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Abstract

This study assessed the survival and hematological profile of Nile Tilapia Oreochromis niloticus fed with
different concentrations of oregano leaf extract (OLE) after 24 hours of bacterial stress challenge. The
fish were fed with oregano leaf extract at 1 ml, 2 ml, 3 ml, and 0 ml, served as the control. Fish blood
samples were collected 6 weeks after rearing and 24 hours after the bacterial stress challenge. The fish
were injected with 0.2 ml of Pseudomonas aeruginosa intraperitoneally. As a result, Pseudomonas
aeruginosa had a significant effect on the blood parameters of the fish after the experimental challenge.
RBC counts of Nile tilapia fed with a commercial diet decreased while the fish fed with OLE were
maintained. This result showed that OLE protected the fish from infection during the bacterial stress
challenge. Thus, it can be concluded that at 3ml/kg, oregano leaf extract acts as an immunostimulant for
Oreochromis niloticus against Pseudomonas aeruginosa. Further studies on the different fish species
challenge are recommended.

Keywords: Oregano, Oreochromis niloticus, Pseudomonas aeruginosa, immunostimulant,
Hematological profile, Oreganum vulgare L.

1. Introduction

Aquaculture is a crucial global industry that provides essential food for the world’s population
and a valuable source of animal protein. (Soliman et al., 2016) ™. Tilapias are a prime
aquaculture commodity marketed globally in the Philippines, among the top tilapia-producing
countries (Miao et al., 2020) 1. The aquaculture industry has recently expanded with the
critical need to find sustainable and prosperous animal protein sources for the increasing
population (FAO, 2020) Bl In 2020, production from the Tilapia industry contributed
263,871.29 MT or 11.4% to the total national fisheries aquaculture production of 2,324,000
MT. About 93% of Tilapia production came from freshwater; the remaining 7% was from
brackish and marine water (PSA, 2021) 11,

Nile tilapia (O. niloticus) is a candidate fish species for intensive and super-intensive farming
systems due to their high growth rate and tolerance against stressful conditions (Dawood et al.,
2020) Bl Pond culture (freshwater and brackish water), cage culture (dam reservoirs, lakes,
and seawater), mono-sex male tilapia culture, saltwater culture, rice-fish (tilapia) culture, and
aquaponics are among the most preferred culturing techniques (Romana-Eguia et al., 2020) [61,
However, intensive systems weaken the immune system and decrease the animal’s resistance
to environmental stressors and pathogens (Dawood et al., 2019) ], Despite being somewhat
hardy fish (Romana-Eguia et al., 2020) [ tilapias are still susceptible to diseases such as
bacterial, parasitic, fungal, and viral diseases (Amal et al., 2011 [, El-Sayed, 2019 [F
Romana-Eguia et al., 2020) [61,

~61~
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2. Methodology

2.1 Hematological Analysis

Fish blood samples were collected 6 weeks after rearing and
24 hours after the bacterial stress challenge. After the feeding
experiment, three healthy fish from each treatment were
randomly selected and immersed in MS-222 (tricaine methane
sulfonate at 19/500 mL water) for the collection of fish blood
samples. A 0.1 ml of blood was collected through caudal
vasculature and stored in tubes containing di-potassium
Ethylene Diaminetetraactic (EDTA k2) with a 1 cc syringe.
Blood samples were analyzed right after the blood collection
at Roxas Diagnostic Laboratory, Roxas Isabela.

2.2 Preparation of Bacteria Culture

The fish underwent bacterial stress challenge after 6 weeks of
feeding experiment. Pseudomonas aeruginosa bacteria was
used to challenge the stock and evaluate the effect of the diet
with oregano leaf extract (OLE) on the blood parameters of
the fish. The Pseudomonas aeruginosa isolates were obtained
from the PHilMech Collection of Microorganisms (PHilMec),
BioResource Laboratory Section (BRLS)-Laboratory Service
Division (LSD), Science City of Mufioz, Nueva Ecija and was
sub-cultured at Freshwater Fisheries Center Isabela State
University compound Echague Isabela.

A pure colony of Pseudomonas aeruginosa was sub-cultured
using nutrient agar at 25°C for 24 hours (Hossain et al., 2006)
(19, Following the method of Rahmawati et al. (2021) ' with
slight modification, 33 grams of nutrient agar powder were
dissolved in 1000 mL of distilled water, adhering to the
dosage recommended on the product label. The mixture was
then sterilized in an autoclave at 121°C for 15 minutes. Once
sterilized, the nutrient agar (NA) medium was inoculated with
bacteria from pure culture isolates. The inoculated plates were
subsequently incubated at 37°C for 24 hours. Pseudomonas
aeruginosa bacterial growth on the NA media was centrifuged
at 3000 rpm for 20 minutes (Hossain et al., 2006) %1, The
supernatant was then removed and added with a physiological
NaCl solution of 0.9% until the volume corresponded to the
initial volume, then underwent divortex. This process was
done twice. After rinsing with 0.9% physiological NaCl, the
bacterial density was calculated using a colony counter
(Uppal et al., 2012) [*2. The density of P. aeruginosa that was
used in this study is 0.2 ml (Hossain et al., 2006) 1%,

2.3 Artificial Infection of Pseudomonas aeruginosa

Tilapia underwent fasting before the bacterial stress
challenge. Ten fish from each treatment weighing 29.9 +
11.42 were immersed in MS-222 (tricaine methane sulfonate)
at 19/500ml water and injected with Pseudomonas aeruginosa
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with a density of 0.2 ml/fish (Hossain et al., 2006) 2%, A 0.2
ml Pseudomonas aeruginosa suspension was injected
intraperitoneally with a 1 ml syringe into the tilapia. The eyes
of the tilapia were covered with a clean, wet cloth to prevent
the fish from becoming stressed after the injection (Hardi et
al., 2014) 3 Injected tilapia was then transferred into a
separate experimental drum for further observation. Mortality
was monitored to ascertain the clinical signs and survival rate
of the experimental fish.

This study upholds the ethical principles of animal welfare,
scientific honesty, and environmental responsibility. By
adhering to established guidelines, the research ensures both
the reliability of findings and the humane treatment of
experimental animals, supporting ethical aquaculture
development.

2.4 Observation of Mortalities after Artificial Infection
Mortalities of the test fish were observed and recorded after
11 and 12 hours followed by 26, 29, 43, 45, 52, 53, 61, and 68
hours after artificial infection. Deceased fish were promptly
removed and disposed of in designated areas to prevent
contamination that could impact the remaining test fish.

2.5 Statistical Analysis

Blood profile data were analyzed using one-way ANOVA,
followed by Tukey’s HSD test for multiple comparisons (p <
0.05). An independent t-test was used to assess changes in the
hematological profile after the bacterial stress challenge.
Statistical significance was set at p < 0.05. All analyses were
performed using IBM SPSS Statistics Version 22.

3. Results and Discussion

3.1 Hematological Parameters

3.2 White Blood Cells

A significant decrease (P=0.009) in WBC was observed in 2
ml OLE after the 24-hour bacterial stress challenge (Table 2).
The same result was observed in C. carpio due to extensive
hemorrhage in the skin, eye, hepatopancreas, and swim
bladder after oral administration of high doses of microcystins
(Navratil et al., 1998) 4. A decrease in WBC count or
leukopeniais attributed to a toxicity-induced general stress
response or specific toxic action affecting articulating
leukocytes or leucopoiesis resulting in immunosuppression
(Ligina et al., 2022) (1, Hematologic abnormalities involving
erythrocytes of fish include anemia and abnormal
morphology, and fish leukograms are affected by disease,
inflammatory processes, nutrition, stress, and physiologic and
environmental factors (Campbell et al., 2007) [26],

Table 2: White Blood Cell (WBC) Counts of Nile Tilapia Fed with Oregano Leaf Extracts Before and After Bacterial Stress Challenge

WABC before Bacteria Stress Challenge [WBC after 24hrs Bacteria Stress Challenge) T-stat P(1-tailed)
Control/0 ml OLE 138.7 108.9 1.72 0.09 M
1ml OLE 143.1 109.9 1.79 0.07™
2ml OLE 155.6 123.2 3.84 0.009 ™
3ml OLE 146.83E+10 122.03E+10 2.73 0.06 "

Note: Ns-not significant; *-significant; **-highly significant

Treatment means within the same column of different letters are significantly different at (P<0.05). WBC (White Blood Cells).

Normal value for WBC at 108.67 to 238 x 103/mL (Kefas et al., 2015

In addition, a decrease in WBCs may also indicate a release of
smaller immature erythrocytes due to splenic contraction, and
the spleen is a major storage of organs for blood cells (Ruane
et al., 2000) (81, Erythrocytes are produced in the spleen and
kidneys and low erythrocyte levels indicate anemia (Yanuhar

) 171,

~ 62~

et al.,, 2021) 29, In general, WBC may change concerning
various environmental parameters or stimuli such as infection
(Romano et al., 2017) %, WBC plays a major role in the
immune defense system of fish (Magnadottir 2006) 24,
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3.3 Red Blood Cells

All Nile tilapia fed with different concentrations of OLE
maintain the RBC count after 24 hours of bacterial stress
challenge compared to fishes fed with a commercial diet that
decreases significantly (P=0.02) (Table 3). A significant
decrease was also observed in freshwater fish exposed to
heavy metals (Narayanan 2009) [?2, Gram-negative bacteria,
such as Aeromonas spp and Pseudomonas spp, are common
causes of septicemia and hemorrhagic anemia in freshwater
fish (Groff et al., 1999). %]

https://www.fisheriesjournal.com

In addition, enhanced RBC counts were also recorded when
Nile tilapia was fed with oregano essential oil, which showed
improved HGB, RBCs, and WBCs respectively (Mohammadi
et al., 2020) 4 thus, enhanced RBC was described as a
strategy to improve blood capacity to carry oxygen under the
high energy demand condition (Eslamloo et al., 2014) %1, In
addition, RBC has an important role in the immunity of fish
(Yanuhar et al., 2012 28 Yywanita et al., 2013) 21, This
signifies that OLE can protect erythrocyte levels from
destruction.

Table 3: Red Blood Cell (RBC) counts of Nile Tilapia Fed with Oregano Leaf Extracts Before and After Bacterial Stress Challenge

RBC before Bacteria Stress Challenge RBC after 24hrs Bacteria Stress Challenge T-stat| P(1-tailed)
Control/0 ml OLE 2.34E+12 1.75E+12 3.75 0.02"
1ml OLE 2.3 1.73 1.26 0.14 ™
2ml OLE 2.35 1.92E+12 1.95 0.06 ™
3ml OLE 2.3 2.20E+12 0.28 04"

Note: Ns-not significant; *-significant; **-highly significant

Treatment means within the same column of different letters are significantly different at (P<0.05). RBC (Red Blood Cells)

Normal values for RBC at 0.05 TO 4.2 x 10*4/L (Witeska 2013) [28]

Carvacrol is mostly present in oregano and is synthesized by
chemical methods (Yadav et al., 2009) [°. Carvacrol
possesses a wide range of biological activities, including
antibacterial and antifungal (Chavan et al., 2014) %, antiviral
(Sanchez et al., 2015) B4 antioxidant, modulating of
immunity  response  (Khazdair et al,2018) [
anti-inflammatory  (Fitsiou et al.,2016) [®  and
anticarcinogenic properties (Ozkan et al., 2011) 4, Oregano
was also found to contain that exhibits antioxidant activity.
Flavonoids found in oregano are a class of phytochemicals
that possess antibacterial activity against a wide range of
microbial species, including pathogenic and other undesirable
bacteria present in the digestive tract (Srividya et al., 2010)
[35]

In addition, a recent study showed that oregano has
antimicrobial activity against Enterococcus hirae and clinical
pathogens and ampicillin-resistant Escherichia coli strains
(Moghrovyan et al., 2019) B¢l The carvacrol present in
oregano can prevent free radicals and hazardous compounds

from interacting with cellular DNA (Alagawany et al., 2021)
1371,

3.4 Hemoglobin and Hematocrit

The HGB and HCT decreased significantly in Nile tilapia fed
with 1 ml OLE (P=0.03; P=0.05) and 2 ml OLE (P=0.01;
P=0.05) (Tables 4 & 5). On the contrary, Nile tilapia fed with
a commercial diet, and 3 ml OLE maintained the HGB and
HCT post-stress challenge. Similar results were also observed
in the HGB and HCT in chum salmon Oncorhynchus keta
infected with Vibrio anguillarum, in rainbow trout
Oncorhynchus mykiss infected with
Aeromonas/Streptococcus, and in cichlid fish with the
epizootic ulcerative syndrome were previously reported
(Harbell et al., 1979 B8, Barham et al., 1980 B%; Pathiratne et
al., 1998) M Similar observations were also made by
Silveira-Coffigny et al., 2004 I in Oreochromis aureus
exposed to nitrite which indicates shrinkage of erythrocytes
but no hemolytic effect. The decrease in hemoglobin value
indicates abnormalities in fish health (Yanuhar et al., 2021)
[18] and if the fish is affected by disease, the blood hematocrit
value is low, resulting in a low erythrocyte count
(Rahmaningsi et al., 2019) ¥ A decrease in hematocrit
indicates that erythrocytes are being affected or destroyed by
the infection (Harikrishnan et al., 2003) 431,

Table 4: Hemoglobin (HGB) (mg/L) of Nile Tilapia Fed with Oregano Leaf Extracts Before and After Bacterial Stress Challenge

HGB before Bacteria Stress Challenge | HGB after 24hrs Bacteria Stress Challenge T-stat P(1-tailed)
Control/0 ml OLE 104.3 85.3 15 0.1m
1 ml OLE 107.33E+10 72.66E+11 2.48 0.03™
2ml OLE 118.33E+10 90.33E+11 3.39 0.01"
3mlOLE 116 93.33E+11 191 0.06 ™

Note: Ns-not significant; *-significant; **-highly significant

Treatment means within the same column of different letters are significantly different at (P<0.05). HGB (Hemoglobin Concentration)

Normal values for HGB at 47 to 166g/L (Fazio et al., 2019)
[44]

Aeromonas spp, Pseudomonas ssp, and Vibrio anguillarum
produce hemolysins and are the most common causes of
hemolytic anemia in fish (Groff et al., 1999 % Roberts et al.,
2001) [5]. Fish with anemia have a minimum hematocrit
percentage of 10% (Rahmaningsi et al 2019) M whereas
anemia is defined as a reduction in the number of RBC and/or

the hemoglobin (Hb) concentration of the blood (Hoffbrand et
al., 2001) &, Multiple causative factors can contribute to
clinical anemia in fish such as viral, bacterial, and parasitic
infections, toxins, nutritional deficiencies, and blood loss
(Witeska 2015) 7. In general, oral ingestion of medicinal
compounds or drugs can alter the normal range of
hematological parameters and this signifies that alterations
could be positive or negative (Ajagbonna et al., 1999) €1,

~ 63~
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Table 5: Hematocrit (HCT) (mg/L) of Nile Tilapia Fed with Oregano Leaf Extracts Before and After Bacterial Stress Challenge

HCT before Bacteria Stress Challenge| HCT after 24hrs Bacteria Stress Challenge T-stat P(1-tailed)
Control/0 ml OLE 42.13E+12 32.1 1.82 0.08 "
1 ml OLE 39.86E+10 29.06E+11 2.1 0.05"
2ml OLE 46.46E+11 34.73E+11 2.42 0.05"
3mlOLE 43.63E+11 33.9 1.49 011"

Note: Ns-not significant; *-significant; **-highly significant

Treatment means within the same column of different letters are significantly different at (P<0.05). (Hematocrit)

Normal values for HCT at 17.80 to 53.33% (Fazio et al., 2019) [*4],

4. Survival Rate after Artificial Infection

The highest mortality was recorded in fish fed with 1 ml OLE
(50%) followed by the control (40%) after the 72-hour
observation post-stress challenge (Table 6). The highest
survival rate was observed in fish fed with 3 ml OLE
followed by 2 ml OLE after the 72-hour observation post-
stress challenge.

5. Clinical Signs after Artificial Infection

The examined fish showed external signs of hemorrhage in
the opercula of the fish. Some fish also showed tail and fin rot
after a 72-hour observation post-stress challenge.

The external signs of hemorrhage and hemorrhagic spots in
the opercula, along with tail and fin rot in Nile tilapia infected
with Pseudomonas aeruginosa, are common symptoms of
bacterial infections in fish. Such findings are consistent with
studies by Rahman et al. (2017) ¥ who observed similar
hemorrhagic lesions and fin erosion in fish infected with
Pseudomonas species. Similar observations were made by
Yaseen et al., (2020) B9 and Hanna et al., (2014) B9 in
Pangasius and Clarias gariepinus infected with the same
bacteria. Similar cases were also reported by Khalil et al.,
(2010) 2 Younes et al., (2015) % and Elgohary et al.,
(2020) 4 where the infected fishes showed hemorrhages and
tail rot. In addition, a similar study by Austin et al., (2016) 53
also highlighted that Pseudomonas aeruginosa infections in
fish lead to tissue damage and external ulcerations, especially
under stressful conditions. These symptoms, including tail
and fin rot, often reflect a severe immune response and are
typical of bacterial infections in aquaculture settings
(Udomkusonsri et al., 2011) B¢, These findings underscore

the impact of Pseudomonas infections on fish health,
particularly in terms of external tissue damage. Moreover, the
characteristic symptom of the disease produced by
Pseudomonas bacteria is a remarkable septicemic hemorrhage
in the skin of the mouth region, opercula, and ventral side of
the body (Wakabayashi et al., 1972) [57],

6. Mortalities after Artificial Infection

The highest mortality was recorded in fish fed with 1 ml OLE
(50%) followed by the control (40%) (Table 5). The same
result was observed in O. niloticus that were artificially
infected with Pseudomonas aeruginosa (Hossain et al., 2006)
(10 This suggests that the oregano leaf extract at this
concentration may not have provided effective protection
against bacterial infection or could potentially have had
adverse effects. Similar findings were reported by Abu El-
Souod et al. 2016 8, who found that certain herbal extracts
did not always improve survival rates under bacterial stress
conditions in fish. Moreover, studies by Al-Saef et al. 2022
159 indicated that while some plant extracts can enhance
immunity, their efficacy can vary significantly depending on
concentration and fish species. This highlights the need for
careful evaluation of the dosage and effectiveness of herbal
supplements in fish diets. Further research is warranted to
determine optimal levels and combinations of natural
additives for improving fish health and survival under
pathogenic challenges. On the other hand, Pseudomonas
species are one of the most prevalent bacterial fish pathogens
that cause excessive fish mortalities and substantial economic
losses (Eissa et al., 2010; Lopez et al., 2012) [60.611,

Table 5: Mortality Rate and Survival Rate after Artificial Infection

Treatment No. of fish before | No. of fish after challenge [*Mortality Rate % after challenge| **Survival Rate % after challenge
challenge (72hrs) (72hrs) (72hrs)
1 10 6 40 60
2 10 5 50 50
3 10 7 30 70
4 10 8 20 80

Treatment 1- Oml OLE; Treatment 2- 1ml OLE; Treatment 3-2ml OLE; Treatment 4-3ml OLE. *% calculated according to No. of dead fish after
challenge. **Survival rate according to No. of survived fish after the challenge

Survival Rate after Artificial Infection

The highest survival rate in Nile tilapia after a 72-hour
observation post-challenge with Pseudomonas aeruginosa
was recorded in fish fed with 3 ml of oregano leaf extract,
followed closely by those fed with 2 ml (Table 5). This
suggests that higher concentrations of oregano leaf extract
may enhance the fish’s resistance to bacterial infections.
Similar results were reported by Harikrishnan et al. 2011 62,
who found that fish supplemented with herbal extracts, such
as oregano, demonstrated improved survival rates and
immune responses when challenged with bacterial pathogens.
The potential immunostimulatory effects of oregano could be
attributed to its bioactive compounds, including carvacrol and

~ 64~

thymol, known for their antimicrobial and antioxidant
properties (Gongalves et al., 2020) [63],

Moreover, a study by Alishahi et al., 2012 4 showed that
plant-based immunostimulants can enhance innate immunity
and boost disease resistance in aquaculture species,
corroborating the findings in the present study. The increase
in survival rate with oregano supplementation likely results
from enhanced immune function, as oregano extracts have
been found to increase phagocytic activity and other immune
parameters (Immanuel et al., 2009) %3, The dose-dependent
effect observed here aligns with the concept that optimal
concentrations of herbal additives are necessary to maximize
their protective effects, as excessively low or high doses may
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be less effective or even counterproductive (Dada et al., 2009)

[66],

These findings suggest that oregano leaf extract, especially at
3 ml, could be a promising natural additive to enhance the
health and survival of Nile tilapia under bacterial stress
conditions. However, further research is necessary to establish
the precise mechanisms by which oregano enhances immunity
and to evaluate its long-term effects on fish health and
growth.
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