In addition, the 
group that received essential oils before infec-
tion recorded the best results. Oregano essen-
tial oil's high carvacrol and thymol concentra-
tion gives it antibacterial, anti-inflammatory, 
antioxidative, and immunological-modulating 
properties in aquatic species (Hernández 
Nava et al 2020). 

 
 The antibacterial qualities of essential oils 

have applications in alternative medicine, 
pharmaceuticals, and the food industry. Tarek 
et al. (2014). Ghafarifarsani et al. (2022) 
found that thyme essential oil significantly 
lower creatinine, glucose and urea in common 
carp. Otherwise Zeppenfeld et al. (2017) 
found that the glucose level of silver catfish 
fed a meal fortified with 2.0 mL per kilogram 
of EOs for 21 days is unaffected. It is advised 
to add 2% dietary oreganum essential oil to the 
diet of Nile tilapia in order to enhance blood 
biochemical parameters and indicators of liver 
and kidney function (Salah et al. 2022b). 
Among the challenged groups, the fish with 
the lowest serum levels of ALT, urea, and cre-
atinine were those exposed to Pseudomonas 
aeruginosa and treated with a combination of 
florfenicol and origanum oil (Rehan et al. 
2024). 

 
Oxidative stress is closely linked to the on-

set and progression of disease, and pathologi-
cal conditions may result from an imbalance in 
the body's antioxidant system (Song et al. 
2023). 
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The present study revealed significant de-
crease in antioxidant markers (Catalase and 
GSH-Px) in infected non-treated group. A rise 
in reactive oxygen species (ROS) release in the 
cell membrane due to Pseudomonas aerugino-
sa toxins may result in oxidative damage and a 
compromised antioxidant system. Suntres et 
al. (2002). Abdel Rahman et al. (2024) de-
tected a significant decrease in antioxidant 
markers in Oreochromis niloticus challenged 
by Pseudomonas putida. Also Alzahrani et al. 
(2023) shown that Pseudomonas putida inhib-
its the activity of antioxidant indicators, such 
as catalase and SOD. The treated groups 
showed a significant improvement in catalase 
and GSH-Px activities. Xu et al. (2023) 
demonstrated that doxycycline increase the 
activity of GSH-Px in soft coral Sarcophyton 
trocheliophorum. Silver catfish exposed to 
Melaleuca alternifolia essential oil have higher 
glutathione-S-transferase activity (Souza et al. 
2018b). The oxidative state of freshwater fish 
was often enhanced by dietary supplementa-
tion with various essential oils. Catalase and 
superoxide dismutase levels were elevated in 
channel catfish (Ictalurus punctatus) fed 0.5 
mL per kg EO of Origanum vulgare in com-
parison to fish fed a control diet (Zheng et al. 
2009). Compared to silver catfish fed a control 
diet, those fed diets supplemented with EO of 
L. alba (linalool chemotype, approximately 0.5
–2.0 mL per kg) showed increased glutathione 
peroxidase, catalase, and superoxide dismutase 
activity (Saccol et al. 2013). Pseudomonas 
aeruginosa is among the most common bacte-
ria known to adversely affect fish (Ndi and 
Barton, 2012; Shahrokhi et al. 2022). 

 
In our study, the clinical signs and post-

mortem lesions observed in the infected fish 
were loss of balance, fin erosion and erection 
of tail, loose scales, darkening with red spots 
on the body surface, mucus secretions on the 
skin and gills, accompanied by ascites and a 
slightly protruding reddish vent, and some fish 
showing slight exophthalmia and congested 
gills, congested liver these results partially 
similar to several studies (Hossam et al. 2015; 
Khairnar et al. 2013). Eissa et al. (2010) re-
ported typical clinical signs of Pseudomonas 
septicaemia of the infected tilapia including 
hemorrhages over body surface, loosening 

scales   with abdominal distending, cloudiness 
of eyes, and congested gills, congested liver 
similar results run parallel with those obtained 
by Algammal et al. (2020) and Osman et al. 
(2021) . P. aeruginosa-infected Nile Tilapia 
had off-food, tail erosion, , exophthalmia and 
ascites, fish lost escape reflex and swam at the 
water surface these result noted by Aboyadak 
et al. (2024). These clinical signs and post-
mortem lesions might be caused by the viru-
lence factor of bacteria and its toxin produc-
tion according to pseudomonus pathogenicity. 
Pseudomonades is characterized by haemor-
rhagic spots all over the body, skin ulcer, tail 
rot and exophthalmia with congested gills and 
liver were reported by El-Keredy and Naena., 
(2020). 

 
In the present study, histopathological ex-

amination of gills revealed lamellar fusion, 
congestion and hemorrhage similar result re-
ported by Tohamy, (2015) and Abdi et al. 
(2024) who showed gills of infected Nile tilap-
ia with P.fluorescens, with congestion and la-
mellaer fusion duo to basal hyperplasia and 
necrosis. Hossam et al. (2015) reported that 
the gills of experimentally P. fluorescens in-
fected Nile tilapia revealed epithelial hyper-
plasia-induced branchial blood vessel conges-
tion, lamellar lifting, stunting, and secondary 
lamellar fusion as a result of virulence factor 
producing by bacteria. Magdy et al. (2014) 
docomented that gills of African Catfish in-
fected with P.aeruginosa revealed hypertro-
phy, epithelial hyperplasia of the secondary 
lamellae causing lamellar epithelial lifting, fu-
sion, necrosis, and edema with lamellar epithe-
lium desquamation  similar lesions have been 
reported by Devakumar et al. (2013) who ob-
served that degenerative changes in all tissues 
of crabs infected with P. aeruginosa . Our his-
topathological examination of organs of Nile 
Tilapia fish challenged with Pseudomonas re-
vealed signs of congestion, inflammations, and 
degenerative changes of the gills, intestine, and 
liver similar to (Saikia et al. 2018; Oh et al. 
2018; Ali et al. 2021; Aboyadak et al. 2024). 
However, according to (Lupia et al. 2024), P. 
aeruginosa-infected tilapia fish showed severe 
signs such gill necrosis and hemorrhagic septi-
cemia. In our result, muscle showed interfibril-
lar inflammatory cellular infiltration. Abdi et 
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al. (2024) demonstrated that muscle necrosis 
and mononuclear cell infiltration in experi-
mental P. Fluorescens Infected Nile tilapia. In 
our result liver showed severe congestion of 
hepatic blood vessels and diffuse hepatic vacu-
olation with coagulative necrosis were  agreed 
with Elgohary et al. (2020b) who recorded 
that congestion in hepatoportal blood vessels, 
vacuolar degeneration in hepatocytes, and ne-
crosis in hepatocytes of Nile tilapia infected 
with Vibrio vulnificus. Aboyadak et al. 
(2024) demonstrated that hepatocellular vacuo-
lation, mononuclear inflammatory cell infiltra-
tion, severe inflammation with necrotic foci in 
liver of O.niloticus fish experimental infected 
with P. aeruginosa . Magdy et al. (2014) stat-
ed congestion in portal blood vessels and de-
generation of P. aeruginosa infection in Afri-
can Catfish. Whereas focal areas of degenera-
tion with necrotic hepatocytes of liver of Nile 
Tilapia expermintal infected with P.putida 
were demonstrated by Abd-El-Rahman et al. 
(2024). Moreover, vacuolization with mononu-
clear cell aggregation and congestion were 
seen in the liver of Nile tilapia infected with P. 
fluorescens (Hal and M. 2020; Abdi et al. 
2024). Congestion of gills and hepatic sinusoid 
in P. fluorescence infected fish were noted by 
Hossam et al. (2015) who also reported con-
gestion and hemorrhagic enteritis. Necrosis of 
the gills, liver, and intestine of the Nile Tilapia 
challenged with P. aeruginosa were observed 
by Rehan et al. (2024). Coagulative necrosis 
of hepatocyte, with thickening and prolifera-
tion f secondary lamellae of gills of infected O. 
niloticus with Vibrio alginolyticus were report-
ed by El-Gohary et al. (2020a) 

 
P.aeruginosa  produce virulence factors, its 

toxic effects inducing oxidative stress  and re-
sulting in  cellular death by interfering with 
different  cellular processes this effect depend 
on its cocentration, modifying the expression 
and release of numerous cytokines these previ-
ous result  reported by Ran et al. (2003) and 
Muller., (2006). In present study the histo-
pathological finding of  Nile tilapia fish organs 
challenged with Pseudomonas and treated with 
doxycycline showed improvement in the 
pathological changes of gills ,muscle, liver and 
intestinal tissue which were appeared normal. 
Doxycycline have significant effect in reduc-

ing the pathological changes as aresult of their 
bacteriostatic action recorded by Flower et al. 
(2012).  El-Gohary et al. (2020a) recorded 
that improvement in liver of the infected O. 
niloticus with Vibrio alginolyticus treated with 
florfenicol then enrofloxacin and oxytetracy-
cline respectively .Also improvement the toxic 
effecets and  destructive changes in the liver of 
African catfish infectied  with A. hydrophila as 
aresult of bacteriostatic action of Doxycycline 
were reported by Ibrahim et al. (2020). While 
Aboyadak et al. (2024) reported that enroflox-
acin when combined with medicated feed pro-
tected Nile Tilapia from susceptible P. aeru-
ginosa infection effectively. Abd El-Tawab et 
al. (2019) concluded that, most infections in-
duce ulcer type disease with ulcerative and 
septicemic symptoms of fish, which include 
Aeromonas and Pseudomonas species, in par-
ticular isolates of A. hydrophila, A. caviae, Ps. 
aeruginosa, and Ps. fluorescens, showed toler-
ance to ciprofloxacin, norfloxacin, gentamycin, 
florphenicol, and meropenem, and can be em-
ployed as therapeutic agents..Meanwhile, 
Pseudomonas strains were intermediate sensi-
tive to oxytetracycline partially same results 
were obtained by El-Hady and Samy (2011),; 
Roy et al. (2014),; Abd El Tawab et al., 
(2016) and Abd El-Tawab et al. (2019). In 
our study, organs of fish challenged with Pseu-
domonas and supplemented with essential oils, 
emerged improvement in pathological changes. 
Liver showed hyperplasia of melanomacro-
phage center that attributed to stimulation of 
liver with bacterial toxin and indicating the 
role of essential oils as immunostimulants and 
disease resistance. Rehan et al. (2024) domon-
strated that Nile Tilapia fish infected with 
Pseudomonas aeruginosa and received Origa-
num oil  showed marked improvement in the 
pathological changes with some focal lesions 
in the intestine and liver  were observed. 

 
Organs of fish supplemented with essential 

oils and treated with doxycycline in the present 
study showed normal tissue architecture and 
cellular details in gill, liver, muscle and intes-
tine. Essential oils and their components have 
synergistic effects against bacteria when com-
bined with antibiotics. Rehan et al. (2024) 
who stated that the infected fish received Ori-
ganum oil and florfenicol displayed a normal 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/hepatopancreas
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histological architecture of gills, liver and in-
testine tissue. Magouz  et al. (2022) recorded 
that improved intestinal health of Nile Tilapia 
fish supplemented with oregano essential oil  
demonstrated apparent branching of villi with  
increasing villi length and width. Abdel-Latif 
et al. (2020) documented that beneficial im-
provement in the histopathological finding of 
hepatic tissues of common carp fed oregano 
essential oil with different levels were noticed 
no pathologic lesions, the intestinal tissue was 
also revealed a significant improvement (when 
fed at a dose of 15 g/kg diet) without inflam-
mation or degenerative changes. Plant essential 
oils have been shown to improve appetite in 
farm animals, and have significant anti-
pathogenic activities in fish, It possess bioac-
tive molecules which play a significant role in 
supporting optimum health and gut microbiate 
statue of fish (Caipang, 2020). 
 

Essential oils such as oregano, thyme, and 
curcumin are commonly used in aquaculture 
and have been related to beneficial effects 
on fish health statue (Aydın and Barbas, 
2020). Essential oils when used as food addi-
tives combined with complementary deriva-
tives improve fish welfare more effectively 
than using in an individual forms (Ning et al. 
2021). 

 
Recently, many researchers are focusing on 

using of natural organic herbal as growth pro-
moters to improve the gut  functions, stimulate 
growth, and enhance animal health by adding 
different feed supplements to increase animal 
disease resistance and growth  performance. 
Essential oils showed to improve the health 
and welfare of aquatic animals and increase 
their resistance to infectious diseases 
(Alagawany et al. 2020; Dinardo et al. 2020).  
 
CONCLUSION: 

T 
he obtained results suggested that the 
administration of essential oils 
(Mintodin®) before infection then the 
doxycycline against P. aeruginosa in-

fection could modulate hematological, bio-
chemical and pathological changes induced by 
P.aeruginosa infection in addition to enhanc-
ing the expression of antioxidant genes.    
 

REFERENCE 

Abd El Tawab AA, Maarouf AA, Ahmed Nes-
ma MG. 2016. Detection of Virulence fac-
tors of Pseudomonas species isolated from 
fresh water fish by PCR. Benha Vet. Med. 
J., 30 (1): 199-207. 

Abd El-Baky RM, Masoud SM, Mohamed DS, 
Waly NG, Shafik EA, Mohareb DA,   Het-
ta HF. 2020. Prevalence and some possible 
mechanisms of colistin resistance among 
multidrug-resistant and extensively drug-
resistant Pseudomonas aeruginosa. Infec-
tion and Drug Resistance, 323-332. 

Abd El-Tawab AA, El Hofy F, Ahmed A. 
2019. Bacteriological    studies on Aer-
omonas and pseudomonas species in Nile 
tilapia (Oreochromis niloticus). Benha Vet. 
Med. J., (37): 144-148. 

Abd-Allah OA, Eissa IAM, Mona MS, Amina 
AD, Abeer HE. 2015. Clinicopathological 
Studies on Blood of African catfish 
(Clarias gariepinus) Infected with Pseudo-
monas florescence. SCVMJ, XX (1) 171-
183. 

Abdel Rahman AN, Mahboub HH, Elshopakey 
GE, Darwish MIM, Gharib HAS, Mo-
hamed Shaalan Esraa M, Fahmy Heba M, 
Abdel Ghany  Ismail SH, Elsheshtawy 
HM. 2024. Pseudomonas putida infection 
induces immuneantioxidant, hepatorenal, 
ethological, and histopathological/
immunohistochemical disruptions 
in Oreochromis niloticus: the palliative role 
of titanium dioxide nanogel. BMC Veteri-
nary Research. 20:127. 

Abdel-Latif HMR, AbdelTawwab M, Khafa-
ga AF, Dawood MAO. 2020. Dietary ore-
gano essential oil improved the growth per-
formance via enhancing the intestinal mor-
phometry and hepato-renal functions of 
common carp (Cyprinus carpio L.) finger-
lings. Aquaculture, Vol 526, 735432. 

Abd-El-Maogoud HAEN, Edris ABM, 
Mahmoud AH, Maky MA. 2021. Occur-
rence and characterization of Pseudomonas 
species isolated from fish marketed in So-
hag governorate, Egypt. SVU- Int. J. Vet. 
Sci. (4):76–84 . 

https://www.sciencedirect.com/author/56514821900/mahmoud-a-o-dawood


126 

Thoria et al.,                                                               Egyptian Journal of Animal Health 5, 2(2025), 109-132 

Abdel-Rahman GN, Salem SH, Fouzy ASM. 
2020. Incidence, stability and risk assess-
ment for sulfonamides and tetracyclines in 
aquacultured Nile Tilapia fsh of Egypt. 
Toxicology Rep (7):836–843. 

Abdi AK,  Pavanasam N, Rufael T, Bedew Z, 
Urgesa TA, kassa  N. 2024. An Experi-
mental Infection of Pseudomonas fluo-
rescens and Its Effects on Hematology and 
Histopathology of Nile Tilapia, Ethiopia. 
10.21203/rs.3.rs-4880553/v1. 

Abou Elez RM, Zahra EMF, Gharieb RM, Mo-
hamed MEM, Samir M, Saad AM, Merwad 
AMA. 2024. Resistance patterns, virulence 
determinants, and biofilm genes of multi-
drug-resistant Pseudomonas aeruginosa 
isolated from fish and fish handlers. Scien-
tific Reports, 14(1): 24063. 

Aboyadak I, Ali NG. 2024. Enrofloxacin, Ef-
fective Treatment of Pseudomonas aeru-
ginosa and Enterococcus faecalis Infection 
in Oreochromis niloticus. Microorganisms 
2024, 12, 901. 

Abu-Elala NM, AbdElsalam RM, Marouf S, 
Abdelaziz M, Moustafa M. 2016. Eutrophi-
cation, ammonia intoxication, and infec-
tious diseases: interdisciplinary factors of 
mass mortalities in cultured Nile tilapia J. 
Aquat. Anim. Health, (145): pp. 187-198. 

Aebi H. 1984. Catalaseinvitro.Methods Enzy-
mol. 105:121-6. 

Alagawany M, Farag MR, Abdelnour SA, 
Dawood MAO, Elnesr SS, Dhama K. 
2020. Curcumin and its different forms: A 
review on fish nutrition. Aquaculture, 
736030. 

Alemu KA, Natarajan P, Tesfaye R, Zufan B, 
Tewoderos AU, Nebiyu K. 2024. An ex-
perimental infection of Pseudomonas Flu-
roscens and its effects on hematology and 
histopathology of Nile Tilapia ,Ethiopia. 
Research gate,DOI:10.21203/rs.3.rs-
4880553/vl.license:CCBY4.0. 

Algammal AM, Mabrok M, Sivaramasamy E, 
Youssef FM, Atwa MH, El-kholy AW, 
Hetta HF, Hozzein WN. 2020. Emerging 
MDR-Pseudomonas aeruginosa in fish 
commonly harbor oprL and toxA virulence 

genes and blaTEM, blaCTX-M, and tetA 
antibiotic-resistance genes. Sci. Rep. 
(10):15961. 

Ali NG, Ali TE, Aboyadak IM, Elbakry MA. 
2021. Controlling Pseudomonas aeruginosa 
infection in Oreochromis niloticus spawn-
ers by cefotaxime sodium. Aquaculture 
(544): 737107. 

Al-Orphaly M, Hadi HA, Eltayeb FK, Al-Hail 
H, Samuel BG, Sultan AA,  Skariah S. 
2021. Epidemiology of multidrug-resistant 
Pseudomonas aeruginosa in the Middle 
East and North Africa Region. Msphere, 6
(3):10-1128. 

Alsayeqh AF, Baz AHA, Darwish WS. 2021. 
Antimicrobial-resistant foodborne patho-
gens in the Middle East: a systematic re-
view. Environ Sci Pollut Res Int 28
(48):68111–68133. https://doi.org/ 
10.1007/s11356-021-17070-9. 

Alzahrani OM, Elumalai P, Nada HS, Ahmed 
SAA, Zaglool AW, Shawky SM, Alkafafy 
M, Mahboub HH. 2023. Pseudomonas 
putida: Sensitivity to various anti biotics, 
genetic diversity, virulence, and role of for-
mic acid to modulate the immune-
antioxidant status of the challenged Nile 
tilapia compared to carvacrol oil. In: Fish-
es. 8:6 

Aydın B, Barbas LAL. 2020. Sedative and an-
esthetic properties of essential oils and 
their active compounds in fish: A review. 
Aquaculture, (520): 734999. 

Bauer AW, Kirby WM, Sherris JC, Turck M. 
1966. Antibiotic susceptibility testing by a 
standardized single disk method. Am J Clin 
Pathol (45):493 

Benie CKD, Dadié A, Guessennd N, N’gbesso
-Kouadio NA, Kouame NZD, N’golo DC, 
and Dosso M. 2017. Characterization of 
virulence potential of Pseudomonas aeru-
ginosa isolated from bovine meat, fresh 
fish, and smoked fish. European Journal of 
Microbiology and Immunology, 7(1): 55-
64. 

Brandão FR, Farias CFS, de Melo Souza DC, 
de Oliveira MIB, de Matos LV, Majolo C, 
de Oliveira MR, Chaves FCM, de Almeida 



127 

Thoria et al.,                                                               Egyptian Journal of Animal Health 5, 2(2025), 109-132 

O'Sullivan FL, Chagas EC. 2021. Anes-
thetic potential of the essential oils of Alo-
ysia triphylla, Lippia sidoides and Mentha 
piperita for Colossoma macropomum. Aq-
uaculture, (534): 736275. 

Caipang CMA. 2020. Phytogenics in aquacul-
ture: a short review of their effects on gut 
health and microflora in fish. The Philip-
pine Journal of Fisheries, (27): 11-22. 

CLSI (2023) CLSI M100-ED33: Performance 
Standards for Antimicrobial Susceptibility 
Testing, 33rd Edition 

Crone S, Vives-Flórez M, Kvich L, Saunders 
AM, Malone M, Nicolaisen MH, Martínez-
García E, Rojas-Acosta C, Catalina Gomez
-Puerto M, Calum H. 2020. The environ-
mental occurrence of Pseudomonas aeru-
ginosa. Apmis, (128): 220–231. 

Da Cunha JA, Heinzmann BM, Baldisserotto 
B. 2018. The effects of essential oils and 
their major compounds on fish patho-
gens—Areview. J. Appl. Microbiol., (125): 
328–344. 

Darwish WS, Othman A, Tharwat AE, Eissa 
KM, ElAtriby DE, Gad TM. 2023. Preva-
lence of Pseudomonas spp. in marine water 
fish intended for human consumption. 
Journal of Advanced Veterinary Research, 
13(6): 1147-1152. 

Devakumar D, Jayanthi J, Ragunathan MG. 
2013. Herbal alternate to Pseudomonas 
aerginosa infection in a freshwater crab, 
OZIOTELPHUSA SENEX SENEX, Inter-
national Journal of Biology, Pharmacy and 
Allied Sciences (IJBPAS), November, 2
(11): 2142-2147. 

Dinardo FR, Deflorio M, Casalino E, Crescen-
zo G, Centoducati G. 2020. Effect of feed 
supplementation with Origanum vulgare L. 
essential oil on sea bass (Dicentrarchus 
labrax): A preliminary framework on meta-
bolic status and growth performances. Aq-
uacult. Rep., (18): 100511. 

Drolia R, Tenguria S, Durkes AC, Turner JR, 
Bhunia AK. 2018. Listeria adhesion pro-
tein induces intestinal epithelial barrier 
dysfunction for bacterial translocation. Cell 
Host Microbe. (2018) 23:470–484.e7. doi: 

10.1016/J.CHOM..03.004. 

Eissa N, El-Ghiet E, Shaheen A, Abbass A. 
2010. Characterization of Pseudomonas 
species isolated from tilapia “Oreochromis 
niloticus” in Qaroun and Wadi-El-Rayan 
lakes, Egypt. Global Veterinaria (5):116–
121 . 

El Azzy H, El Sayed M, Megahed H, Kmoura 
N, Soror E. 2020. Effect of Flavomycin 
and Synbiotic on experimentally-infected 
common carp with Pseudomonas aerugino-
sa. Benha Veterinary Medical Journal 
(39):189-193.  

El-Gohary MS, El Gamal AM, Atia AA, El-
Dakroury MF.  2020a. Treatment trial of 
Nile Tilapia (Oreochromis niloticus) exper-
imentally infected with Vibrio alginolyti-
cus isolated from sea bass (Dicentrarchus 
labrax). Pak. J. Biol. Sci., (23): 1591-1600. 

 Elgohary I, Abd Elatief JI, Fadel NG, Eissa 
AE, Mahmoud AM. 2020b. Pathological, 
bacteriological and seasonal prevalence of 
Aeromonas hydrophila, vibrio vulnificus, 
Proteus vulgaris and Pseudomonas aeru-
ginosa; infecting Oreochromis niloticus in 
some Egyptian fish farms. Egyptian Jour-
nal of Aquatic Biology & Fisheries, 24(5): 
467 – 482 . 

El-Hady MA, Samy AA. 2011. Molecular 
Typing of Pseudomonas Species Isolated 
from Some Cultured Fishes in Egypt. 
Global Veterinaria., 7 (6): 576-580. 

Elham MI, Mona MI, Maather ME, Heba IA. 
2017. Studies on Pseudomonas Septicemia 
in Some Tilapia in Ismailia. SCVMJ., 12 
(1): 107- 117. 

El-Keredy MSA, Naena NAA. 2020. Yucca 
plant as Treatment for Pseudomonas aeru-
ginosa Infection in Nile tilapia Farms with 
Emphasis on its Effect on Growth Perfor-
mance AJVS 66: (1): 83- 94. 

El-Saadony MT, Swelum AA, Ghanima 
MMA, Shukry M, Omar AA, Taha AE, 
Salem HM, El-Tahan AM, El-Tarabily 
KA, Abd El-Hack ME. 2022. Shrimp pro-
duction, the most important diseases that 
threaten it, and the role of probiotics in 
confronting these diseases: A review. Res. 



128 

Thoria et al.,                                                               Egyptian Journal of Animal Health 5, 2(2025), 109-132 

Vet. Sci., (144): 126–140. 

El-Tarabili RM, Eid HM, Elghayaty HAA, Za-
ghloul EM. 2023. Detection of pelA and 
associated virulence genes in emerging 
multidrug- and extensively drug-resistant 
(MDR and XDR) Pseudomonas aeruginosa 
isolated from Oreochromis niloticus. Bulg. 
J. Vet. Med. (26): 524–541 . 

EL-Wafai NA, EL-Ged  SAT,  Bedrous  VS,  
Mousa  MAA,  Shami A, Al Syaad KM,  
Bajaber MA,  Ahmed AE, Ashkan MF, 
Alwabli AS,  Shakak AO,  Alqahtani FS,  
Beyari EA,  Behairy A, Ak. 2024. Evalua-
tion of hematological and blood biochemi-
cal indices in cultured Nile tilapia 
(Oreochromis niloticus) as affected by us-
ing phage therapy against Pseudomonas 
aeruginosa. Ann. Anim. Sci., Vol. 24, No. 
(2): 465–477. 

Feldman BF, Zinkl JG, Jain NC. 2000. 
Schalms Veterinary Haematology. 5th Edi-
tion, Williams and Wilkins, Philadelphia, 
21-100. 

Flower R, Rang HP, Dale MM, Ritter JM, 
Henderson G. 2012. Rang & Dale's Phar-
macology. Edinburgh: Churchill Living-
stone press 776 p. 

Fridovich I. 1995.  Superoxide Radical and 
Superoxide Dismutases. Annu. Rev. Bio-
chem., (64): 97–112. 

Gehan NAG, Magda MM, Magda NA. 2011. 
Synergistic effect of volatile oils and long -
acting oxytetracycline in treatment of res-
piratory diseases in calves. Mansoura vet. 
Med. J. Vol. XIII, No. (2): 169 -181. 

Ghafarifarsani H, Hoseinifar SH, Javahery S, 
Metin Yazici and Hien Van Doan. 2022. 
Growth performance, biochemical parame-
ters, and digestive enzymes in common 
carp (Cyprinus carpio) fed experimental 
diets supplemented with vitamin C, thyme 
essential oil, and quercetin, Italian Journal 
of Animal Science, 21:1, 291-302, DOI: 
10.1080/1828051X.2021.1965923 

Hal AM, Manal I. 2020. Gene expression and 
histopathological changes of Nile tilapia 
(Oreochromis niloticus) infected with Aer-
omonas hydrophila and Pseudomonas 

uorescens. Aquaculture, (526): 735392. 

 Hancock RE, Brinkman FS. 2002. Function of 
Pseudomonas porins in uptake and efflux. 
Annu. Rev. Microbiol. (56): 17–38 . 

Henry RJ. 1974. Clinical Chemistry. Principles 
and Technics (2ºEd). Harper and Row. 

Hernández-Nava R, LópezMalo A, Palou E, 
RamírezCorona N, Jiménez-Munguía MT. 
2020. Encapsulation of oregano essential 
oil (Origanum vulgare) by complex coacer-
vation between gelatin and chia mucilage 
and its properties after spray drying. Food 
Hydrocolloids, (109):106077. 

Hossam G.T, El-Sayed ME, Fatma AS, Mo-
hamed Rawda GM. 2015. Pathological 
Evaluation of Experimental Pseudomonas 
Fluorescens Infection in Nile Tilapia. 
World J. Fish & Marine Sci., 7 (6): 450-
457. 

Ibrahim D, Abd El-Hamid MI, Al-Zaban MI, 
ElHady M, El-Azzouny MM, ElFeky TM, 
Al Sadik GM, Samy OM, Hamed, TA, Al-
balwe FM. 2022. Impacts of Fortifying 
Nile Tilapia (Oreochromis niloticus) Diet 
with Different Strains of Microalgae on Its 
Performance, Fillet Quality and Disease 
Resistance to Aeromonas hydrophila Con-
sidering the Interplay between Antioxidant 
and Inflammatory Response. Antioxidants, 
11, 2181. https://doi.org/10.3390/ anti-
ox11112181.  

Ibrahim HA, Eleiwa NZH, Galal AAA. El-
Ekiaby WT, Abd El Rahman EK. 2020. 
Antibacterial Activity of Doxycycline 
against Aeromonas hydrophila in Experi-
mentally Challenged African Catfish 
(Clarias gariepinus) Zagazig Veterinary 
Journal. Volume 48, Number 1, p. 46-56. 

Kaplan LA. 1984. Clinical Chemistry. The 
C.V. Mosby Co. St. Louis Tornoto. USA. 

Khairnar K, MP, Raut RH, Chandekar SG, 
Sanmukh WN, Paunikar. 2013. Novel bac-
teriophage therapy for controlling metallo-
beta-lactamase producing Pseudomonas 
aeruginosa infection in Catfish. BMC Vet-
erinary Research, 26(9): 264. 

Khalil SA, RH, Khalil TT, Saad and MH, Sa-
faa 2010. Studies on pseudomonas septice-



129 

Thoria et al.,                                                               Egyptian Journal of Animal Health 5, 2(2025), 109-132 

mia among cultured Oreochromus nilot-
icus. Journal of the Arabian Aquaculture 
Society, 5(1): 55-64. 

Kim H, Kim JS, Lee YM. 2017. Changes in 
activity and transcription of antioxidant 
enzymes and heat shock protein 90 in the 
water flea, Daphnia magna exposed to mer-
cury. Toxicol. Environ. Health. Sci., (9): 
300–308. 

Kluga A, Terentjeva M, Vukovic NL, 
Kaˇcániová M. 2021. Antimicrobial Activi-
ty and Chemical Composition of Essential 
Oils against Pathogenic Microorganisms of 
Freshwater Fish. Plants, (10):1265. 

Lamont IL, Martin LW. 2003. Identification 
and characterization of novel pyoverdine 
synthesis genes in Pseudomonas aerugino-
sa. Microbiology (149):833–842. 

Lott JA, Turner K. 1975. Evaluation of 
Trinder's glucose oxidase method for meas-
uring glucose in serum and urine. Clin  
Chem. Nov; 21(12):1754-60. 

Lupia C, Castagna F, Bava R, Naturale MD, 
Zicarelli L, Marrelli M, Palma E. 2024. 
Use of essential oils to counteract the phe-
nomena of antimicrobial resistance in live-
stock species. Antibiotics, 13(2): 163.  

Mac Faddin JF. 1985. Media for isolation-
cultivation-identification-maintenance of 
medical bacteria. (Williams & Wilkins, 
1985). 

Magdy I, El-Hady M, Ahmed H, Elmeadawy 
S, Kenwy A. 2014. A contribution on 
Pseudomonas aeruginosa infection in Afri-
can catfish (Clarias gariepinus). Res. J. 
Pharm. Biol. Chem. Sci., (5): 575–588. 

Magouz FI, Amer AA, Faisal A, Sewilam H, 
Aboelenin SM, Dawood MAO. 2022. The 
effects of dietary oregano essential oil on 
the growth performance, intestinal health, 
immune, and antioxidative responses of 
Nile tilapia under acute heat stress. Aqua-
culture,Vol (548): 737632 

Maklakova ME, Kondratieva IA, Mikhailova 
ES, Stupin RV, Khapchaev SH, Kasumyan 
AO. 2011. Effect of antibiotics on im-
munophysiological status and their taste 

attractiveness for rainbow trout, Oncorhyn-
chus mykiss (Salmoniformes, Salmonidae). 
Journal of Ichthyology. v.51, n.11, p.1133-
1142.  

Mengistu SB, Mulder HA, Benzie JAH, 
Komen H. 2020. A systematic literature 
review of the major factors causing yield 
gap by affecting growth, feed conversion 
ratio and survival in Nile tilapia 
(Oreochromis niloticus). Rev. Aquacult., 
(12): 524 541. 

Mohamed EA, Nawar AE, Hegazy EE. 2023. 
Insight into quorum sensing genes lasr and 
rhlr, their related virulence factors and anti-
biotic resistance pattern in Pseudomonas 
aeruginosa isolated from ocular infections. 
Microbes Infect. Dis. 4, 575–589. https://
doi.org/10.21608/MID.2023.197968.1480 . 

Muller M. 2006. Premature cellular senescence 
induced by pyocyanin, a redox-active 
Pseudomonas aeruginosa toxin. Free Rad-
ic. Biol. Med. (41): 1670–1677. 

Murray R. 1984. Alanine aminotransferase. 
Kaplan A. et al., Clin. Chem. The C.V. 
Mosby Co. St Louis. Toronto. Princeton. 
1088-1090. 

Nasr El-Deen NAN, Gamal El-Din IM, Kho-
dary MR. 2019. Effect of Experimental 
Clostridium perfringens Infection on Some 
Immunological, Hematological and Bio-
chemical Values in Broiler Chickens  . Zag 
Vet J, Volume 47, Number 2, p. 222-233 

Ndi OL, Barton MD. 2012. Resistance deter-
minants of Pseudomonas species from aq-
uaculture in Australia. J. Aqua. Res. Devel-
op. 3, 1. 

Ning L, Zhang X, Zhang D, Hu Y, Li Y. 2021. 
The benefits of blend essential oil for GIFT 
tilapia on the digestion, antioxidant, and 
muscle quality during cold storage. Aqua-
culture, (533): 736097. 

Oh WT, Kim JH, Jun JW, Giri SS, Yun S, Kim 
HJ, Park SC. 2019. Genetic characteriza-
tion and pathological analysis of a novel 
bacterial pathogen, Pseudomonas tructae, 
in rainbow trout (Oncorhynchus mykiss). 
Microorganisms, 7(10):432.  



130 

Thoria et al.,                                                               Egyptian Journal of Animal Health 5, 2(2025), 109-132 

Oliveira SL, Costa CC, Conde G, Aracati, MF, 
Rodrigues LF, Silva IC, Colturato L, Mon-
tassier HJ, Belo MAA. 2022. SAFETY OF 
ORAL DOXYCYCLINE TREATMENT 
IN NILE TILAPIA, Oreochromis niloticus. 
ARS VETERINARIA, Jaboticabal, SP, v. 
(38): n.3, 127-138. 

Osman KM, da Silva PA, Franco OL, Saad A, 
Hamed M, Naim H, Ali AHM, Elbehiry A. 
2021. Nile tilapia (Oreochromis niloticus) 
as an aquatic vector for Pseudomonas spe-
cies of medical importance: Antibiotic Re-
sistance Association with Biofilm For-
mation, Quorum Sensing and Virulence. 
Aquaculture (532):736068. 

Ramesh M, Thilagavathi T, Rathika R, Poopal 
RK. 2018. Antioxidant status, biochemical, 
and hematological responses in a cultivable 
fish Cirrhinus mrigala exposed to an aqua-
culture antibiotic Sulfamethazine. Aqua-
culture. v.491, p.10-19. 

Ran H, Hassett DJ, Lau GW. 2003. Human 
targets of Pseudomonas aeruginosa pyocy-
anin. PNAS (100):14315–14320. 

Rehan  MM,  Abouzaid  AA, Abo-Al-Ela  HG, 
Abdou MS, Elsaidy NR. 2024. Utilization 
of Origanum oil as a health promoter in 
Nile tilapia (Oreochromis niloticus) chal-
lenged with Pseudomonas aeruginosa. Aq-
uaculture, Volume 584, (15):740683.  

Riviere JE, Papich MG. 2018. Tetracycline 
Antibiotics. In: J.E. Riviere, M.G. Pahich, 
editors. Veterinary Pharmacology and 
Therapeutics, Hoboken, NJ: John Wiley & 
Sons Inc, 

Roberts RJ. 2012. Fish pathology. John Wiley 
& Sons. Roy RP, Bahadur M, Sudip- Barat 
S. 2014. Studies on antibiotic resistant ac-
tivity of Pseudomonas spp., isolated from 
fresh water loach, Lepidocephalichthys 
guntea and water sample of river Lotchka, 
Darjeeling, India. J. 35(1) : 237-241.  

Saccol EMH, Uczay J, Pês TS, Finamor IA, 
Ourique GM, Riffel APK. 2013. Addition 
of Lippia alba (Mill) N. E. Brown essential 
oil to the diet of the silver catfish: an analy-
sis of growth, metabolic and blood parame-
ters and the antioxidant response. Aquacul-
ture 416, 244–254. doi: 10.1016/

j.aquaculture. 2013.09.036 

Saikia DJ, Chattopadhyay P, Banerjee G, Ta-
lukdar B, Sarma D. 2018. Identification 
and Pathogenicity of Pseudomonas aeru-
ginosa DJ1990 on Tail and Fin Rot Disease 
in Spotted Snakehead. JWAS ,(49): 703–
714. 

Salah MA, Heba MA, Abdelrazek Nada H, 
Eidaroos Samar I, Mostafa Samar S, Mar-
zouk  Mai Nashaat  Doaa S, Farid  Noha I, 
ElBanna 2022a. Effect of Oreganum 
(Origanum vulgare L.) essential oil on 
some immune parameters of the Nile tilap-
ia (Oreochromis niloticus). Egyptian Jour-
nal of Aquatic Biology & Fisheries Vol. 26
(6): 63 – 79. 

Salah M, Aly  Heba MA, Abdelrazek  Nada H, 
Eidaroos  Noha ElBanna  Samar I, Mostafa  
Samar S, Marzouk  Mai Nashaat. 2022b. 
Effect of Ropadiar (Origanum vulgare L.) 
on the Growth Performance and Biochemi-
cal Parameters of Oreochromis niloticus. 
SCVMJ, XXVII (2) 

 Shahrokhi GR, Rahimi E, Shakerian A. 2022. 
The prevalence rate, pattern of antibiotic 
resistance, and frequency of virulence fac-
tors of Pseudomonas aeruginosa strains 
isolated from fish in Iran. J. Food Qual. 
2022, 8990912. https://
doi.org/10.1155/2022/8990912  

Shehata S, Mohamed M, Abd ESS. 2013. An-
tibacterial activity of essential oils and 
their effects on Nile tilapia fingerlings per-
formance. J. Med Sci. (13):367. 

Somsiri T, Soontornvit S. 2002. Bacterial dis-
eases of cultured tiger frog (Rana tigerina). 
Diseases in Asian Aquaculture IV, Fish 
Health Section, Asian Fisheries Society, 
Manila. 

Song C, Sun C, Liu B, Xu P. 2023. Oxidative 
stress in aquatic organisms. Antioxi dants. 
12:1223. 

Soror EM. 2020. Effect of flavomycin and syn-
biotic on experimentally-infected common 
carp with Pseudomonas aeruginosa. Benha 
Vet. Med. J., (39): 189–193 

Souza CdF, Baldissera MD, Baldisserotto B, 
Heinzmann BM, Martos-Sitcha JA, 

https://www.sciencedirect.com/journal/aquaculture/vol/584/suppl/C


131 

Thoria et al.,                                                               Egyptian Journal of Animal Health 5, 2(2025), 109-132 

Mancera JM. 2019. Essential Oils as Stress
-Reducing Agents for Fish Aquaculture: A 
Review. Front. Physiol. 10:785. doi: 
10.3389/fphys. 2019.00785. 

Souza CF, Baldissera MD, Bianchini AE, Silva 
EG, Mourão RHV, Silva LVF. 2018a. Cit-
ral and linalool chemotypes of Lippia alba 
essential oil as anesthetics for fish: a de-
tailed physiological analysis of side effects 
during anesthetic recovery in silver catfish 
(Rhamdia quelen). Fish Physiol. Biochem. 
(44):21–34. doi: 10.1007/s10695-017-0410
-z. 

Souza CF, Baldissera MD, Silva LL, Geihs 
MA, Baldisserotto B. 2018b. Is monoter-
pene terpinen-4-ol the compound responsi-
ble for the anesthetic and antioxidant activ-
ity of Melaleuca alternifolia essential oil 
(tea tree oil) in silver catfish? Aquaculture 
(486): 217–223. doi: 10.1016/
j.aquaculture.2017. 12.025 

 Spilker T, Coenye T, Vandamme P, LiPuma 
JJ. 2004. PCR-based assay for differentia-
tion of Pseudomonas aeruginosa from other 
Pseudomonas species recovered from cyst-
ic fibrosis patients. J. Clin. Microbiol. (42): 
2074–2079 . 

SPSS. 2004. Statistical and package for social 
science, SPSS for windows release14.0.0, 
19 June 2004."Standard version, copyright 
SPSS Inc., 1989- 2004. 

Suntres ZE, Omri A, Shek PN. 2002. Pseudo-
monas aeruginosa-induced lung injury: role 
of oxidative stress. Microb Pathog. (32):27
–34. 

Sutili FJ, Gatlin DM, Heinzmann BM, Baldis-
serott B. 2017. Plant essential oils as fish 
diet additives: benefits on fish health and 
stability in feed, Reviews in Aquaculture, 1
–11. doi: 10.1111/raq.1219. 

Suvarna SK, Layton C, Bancroft JD. 
2018. Bancroft’s Theory and Practice of 
Histological Techniques, 8th ed.; Elsevier: 
Amsterdam, The Netherlands. 

Tambekar DH, Dhanorkar DV, Gulhane SR. 
2006. Antibacterial susceptibility of some 
urinary tract pathogens to commonly used 
antibiotics. Afr J Biotechnol 5: No, 17. 

Tarek N, Hassan HM, AbdelGhani SMM, Rad-
wan IA, Hammouda O,  ElGendy AO. 
2014. Comparative chemical and antimi-
crobial study of nine essential oils obtained 
from medicinal plants growing in Egypt. 
Beni-Suef University Journal of Basic and 
Applied Sciences, 3(2), 149-156. doi: 
https://doi.org/10.1016/ 
j.bjbas.2014.05.009 

Tohamy HG, El-Manakhly ESM, Mohamed 
FA, Massoud RG. 2015. Pathological eval-
uation of experimental Pseudomonas uore-
scens infection in Nile tilapia. World, 7(6): 
450-457. 

Xu, W, Ahmed W, Mahmood M, Li, W, 
Mehmood S. 2023. Physiological and bio-
chemical responses of soft coral Sarcophy-
ton trocheliophorum to doxycycline hydro-
chloride exposure. Scientifc Reports, 
(13):17665. 

Xu, W, Tang J, Zhao L. 2023. DNA–protein 
cross-links between abasic DNA damage 
and mitochondrial transcription factor A 
(TFAM). Nucleic Acids Res 51:. https://
doi.org/10.1093/nar/gkac1214 

Yoshida T, Azuma H, Aihara K, Fujimura M, 
Akaike M, Mitsui T, Matsumoto T. 2005. 
Vascular smooth muscle cell proliferation 
is dependent upon upregulation of mito-
chondrial transcrip-tion factor A (mtTFA) 
expression in injured rat carotid artery. 
Atherosclerosis (178): 39-47 . 

Zafar A, Roni MA, Rana M, Akter N. 2023. 
Growth, digestive enzyme activities, proxi-
mate composition and hemato-biochemcial 
responses of juvenile Nile tilapia 
(Oreochromis niloticus) reared at various 
stocking densities in a recirculatory aqua-
culture system. Journal of Applied, Aqua-
culture, 35(4): 1179-1201. 

Zeng Z, Zhang S, Wang H, Piao X. 2015. Es-
sential oil and aro-matic plants as feed ad-
ditives in non-ruminant nutrition: areview. 
Journal of Animal Science and Biotechnol-
ogy 6:7. 

Zeppenfeld CC, Saccol EMH, Pês TS, Salbego 
J, Koakoski G, Dos Santos AC, Baldis-
serotto B. 2017. Aloysia triphylla essential 



132 

Thoria et al.,                                                               Egyptian Journal of Animal Health 5, 2(2025), 109-132 

oil as food additive for Rhamdia quelen–
Stress and antioxidant parameters. Aqua-
culture Nutrition, 23(6): 1362-1367. 

Zheng ZL, Tan JYW, Liu HY, Zhou XH, 
Xiang X, Wang KY. 2009. Evaluation of 
oregano essential oil (Origanum her-
acleoticum L.) on growth, antioxidant ef-
fect and resistance against Aeromonas hy-
drophila in channel catfish (Ictalurus punc-
tatus). Aquaculture (292): 214–218. doi: 
10.1016/j. aquaculture.04.025. 

Zilberberg MD, Shorr AF. 2009. Epidemiolo-
gy of health care associated pneumonia 
(HCAP). Semin. Respir. Crit. Care Med. 
(30): 10–15. 

 


