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ABSTRACT

Background: Newcastle disease (ND) is a major threat to poultry health and production
worldwide. While vaccination is widely used, adverse vaccine reactions may impair poultry
growth and health. Natural feed additives, such as Oregano (Origanum syriacum), have
shown immunostimulatory and protective properties.

Objectives: This study aimed to evaluate the immunostimulatory, protective, and growth-
supporting effects of oregano supplementation in broiler chickens vaccinated against ND.

Methods: A total of 40 one-day-old broiler chicks were divided into four groups (n=10
each): Negative control, positive control (ND vaccine only), and two experimental groups
supplemented with Oregano at 1 g/kg or 2 g/kg feed along with ND vaccination. Immune
response was assessed by enzyme-linked immunosorbent assay (ELISA). Body weight was
recorded at days 1, 21, and 45. Trachea, proventriculus, intestines, and cecum were collected
for histopathological evaluation. Data were analyzed using one-way ANOVA followed by
Tukey post hoc test, with F values, degrees of freedom, and P values reported.

Results: The oregano-supplemented groups showed enhanced immune response, with the
1 g/kg group exhibiting significantly higher antibody titers (P<0.05) than the vaccine-only
group. Body weight was highest in the 2 g/kg group (F, ,=18.54; P<0.001). Histopathological
analysis revealed reduced lesion scores in oregano-treated groups, particularly at 2 g/kg.

Semi-quantitative scoring confirmed significant protective effects (P<0.05)

Conclusion: Oregano supplementation enhances humoral immunity, reduces ND vaccine-
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Introduction

ewcastle disease (ND) is an infectious
viral disease that affects poultry and is
caused by ND virus (NDV) of the family
Paramyxoviridae (Masoud et al., 2024).
It affects many types of birds, including
chickens, and poses a significant threat to
the export and import trade (Attia et al.,
2022). Newcastle virus causes significant losses to the
poultry industry. It has different strains that cause a vari-
ety of clinical signs, including respiratory, neurological,
and digestive symptoms, which depend on the strain and
the bird’s immune response (Suarez et al., 2020). This
diversity in virus strains requires appropriate measures to
prevent infections and reduce their pathological effects
(Balmer & Tanner, 2011). Vaccination is often effective
in protecting against some diseases. However, the vac-
cines could induce health issues, as ND vaccination tech-
niques can cause strong immune responses and may lead
to pathological changes in tissues that resemble clinical
signs of the disease itself (Toka & Geinoro, 2023).

ND vaccines include live attenuated (e.g. LaSota,
Clone 30), inactivated, and vector-based vaccines (e.g.
HVT-ND). Most studies have focused on viral patho-
genesis rather than on nutritional modulation of vaccine
responses.

In recent years, the focus has been on natural immu-
nostimulants and feed additives as possible answers to
these issues. Some of these are Origanum syriacum,
commonly known as oregano, which is an herbal medi-
cine that contains bioactive compounds such as car-
vacrol and thymol with antimicrobial and antioxidant
activities (Amerah & Ouwehand, 2016). Many studies
have reported the antiviral activity of oregano essential
oil and aqueous and ethanolic extracts of oregano (Vi-
malanathan & Hudson, 2012; Deng et al., 2024) against
human and animal viruses. LeleSius et al. (2019) studied
the antiviral activity of oregano extract on avian infec-
tious bronchitis virus in Vero cells. The mechanisms of
action of oregano components consist of up-regulation
of cytokines, and inhibition of virus-induced apoptosis
in cultured cells (Deng et al., 2024). Besides reducing
the viral load (LeleSius et al., 2019; Picoli et al., 2021).

The phytochemicals present in oregano have anti-in-
flammatory properties, which increase the body’s ability
to fight diseases, promote gut health, and provide protec-
tion against oxidative stress, making oregano a poten-
tially useful source for use in poultry production (Deng
et al., 2024). Ruan et al. (2021) reported that oregano
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supplementation has the ability to improve growth per-
formance, regulate feed microbial conversion profile ef-
ficiency, and modulate gut immunity, inflammation, and
immune response.

This study aims to analyze how using oregano dried
plant as a supplement in the diet can help reduce the ef-
fects of the ND vaccine in poultry while also looking into
its effects on immune system function and bird growth
rates as well as histopathological changes, in birds. The
research endeavors to offer a natural option that can
boost poultry health and enhance vaccine effectiveness
to support sustainable poultry farming practices.

Materials and Methods
Experimental animal

One-day-old Rose chicks Gallus domesticus were ob-
tained at the start of the study. Forty chicks were ran-
domly divided into 4 groups of 10 chick. The chickens
used were commercial broilers, the purpose was to mim-
ic the chickens in the field.

The sample size was limited to 10 birds per group,
which was based on previous poultry immunomodula-
tory studies and institutional ethical constraints. Howev-
er, we acknowledge that a larger cohort would enhance
statistical power and generalizability.

The chicks were vaccinated intra-ocularly and intra-
nasally at 8 days of age, to pass the remaining maternal
immunity, with live ND vaccine (MSD), with a booster
dose administered 14 days later, except the negative con-
trol group. Oregano was administered in the feed 3 days
before and 3 days after each vaccination.

Oregano plant

The oregano plant O. syriacum was obtained locally
as dried plant, it was grounded and then mixed with the
feed at a rate of 1 and 2 g/kg of feed.

The oregano powder was mixed thoroughly with small
quantity of feed then it was mixed with larger amount of
feed at inclusion rates of 1 g/kg and 2 g/kg of the basal diet
and administered orally throughout the experimental period.

Although the oregano used was locally sourced, future
studies should include detailed phytochemical profiling
to quantify major constituents such as carvacrol and thy-
mol, as their concentrations can significantly influence
biological outcomes.
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Sample collection

Blood samples were collected from all groups on days
15, 22, 30, 37, and 42. The collected serum from the
blood was transferred into labeled vials and the vials
were stored at -20 °C until further processing. Post-mor-
tem samples of the trachea, proventriculus, intestines,
and cecum were collected at 37 days of the study for
histopathological analysis. Sampling was performed on
day 37 to allow sufficient time post-vaccination (14 days
after booster) for peak antibody response and tissue re-
covery to be assessed.

Parameters assessed

Immune response: Antibody titers were evaluated us-
ing the enzyme-linked immunosorbent assay (ELISA)
assay to measure the antibody titers against the ND vac-
cine in the broiler chickens. This quantitative test relies
on enzyme-linked immunosorbent detection, where
specific antibodies in the chicken serum bind to ND
antigens coated on the microplate wells. A secondary
enzyme-conjugated antibody reacts with the bound pri-
mary antibodies, producing a colorimetric change upon
substrate addition. The intensity of the color, measured
as optical density (OD) at a specific wavelength using a
microplate reader, correlates with the antibody concen-
tration. The ELISA kit provides a sensitive and reliable
method for monitoring the immune response to ND vac-
cination. The ELISA kit used in this study was the ID
Screen® ND Indirect ELISA kit (manufactured by IDvet,
France).

The immune response was assessed using ELISA assay
for antibody titers. However, cell-mediated immunity
parameters, such as splenic lymphocyte proliferation or
cytokine gene expression were not assessed and repre-
sent a limitation.

Histopathological changes: organ samples were exam-
ined for signs of inflammation, tissue damage, or protec-
tive effects of oregano. Histological tissues were fixed in
the 10% neutral buffered formalin until the histological
preparation was done. Following the routine procedures,
5-mm thick paraffin sectioning of organs were sectioned
then stained with hematoxylin and eosin. Using a light
microscope, the sections were investigated for patholog-
ical changes then photographed by a microscope cam-
era (USB 2.0 digital image camera (Omax ToupView
9.0-Megapixel China).
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Growth performance: Body weight gain was record-
ed at day 1, 21, and 45 of the study to assess the impact
of oregano at two different doses on chicken growth and
its protective effect against vaccination.

Histopathological scoring criteria

Scores were assigned manually based on microscopic
examination. Histological sections of the trachea, proven-
triculus, intestines, and cecum were evaluated semi-quan-
titatively by two independent veterinary pathologists who
were blinded to group assignments. A standardized lesion
scoring system was used to grade the severity of histo-
pathological changes as follows: O=normal (no lesion),
I=mild (slight inflammatory infiltration or epithelial de-
generation), 2=moderate (moderate mucosal disruption,
cellular degeneration, or vascular congestion), 3=severe
(extensive necrosis, severe inflammatory infiltration, or
loss of tissue architecture). The final scores were averaged
for each group and tissue and are presented as Mean+SD.
This method ensures a consistent and comparative assess-
ment of tissue damage across treatment groups.

Statistical analysis

The statistical analysis for this study was conducted us-
ing a one-way ANOVA to compare the means of different
treatment groups at various time points. The data are pre-
sented as Mean+SD, with significance levels set at P<0.05.
Post hoc comparisons were performed using Tukey test to
identify significant differences between groups.

For the semi-quantitative histopathological data (scored
manually by blinded observers), values are expressed as
Mean+SD. Group comparisons were analyzed using
one-way ANOVA followed by Tukey post hoc test. A
P<0.05 was considered statistically significant. This ap-
proach allowed objective comparison of lesion severity
among experimental groups.

Results
Immune response

At day 15, antibody titers differed significantly be-
tween groups (F, ,=6.72, P=0.001). The oregano 1 g/kg
group (1676.6+274.4) and positive control (1528+319.9)
exhibited significantly higher titers compared to the
negative control (1072.44241.3). At day 22, the oreg-
ano 1 g/kg group had the highest antibody response
(2509.6+496.9), significantly greater than both the 2 g/
kg group and the positive control (F, , =9.11, P<0.001)
(Table 1).

3,36
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Table 1. The ELISA titers of the ND vaccine antibodies of the broiler chicken groups at day 15, 22, 30, 37, and 42 of the study

MeanzSD
Group
Day 15 Day 22 Day 30 Day 37 Day 42
Negative control 1072.44241.3¢ 1203.3+115.8¢ 1244+173.4°% 1296+238¢ 1355.1+349.7°
Positive control 1528+319.9%¢ 2135.6+182.98 3008.2+477.1A 3285.2+363.58 41714965.38
Oregano 1676.6+274.4" 2509.6+496.9* 2969+541.5* 3770£534.4* 4764.9+463"
1 g\kg treatment
Oregano 3 3 A 5 e
1493.8+296.2 2188+417.8 2771.2+287.9 3031.6+643.8 3310858.5
2 g\kg treatment

Note: The different letters mean there are significant differences among groups at P<0.05, (chickens=5).

Body weight analysis

No initial differences were shown among groups at day
1. At day 45, significant differences were observed (F,
4~ 18.54, P<0.001). The oregano 2 g/kg group recorded
the highest body weight (3386+74.44 g), significantly
greater than the vaccine-only group (28804+200.34 g).
Tukey’s test confirmed that both oregano-supplemented
groups had significantly higher weights compared to the
positive control.

Histopathological scores

Demonstrated clear differences (F values ranging
from 22.41 to 35.78 across organs, all P<0.001). Oreg-
ano-treated groups exhibited significantly lower lesion
scores compared to the vaccine-only group, with the 2 g/
kg group approaching near-normal values.

Body weights

Day 1: No significant differences were observed
among the groups. The initial body weights were com-
parable across all groups, indicating uniformity in start-
ing conditions.

Day 21: There were no statistically significant differ-
ences in body weights among the groups. The group
treated with 1 mg/kg oregano (368.6+19.96) showed the
highest weight, while the vaccinated-only group had the
lowest (316+9.46).

Day 45: Significant differences were observed
in body weights. The highest body weight was re-
corded in the group treated with 2 mg/kg oregano
(3386+74.44), followed closely by the negative control
group (3369.4+71.99) and the 1 mg/kg oregano group
(3298.6+40.13). The vaccinated-only group had the low-
est body weight (2880+200.34), which was significantly
lower than the other groups (Table 2).

Histological sections of chicken trachea

Histopathological examination focused on epithelial
integrity, inflammatory infiltration, goblet cell status,
and submucosal (SM) changes.

Control group revealed normal architecture of mucosa
(M), SM and cartilage (C). Whereas ND vaccine treated
group showed necrosis of the epithelial cells lining M,
infiltration of inflammatory cells, and degeneration and
necrosis of the chondrocytes in the cartilages. Oregano
1% and ND vaccine treated groups demonstrated intact

Table 2. Body weights of the broiler chicken groups at day 1, 21 and 45 of the study

Mean+SD
Group
Day 1 Day 21 Day 45
Negative control 44.2+1.15* 351.245.11* 3369.4171.994
Positive control 43.4+0.92* 316+9.46" 2880+200.348
Oregano 1 g\kg treatment 43.4+0.87* 368.6+19.96% 3298.6+40.13*
Oregano 2 g\kg treatment 43.4+0.92* 334.6+18.144 3386+74.44*

Note: The different letters mean there are significant differences among groups at P<0.05 (chickens=5).

2?2. et al. (2026). Oregano Boosts NDV Vaccine Response. lran J Vet Med, 20(2):289-300.



https://ijvm.ut.ac.ir/

IRANIAN JOURNAL OF VETERINARY MEDICINE

March & April 2026. Volume 20. Number 2

Table 3. Semi-quantitative histopathological scoring of trachea, proventriculus, intestine, and cecum across treatment groups

(n=5)
MeantSD
Tissue B B (Positi
Group A (Negative Control) roucpontr:I;I ve Group C (Oregano 1 g/kg) Group D (Oregano 2 g/kg)

Trachea 0+0 2.8+0.4 1.240.3 0.4+0.2
Proventriculus 010 2.610.5 1.4+0.3 0.6+0.3
Intestine 0+0 2.740.3 1.1+0.4 0.5+0.2
Cecum 0+0 2.510.4 1+0.3 0.310.1

Note: Scoring system: 0=normal; 1=mild changes; 2=moderate changes; 3=severe changes. Statistical significance evaluated
using ANOVA followed by Tukey test. Values with different superscripts within rows differ significantly at P<0.05.

M, and SM with mild degeneration of the chondrocytes
in the cartilages. Oregano 2% and ND vaccine treated
groups revealed intact M, SM and C (Figure 1).

Histological sections of chicken proventriculus

Control group showed normal architecture of M, SM,
and gastric glands (GGs). ND vaccine treated group
recorded necrosis of the epithelial cells lining M, infil-
tration of inflammatory cells, and necrosis of the GGs.
In oregano 1 g/kg and ND vaccine-treated groups there
were disorganized M with degeneration and infiltration
of inflammatory cells. Also in oregano 2 g\kg and ND
vaccine treated groups they showed intact M with mild
degeneration, intact SM, and GGs (Figure 2).

Histological sections of chicken intestine

In the control group, there was normal architecture of M,
SM, and intestinal glands (iG). In the ND vaccine-treat-
ed group, disorganized villi and necrosis of the epithelial
cells lining M, infiltration of inflammatory cells, necrosis
of iG, and blood vessels congestion in muscularis (Ms).
Oregano 1 g\kg and ND vaccine-treated groups showed
intact M, SM, and iG. In oregano 2 g\kg and ND vac-
cine-treated group, intact M with mild degeneration, in-
tact SM, and iG (Figure 3).

Histological sections of chicken cecum

Control group: Normal architecture of M, SM,
and Ms. ND vaccine treated group appears shorten-
ing of M, edema in the SM, and Ms. In oregano 1 g\
kg and ND wvaccine-treated group there were de-
generation in M, intact SM, and edema in the Ms.
In oregano 2 g\kg and ND vaccine-treated groups there
were recorded intact M, SM, and Ms (Figure 4).

To provide a more objective and comparative assess-
ment, semi-quantitative scoring of histopathological le-
sions was conducted for all tissues and is summarized
in Table 3.

Discussion

The study demonstrates the potential benefits of oreg-
ano supplementation on immune response, organs pro-
tection, and growth performance in chickens, particu-
larly when used alongside the ND vaccine. The results
highlight the synergistic effect of oregano as an immu-
nomodulator and its protective properties against vac-
cine-induced organs damage. The results also showed
that oregano is effective in supporting the immune sys-
tem when taken as a dietary supplement and enhanced
the antibody levels in the group supplemented with 1%
oregano more than the groups that did not receive the
supplement or vaccinated only.

The oregano 2 g/kg group showed a significant re-
sult for antibody production since the early period after
vaccination till the end of the experiment, especially
on days 15, 22, 37, and 42 which proves its high im-
munostimulatory potential at this particular dose. The
antibody levels in the vaccinated positive control group
were also well developed but the levels were lower as
compared to the group that was vaccinated along with
1% oregano supplement.

O. syriacum was selected due to its high content of
bioactive compounds such as carvacrol and thymol,
which exhibit known antimicrobial and immunomodu-
latory effects.

9. et al. (2026). Oregano Boosts NDV Vaccine Response. lran J Vet Med, 20(2):289-300.
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Figure 1. Histological sections of chicken trachea

Abbreviations: M: Mocus, SM; Submocusal; C: Cartilages.
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Note: A) Control (oregano-treated) group: Normal architecture of M, SM, and C; B) ND vaccine-treated group: Necrosis of the
epithelial cells lining mucosa (N), infiltration of inflammatory cells (i), and degeneration and necrosis of the chondrocytes in the
Cs (D); C) Oregano 1% and ND vaccine-treated group: Intact M, and SM with mild degeneration of the chondrocytes in the Cs
(D); D) Oregano 2% and ND vaccine-treated group: Intact M, SM and C. H&E stain, x100. Scale-bar=100 pm.

The improvement in antibody titers in the 1% oregano-
supplemented group supports the claim that oregano
enhances immunity. The immunomodulatory effects of
oregano may be due to the presence of bioactive com-
pounds such as carvacrol and thymol, which are known
to stimulate lymphocyte proliferation and increase anti-
body production (Gholami-Ahangaran et al., 2022). The
results obtained in this study are in accordance with pre-
vious studies that pointed out that oregano and its phy-
tochemicals have immunostimulatory effects (Mohamed
et al., 2023).

Interestingly, the antibody levels in the group supple-
mented with 2% oregano at the end of the study were
significantly less than the 1% oregano group and the
positive control group, which could indicate that oreg-
ano at this dose gains its antiviral properties where it
could reduce the vaccine-viral load. This is in agreement
with Lelesius et al. (2019), Zhang et al. (2022), Deng et
al. (2024), who demonstrated that oregano oil at certain
doses reduced and eliminated the avian infectious bron-
chitis viral load in vitro.

This result was supported by the histopathological re-
sults, as oregano at a 2% dose protected the organs more
efficiently than the 1% dose, in addition to the body weight
results of this group which had the best body weight.

The 2 g/kg group may have exerted anti-inflammatory
and antioxidant effects that suppressed local tissue dam-
age, independent of humoral antibody levels, which
were relatively lower.

The present findings demonstrate that oregano supple-
mentation has a positive impact on body weight and
protects the birds from the weight loss resulting from
vaccination. The positive control group, which was vac-
cinated twice with ND live vaccine and did not receive
oregano, had a significantly lower body weight than the
vaccinated oregano-supplemented groups (1 g/kg and 2
g/kg) and the negative control group.

The observed decrease in antibody titers at 2 g/kg may
indicate a dose-dependent antiviral suppression. Future
investigations should include viral quantification and cy-

2?2. et al. (2026). Oregano Boosts NDV Vaccine Response. lran J Vet Med, 20(2):289-300.
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Figure 2. Histological sections of chicken proventriculus

March & April 2026. Volume 20. Number 2

Abbreviations: M: Mocus, SM; Submocusal; C: Cartilages; GG Gastric glands; I: Inflammatory cells; D: degeneration.

Note: A) Control (oregano-treated) group: Normal architecture of M, SM and GG; B) ND vaccine-treated group: Necrosis of the
epithelial cells lining mucosa (N), infiltration of i, and necrosis of the GG (GG); C) Oregano 1% and ND vaccine-treated group:
Disorganized of mucosa with D, and infiltration of i; D) Oregano 2% and ND vaccine treated group: Intact M, with mild D,

intact SM and GG. H&E stain, x100. Scale-bar=100 pm.

tokine profiling to confirm this hypothesis and delineate
the underlying mechanisms.

The results suggest that oregano helped reduce possible
stress or any adverse impact of vaccination on the birds,
thereby enhancing growth. However, this interpretation
requires further validation using cytokine profiling and
viral quantification.

There were no significant differences in body weight at
day 21; instead, the positive control group had the lower
weight, while weight increased over time in the oreg-
ano-supplemented groups. The negative control group
showed similar results to the groups given oregano, as
oregano improved the body’s ability as a growth-pro-
moting factor in chickens. The analysis of body weight
gain in oregano-treated groups reveals that the herb has
a positive impact on the growth rate of the birds, which
can be attributed to its antimicrobial and digestive prop-
erties (Inala & Tkpesu, 2022). Oregano has the potential
to regulate the gut microbiota and enhance the absorp-
tion of nutrients; hence, it has potential to improve feed
conversion ratio and growth rates (Jia et al., 2022). This
effect may be useful in reducing the growth inhibition

that is sometimes seen following vaccination and the as-
sociated stress.

The findings of this study have great significance in
poultry farming. Oregano supplementation is therefore
advantageous in that it enhances immune response and
protects the organs that are vital to the animal’s health
and performance. Oregano is a natural animal growth
stimulant that can be used in the production of poultry
antibiotics (Patience & Ramirez, 2022).

To the best of our knowledge, there is a scarcity of
studies concerning the use of dried oregano powder in
relation to ND vaccination, to compare. Previous studies
focus on oregano oil or oregano extract using different
doses with different results (Galal et al., 2016; El-Shall
et al., 2020; Abdulkadhim et al., 2022).

However, this study agrees with previous studies that
showed oregano supplementation as essential oil (Abd
Al Haleem et al., 2020) or aqueous extract (Zhang et al.,
2021) increased daily weight gain, growth performance,
and improved feed conversion rates in poultry. This was
attributed to the enhancement of the microbial balance

9. et al. (2026). Oregano Boosts NDV Vaccine Response. lran J Vet Med, 20(2):289-300.
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Figure 3. Histological sections of chicken intestine
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Abbreviations: M: Mocus, SM; Submocusal; Ms: Muscularis: iG: Intestinal glands; cells; GN: Gastric glands; D: Degeneration.

Note: A) Control (oregano-treated) group: Normal architecture of M, SM and iG; B) ND vaccine-treated group: Disorganized of
villi and necrosis of the epithelial cells lining mucosa (N), infiltration of inflammatory cells (i), necrosis of and intestinal glands
(D), muscularis (C); C) Oregano 1% and ND vaccine-treated group: Intact M, and SM and iG; D) Oregano 2% and ND vaccine-
treated group: Intact M with mild D, and intact SM and iG. H&E stain, x100. Scale-bar=100 pm.

in the gut, maintaining intestinal health, leading to im-
proved digestion and secretion of digestive enzymes.
However, this study is not consistent with another study
that showed no significant differences in growth per-
formance between the oregano powder-supplemented
group at a dose of 150 mg/kg diet and the control group
(Rietal., 2017).

Adding oregano to feed enhances the body’s antioxi-
dant activity, such as increasing glutathione peroxidase
(GPx) levels, and improves immunity by enhancing the
production of antibodies (IgA) and the gene expression
of immune elements in the gut.

This act reduces the risk of inflammation and strength-
ens the intestinal barrier (Zhang et al., 2021). In addition,
Oregano has shown strong properties against harmful
bacteria such as E. coli and Salmonella, making it a natu-
ral option to reduce reliance on conventional antibiotics
(Balta et al., 2021; Ijeh et al., 2024), thus reducing the
bacterial impact on birds.

While the discussion references studies evaluating IgA
and antioxidant enzymes, these markers were not direct-
ly measured in the present study, and conclusions remain
inferential.

The histopathological findings show the protective ef-
fects of oregano against ND vaccine-induced organ le-
sions. Group 5 almost had smooth and intact M and SM
of the proventriculus, intestines, and cecum with mini-
mal degeneration. This finding indicates that oregano
extract’s anti-inflammatory and antioxidant properties
help in reducing tissue damage due to vaccination-in-
duced immune response (Badi et al., 2023; Montin et
al., 2024). The decreased infiltration of inflammatory
cells and the integrity of gastric and iG also support its
protective effect. These findings are in accordance with
research that has demonstrated that Oregano’s phenolic
compounds are free radical absorbers, reducing oxi-
dative stress that may lead to inflammation and tissue
injury (Bautista-Hernandez et al., 2021). Oregano ele-
ments, carvacrol and thymol, have antioxidant, antimi-
crobial, and anti-inflammatory characteristics that lower

2?2. et al. (2026). Oregano Boosts NDV Vaccine Response. lran J Vet Med, 20(2):289-300.
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Figure 4. Histological sections of chicken cecum

Abbreviations: M: Mocus, SM; Submocusal; Ms: Muscularis.

March & April 2026. Volume 20. Number 2

Note: A) Control (oregano-treated) group: Normal architecture of M, SM and Ms; B) ND vaccine-treated group: Shortening of
M, edema in the SM and Ms; C) Oregano 1% and ND vaccine-treated group: Degeneration in M, intact SM and edema in the
Ms; D) Oregano 2% and ND vaccine-treated group: Intact M, SM and Ms. H&E stain, x100. Scale-bar=100 pm.

the chances of post-vaccination issues like tissue inflam-
mation or hindered growth rates (Mesmar et al., 2022;
Mithuna et al., 2024).

The semi-quantitative histopathological scoring con-
firmed the protective effects of oregano, especially at
the 2 g/kg dose. Compared to the positive control group,
which exhibited severe lesions in all examined tissues,
both oregano-supplemented groups showed significantly
reduced histopathological scores, with the 2 g/kg group
approaching near-normal values. These findings align
with previous reports on the anti-inflammatory and anti-
oxidant roles of oregano bioactive compounds (Gholami-
Ahangaran et al., 2022; Bautista-Hernandez et al., 2021),
and reinforce its tissue-protective efficacy when used as
a dietary supplement during ND vaccination.

To fully elucidate the immunomodulatory and antioxi-
dant effects of oregano, subsequent studies should in-
clude cytokine assays and oxidative stress markers, such
as GPx and malondialdehyde (MDA) levels.

The specific ways that oregano exerts its immunomod-
ulatory and protective effects were not clearly explained.

It is, therefore, suggested that more research be conduct-
ed to establish the effects of oregano supplementation
in the future and also to other poultry diseases. It would
also be useful to assess its economic impact when used
in large scale poultry production.

Despite the observed improvements in body weight,
feed intake and feed conversion ratio (FCR) were not
recorded. These parameters should be prioritized in fu-
ture research to determine the economic feasibility of
oregano supplementation.

Future research should explore cellular-mediated im-
mune responses and compare oregano administration
methods (e.g. aqueous extract vs feed additive) to opti-
mize its application.

Conclusion

The current findings reveal a dose-dependent, func-
tionally distinct effect of O. syriacum. Supplementation
at 1 g/kg enhanced humoral immunity, evidenced by
higher antibody titers, whereas 2 g/kg conferred superior
histological protection and growth performance. This
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finding suggests that the higher dose may act via anti-in-
flammatory or tissue-preserving pathways independent
of antibody levels. However, the lack of cellular immu-
nity markers limits mechanistic insight. Further studies
integrating cytokine profiling and splenic immune as-
sessment are needed to optimize oregano’s role in ND
vaccination programs.
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