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Abstract:

Berberine (BBR), a primary alkaloid found in the rhizomes of Coptis chinensis, exhibits anti-inflammatory,
antioxidant, immunomodulatory, gut microbiota-regulating, and intestinal mucosa-protective effects. Studies
demonstrate that BBR inhibits inflammatory progression through multiple pathways, including inducing
apoptosis in inflammatory cells, modulating the gut microbiome, and arresting cell cycle progression.
Furthermore, BBR synergistically enhances drug sensitivity and mitigates drug resistance by regulating key
signaling pathways such as phosphatidylinositol 3-kinase/protein kinase B (PI3K/Akt), mitogen-activated protein
kinase (MAPK), and nuclear factor-kappa B (NF-xB). Its antioxidant and immunomodulatory functions further
expand its potential in anti-inflammatory applications.This study aims to evaluate the impact of BBR on the anti-
inflammatory capacity of chicks by constructing an inflammatory animal model. The trial utilized 126 one-day-
old specific pathogen-free (SPF) chicks. Research indicates that supplementing the diet of layer chicks with a
BBR-containing Chinese herbal compound additive can enhance their antioxidant capacity, improve serum
biochemical parameters, and boost immune indicators. Concurrently, the challenges and potential strategies for
the clinical translation of BBR's antitumor effects are discussed, providing a theoretical basis for its development
as an antibiotic-alternative Chinese medicine.
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The intestine is a vital organ in animals[ 1], with primary functions including digestion, absorption, and
excretion. Its complex structure[2] comprises the duodenum, jejunum, ileum, and colon. The liver performs
synthesis, metabolism, detoxification, and immune functions[3]. Hepatocytes (70-80% of liver cells) and bile
duct cells constitute the parenchyma, while the remaining 20—30% are immune-related cells, making the liver a
key indicator of metabolic and immune responses[4].

In intensive farming systems, pathogens or repeated vaccinations often induce immune stress in layer
chicks, leading to reduced productivity and economic losses. Previous studies suggest that declined antioxidant
capacity[5], exacerbated inflammation, and hepatic metabolic disorders may underlie this growth impairment[6].
Modern pharmacological research confirms BBR's anti-inflammatory, hepatoprotective, antimicrobial, and
antioxidant properties[7]. This study established an inflammation model using dextran sulfate sodium (DSS) in
drinking water to evaluate BBR's effects on liver injury, inflammatory response, and oxidative stress in chicks.
The findings may offer therapeutic strategies for chick inflammation and support BBR's application in immune
stress management.

Therefore, this experiment selected 126 one-day-old specific pathogen-free (SPF) chicks purchased from
Kaifeng Xingda (Henan) Industrial Co., Ltd. The chicks were evenly divided into 7 treatment groups based on
their initial body weight. Each treatment group had 6 replicates, with 3 chicks per replicate. The experimental
groups included: negative control (MS) group, blank control (Con) group, BBR + Surfactant A treatment group,
BBR + Surfactant B treatment group, BBR high-dose group, BBR medium-dose group, and BBR low-dose group.
The experimental period lasted 21 days, during which the chicks had free access to feed and water, and were
provided with 24-hour artificial lighting. The environmental temperature was maintained at 35°C for the first 7
days and gradually decreased to 22°C by the 4th week. The diet was formulated according to NRC (Table 1)
requirements and provided as powdered feed.
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I. Materials And Methods:
Ethical Approval
The animal study protocol was approved by the Tianjin Institute of Animal Husbandry and Veterinary
Medicine (Ethics No. SYXK-2017-0005).

Experimental Design

126 one-day-old SPF chicks (purchased from Kaifeng Xingda (Henan) Industrial Co., Ltd.) were
randomly divided into 7 groups (6 replicates/group, 3 chicks/replicate) based on initial body weight:Negative
control (MS) group, Blank control (Con) group, BBR + Surfactant A group, BBR + Surfactant B group,
High-dose BBR group, Medium-dose BBR group, Low-dose BBR group.

Husbandry

The chickens were caged according to the conventional feeding and management methods for laying
hens, and routine vaccinations were performed. Artificial light control: 24 h of light in the first 3 days, 23 h of
light on the 4th to 7th days, and 20 h of light on the 8th to 21st days. Artificial temperature control: maintained at
33~35°C in the first 3 days, then reduced by 1°C every day. From the second week, the temperature was
maintained at 28~30°C, and the relative humidity was controlled at 65%~70%. The experimental site was
naturally ventilated throughout the whole process, and the chickens were free to eat and drink. Feed was fed in a
feed pan in the first week, and from the second week onwards, feed was fed in a feed trough, and the water line
was raised by 1 cm every 3 days. The diet was prepared according to the needs of NRC (Table 1) and provided in
the form of powdered feed.

Ingredient Ya MNutrient Level Value

Corn 54.14 | Metabolizable Energy 12.90 MI'kg
Sovbean meal 16.67 | Crude Protein 20.20%
Limestone 1.54 Calcium 1.05%
Wheat bran 013 Available Phosphorus 0.380%
Expanded soybean | 9.43 Lysine 1.128%
Corn gluten meal 335 Methionine 0.487%
Fish meal 208 Methionine + Cysteine | 0.847%

Note: Premix provided per kg of diet: VA 8000 IU, VE 100 mg, VK3 3 mg, VB2 12.5 mg, VB6 9 mg, VB12
0.03 mg, pantothenic acid 18 mg, niacin 60 mg, folic acid 1.5 mg, biotin 0.225 mg, Fe 80 mg, Cu 9 mg, 1 0.9
mg, Se 0.3 mg, Mn 12.55 mg, Zn 25.2 mg.

Sample Collection

On day 21, blood was collected from the wing vein (5 chicks/replicate). Serum was separated by
centrifugation (1,800xg, 10 min) and stored at —20°C for biochemical/antioxidant assays. Jejunal segments were
fixed in 4% paraformaldehyde for histology; mucosa samples were flash-frozen in liquid nitrogen for RNA
analysis.

Assays
Nutritional composition of diet

The crude protein content in the feed was determined using a Kjeldahl nitrogen analyzer according to
GB/T 6432—2018. Calcium content was measured in accordance with GB/T 6436—2018, while total phosphorus
content was analyzed as per GB/T 6437—2018. After determining phytic acid phosphorus content in the feed
using the ferric chloride precipitation method, the total phosphorus content minus this value yields non-phytic
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acid phosphorus content. Zinc content in the feed was measured using an ICP-9000 full-spectrum inductively
coupled plasma spectrometer in compliance with GB/T 13885—2017.

Measurement of inflammation-related indicators
The content of IL-6, IL-10 and TNF-a in serum was determined by ELISA kit according to the instructions.

Measurement of liver function related indicators

The kit was used to measure serum and liver serum levels of aspartate aminotransferase (AST), alanine
aminotransferase (ALT), total superoxide dismutase (T-SOD) and malondialdehyde (MDA). The specific
operation was carried out according to the instructions.

Determination of antioxidant enzymes
The contents of T-AOC, CAT and T-SOD in liver were measured by using the kit. The specific operation
was carried out according to the instructions.

Data statistical analysis

The experimental data were analyzed by SPSS 20.0 statistical analysis software for one-way ANOVA,
and linear and quadratic curve tests were performed between additive dosage and various indicators. For
indicators with significant inter-group differences, Duncan's method was used for multiple comparisons. Data
were expressed as "average value + standard deviation", and P <0.05 indicated significant differences.

II. Results And Analysis
Effects of berberine on antioxidant indexes in serum of egg hens
As shown in Figure 1, both the treatment group and model group exhibited significant differences with
a downward trend in IL-6 levels, with the TMP+M group demonstrating superior efficacy. Figure 2 reveals
comparable differences between the two groups showing an upward trend in IL-10 levels, where the TMP+M and
DVD+M groups demonstrated better outcomes. Figure 3 indicates consistent differences with decreasing SOD
levels in both groups, with the TMP+M group achieving more favorable results.
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Effect of berberine on biochemical indexes in serum of egg hens

As shown in Figure 4, both the treatment group and the model group exhibited significant differences,
with ALB levels showing an upward trend. The TMP+M and DVD+M groups demonstrated better efficacy.
Figure 5 reveals that both treatment groups and the model group showed significant differences, with GLB levels
showing a downward trend. The L group showed no significant effect, while the TMP+M, DVD+M, H, and M
groups demonstrated better outcomes. Figure 6 indicates that both treatment groups and the model group showed
significant differences, with A/G levels showing an X-shaped downward trend. The L group showed no significant
effect, whereas the TMP+M, DVD+M, H, and M groups demonstrated superior perf.
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Effects of berberine on immune indicators in egg hens

As shown in Figure 7, the drug administration group showed significantly different results compared to
the model group, with A IgA levels demonstrating a downward trend. The L group exhibited no significant effect,
while the TMP+M group demonstrated better efficacy. Figure 8 reveals that both the drug administration group
and model group showed significant differences, with G IgA levels also showing a downward trend. The M and
L groups showed no notable effects, whereas the TMP+M and DVD+M groups demonstrated superior outcomes.
Figure 9 indicates that the drug administration group and model group maintained significant differences, with M
IgA levels showing a downward trend. The H, M, and L groups showed no significant effects, while the TMP+M
and DVD+M groups demonstrated better performance.
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Effect of berberine on antioxidant indexes in serum of egg hens

As shown in Figure 10, both the drug administration group and the model group exhibited significant
differences, with MDA levels showing a downward trend. The TMP+M and DVD+M groups demonstrated
superior efficacy. Figure 11 reveals that both groups showed marked differences, with T-AOC levels increasing
significantly. The TMP+M and DVD+M groups again demonstrated better performance. Figure 12 indicates that
both groups showed significant differences, with SOD levels rising markedly. The TMP+M and DVD+M groups
maintained superior efficacy.
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I11. Discuss
Effect of berberine on biochemical indexes of serum in egg hens
Glutamine (GLB), also known as immunoglobulin [8], possesses biological functions that prevent
bacterial invasion and enhance immune function; Glutamine (GLU) serves as a vital energy source for the immune
system and organism [9]; while elevated serum triglyceride (TG) levels can suppress various immune functions
[10]. The dynamic changes in biochemical indicators of broiler serum reflect the metabolic status of chicks [11],
inflammatory responses, and hepatic and renal functions, making them crucial health assessment metrics [12].
Serum proteins such as trypsinogen (TP) and albumin (ALB) correlate with protein synthesis and animal growth
[13], whereas liver enzymes ALT, AST, and ALP serve as key indicators of liver damage severity [14].
Triglycerides (TG) and total cholesterol (TC) reflect lipid metabolism and blood lipid profiles [15]. In this study,
the serum ALB content in the experimental group was higher than that in the control group, while AST levels
were lower. Notably, the TMP+M group showed significantly higher TP content compared to the control group,
with ALT, TC, and TG levels all being substantially reduced. These findings indicate that berberine compound
supplementation in feed improves serum biochemical parameters of broiler chicks, thereby promoting their
growth.

Effect of berberine on antioxidant indexes in serum of egg hens

In intensive egg-laying chicken farming, high production performance is often accompanied by
increased free radical levels in the body [16], making the enhancement of antioxidant capacity a key industry
focus [17]. SOD serves as the first line of defense against free radicals in animals [18], rapidly converting
superoxide anion (O2-) into molecular oxygen and hydrogen peroxide. CAT acts as the second line of defense
[19], converting hydrogen peroxide into water and oxygen. T-AOC is a comprehensive indicator for assessing the
functional status of the body's antioxidant system [20]. A healthy immune system is crucial for maintaining
wellness, with immune factors acting as signaling pathways [21]. IL-1B synergistically stimulates T-cell
activation, promotes B-cell proliferation, and enhances antibody secretion [22]. IL-2 secreted by Thl cells
activates helper cells, while IL-6 from Th2 cells assists B-cell differentiation [23]. TNF-a participates in biological
processes including cell proliferation, differentiation, and apoptosis [24]. Oxidative stress is prevalent in high-
density egg-laying chicken farming, where excessive oxidative responses can reduce production performance and
decrease economic returns [25]. Li Shengjie's study [26] demonstrated that adding BBR to feed significantly
improves SOD activity and T-AOC levels in post-laying hens' serum. Song Mingzhu et al. [27] found that
incorporating Coptis chinensis extract into feed markedly enhances T-AOC, SOD, and GSH-Px activities in quail
serum. Studies have shown that berberine has a good antioxidant capacity [28]. In this study, the combined
addition of BBR could significantly improve the activity of T-SOD and the content of GSH in serum, and the
effect was significantly better than that of medium dose BBR added alone.

Effects of berberine on immune indicators in egg hens

Cytokines are small-molecule proteins synthesized and secreted by immune cells and certain non-
immune cells in response to specific stimuli[29]. These molecules exhibit broad biological activities, particularly
demonstrating remarkable regulatory functions in immune responses[30]. IL-6, a multifunctional cytokine
secreted by Th2 cells, plays a crucial role in immune function by producing immunoglobulins, stimulating B cell
proliferation, and supporting hematopoiesis, pathogen defense, immune regulation, and acute stress
responses[31].

IV. Conclusion
The results showed that the addition of berberine compound herbal additives to the diet of egg hens could
improve the antioxidant capacity, serum biochemical indexes and immune indexes .
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