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Dihydromyricetin (DHM), a flavonoid compound present in various plants, exhibits
multiple physiological activities including scavenging oxygen free radicals,
antioxidant, and anti-inflammatory capabilities. Excessive production of
lipopolysaccharide (LPS) by Gram-negative bacteria causes economic losses in the
poultry industry by inducing various tissues damage such as liver and spleen.
Therefore, we elucidated the protective activities of DHM on LPS-induced liver and
spleen injury in chickens by investigating its impacts on growth and immune
performance. Results demonstrated that dietary supplementation with 0.025, 0.05,
0.1, and 0.2% DHM increased body weight and average daily gain while enhancing
serum biochemical parameters. DHM elevated antioxidant enzymes levels, thereby
boosting antioxidant capacity. Regarding immune performance, DHM
supplementation improved organ indices of the thymus, bursa of Fabricius, and
spleen, along with increased IL-2, IFN-y, and IgG levels. Furthermore, DHM
intervention effectively alleviated LPS-induced liver and spleen injury by regulating
inflammatory cytokines expression. Histopathological examination and transmission
electron microscopy observations corroborated these protective effects. In summary,
dietary supplementation with DHM enhances growth performance and immune
function in poultry, thereby alleviating the severity of liver and spleen injury.
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INTRODUCTION

The poultry industry is one of the most rapidly
growing livestock sectors globally. Poultry meat and eggs
have long been recognized as the most crucial sources of
dietary protein for the global population (Madacussengua
et al., 2025). However, alongside the rapid development of
the poultry industry, several global challenges affecting
poultry production have become increasingly formidable.
In recent years, the industry has trended toward highly
scaled and intensive production systems, which often lead
to overcrowded housing conditions, poor environmental
management, and subsequent stress and disease outbreaks
in poultry, severely compromising their growth
performance. Traditionally, antibiotic growth promoters
(AGPs) were widely used to enhance growth and prevent
diseases. While, the widespread use of antibiotics has
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already caused critical issues including drug residues and
bacterial resistance, posing significant risks to animal and
consumer health (Abou-Jaoudeh et al., 2024; Bacanli,
2024). Consequently, to address these pressing challenges,
the poultry sector must adopt more sustainable practices to
maximize productivity with minimal costs and
environmental impact (Zhang et al., 2025).

Decades of global practice have demonstrated that
adding antibiotics to feed positively enhances the
productivity of intensive livestock farming. However,
antibiotic residues in livestock products pose food safety
risks, soil and water pollution, and particularly the
emergence of antimicrobial-resistant microbes, which
directly threaten human and animal health (Zackariah et al.,
2025). Consequently, achieving "antibiotic-free feed,
antibiotic alternatives in farming, and antibiotic-free
animal products" has become a critical challenge for



modern animal husbandry. Identifying alternatives to
antibiotics that can improve growth performance in poultry
is of paramount significance. Bioactive components from
Chinese herbal medicines, long used for disease prevention
and treatment, offer advantages such as wide availability,
minimal residues, and low toxicity. Recent studies indicate
that incorporating herbal ingredients into feed can regulate
nutrient metabolism, immune responses, and body health
in animals, showing strong potential to replace AGPs (Liu
etal., 2024).

Dihydromyricetin (DHM) is mainly present in young
stems and leaves of Ampelopsis grossedentata (a species
from the Vitaceae family) and other plants (Chang et al.,
2024; Sarkar et al., 2025). DHM exhibits diverse bioactive
properties, including free radical scavenging, antioxidant,
antithrombotic,  anti-inflammatory, and  antitumor
activities. In recent years, advancements in flavonoid
extraction technologies have significantly improved the
yield of naturally derived DHM, spurring its growing
application in livestock and agricultural research. Studies
demonstrate that DHM alleviates intestinal mucosal injury,
oxidative stress, and apoptosis while preserving barrier
integrity (Chang et al., 2020). Metabolomic analyses reveal
that DHM modulates many metabolic pathways, including
glycolysis, the tricarboxylic acid cycle, purine metabolism,
and the urea cycle (Le et al., 2016). Additionally, DHM
inhibits the TLR4/NF-kB pathway and mediates Nrf2
translocation from the cytoplasm to Keapl, thereby
activating downstream antioxidant gene expression. This
dual mechanism not only enhances intestinal cell
proliferation, reduces apoptosis, and mitigates intestinal
barrier damage but also strengthens mucosal immunity by
stimulating secretory IgA and B-defensin secretion (Xie et
al., 2024).

Therefore, this study investigates the capabilities of
DHM  supplementation on growth and immune
performance, biochemical parameters, antioxidant enzyme
activity in poultry. Furthermore, it elucidates the
intervention ability of DHM on lipopolysaccharide (LPS)
caused liver and spleen damage, helping for clinical
application and development of DHM in veterinary
medicine.

MATERIALS AND METHODS

Ethical statement: The Institutional Animal Care and Use
Committee of Northeast Agricultural University (Harbin,
Heilongjiang Province) approved the experimental
procedures in the present study (Permit Number:
NEAUEC20220326).

Animal management and experimental protocols: The
DHM had a purity of >98%determined by HPLC and was
obtained from Winherb Medical Technology Co., Ltd,
(Shanghai, China). All chickens were raised at 25+2°C, and
in a 12 hours light and dark circulation environment,
allowing them to freely feed and drink. The basal diet for
chickens was purchased from Harbin Lenong Feed Co.,
Ltd. (Harbin, China). Its composition and guaranteed
analysis values (%) are as follows: crude protein (>21.0),
crude fiber (£6.0), crude ash (<8.0), calcium (0.5-2.3), total
phosphorus (>0.3), sodium chloride (0.3-0.8), lysine
(>1.0). The chickens were anesthetized with pentobarbital
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sodium and sacrificed by cardiac puncture and then serum
and tissue were collected.

The 750 1-day-old Hy-line White female chickens
purchased from Xianfeng chicken farm (Harbin, China)
after approval of  the ethical committee
(NEAUEC20220326). After 7 days of adaptive feeding,
excluding chickens that died unexpectedly, they were
randomly divided into five groups. There were 3 replicates
of 50 chickens in each group. At 8 days of age, chickens
were fed diets supplemented with 0, 0.025, 0.05, 0.1 and
0.2% (quality percentage) DHM in the basal diet,
respectively. According to the conventional compound
feed formulation method (Mohamed et al., 2023; Xu et al.,
2025), DHM was thoroughly mixed with a small portion of
the basal feed to ensure uniformity. This mixture is then
gradually added to the remaining feed ingredients and
mixed for a duration to guarantee uniform distribution
throughout the feed. The DHM solution is prepared
immediately before use, and fresh feed is formulated
regularly to prevent deterioration of DHM. Body weight
(BW) of chickens at 14, 28 and 42 days was recorded, and
serum, thymus, spleen and bursa of chickens at 14, 21, 28,
35 or 42 days were collected.

The 150 1-day-old Hy-line White female chickens
were randomly divided into 5 groups with 3 replicates, after
7 days of adaptive feeding, excluding chickens that died
unexpectedly. There were 3 replicates of 10 chickens in
each group. At 8 days of age, chickens were fed 0.025, 0.05
and 0.1% DHM for 14 days. At 22 days of age, LPS-
challenged chickens were intraperitoneally administered
LPS solution at a dose of 60mg/kg body weight after a 12
hour fast (Huang et al., 2017). After 12 h, serum was
collected, and liver and spleen were isolated.

Growth performance: Chickens were weighed at 14, 28
and 42 days of age. The average daily gain (ADG) was
calculated for each group.

Biochemical index detection: The levels of total protein
(TP, 23501060), albumin (ALB, 23501070), calcium (Ca,
23501230), phosphorus (P, 23501160), lactate
dehydrogenase (LDH, 23501140), direct bilirubin (DBIL,
23501270), aspartate aminotransferase (AST, 23501010)
and alanine aminotransferase (ALT, 23501000) were
measured by biochemical analyser using corresponding
kits (Jiangsu Sinnowa Medical Technology Co., Ltd.,
Nanjing, China).

Antioxidant status: The levels of total superoxide
dismutase (T-SOD, A001-1-2), glutathione peroxidase
(GSH-Px, A005-1-2), total antioxidant capacity (T-AOC,
A015-1-2) and malondialdehyde (MDA, A003-1-2) were
measured by corresponding kits (Nanjing Jiancheng
Institute of Biotechnology, China).

Immune organ development: At 14, 21 and 42 days, the
thymus, spleen and bursal of chickens from each group
were removed, and the fresh weight was weighed to
calculate the organ index.

Quantitative RT-PCR detection: Total RNA from liver
and spleen was isolated and reversely transcribed into
cDNA in accordance with the manufacturer’s guidelines



(Taylor et al., 2010; Chang et al., 2019). A quantitative RT-
PCR reaction was executed and the thermal cycling
conditions were as follows: 95°C for 30s; 95°C for 5s, and
60°C for 30s for 45 cycles. Table 1 presents the primers
used in this study. Using B-actin as the housekeeping gene,
the target genes levels were normalized. Following the
standard procedure for quantitative RT-PCR, with
triplicate measurements per sample, the relative expression
levels of each target mRNA were calculated using the 2
AACt method (Livak and Schmittgen, 2001) and compared
with the control group.

Table I: Genes and primers used in this study

Gen GenBank Sequences (5' to 3) Produc
e Accession q t Size
B-  NM_2055 forward: CTCTGACTGACCGCGTTACT 172 bp
actin 18.1 reverse: TACCAACCATCACACCCTGAT
IL- NM_2045 forward: GCATCAAGGGCTACAAGCTC 131 bp
1B 24.1 reverse: CAGGCGGTAGAAGATGAAGC
IL-8 HMI7963 forward: 114 bp
9.1 ACACTCCTAACCATGAACGGCAAG
reverse: CTGGCACCGCAGCTCATTCC
IL-10 NM_0010 forward: 94 bp
044142 CAGCACCAGTCATCAGCAGAGC
reverse:
GCAGGTGAAGAAGCGGTGACAG
TNF AY765397. forward: 178 bp

| CTCAGGACAGCCTATGCCAACAAG

reverse: GCCACCACACGACAGCCAAG

-a

Histological analysis: Histopathological examination of
chicken liver and spleen tissues was performed following
standard protocols for paraffin  sectioning and
haematoxylin and eosin (H&E) staining (Li et al., 2025).
The liver and spleen tissues were fixed with 10% neutral
formalin buffer. After dehydration in an ascending series of
ethanol and clearing in dimethylbenzene, the tissues were
embedded in paraffin and sectioned transversely at 4pm.
After H&E staining, the slides were examined (100X
magnifications).
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Transmission electron microscopy analysis: The tissues
were fixed in glutaraldehyde, post-fixed in osmic acid
fixing solution, dehydrated, and embedded in epoxy resin
(Du et al, 2017). The tissues were sliced by an
ultramicrotome, stained with uranium acetate and lead
citrate, observed and photographed by transmission
electron microscope.

Statistical Analysis: Statistical analysis was performed
using one-way analysis of variance (ANOVA) using SPSS,
version 19.0 software. The Duncan multiple comparison
test was used to examine the statistical significance
(P<0.05 and P<0.01) between groups.

RESULTS

DHM improves growth performance: The addition of
0.05% DHM increased the BW of 28-day-old chickens,
while 0.025-0.2% DHM supplementation led to an
elevation in BW at 42 days of age (Fig. 1). Dietary
inclusion of 0.025-0.2% DHM improved the ADG during
the 0-42 days period (P<0.05 or P<0.01). However, no
changes in ADG were observed in the 0-14, 15-28, or 29-
42 days phases. These results indicate that DHM exhibits
growth-promoting effects in poultry.

Effects of DHM on biochemical indices and
antioxidant status: As illustrated in Fig. 2, at 14 days of
age, 0.025 and 0.05% DHM supplementation reduced
serum LDH activity. The addition of 0.1% DHM
decreased serum ALT, LDH, and DBIL levels, while
0.2% DHM reduced DBIL content. At 21 days of age,
0.025 and 0.05% DHM supplementation lowered LDH
activity. By 28 days of age, 0.05, 0.1, and 0.2% DHM
reduced LDH activity (P<0.05 or P<0.01). Meanwhile,
DHM showed no significant effects on other serum
parameters.
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Fig. |1: Effects of dietary supplementation with DHM on growth performance of chickens. (A) Chicken weight at 14, 28 and 42 days of age. (B) chicken
ADG at 0-14, 15-28, 29-42 and 0-42 days. Values are expressed as the mean+SD for each group (n=10). *represented P<0.05 and **represented P<0.0|

compared with control group.
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Fig. 2: Effects of dietary supplementation with DHM on biochemical indices and antioxidant status of chickens. Biochemical indices include serum TP,
ALB, Ca, P, AST, ALT, LDH and DBIL level. Antioxidant status indices include liver SOD, GSH-Px, SOD and T-AOC level. Values are expressed as the
mean * SD for each group (n = 10). *represented P<0.05 and **represented P<0.01 compared with control group.

Additionally, this study assessed the SOD, MDA,
GSH-Px, and T-AOC levels in the liver of chickens at 14,
21, and 42 days of age (shown in Fig. 2). At 14 days of age,
0.025 and 0.05% DHM supplementation increased hepatic
T-AOC activity. By 21 days of age, 0.025% DHM elevated
GSH-Px and T-AOC levels, while 0.05% DHM enhanced
SOD, GSH-Px, and T-AOC levels. Higher doses (0.1 and
0.2% DHM) increased GSH-Px activity. At 42 days of age,
0.025% DHM boosted GSH-Px and T-AOC, 0.05% DHM
improved SOD, GSH-Px, and T-AOC, 0.1% DHM
elevated GSH-Px, and 0.2% DHM enhanced SOD activity
(P<0.05 or P<0.01). No effects on hepatic MDA content
were observed across all DHM doses. These findings
indicate that DHM exerts no apparent toxicity in poultry
and effectively enhances systemic antioxidant capacity.

DHM enhances the immune performance of chickens:
This study evaluated the immune organ indices of chickens
across experimental groups, as depicted in Fig. 3A. The
0.025% DHM supplementation exhibited an increased
spleen index at 14 days of age, while the 0.05% DHM
supplementation showed elevated spleen, thymus, and
bursa of Fabricius indices at 14 days of age. At 21 days of
age, 0.025% DHM supplementation enhanced spleen and
thymus indices, and 0.1% DHM increased the bursa index.
By 42 days of age, 0.05, 0.1, and 0.2% DHM all improved
the spleen index (P<0.05 or P<0.01).

Subsequently, the serum contents of IL-2, IFN-y and
IgG were measured in each group. As seen in Fig. 3B, at 14
days of age, serum IL-2, IFN-y and IgG contents were
increased by 0.025, 0.05 and 0.1% DHM supplementation,
and IL-2 content was increased by 0.2% DHM. At 21 days
of age, 0.025% DHM increased IFN-y content, 0.05%
DHM increased IL-2, IFN-y and IgG contents, 0.1 and
0.2% DHM increased IL-2 content. At 42 days of age, 0.1
and 0.2% DHM increased IL-2 and IFN-y contents (P<0.05
or P<0.01). These results show that DHM could promote
immune performance of chickens.

DHM alleviates LPS-induced liver injury: To investigate
whether DHM exerts protective effects on LPS-induced
liver damage, serum AST, ALT, LDH, and DBIL, and
hepatic 1L-1B, IL-8, IL-10, and TNF-a expression, were
measured following intervention with 0.025, 0.05, and
0.1% DHM (Fig. 4A and B). Notably, LPS exposure altered
the levels of all aforementioned biomarkers. In contrast,
0.05% DHM suppressed LPS-induced elevation of all
markers except DBIL content and IL-8 expression.
Moreover, 0.1% DHM effectively mitigated LPS-driven
abnormalities in AST, DBIL, IL-1B, IL-8, and IL-10
(P<0.05 or P<0.01).

The histopathological micrographs of liver tissues
showed that the control hepatocytes exhibited normal
structure with deeply stained cytoplasm (Fig. 4C). The
hepatic lobule architecture remained intact, displaying
orderly hepatocyte arrangement centred around the central
vein. The hepatocytes were regularly shaped, with clear
boundaries and dense, uniform alignment, showing no
signs of cellular degeneration or abnormalities. In the LPS
group, the chicken liver tissues exhibited swelling,
disorganized hepatic cord structures, and necrosis with
lymphocyte infiltration around the central vein. In contrast,
under DHM intervention, the hepatic lobule structure in
chickens was restored to normal, accompanied by reduced
lymphocyte infiltration.

The liver tissues observed under transmission
electron microscopy are shown in Fig. 4D. The results
demonstrated that the control group exhibited intact
cellular morphology and organelle structures. Following
LPS-induced injury, hepatocytes developed numerous
vacuoles, and mitochondrial structures appeared blurred.
In contrast, DHM alleviated the extent of hepatocellular
damage. With increasing doses of DHM, the
ultrastructure of organelles gradually normalized. These
findings indicate that DHM shows a mitigating effect on
LPS-induced liver injury.
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Fig. 3: Effects of DHM on immune organ index and cytokine levels of chickens at different doses. (A) Changes of spleen, thymus and bursa index of
chickens in different DHM groups. (B) Effects of DHM on serum IL-2, IFN-y and IgG contents in chickens. Values are expressed as the mean+SD for
each group (n = 10). *represented P<0.05 and **represented P<0.0| compared with control group.
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Fig. 4: Effects of 0.025, 0.05 and 0.1% DHM on LPS-induced liver injury. Changes of AST, ALT, LDH and DBIL level in serum (A), and IL-18, IL-8, IL-
10 and TNF-o. mRNA expression in liver (B) after treatment with 60mg/kg LPS for 12 h, 0.025, 0.05 and 0.1% DHM for 14 days. (C) Chicken liver
pathology. Liver sections were stained by H&E. All the liver sections were examined by light microscopy and the images were displayed at 100X the
original magnification. (D) Transmission electron microscope observation. Transmission electron microscope observation at 20000X the original
magnification for liver after 60mg/kg LPS exposure for 12h followed by 14 days of 0.025, 0.05 and 0.1% DHM treatment. Values were expressed as the
mean%SD of each group (n=10). **represented P<0.0l compared with control group. # represented P<0.05 and ## represented P<0.0l compared
with LPS group.



DHM interferes with spleen injury induced by LPS: To
investigate whether DHM exerts protective abilities on
LPS-induced splenic injury, the IL-1p, IL-8, IL-10, and
TNF-a expression in spleen tissues were measured after
intervention with 0.025, 0.05, and 0.1% DHM (Fig. 5A).
Notably, LPS exposure upregulated the IL-1p and IL-8
expressions, but downregulated the IL-10 expression. Both
0.05 and 0.1% DHM suppressed the changes of these three
cytokines (P<0.05 or P<0.01) but not TNF-a.

As shown in the histopathological micrographs of
spleen tissue via H&E staining (Fig. 5B), the control group
exhibited normal splenic architecture with clearly
demarcated boundaries between white pulp and red pulp.
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Following 12 hours of LPS stimulation, the distinction
between white and red pulp became blurred. In contrast, the
splenic structure in the DHM intervention group displayed
a restoration toward normal morphology.

Transmission electron microscopy images of splenic
tissue are presented in Fig. 5C. The results revealed intact
cellular morphology and organelle structures in the control
group. After LPS stimulation, a small number of vacuoles
formed within splenic cells. DHM alleviated the severity of
splenic cell damage, and with increasing DHM doses, the
organelle structures progressively normalized. These
findings indicate that DHM exhibits a mitigatory effect on
LPS-induced splenic injury.

0.1% DHM+LPS

g

0.05% DHM+LPS

Fig. 5: Effects of 0.025, 0.05 and 0.1% DHM on LPS-induced spleen injury. (A) Changes of IL-Ip, IL-8, IL-10 and TNF-a mRNA expression in spleen
after treatment with 60mg/kg LPS for |2h followed by 14 days of 0.025, 0.05 and 0.1% DHM treatment. (B) Chicken spleen pathology. Spleen sections
were stained by H&E. All the spleen sections were examined by light microscopy and the images were displayed at 100X the original magnification. (C)
Transmission electron microscope observation. Transmission electron microscope observation at 20000X the original magnification for spleen after 60
mg/kg LPS exposure for 12 h followed by 14 days of 0.025, 0.05 and 0.1% DHM treatment. Values were expressed as the mean+SD of each group
(n=10). *represented P<0.05 and **represented P<0.0| compared with control group. # represented P<0.05 and ## represented P<0.0| compared

with LPS group.
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Biochemical indices

Fig. 6: A brief diagram of this study shows that DHM enhances the growth performance, immune performance and antioxidant capacity of chickens,
and maintains the levels of serum biochemical indicators, thereby alleviating the liver and spleen damage caused by LPS in chickens.

DISCUSSION

With the gradual decrease in the use of antibiotics in
animal husbandry, it is imperative to identify viable
alternatives to enhance immune function and prevent
pathogenic microbial infections in livestock (Mudasir
Ahmad et al., 2024). Currently, immunomodulators used in
conjunction with vaccination are gaining widespread
application in the farming industry, particularly
demonstrating broad prospects in poultry production (Jiao
et al., 2025). DHM, a flavonoid compound containing
multiple phenolic hydroxyl groups, exhibits diverse
physiological activities such as scavenging oxygen free
radicals, antioxidation, and anti-inflammatory effects.
Advances in flavonoid extraction technologies and
significant improvements in the yield of monomeric
compounds have facilitated the expanding utilization of
DHM in animal husbandry. Therefore, this study
elucidated the impact of DHM on growth and immune
performance in Hy-Line White chickens, and its
ameliorative effects on liver and spleen injury.

The growth and development of poultry are
influenced by multiple factors, including genetics,
environmental conditions, and nutritional levels.
Enhancing poultry growth can improve production
efficiency and economic benefits in poultry farming. BW
and ADG are critical metrics for evaluating growth
performance (Guo et al, 2023). Studies indicate that
flavonoids enhance activity of digestive enzymes, promote
feed digestion and conversion, modulate intestinal
environments, regulate metabolic processes, and improve

growth performance in animals. Recent studies have shown
that dietary supplementation of quercetin, rutin, and
baicalin can promote growth performance and antioxidant
function in chickens (Abdel-Latif et al., 2021; Li et al.,
2023; Liu et al, 2025). In this study, DHM was
administered to 7-day-old chickens and continuously
supplemented until 42 days of age. The BW of DHM-
treated chickens was higher than that of the control. All
DHM doses increased the ADG from 0 to 42 days. In
contrast, among these three flavonoid compounds,
quercetin and rutin failed to demonstrate significant
improvement in BW and ADG, while only baicalin showed
a certain increase of BW and ADG in chicken. Therefore,
compared to them, DHM exhibited a strong growth-
promoting effect.

Under normal physiological conditions, the
components of blood are maintained within specific ranges.
Consequently, serum biochemical parameters act as
indicators of growth performance, metabolic status, and
overall health. Variations in serum TP, ALB, Ca, and P
levels can reflect the metabolic function and physiological
state of poultry (Cowieson et al., 2024). Similar to other
flavonoid compounds, in our findings, the serum TP, ALB,
and P levels in chickens exhibited an upward trend with
increasing DHM supplementation, while blood Ca
concentrations remained relatively stable across different
age groups.

When hepatocytes are damaged, ALT and AST are
released into the bloodstream, thereby elevating the activity
of these enzymes in serum (Shi ef al., 2022). Bilirubin, the
primary metabolic product of iron-porphyrin compounds in



the body, is a critical clinical indicator for evaluating liver
function (Hamoud et al., 2018). LDH, a zinc-containing
glycolytic enzyme, is present in the heart, liver and kidneys
(Ferriero et al., 2018). MDA, T-AOC, T-SOD, and GSH-
Px levels are vital biomarkers reflecting antioxidant
capacity and are closely associated with overall health (Xu
et al., 2023). Previous studies on quercetin, rutin, and
baicalin have demonstrated that these flavonoid
compounds exhibit significant antioxidant capabilities.
Similarly, in this study, supplementation of chicken feed
with varying DHM doses reduced transaminases, LDH and
DBIL levels, while enhancing hepatic SOD and GSH-Px
activities, thereby strengthening total hepatic antioxidant
capacity. Although MDA content in the liver of DHM-
treated chickens showed no alteration, a declining trend
was observed with higher DHM doses. These findings
demonstrate that DHM exhibits no overt toxicity to chicken
growth and enhances antioxidant capacity by promoting
hepatic antioxidant enzymes expression.

In terms of immune performance, one of the most
common indicators in poultry is the weight of immune
organs. These organs serve as the primary sites for immune
responses and provide the material foundation for immune
function execution. The status of immune organ indices can
reflect the immunological state of animals to a certain
extent (Cai et al., 2022). Their development directly
influences immune competence, and their growth status
can be used to evaluate the immunological condition of
birds. IL-2, a multifunctional cytokine produced by
antigen-activated T cells, regulates leukocyte activity in the
immune system and participates in the proliferation of T,
NK, and B cells (Liao et al., 2013; Spolski et al., 2017).
IFN-y exhibits high species specificity and possesses
antiviral and antiproliferative activities. It modulates
cellular immunity by activating macrophages to enhance
phagocytic function, promoting the maturation and
activation of cytotoxic T lymphocytes (CTLs), and
facilitating B cell differentiation and antibody production.
IgG, the predominant antibody generated during immune
responses, is widely distributed in circulation and
constitutes 75% of total circulating immunoglobulins
(Bournazos and Ravetch, 2017). Yang et al. (2020)
demonstrated that quercetin enhances immune organs
development and improves immune function in chickens
by upregulating cytokines such as IFN-y and
immunoglobulins like IgA expression. Our findings
revealed that DHM promotes the maturation of immune
organs in chickens, enhances the synthesis of cytokines and
antibodies, and exerts immunostimulatory effects on
poultry immunity.

In recent years, avian colibacillosis has remained a
major bacterial disease threatening the poultry industry.
Escherichia coli possesses numerous serotypes and can
spread through various routes, including feed, drinking
water, feces, and equipment. As an opportunistic pathogen,
it causes infections when stress factors compromise host
resistance, leading to significant economic losses in poultry
production. LPS, a key component of the Escherichia coli
cell wall, induces the production of TNF-a, IL-1f, IL-6 to
trigger inflammatory responses and stimulates excessive
reactive oxygen species generation (Meng et al., 2024,
Peng et al., 2024). The anti-inflammatory and antioxidant
properties of flavonoid compounds make them commonly
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used to mitigate inflammation-related damage. Xia et al.
(2025) demonstrated that quercetin alleviates LPS-induced
liver injury in chickens by regulating mitochondrial
dynamics and metabolic abnormalities in hepatocytes,
thereby reducing necroptosis and apoptosis. Cheng et al.
(2017) revealed that baicalin exerts protective effects
against LPS-induced hepatic inflammation in chickens by
downregulating TLR4/NF-kB-mediated inflammatory
pathway. In alignment with these findings, we evaluated
the preventive potential of DHM against bacterial diseases
in chickens by administering varying DHM doses to
mitigate LPS-induced hepatic and splenic injury. The
findings demonstrate that DHM reduces serum
transaminase and LDH activities, suppresses pro-
inflammatory cytokine expression in the liver and spleen,
and alleviates LPS-induced histopathological and
ultrastructural damage in these organs, indicating its
therapeutic potential against poultry bacterial diseases. Fig.
6 shows a schematic diagram illustrating the promotion of
functional development and intervention effects on liver
and spleen damage by DHM in chickens.

Conclusions: Dietary supplementation with DHM
enhances growth performance and immune function in
chickens, improves serum biochemical parameters, boosts
antioxidant capacity, and effectively alleviates LPS-
induced hepatic and splenic damage. This study is
conducive to DHM application in the poultry industry to
promote growth, maintain health, and prevent
inflammatory injuries in poultry.

Competing interests: The authors declare that they have
no competing interests.

Funding: This work was supported by the National Natural
Science Foundation of China (grant numbers 32373070).

Authors contribution: YC and FL: conceptualization and
methodology. WC, MG, YL and ZJ: investigation, data
curation, and formal analysis. YC: writing — original draft
and preparation. XJ, SW, YR and RL: writing — review and
editing. CL and FL: visualization and supervision. All
authors know and approved the final manuscript.

REFERENCES

Abdel-Latif MA, Elbestawy AR, El-Far AH, et al., 2021. Quercetin dietary
supplementation advances growth performance, gut microbiota,and
intestinal mrna expression genes in broiler chickens. Animals (Basel)
11(8):2302. https://doi.org/10.3390/anil 1082302.

Abou-Jaoudeh C,Andary | and Abou-Khalil R,2024. Antibiotic residues in
poultry products and bacterial resistance: A review in developing
countries. Journal of Infection and Public Health 17(12):102592.
https://doi.org/10.1016/j.jiph.2024.102592.

Bacanli MG, 2024.The two faces of antibiotics:An overview of the effects
of antibiotic residues in foodstuffs. Archives of Toxicology
98(6):1717-25. https://doi.org/10.1007/s00204-024-03760-z.

Bournazos S and Ravetch }V,2017. Diversification of igg effector functions.
International Immunology 29(7):303-10.
https://doi.org/10.1093/intimm/dxx025.

Cai G,Mao N, Gu P, et al.,2022. Effects of alhagi honey polysaccharides as
feed supplement on intestine function and microbiome, immune
function, and growth performance in chicken. International Journal
of Molecular Sciences 23(22):14332.
https://doi.org/10.3390/ijms232214332.

Chang Y, Jiang X, Ji Z et al, 2024. Dihydromyricetin suppresses
lipopolysaccharide-induced intestinal injury through reducing



reactive oxygen species generation and nod-like receptor pyrin
domain containing 3 inflammasome activation. Journal of Animal
Physiology and Animal Nutrition 109:610-22
https://doi.org/10.1111/jpn.14077.

Chang Y,Wang F Yang Y, et al., 2019. Acetaminophen-induced hepatocyte
injury: C2-ceramide and oltipraz intervention, hepatocyte nuclear
factor | and glutathione s-transferase al changes.]ournal of Applied
Toxicology 39(12):1640-50. https://doi.org/10.1002/jat.3881.

ChangY,Yuan L, Liu , et al., 2020. Dihydromyricetin attenuates escherichia
coli lipopolysaccharide-induced ileum injury in chickens by inhibiting
nlrp3  inflammasome and tlr4/nf-kappab signalling pathway.
Veterinary Research 51(1):72. https://doi.org/10.1186/s13567-020-
00796-8.

Cheng P, Wang T, Li W, et al., 2017. Baicalin alleviates lipopolysaccharide-
induced liver inflammation in chicken by suppressing tlr4-mediated
nf-kappab  pathway. Frontiers in  Pharmacology = 8:547.
https://doi.org/10.3389/fphar.2017.00547.

Cowieson A, Phillips CA, Mullenix GJ, et al., 2024. Dynamic responses of
blood metabolites to nutrient depletion and repletion in broiler
chicken nutrition. Poultry Science 103(8):103859.
https://doi.org/10.1016/j.psj.2024.103859.

Du |, Zhang X, Han J, et al, 2017. Pro-inflammatory cxcr3 impairs
mitochondrial ~ function in  experimental  non-alcoholic
steatohepatitis. Theranostics 7(17):4192-203.
https://doi.org/10.7150/thno.21400.

Ferriero R, Nusco E, De Cegli R, et al, 2018. Pyruvate dehydrogenase
complex and lactate dehydrogenase are targets for therapy of acute
liver  failure.  Journal of  Hepatology  69(2):325-35.
https://doi.org/10.1016/j.jhep.2018.03.016.

Guo S,Hu J,Ai S, et al., 2023. Effects of pueraria extract and curcumin on
growth performance, antioxidant status and intestinal integrity of
broiler chickens. Animals (Basel) 13(8):1276.
https://doi.org/10.3390/anil 3081276.

Hamoud AR, Weaver L, Stec DE, et al, 2018. Bilirubin in the liver-gut
signaling axis. Trends in Endocrinology and Metabolism 29(3):140-
50. https://doi.org/10.1016/j.tem.2018.01.002.

Huang X-Y,Ansari AR, Huang HB, et al.,2017. Lipopolysaccharide mediates
immuno-pathological alterations in young chicken liver through tir4
signaling. BMC Immunology 18(1):12.
https://doi.org/10.1186/s12865-017-0199-7.

Jiao L, Song Z, Zhou Y, et al., 2025. Naringenin as a phytogenic adjuvant
systematically enhances the protective efficacy of h9n2 inactivated
vaccine through coordinated innate-adaptive immune priming in
chickens. Poultry Science 104(8):105257.
https://doi.org/10.1016/j.psj.2025.105257.

Le L, Jiang B, Wan W, et dl,, 2016. Metabolomics reveals the protective of
dihydromyricetin on glucose homeostasis by enhancing insulin
sensitivity. Scientific Reports 6:36184.
https://doi.org/10.1038/srep36 1 84.

Li J, Guo C, Liu Y, et al, 2025. Chronic arsenic exposure-provoked
biotoxicity involved in liver-microbiota-gut axis disruption in
chickens based on multi-omics technologies. Journal of Advanced
Research 67:373-86. https://doi.org/10.1016/j.jare.2024.01.019.i Y,
Mei H, Liu Y, et al., 2023. Dietary supplementation with rutin alters
meat quality, fatty acid profile, antioxidant capacity, and expression
levels of genes associated with lipid metabolism in breast muscle of
qingyuan partridge chickens. Foods 12(12).
https://doi.org/10.3390/foods 2122302.

Liao W, Lin JX and Leonard W], 2013. Interleukin-2 at the crossroads of
effector responses, tolerance, and immunotherapy. Immunity
38(1):13-25. https://doi.org/10.1016/j.immuni.2013.01.004.

Liu M, Chen R, Wang T, et al., 2024. Dietary chinese herbal mixture
supplementation improves production performance by regulating
reproductive hormones, antioxidant capacity, immunity, and
intestinal health of broiler breeders. Poultry Science 103(1):103201.
https://doi.org/10.1016/j.psj.2023.103201.

Liu X, JiY,Lv H, et al.,2025. Microbiome and metabolome reveal beneficial
effects of baicalin on broiler growth performance and intestinal
health. Poultry Science 104(2):104678.
https://doi.org/10.1016/j.psj.2024.104678.

718

Pak Vet J, 2026, 46(3): 710-718.

Livak K] and Schmittgen TD, 2001. Analysis of relative gene expression
data using real-time quantitative pcr and the 2(-delta delta c(t))
method. Methods 25(4):402-8. https://doi.org/10.1006/meth.2001.1262

Madacussengua O, Mendes AR, Almeida AM, et al., 2025. Effects of using
microalgae in poultry diets on the production and quality of meat
and eggs: A review. British Poultry Science 66(3):374-90.
https://doi.org/10.1080/0007 1 668.2024.2420330.

Meng AQ, Zhang X], Pubu P, et al, 2024. Protective effect of lentinan
against Ips-induced injury in mice via influencing antioxidant enzyme
activity, inflammatory pathways and gut microbiota. Pakistan
Veterinary Journal 44(3):647-56.
https://doi.org/10.2926 | /pakvetj/2024.225.

Mohamed ASA, Abd EI Latif MA, Hussein EAM, et al., 2023. Efficacy of
dietary supplementation with zinc-chromium mixture, organic
selenium, or their combinations on growth performance, carcass
traits, and blood profiles of broilers under heat stress conditions.
Animals (Basel) 13(15). https://doi.org/10.3390/anil3152539.

Mudasir Ahmad S, Saleem A, Nazir ], et al, 2024. Synthesis and
pharmacological evaluation of andrographolide and ajwain as
promising alternatives to antibiotics for treating salmonella
gallinarum infection in chicken. International Immunopharmacology
142(Pt B):113163. https://doi.org/10.1016/j.intimp.2024.1 13163.

Peng S, Xu C, He Q, et dl.,, 2024. Fucoidan alleviates intestine damage in
mice induced by Ips via regulation of microbiota. Pakistan Veterinary
Journal 44(2):517-25. https://doi.org/10.2926 | /pakvetj/2024.190.

Sarkar D, Pramanik A, Saha J, et al, 2025. Amelioration of imiquimod
induced psoriasis through reduction in il-17a and th17 population
by dihydromyricetin involves regulation of rorgammat pathway.
International Immunopharmacology 153:114492.
https://doi.org/10.1016/j.intimp.2025.1 14492.

Shi C,Wang ], Zhang R, et al., 2022. Dihydromyricetin alleviates escherichia
coli lipopolysaccharide-induced hepatic injury in chickens by
inhibiting the nlrp3 inflammasome. Veterinary Research 53(1):6.
https://doi.org/10.1186/s13567-022-01024-1.

Spolski R, Gromer D and Leonard W/, 2017. The gamma (c) family of
cytokines: Fine-tuning signals from il-2 and il-2| in the regulation of
the immune response. F1000Research 6:1872.
https://doi.org/10.12688/f1000research.12202.1.

Taylor S, Wakem M, Dijkman G, et al,, 2010. A practical approach to rt-
gpcr-publishing data that conform to the miqe guidelines. Methods
50(4):S1-5. https://doi.org/10.1016/j.ymeth.2010.01.005.

Xia Y,WangY, Chen K, et al., 2025. Quercetin attenuated necroptosis and
apoptosis caused by Ips-induced mitochondrial function dysfunction
through the mettl3-mediated pten m(6)a methylation/pi3k/akt
signaling in  broiler livers. Phytomedicine  139:156551.
https://doi.org/10.1016/j.phymed.2025.156551.

Xie K, Qi J, Deng L, et al.,, 2024. Protective effect of dihydromyricetin on
intestinal epithelium in weaned pigs upon enterotoxigenic
escherichia coli challenge. International Immunopharmacology
140:112806. https://doi.org/10.1016/j.intimp.2024.1 12806.

Xu H, Gong L, Zhang X, et dl., 2025. Effects of tannic acid on growth
performance, intestinal health, and tolerance in broiler chickens.
Poultry Science 104(2):104676.
https://doi.org/10.1016/j.psj.2024.104676.

Xu Z, Gong B, Li Z, et al., 2023. Bazi bushen alleviates skin senescence by
orchestrating skin homeostasis in samp6 mice. Journal of Cellular
and Molecular Medicine 27(18):2651-60.
https://doi.org/10.1 11 1/jcmm.17833.

Yang JX, Maria TC, Zhou B, et al., 2020. Quercetin improves immune
function in arbor acre broilers through activation of nf-kappab
signaling pathway. Poultry Science 99(2):906-13.
https://doi.org/10.1016/j.psj.2019.12.021.

Zackariah GSK, Tremblay LA, Li Z, et al.,, 2025. Antibiotics, antibiotic-
resistant bacteria, and genes in agri-foods: A global review of the
consumption risks to human health. Integrated Environmental
Assessment and Management 21(6):1255-80.
https://doi.org/10.1093/inteam/vjaf084.

Zhang Y, Liu J, Pan Y, et al., 2025. Progress on the prevention of poultry
salmonella with natural medicines. Poultry Science 104(1):104603.
https://doi.org/10.1016/j.psj.2024.104603.



