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Phytochemical characterization and immuno-antioxidant potential of Moringa
oleifera leaf extract in chicken lymphocytes

ANAMITRA RUJ, SONU AMBWANI" and LATA PALIWAL

Department of Molecular Biology and Genetic Engineering, College of Basic Sciences and Humanities,
G.B. Pant University of Agriculture and Technology, Pantnagar-263145 (U.S. Nagar, Uttarakhand)
*Corresponding author'’s email id: sonuambwani@yahoo.co.in

ABSTRACT: Moringa oleifera Lam., renowned for its diverse phytochemical composition and therapeutic properties, is
increasingly recognized as a natural antioxidant and immunomodulatory agent. This study investigated the phytochemical profile,
antioxidant potential and immunomodulatory action of an aqueous leaf extract of M. oleifera (MOE) using chicken splenic
lymphocytes in vitro. Preliminary qualitative screening confirmed the presence of major bioactive constituents, including tannins,
flavonoids and phenols. Quantitative estimation indicated substantial amounts of total phenolics (173.6 mg GAE/g) and flavonoids
(127.7 mg RE/g). The extract showed strong free-radical scavenging potential in the DPPH assay, with an IC  value of 56.15 pg/
ml. Based on the MTT assay, the maximum non-cytotoxic dose (MNCD) for chicken lymphocytes was determined to be 250 pg/
ml. At this dose, MOE significantly promoted both T- and B-lymphocyte proliferation in response to mitogens (PHA, Con A and
LPS), indicating pronounced immunostimulatory effects. Additionally, MOE treatment reduced lipid peroxidation and enhanced
intracellular antioxidant defences, demonstrated by elevated reduced glutathione (GSH) concentrations along with increased
activities of superoxide dismutase (SOD) and catalase (CAT). These findings highlight that aqueous M. oleifera leaf extract
exerts potent antioxidant and immunomodulatory effects, largely due to its high phenolic and flavonoid content, supporting its

potential use as a natural immuno-antioxidant supplement in poultry health management.

Key words: Antioxidant activity, Chicken lymphocytes, Immunomodulation, Moringa oleifera, Phytochemicals

Moringa oleifera Lam., a member of the
Moringaceae family and commonly known as the
“miracle tree,” is a rapidly growing, drought-
resistant tropical species native to the Himalayan
foothills of India. Today, it is extensively cultivated
across Asia, Africa and Latin America (Pareek et
al., 2023). The leaves, seeds, flowers, bark, roots
and pods of the plant are extensively utilized in
traditional medicine and human nutrition, reflecting
their richness in nutrients and bioactive compounds
(Pareek et al., 2023; Bhattacharya et al., 2018). The
primary phytochemical groups identified in leaf
extracts include flavonoids and phenolic acids, with
compounds such as quercetin, kaempferol, rutin,
catechin, gallic acid, and chlorogenic acid being
commonly reported (El-Sherbiny et al., 2024). In
addition, both leaf and seed tissues are abundant in
vitamins, minerals, carotenoids and fatty acids-
notably vitamin C, B—carotene (provitamin A),
vitamin E, iron, calcium and essential fatty acids-
enhancing their overall nutraceutical significance
(Nazim et al., 2025). The ethnomedicinal importance
of M. oleifera is well recognized in Ayurvedic and

other traditional medical systems, where it has long
been employed as a remedy for over 300 health
conditions (Bhattacharya et al., 2018; Saini et al.,
2016). Extracts from M. oleifera leaves have been
shown to enhance innate immune responses, thereby
strengthening host defence against pathogenic
challenges (Kaleo et al., 2019).

Plant-derived polysaccharides- such as glucans,
mannans, pectins, fucoidans, galactans, fructans and
xylans- are key bioactive constituents that exert
notable immunostimulatory effects. They act on
innate immune cells by inducing cytokine and
chemokine release by macrophages and on adaptive
immune cells by activating natural killer cells, T
lymphocytes and B lymphocytes (Agarwal and
Ambwani, 2018a; 2018b; Dobutr et al., 2025).
Oxidative stress is a major contributing factor in the
pathogenesis of several disorders, including
neurodegenerative diseases, cancer, cardiovascular
ailments, atherosclerosis and inflammatory
conditions (Afzal et al., 2021). Endogenous
antioxidant defences, such as enzymes like SOD and



129 Pantnagar Journal of Research

CAT, along with molecules like GSH, help
counteract excessive oxidative stress. Additionally,
exogenous antioxidants, such as polyphenols,
contribute to maintaining redox homeostasis. The
interplay between endogenous and dietary
antioxidants sustains a balance between oxidative
processes and antioxidant defences, thereby
mitigating cellular damage while allowing reactive
oxygen species (ROS) to perform essential signalling
functions (Darul Raiyaan et al., 2024). Numerous
in vivo and in vitro investigations have demonstrated
the antioxidant potential of M. oleifera leaf extracts,
which is largely associated with their abundant
phenolic acids and flavonoids (Kumawat and Une,
2024). Based on these findings, the current study
examined the immunomodulatory and antioxidant
effects of M. oleifera aqueous leaf extract (MOE)
on lymphocytes derived from chicken spleens.

MATERIALS AND METHODS

Collection of plant material

Authentic plant specimen was procured from
Medicinal Plants Research and Development Centre
(MRDC), G.B. Pant University of Agriculture and
Technology, Pantnagar, Uttarakhand, India.

Preparation of plant extract

The harvested plant material was thoroughly washed
with tap water and then with distilled water, shade-
dried, and ground into a fine powder. For extraction,
100 g of M. oleifera powder was mixed with 1000
ml of autoclaved distilled water and incubated at 37
°C for 48 h in a shaker incubator to achieve uniform
extraction. The extract was then filtered successively
through muslin cloth followed by Whatman No. 1
filter paper. The resulting filtrate was concentrated
using a rotary evaporator at 45 °C to remove excess
solvent and subsequently lyophilized to obtain the
aqueous extract. The dried extract was stored at “20
°C until further analysis (Ambwani et al., 2025). The
extraction yield was calculated based on the dry
weight of the final extract.

Phytochemical analyses of M. oleifera Leaf
extract
To detect the presence of different phytochemicals
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in MOE, different qualitative and quantitative
biochemical analyses were carried out.

Qualitative analysis
The plant extracts were subjected to phytochemical
screening to identify the presence of bioactive
constituents, following established methods reported
by Mir et al. (2013).

Tannins were detected by boiling 0.5 g of powdered
plant material in 20 ml of distilled water, followed
by filtration and treatment with 0.1% ferric chloride
(FeCl,) solution. The development of a brownish-
green or blue-black coloration indicated the presence
of tannins.

Flavonoids were identified by adding a few drops
of 1% ammonia solution to the aqueous extract, with
the appearance of a yellow colour confirming their
presence.

Terpenoids were tested by mixing 5 ml of the
aqueous extract with 2 ml of chloroform, followed
by the careful addition of 3 ml of concentrated
sulfuric acid to form a distinct layer. The formation
of a reddish-brown interface signified the presence
of terpenoids.

Phenolic compounds were detected by dissolving
500 mg of the extract in 5 ml of distilled water and
adding a few drops of 5% neutral ferric chloride.
The appearance of a dark green coloration indicated
the presence of phenols.

Phlobatannins were assessed by boiling the aqueous
extract of dried leaves with 1% hydrochloric acid,
where the formation of a red precipitate confirmed
their presence.

Quantitative analysis

Total phenolic content (TPC)

Stock solutions of the plant extract and gallic acid
were prepared at a concentration of 1 mg/ml. For
estimation, 50 pl of the extract solution (100 ug/
ml) was mixed with 250 pl of Folin-Ciocalteu
reagent and allowed to react for 10 min.
Subsequently, 500 pl of sodium carbonate solution
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was added, and the reaction mixture was diluted to
a final volume of 5 ml using distilled water. The
mixture was then incubated for 30 min, after which
absorbance was measured at 765 nm using a
spectrophotometer. A reagent blank containing all
components except the extract was used as the
control. The total phenolic content was determined
by comparison with a gallic acid standard curve (y
= 0.009x; R2= 0.9476), following the method
described by Siddiqui et al. (2017).

Total flavonoid content (TFC)

Stock solutions of rutin and the plant extract were
prepared in distilled water at a concentration of 1
mg/ml. Standard rutin solutions ranging from 5 to
40 pg/ml were prepared and made up to 5 ml with
distilled water. For the assay, 5 ml of the extract
solution (100 pg/ml) was mixed with 0.3 ml of 5%
sodium nitrite (NaNO,). After 5 min, 0.3 ml of 10%
aluminium chloride (AICI,) was added to initiate
colour development. The reaction mixture was then
incubated at room temperature for 6 min, followed
by the addition of 2 ml of 1 M sodium hydroxide
(NaOH). The final volume was adjusted to 10 ml
using distilled water, and the solution was mixed
thoroughly. Absorbance was measured at 510 nm
against a reagent blank. Total flavonoid content was
determined from a rutin standard calibration curve
(y = 0.0018x; R?2 = 0.9655) and expressed as
milligrams of rutin equivalents per gram of extract
(RE, mg/g) (Wang et al., 2022).

Determination of antioxidative potential by
DPPH assay

The antioxidant activity of MOE was evaluated
using the 2,2-diphenyl-1-picrylhydrazyl (DPPH)
assay (Ahmad et al., 2014). Extract solutions of
varying concentrations (10—100/ pg/ml) were
prepared and 200/ ul of each was transferred into
test tubes. To initiate the reaction, 200 ul of DPPH
solution in methanol was added to each tube. The
reaction mixtures were transferred in triplicate into
96-well plates and incubated in the dark at 30 °C for
30 minutes. After incubation, absorbance was
measured at 517 nm using a microplate reader.
Ascorbic acid was used as a positive control,
methanol as the blank and DPPH solution without
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extract served as the negative control. The
percentage of radical scavenging activity was
calculated based on the decrease in absorbance
relative to the negative control.

Evaluation of maximum non-cytotoxic dose
(MNCD) of MOE in chicken lymphocytes
Spleens were collected from healthy chickens and
lymphocytes were isolated aseptically under laminar
airflow, following the method of Osman et al. (2024).
Cells were separated by density gradient
centrifugation as described by Rose and Friedman
(1976) and viability was assessed using 0.1% trypan
blue with a hemocytometer. The viable lymphocyte
population was adjusted to 1 x 10w cells/mL in
RPMI-1640 media (Himedia, India) supplemented
with antibiotics, antimycotics and 10% foetal bovine
serum (Himedia, India). Lymphocytes were then
exposed to different concentrations of MOE
prepared in RPMI-1640, in triplicate, using 96-well
tissue culture plates. The MNCD of MOE was
evaluated using the MTT assay as per Mosmann
(1983).

Lymphocyte proliferation assay

The immunomodulatory activity of MOE was
assessed by lymphocyte proliferation (B- and T-cell
blastogenesis) assay using lipopolysaccharide (LPS)
(Sigma-Aldrich), phytohaemagglutinin-M (PHA-M)
(Himedia, India) and concanavalin A (Con A)
(Himedia, India) as mitogens, as described by
Ambwani et al. (2024; 2026) with slight
modifications. Lymphocytes (100 pl/well) were
cultured in triplicate in 96-well plates with or without
MOE and the respective mitogens, and incubated
for 68/ hours at 37/ °C in a 5% CO, atmosphere.
After incubation, 50 pl of MTT solution (5 mg/ml)
was added to each well, followed by an additional
4-hour incubation. The culture medium was then
removed, and 100 pl of dimethyl sulfoxide (DMSO)
was added to solubilize the formazan crystals.
Absorbance was recorded at 570/ nm using a
microplate reader to determine lymphocyte
proliferation.

Evaluation of antioxidant potential
Chicken lymphocytes were exposed to the MNCD
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of MOE and incubated overnight in a CO, incubator.
After incubation, both treated and control cells were
collected and cell lysates were prepared for the
evaluation of antioxidant parameters.

Lipid peroxidation

Lipid peroxidation was determined by quantifying
malondialdehyde (MDA), a secondary product of
fatty acid oxidation that forms a chromogenic
complex with thiobarbituric acid (TBA). Briefly, 100
ul of cell lysate was mixed with 1.9/ ml of 0.1/ M
sodium phosphate buffer (pH/ 7.4) and incubated at
37 °C for 60 min. The reaction was stopped by
adding 5% trichloroacetic acid (TCA), and the
mixture was centrifuged at 2300 x g for 15 minutes
at room temperature to remove precipitated proteins.
The resulting supernatant was treated with 1.0/ ml
of 1% TBA and heated in a boiling water bath for
15/ minutes. After cooling, absorbance was recorded
at 532/ nm. MDA concentration was calculated using
a molar extinction coefficient of 1.56 x 10x M-
cm{ !'and expressed as nmol MDA per ml of cell
lysate. A reaction mixture without cell lysate served
as the blank (De Leon and Borges, 2020).

Reduced glutathione

Reduced glutathione levels were determined
following the method of Ambwani et al. (2023). In
brief, 0.1 mL of cell lysate was precipitated with
0.9 mL of 5% trichloroacetic acid (TCA) and
centrifuged at 2300 x g for 15 minutes at4 °C. Then,
0.5 mL of the resulting supernatant was mixed with
1.5 mL of 0.01% 5,52 -dithiobis-(2-nitrobenzoic
acid) (DTNB). The formation of the yellow
chromogen was quantified spectrophotometrically
at 412 nm, and GSH concentration was calculated
and expressed as pmol per mg of protein.

Superoxide dismutase

Superoxide Dismutase activity was evaluated
through MTT reduction method. For the assay, 0.65/
ml of phosphate-buffered saline (PBS), 30/ ul of
MTT, 10/ ul of cell lysate, and 75/ ul of pyrogallol
were combined. The control was prepared without
cell lysate, while the blank lacked pyrogallol. The
reaction mixtures were incubated at room
temperature for 5 minutes. Following incubation,
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750 ul of dimethyl sulfoxide (DMSO) was added to
solubilize the formazan crystals, and absorbance was
recorded at 570/ nm using a blank containing
distilled water. Enzyme activity was calculated based
on the extent of inhibition of MTT reduction by the
sample relative to the control (Badgujar et al.,2015).

Catalase

Catalase function was measured according the UV
spectrophotometric approach of Azeem et al. (2023)
with slight adjustments, by tracking the breakdown
of hydrogen peroxide at 240 nm. Briefly, 2 mL of
buffer solution and 10/ uL of lysate were added into
a quartz cuvette, and the reaction started by
introducing 1 mL of H,0,. The decline in absorbance
at 240 nm was monitored every 30 s for 3 min at
ambient temperature using a UV-VIS
spectrophotometer, against a water reference.
Catalase activity was derived from the initial linear
velocity of H,O, degradation using the molar
extinction coefficient of H,O,and expressed per mg
protein.

Nitric oxide assay

Nitric oxide (NO) production was quantified using
the Griess reagent (Sigma-Aldrich) in a microplate-
based assay (Ambwani et al., 2023; 2024). A
standard curve was generated using varying
concentrations (10200 pug/ml) of sodium nitrite
(NaNO, ) (Himedia), which served as the reference
for NO estimation (y = 0.0031x; R?=0.9643).

Statistical analysis

Data analysis was performed with OriginPro 2026
(OriginLab Corporation, USA), experiments were
performed in triplicate, and results are presented as
mean *+ standard error. Statistical differences
between control and treated groups were assessed
by one-way analysis of variance (ANOVA), with p
< 0.05 considered statistically significant.

RESULTS AND DISCUSSION

Yield percentage
The percentage yield of the lyophilized leaf extract
of M. oleifera was found to be 8.16% (Fig. 1).
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Qualitative analysis of aqueous extract of M.
oleifera Leaves

The qualitative analysis of phytochemical
constituents in M. oleifera leaves is presented in
Table 1, where (+) denotes the presence and (-)
indicates the absence of the respective compounds.

Quantitative analysis of aqueous extract of M.
oleifera Leaves

Total phenolic content

The total phenolic level of M. oleifera extract was
calculated using a gallic acid standard curve (y =
0.0181x, R? = 0.9476) and reported as milligrams
gallic acid equivalents (GAE) per gram extract. The
phenolic concentration was measured as 173.6 mg
GAE/g extract.

Total flavonoid content

The total flavonoid amount was evaluated with
respect to a rutin standard curve (y = 0.0018x, R? =
0.9655) and reported as milligrams of rutin
equivalents (RE) per gm of extract. The flavonoid
level in MOE was determined to be 127.7 mg RE/g
extract.

Assessment of antioxidant activity using the
DPPH assay

MOE exhibited marked antioxidant potential in the
DPPH free radical scavenging assay. A clear dose-
dependent response was observed, with scavenging
activity increasing as the concentration of the extract
increased (Fig. 2). The IC,; value of MOE was
estimated to be 56.15 ug/ml. In contrast, the IC, of
the reference antioxidant, ascorbic acid, was 45.27
pg/ml.

Determination of MNCD of MOE in chicken
lymphocytes

Table 1: Qualitative phytochemical analysis in M. oleifera
aqueous leaf extract

S. No. Phytochemical Analysis MOE
1 Phenolics +
2 Flavonoids +
3 Tannins +
4 Terpenoids -
5 Phlobatanins -
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Chicken lymphocytes were exposed to varying
concentrations of MOE to determine the MNCD.
Cell viability results (Fig. 3) and microscopic
observations indicated that cells remained healthy
and did not show cytotoxicity up to 250 pg/ml, while
higher concentrations caused increased granularity.
Cytotoxicity was observed from 375 pg/ml onward.
Therefore, 250 ng/ml was established as the MNCD
of MOE and used for subsequent analyses.

Lymphocyte proliferation assay

The effect of MOE on lymphocyte proliferation was
evaluated using specific mitogens. T cell
proliferation was assessed using PHA and Con A,
while B cell proliferation was measured with LPS.
MOE treatment significantly enhanced T
lymphocyte proliferation, with increases of 7.6%
(PHA) and 9.2% (Con A) compared to controls. B
lymphocyte proliferation also increased by 7.9% in
the presence of LPS. These results indicate that MOE
stimulates both T and B cell proliferation (Fig. 4).

Evaluation of antioxidant potential

Membrane lipid peroxidation, along with glutathione
reductase, superoxide dismutase, and catalase
activities, was assessed to determine the antioxidant
potential of chicken lymphocytes following
treatment with plant extracts. Ascorbic acid was used
as the positive control in all assays. The influence
of MOE on lipid peroxidation and antioxidant
enzyme activities in chicken lymphocytes is
presented in Table 2.

A significant (P < 0.05) reduction in lipid
peroxidation was identified in the MOE-treated
group compared with the control, indicating
decreased oxidative damage in lymphocytes. The
ascorbic acid—treated group also exhibited a
significant decline in lipid peroxidation, confirming
its protective antioxidant effect. The levels of GSH
were significantly (P < 0.05) increased in
lymphocytes treated with MOE compared to the
control group, suggesting an improvement in
intracellular antioxidant status. A similar
enhancement in GSH content was observed in the
ascorbic acid group. SOD activity was significantly
(P <0.05) higher in both MOE and ascorbic acid—
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Table 2: Effect of M. oleifera aqueous leaf extract on LPO, SOD, GSH and CAT activity in chicken lymphocytes

S. No.  Treatment groups MDA GSH SOD CAT(H,0, utilized
(nm/ml) (mM/ml) (units/mg of protein) mM/min/mg of protein)
1. Control 5.555+0.4235 0.4461+0.015 3.469+ 0.0215 50.7782+0.1581
MOE 2.5641 +0.0641° 0.5234+0.009" 3.656+0.0392" 54.0075+0.4475
3. Ascorbic acid 1.7094 +0.4273" 0.4920+0.009" 3.6576+0.0508" 54.0425+0.1775
SE(m) 0.046 0.011 0.039 0.373

"Significant at P<0.05

treated groups than in the control, reflecting
improved enzymatic defence against superoxide
radicals. Likewise, catalase activity showed a
significant (P < 0.05) increase following MOE and
ascorbic acid treatments, indicating enhanced
detoxification of hydrogen peroxide. The nitric oxide
(NO) assay revealed a significant (P <0.05) decrease
in NO production in MOE-treated cells (76.989 +
0.3876 pM) compared to the untreated control group
(88.495 £ 1.4466 uM) indicating its antioxidative
potential.

Traditional medicinal knowledge is largely oral, and
the compounds responsible for the observed
therapeutic effects remain largely unknown.
Therefore, scientific validation through proper
identification and phytochemical characterization is
essential to ensure the safety, efficacy, and
acceptance of herbal medicines. Plant secondary
metabolites are key components of defence systems
that protect against environmental stressors and
microbial invasion, while simultaneously serving as
important sources of pharmacologically active

compounds (Ambwani et al., 2019; Pandey and
Ambwani, 2022). M. oleifera has gained
considerable scientific attention due to its extensive
traditional use and growing evidence supporting its
medicinal potential (Kashyap et al., 2022). Evidence
suggests that M. oleifera leaves contain diverse
phytochemicals that underpin their biological
activity. Aqueous extracts are rich in saponins,
flavonoids, terpenoids, cardiac glycosides, and
alkaloids, while ethanolic extracts additionally
contain tannins, steroids and anthraquinones
(Adekanmi et al., 2020). Moreover, M. oleifera
leaves are abundant in polyphenols, flavonoids-
especially kaempferol and quercetin- along with
tocopherol, phenolic acids and isothiocyanates and
carotenoids, which together contribute to their
beneficial health effects (Gonzalez-Romero et al.,
2020; Kashyap et al., 2022; Mohlala et al., 2023).
Phenolic compounds inhibit key enzymes involved
in inflammatory disorders and reduce platelet
aggregation by modulating prostaglandin pathways
(Okwu and Iroabuchi, 2009). Accordingly, their
presence in M. oleifera leaves suggests antioxidant,

Fig. 1: M. oleifera plant material and extract. A) Plant leaves, B) Dried leaf powder, C) Lyophilized aqueous leaf extract
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anticoagulant, immune-enhancing and hormone-
regulatory potential. Additionally, polyphenols may
counter oxidative stress indirectly by generating low
levels of hydrogen peroxide (H, O, ), which
functions in immune regulation and cellular growth
(Cory et al., 2018; Sultana, 2020).

M. oleifera leaves are commonly used to manage
inflammatory conditions because of their high
saponin content, as saponins exhibit significant anti-
inflammatory activity. The reported efficacy of M.
oleifera leaf extract in treating inflammatory
disorders, including pneumonia, further supports this
effect (Hamdy, 2023). M. oleifera extracts have been
shown to exhibit potent anti-inflammatory, anti-
obesity, antioxidant, anti-diabetic and anti-apoptotic
activities. These activities are largely attributed to
their rich content of flavonoids, polyphenols,
particularly quercetin and kaempferol, phenolic
acids, caffeoylquinic acid and isothiocyanates
(Alkafafy et al., 2021; Mohlala et al., 2023). In
addition, bioactive constituents present in M. oleifera
extracts act as strong antioxidants by inhibiting free
radical formation and propagation, thereby
protecting cells from oxidative damage (Mohlala et
al., 2023).

The antioxidant potential of M. oleifera extracts has
been widely assessed through the DPPH radical
scavenging assay. Notably, crude extracts
demonstrated strong activity, with maximum
inhibition of 85.08 £ 0.49% at 0.15 mg/L of Moringa
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Fig. 2: DPPH radical scavenging activity of M. oleifera
aqueous leaf extract expressed relative to ascorbic acid as

the standard antioxidant. Values with different letters
indicate significant differences (p < 0.05)
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stenopetala leaf extract (Duraisamy et al., 2024).
Similarly, Saleem et al. (2020) reported DPPH
inhibition values of 88.50% and 84.46% for
methanolic and aqueous extracts of M. oleifera at 5
mg/mL, respectively, confirming the strong free
radical scavenging capacity of M. oleifera leaves.
Furthermore, multiple studies have reported a strong
association between total phenolic content and the
antioxidant activity of M. oleifera extracts. The
observed protective effects are primarily attributed
to the high levels of phenolic compounds,
tocopherols and carotenoids present in M. oleifera
leaves and flower buds (Al-Shebli and Al-Anbari,
2023).

Supporting the immune system through dietary and
herbal interventions can beneficially affect gut
microbiota, inflammation, viral resistance and
nutritional balance (Dong et al., 2021). In this
context, supplementation of broiler chicks with M.
oleifera aqueous extract has been shown to improve
overall health by enhancing immune function, an
effect attributed to its high content of flavonoids and
phenolic compounds, including quercetin,
kaempferol and rutin (Oyewo et al., 2012). The
Bursa of Fabricius and spleen are key immunological
organs in chickens and immune competence is
commonly reflected by lymphocyte proliferation.
The Bursa of Fabricius plays a major role in cellular
immunity through lymphocyte development,
whereas the spleen acts as a peripheral immune
tissue abundant in lymphocytes and macrophages
(Mohamed et al., 2023). Adaptive immunity in birds
involves both humoral and cell-mediated responses.
Eladia and Ampode (2021) reported that broiler
chickens fed M. oleifera pod meal exhibited
significantly higher spleen and bursa indices than
control birds, indicating enhanced immune
competence. A higher immune organ index is
associated with a stronger immune response and
these findings are supported by earlier studies
demonstrating that M. oleifera supplementation
improves nutritional status and immune function in
poultry and other animals (Abd El-Hack et al., 2018).
Measurement of lipid peroxidation (LPO) in tissues
is a reliable indicator of oxidative cellular damage.
Reduced LPO levels observed in M. oleifera extract-
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Fig. 3: Percentage viability of chicken lymphocytes following exposure to varying concentrations of M. oleifera aqueous
leaf extract. Significant differences (p < 0.05) are denoted by different superscript letters

treated groups are attributed to its antioxidant and
free radical scavenging activities, as well as its ability
to restore the biomembranes of hepatic parenchymal
cells (Singh et al., 2009). Antioxidant defence
mechanisms comprise both enzymatic and non-
enzymatic components that maintain physiological
levels of O, and H, O, . Superoxide dismutase
functions as the first line of protection against
oxidative damage by facilitating the conversion of
superoxide radicals into molecular oxygen and
hydrogen peroxide, which is later detoxified through
catalase (Salvi et al., 2007). Glutathione, an
important non-enzymatic tripeptide antioxidant
within hepatocytes, performs a vital role in
safeguarding membrane protein thiols against injury
caused by reactive oxygen species including
hydrogen peroxide and superoxide radicals (Singh
et al., 2014). M. oleifera has consistently
demonstrated strong antioxidative properties,
including increased GSH levels, reduced lipid
peroxidation and enhanced antioxidant defence
through elevated activities of SOD, catalase, GSH
and ascorbic acid across various experimental
models (Opuwari et al., 2020; Abdel-Aty et al.,
2025). Additionally, polyphenols and flavonoids
present in M. oleifera act as direct free radical
scavengers, leading to reduced lipid peroxidation and
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Fig. 4: Effect of M. oleifera aqueous leaf extract on mitogen-
induced lymphocyte proliferation. Significant differences (p
< 0.05) are denoted by different superscript letters

protein carbonylation- key markers of oxidative
damage- particularly in renal tissues. These
protective effects are reflected by decreased
malondialdehyde (MDA) levels and increased GSH
concentrations, thereby preventing oxidative injury
to kidney cells (Akter et al., 2021).

CONCLUSION

Overall, the combined data highlight the diverse
biological activities of M. oleifera as an abundant
source containing bioactive molecules with potent
anti-inflammatory, immunomodulatory and
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antioxidant effects. These actions are primarily
linked to its elevated levels of polyphenols,
flavonoids, saponins and additional secondary
metabolites. The findings not only validate its
extensive traditional use but also support its
application as a natural feed additive and therapeutic
agent in animal health management. Continued
research focusing on standardization, dosage
optimization and mechanistic insights will further
facilitate the effective utilization of M. oleifera in
evidence-based nutritional and medicinal
interventions.
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