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A B S T R A C T

Infectious bronchitis virus (IBV) is a major pathogen that causes significant economic losses in the global poultry 
industry. Current vaccination strategies provide only partial protection, highlighting the need for more effective 
prevention and treatment methods. This study aimed to develop a novel compound throat anti-viral (CTA) from 
natural plants using data from the Traditional Chinese Medicine Inheritance System and identification through 
liquid chromatography-mass spectrometry. CTA demonstrated substantial anti-IBV effects both in vitro and in vivo 
studies. In vitro, CTA significantly inhibited IBV multiplication and alleviated the pathological lesions in chicken 
embryonic kidney cells, tracheal rings, and chicken embryos. In vivo, a seven-day treatment with CTA obtained 
much milder clinical signs, enhanced growth performance, and better immune organ indices in infected chickens. 
Additionally, CTA treatment reduced IBV levels in the trachea and lungs and increased specific antibody titers. 
CTA also maintained body homeostasis, exhibiting strong antioxidant and anti-inflammatory properties that 
mitigated respiratory tract damage. Metabolomics and network pharmacology analyses, revealed that CTA’s 
antiviral effects are mediated through the FoxO signaling pathway. This study successfully developed an effective 
prescription database based on the Traditional Chinese Medicine Inheritance System and validated the antiviral 
efficacy of CTA through comprehensive in vitro and in vivo experiments. The findings elucidated the mechanisms 
of CTA’s action, particularly through the FoxO signaling pathway, and highlighted its potential for clinical 
application as a novel antiviral treatment for IBV in the poultry industry.

Introduction

Infectious bronchitis virus (IBV) is a highly contagious pathogen, and 
belongs to the order Nidovirales, the family Coronaviridae, and the genus 
Gammacoronavirus(Bande et al., 2017). The disease caused by IBV, 
known as chicken infectious bronchitis, is classified as a Class II infec
tious disease and has resulted in significant economic losses in the 
poultry industry(Jackwood, 2012). While chickens are the natural hosts 
of IBV, it has also been found in pheasants and peacocks(Bande et al., 
2005). Chickens of all ages can be affected by IBV, but chicks and laying 
hens are particularly susceptible(de Wit et al., 2011). Currently, the 
primary methods used to combat IBV are vaccines, antiviral drugs, and 
natural plants(Jordan, 2017). Vaccination is an effective means of 

preventing IBV(Bijlenga et al., 2004; Valastro et al., 2016). However, 
due to the presence of numerous IBV serotypes and varying levels of 
cross-protection between serotypes, current vaccines are not fully 
effective in IBV prevention and control requirements(Fan et al., 2018; 
Jordan, 2017). There have also been reports of disease outbreaks in 
vaccinated chickens(Lin et al., 2016; Lv et al., 2021). Due to the misuse 
of certain antiviral drugs, there have been instances of viral mutations 
and concerns regarding veterinary drug residues(Cheung et al., 2006; 
Pratiwi et al., 2023). As a result, several countries have enforced more 
stringent regulations on antiviral veterinary medications, adding 
complexity to the prevention and treatment of IBV(Yuan et al., 2022). In 
recent years, the use of natural plant compounds in China to prevent and 
treat IBV has shown promising results. Some examples include Maxing 
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Shigan Decoction, Shuanghuanglian Oral Liquid, Shegan Dilong Gran
ules, and Cangpu Oral Liquid(Chen et al., 2019a; Chen et al., 2022; Feng 
et al., 2021; Peng et al., 2022a; Wang and Liu, 2014; Wiseman, 2002; 
Xiang et al., 2023; Yin et al., 2011). However, despite these advance
ments, there are still challenges in preventing and controlling IBV on a 
larger scale, especially in the context of intensive breeding(Dhama et al., 
2014). Additionally, further research is needed to fully understand the 
drug action mechanism of these natural plant compounds.

The Traditional Chinese Medicine Inheritance Computing System 
V3.0 (TCMICS V3.0) is an information system that integrates traditional 
Chinese medicine knowledge and data(Ren et al., 2023). Its objective is 
to utilize modern technology to preserve, analyze, and apply classical 
Chinese medicine theory and clinical practice knowledge, thus sup
porting the teaching, research, and international exchange of Chinese 
medicine(Liu et al., 2022). Additionally, the platform aims to promote 
the integration and development of traditional medicine and modern 
technology. To identify a natural plant compound composition for the 
rapid treatment of chicken infectious bronchitis, this study utilized the 
TCMICS V3.0 to construct a database of prescriptions for IBV respiratory 
diseases. Through in-depth data mining, a new prescription called 
compound CTA was derived. CTA is a synergistic mixture composed of 
18% Rehmannia glutinosa, 18% Fritillaria fritillary, 18% Ophiopogon 
japonicus, 14% licorice, 14% borneol, and 18% bitter almond.

This study aimed to evaluate the antiviral activity of CTA against IBV 
both in vitro and in vivo. In vitro experiments were conducted to deter
mine the safe concentration and effectiveness on CEK cell, as well as the 
tracheal rings and chicken embryo.; The in vivo evaluation utilized 
various indicators, including clinical efficacy, immune organ index, 
humoral immunity, cellular immunity, and viral RNA amount, to assess 
the efficacy of CTA. To explore the in vivo antiviral mechanism of CTA, 
non-targeted metabolomic analysis was performed using gas 
chromatography-mass spectrometry to identify potential biomarkers. 
Additionally, network pharmacology combined with non-targeted 
metabolomics was employed to analyze the components of traditional 
Chinese medicine, effective blood components, and possible signaling 
pathways to determine the anti-IBV mechanism of CTA in vivo. The study 
results confirmed the significant potential of CTA as a new anti-IBV 
drug.

Materials and methods

Viral strains, embryonated chicken and cell lines

The pathogenic IBV strain M41 (batch number AV1511) was ob
tained from Professor Mo Meilan of Guangxi University. The strain was 
propagated three times in specific pathogen-free (SPF) 10-day-old 
chicken embryos at the Guangxi Veterinary Research Institute in 
China. The EID50 of the IBV M41 strain was determined using the Reed- 
Muench method. The CEK immortalized cell line (Guangzhou Genio 
Company, Cat No: JNO-Q0017) was used for adaptation of the IBV M41 
strain (Liu et al., 2024). The cells were cultured in DMEM (H) medium 
(Soleba, Cat No: P12100) supplemented with 10% fetal calf serum 
(HyClone, Cat No: SH30070.03) at a concentration of 5 × 106 cells/mL. 
Subsequently, 0.1 mL of cells was added to each well of a 96-well plate. 
The culture conditions were maintained at 37◦C and 5% CO2, and the 
experiment was initiated once the cell density reached 60%. Based on 
previous studies, the adaptation and replication time of IBV in chicken 
embryonic kidney cells were observed for 25-50 hours(Chen et al., 
2019b). Afterward, the half-cell culture infectious dose (TCID50) of the 
IBV M41 strain was determined using the Reed-Muench method.

Generation, preparation and ingredient identification of CTA

Prescriptions for clinical symptoms of IBV were collected from 
34,324 Chinese medicine prescription data sets in the Chinese medicine 
prescription database, and 7,505 traditional Chinese medicine 

prescriptions in the cross-retrieval database of traditional Chinese 
medicine prescriptions. The preparation data set and 33,837 traditional 
prescriptions, and 4,207 traditional Chinese medicine prescription 
preparation data sets (from TCMICS V3.0) were used. Prescriptions with 
similar occurrences to IBV were included in the statistical analysis 
database. Duplicate data sets were eliminated and the naming of tradi
tional Chinese medicines was standardized. The data from TCMICS V3.0 
extracted the prescriptions for cluster analysis(Zhang et al., 2022), 
generating a combination of core drugs and related ingredients named 
compound throat anti-viral (CTA). A synergistic mixture of CTA, con
sisting of 90 g of Rehmannia glutinosa, 90 g of Fritillaria fritillary, 90 g of 
Ophiopogon japonicus, 70 g of licorice, 70 g of borneol, and 90 g of bitter 
almond, was mixed into 500 g and decoctioned. All purchased medicinal 
materials were sourced from a reputable traditional Chinese medicine 
store. For materials that required cutting, an automatic slicer was used 
to shred them into pieces of approximately 3-5 mm in size. For granular 
materials, the raw material was used directly. After mixing the medici
nal materials according to the prescribed ratio, they were first soaked at 
room temperature for 20-30 minutes to ensure the full extraction of 
active ingredients. Next, the mixture was heated over strong fire until 
boiling, maintained for 1-2 minutes, and then reduced to a gentle sim
mer over low heat for 20-30 minutes to ensure complete extraction of 
the active components. This decoction process was repeated three times, 
with the decoctions from all three cycles being combined. Afterward, the 
mixture was centrifuged at 3000 rpm for 15 minutes to remove any solid 
residues, and the supernatant was collected. Finally, the liquid was 
concentrated using a vacuum pump and rotary evaporator under con
ditions of 0.08 MPa and 60◦C, until the concentration reached 1 g/mL, at 
which point the concentrated solution was set aside for future use. The 
medicine was provided by Xiangxiang Pharmacy, Guangxi Province, 
China. The positive control drug ribavirin was purchased from Solaibao 
(Cat. No. R8370).

The CTA was identified by Panomik Biomedical Technology Co., Ltd. 
(Jiangsu, China). Sample preprocessing was carried out according to the 
relevant instructions(Vasilev et al., 2016). The raw data were first 
converted to mzXML using the MSConvert function in the ProteoWizard 
software package (v3.0.8789)(Rasmussen et al., 2022) and processed 
using R for identification(Navarro-Reig et al., 2015). Liquid chromato
graph model Vanquish and mass spectrometer model Q Exactive, both 
purchased from Thermo, were used(Want et al., 2013; Zelena et al., 
2009). The metabolites were identified by their accurate mass and 
MS/MS data, which were matched with various databases including 
HMDB(Wishart et al., 2007), massbank(Horai et al., 2010), LipidMaps 
(Sud et al., 2007), mzcloud(Abdelrazig et al., 2020), KEGG (Ogata et al., 
1999), and the metabolite database built by Panomix Biomedical Tech 
Co., Ltd. (Suzhou, China). The molecular weight of metabolites was 
determined based on the mass-to-charge ratio of parent ions in the MS 
data. The molecular formula was predicted using adduct ions and then 
matched with the database for MS identification of metabolites. Addi
tionally, the MS/MS data from the quantitative table of MS/MS data 
were matched with the fragment ions and other information of each 
metabolite in the database to achieve MS/MS identification of 
metabolites.

In vitro experiments

CTA cytotoxicity assay. Precisely weigh the CTA sample to be tested 
and sterilize it in a 65◦C water bath for 1 hour. After cooling the sample 
to room temperature, dilute it with DMEM (H) medium containing 2% 
fetal calf serum. Add antibiotics at a final concentration of 500 IU/mL 
and incubate at 4◦C overnight. The experimental concentrations of the 
samples to be tested were: 200 mg/mL, 100 mg/mL, 50 mg/mL, 25 mg/ 
mL, 12.5 mg/mL, and 6.25 mg/mL. Dilute CEK cells to a concentration 
of 5 × 104 cells/mL, add 0.1 mL to each well of a 96-well cell plate, and 
culture them at 5% CO2 and 37◦C until the cell confluence reaches more 
than 80%. Then aspirate the culture medium from the wells to remove 
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the original culture medium. Add 100 µL of culture medium containing 
the sample to be tested into each well. For each sample, set up six gra
dients, with each gradient containing six cell complex wells. A culture 
medium without the drug should be included as a normal cell control. 
After culturing for 60 hours, the OD value was measured at a wavelength 
of 450 nm using a microplate reader, following the instructions of CCK8. 
Finally, determine the half-toxic concentration corresponding to each 
tested sample using the Reed-Muench method.

IBV replication experiments. To determine viral replication, CEK 
cells were diluted to 5 × 104 cells per mL and plated on a 24-well plate. 
When the cells reached 80% confluency, the culture medium was 
removed and the cells were washed three times with PBS. Subsequently, 
0.4 mL of 100-fold diluted TCID50 virus liquid was added to each well 
and incubated in a 37◦C, 5% CO2 incubator for 2 hours. After another 
round of PBS washing, a maintenance solution was added for continued 
culturing. At specific time points (6, 12, 18, 24, 30, 36, 42, 48, 54 and 60 
hours), the cell plates were taken out and the cells in the corresponding 
wells were washed three times with PBS. Then, 20 μl of BeyoDirect™ 
RNA Virus Direct RT-qPCR Preservation Solution (Cat. No. R0145- 
500mL) was added to each well, and the amount of viral mRNA was 
measured using a fluorescent quantitative RT-qPCR test. Each time point 
was repeated with 6 replicate wells, and 3 replicates were performed 
between the three groups. Fluorescent PCR determination of viral load 
in tracheal tissues and organs was conducted using primers and probes 
designed for the M41 strain (Accession No. FJ904720) as listed in 
Table 1. The primer and probe sequences were synthesized by Beijing 
Qingke Biotechnology Co., Ltd., and the fluorescent PCR premix enzyme 
(Cat. No. A039) from Bao Biotechnology Co., Ltd. was used. The total 
volume of the fluorescence quantitative PCR (probe method) was 20 µL, 
and the reaction program consisted of: Premix Ex Taq TM (Perfect Real 
Time) 10 µL, IBV-F (20 pmol/µL) and IBV-R (20 pmol/µL) 0.4 µL each, 
IBV-P (20 pmol/µL) 0.3 µL, template 2 µL, and RNase-free Water 6.9 µL. 
The amplification program included a pre-denaturation step at 95◦C for 
30 seconds, followed by denaturation at 95◦C for 5 seconds, annealing at 
62◦C for 34 seconds for a total of 40 cycles, and fluorescence signals 
were collected simultaneously.

Inhibition of CTA on the virus. The CEK cells were diluted to a 
concentration of 5 × 10^4 cells/mL and evenly distributed onto a 6-well 
culture plate. After the cells reached 80% confluency, the experiment 
was divided into three groups: 1) CTA First: drug administration fol
lowed by tapping group, which was first incubated with CTA-H, CTA-M, 
CTA-L solution (ribavirin as positive control, 10 μg/ml(Chen,et al., 
2019).) for 2 hours at 37◦C, followed by the addition of 2 ml of medium 
containing viral solution, incubated at 37◦C for 2 hours, discarding the 
viral solution, washed and then added with different concentrations of 
the drug solution (2 ml per well). The incubation was continued for 48 
hours. 2) CTA Simultaneously: For CTA first, 2 ml of virus-containing 
medium was added, incubated at 37◦C for 2 hours, discarded the virus 
solution, washed, and then drug solution (2 ml per well) was added, and 
the incubation was continued for 48 hours. 3) CTA Later: For CTA 
simultaneous, virus-containing medium was added, drug solution (2 ml 
per well) was added, incubated at 37◦C for 2 hours, and then washed, 
and then drug solution (2 ml per well) was added, and the incubation 
was continued for 48 hours. and incubated at 37◦C for 2 hours, discarded 
the medium and continued incubation for 48 hours. All groups were 

washed 3 times with PBS at the end of incubation, and the amount of 
viral mRNA in CEK cells was detected by fluorescence quantitative PCR.

Tracheal ring experiment. Aseptically remove the trachea from a 20- 
day-old SPF chicken embryo, ensuring the removal of surrounding 
connective tissue and fat. Rinse the trachea with PBS and use ophthalmic 
scissors to cut it into approximately 1 mm thick tracheal rings. Place the 
tracheal rings in a 24-well plate, with each well containing 3 rings. 
Utilize an inverted microscope to observe and select tracheal rings with 
active ciliary movement for subsequent experiments. The grouping of 
this experiment and the dosage of drugs used in each group were 
referred to the results of CCK8 experiment of CTA. Viral solution was 
added to the cell wells containing tracheal rings at 0.5 ml per well and 
incubated continuously at 37◦C for 48 hours. Negative control wells only 
receive nutrient solution, while positive wells receive virus dilution. 
Additionally, the experiment includes experimental groups where the 
viral challenge is administered before the drug, as well as simultaneous 
administration of the drug and challenge. Based on the experimental 
results, calculate the protection rate using the formula: the number of 
tracheal rings with ciliary movement divided by the total number of 
tracheal rings, multiplied by 100%.

Chicken embryo experiment. For this study, 9-day-old SPF eggs were 
obtained from the Guangxi Veterinary Research Institute. The eggs were 
incubated at 37.5◦C for 24 hours to acclimate and their viability was 
checked using a flashlight. Chicken embryos at 10 days old were then 
exposed to a challenge dose of 100 times the median EID50, followed by 
treatment with the same dose of traditional Chinese medicine after 3 
hours. The specific experimental operation is: with a 1ml syringe to 
draw up the appropriate amount of viral allantoic fluid or drug, chicken 
embryo air chamber end well sterilised after using a torch light to find a 
suitable injection point avoiding the blood vessels, syringe needle all the 
way into the egg, slowly in the chorionic allantoic membrane to release 
the liquid. The injection port on the surface of the egg was then closed 
using liquid paraffin and examined by light after 24 hours. The blank 
group received the same dose of normal saline. The research design 
consisted of 7 groups: NC, NC-CTA (M), CTA-H, CTA-M, CTA-L, Riba
virin (100mg/mL), and IBV. Based on relevant studies, Ribavirin was 
selected as the positive control drug, and the doses used in vivo and in 
vitro were referred to relevant studies(Chen, Muhammad, Zhang, Ren, 
Zhang, Huang, Diao, Liu, Li, Sun, Abbas and Li, 2019b). Traditional 
Chinese medicines are used within safe and reasonable dosages. Each 
group had 10 chicken embryos, with 0.1 mL of medicine or saline added 
to each embryo. The experiment was repeated three times. IBV infection 
in the embryos was determined by observing characteristic embryonic 
lesions such as developmental delay, curling, and embryonic clubbing. 
The eggs in each group were observed twice a day under a candle, and 
any eggs with dead embryos were transferred to the refrigerator. After 7 
days of observation, the embryos were assessed for signs of health, 
including the number and size of chorioallantoic membrane veins and 
the movement of the embryos, compared to the control group. At the end 
of the experiment, all eggs in each group were individually weighed. The 
embryos were then removed washed and weighed again. The embryonic 
index (EI) of all eggs was calculated using the formula: EI = (Embryo 
weight (g) / Egg weight (g)) × 10000(Dhinakar Raj et al., 2004).

Animal experiment

In Vivo Experimental Design. A total of 140 Sanyellow chickens 
were selected for this experiment from Guangxi Fufeng Agriculture and 
Animal Husbandry Group Co., Ltd. (Nanning, China). The chicks were 
kept in well-ventilated wire cages with a relative humidity maintained 
between 50% and 55%. The lighting schedule was set at 24 hours from 1 
to 14 days of age, gradually reducing to 20 hours. The cage temperature 
was maintained between 32◦C and 34◦C from 1 to 7 days of age and then 
gradually decreased to 26◦C. Throughout the experiment, the chickens 
had free access to food and water. The experimental chickens were 
divided into 7 groups according to their body weight measured at 14 

Table 1 
Design of the IBV primer probe.

Primer Primer sequences(5′ to 3′) base 
number

temperature

IBV-F 5′-TTGAAGGTAGYGGYGTTCCTGA-3′ 22bp 60℃
IBV-R 5′-CAGMAACCCACACTATACCATC-3′ 22bp 60℃
IBV-P FAM- 

ACTGGAACAGGACCAGCCGCTGACCT- 
BHQ1

26bp 60℃
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days of age, with 20 chickens in each group. The groups included the 
blank group (NC), blank medication group (NC-CTA, 2 mL/0.5 L), high- 
dose medication group (CTA-H, 4 mL/0.5 L), medium-dose medication 
group (CTA-M, 2 mL/0.5 L), low-dose medication group (CTA-L, 1 mL/ 
0.5 L), positive drug group (Ribavirin, 100 mg/0.5 L), and model group 
(IBV). Ribavirin doses used were referred to relevant studies(Chen et al., 
2019b). Traditional Chinese medicines are used within safe and 
reasonable dosages. The blank group and IBV group served as control 
groups and were administered with physiological saline. The drug 
groups were fed continuously for 1 week starting from the 14th day of 
the experiment, and the entire experiment lasted for 21 days. On the day 
of the challenge, CTA was administered to all groups except the blank 
control group. The chickens in the other groups were attacked by 105 
times EID50 on the nose-eye route. All birds were housed in molded 
plastic breakaway isolators and provided with free feed. The animal 
experiment was conducted following the guidelines of the Animal Pro
tection and Welfare Committee of Guangxi University (Approval Num
ber: GXU-2023-0178), ensuring strict adherence to animal ethics.

Efficacy evaluation. The drug was administered continuously for 7 
days and then stopped for 7 days (14dpi). During the period from 3dpi to 
14dpi, the clinical efficacy of the last group of test chickens (5 chickens) 
was evaluated according to the chick clinical symptom scoring standards 
in Table 2.

Growth performance and immune organ index. At 3dpi, 7dpi, and 
14dpi, the average body weight, average weight gain, and average 
weight gain rate of each test group were calculated by repeatedly 
weighing 5 chickens from each group. The average daily weight gain (g/ 
d feather) was calculated using the formula: (last weight - starting 
weight) / number of feeding days/feather. The spleen, thymus, and 
bursa of Fabricius of five chickens in each group were collected and 
weighed, and the relative organ weight was calculated to express the 
immune organ index. The organ index was calculated as organ weight 
(mg) / body weight (g).

Viral load detection based on qPCR. At 3dpi, 7dpi, and 14dpi, 5 
chickens in each group were randomly selected and euthanized by cer
vical dislocation. Tracheal and sinus swab samples were collected for 
viral load detection. The column viral DNA/RNA extraction kit (Genstar, 
Cat. No. P142-01) was used for nucleic acid extraction, and the reverse 
transcription kit (Genstar, Cat. No. A232-02) was used to reverse- 
transcribe the viral RNA into cDNA. The viral load was detected using 
the previous experimental method for qPCR viral load detection.

Detection of specific anti-IBV antibodies. The serum of 5 chickens 
from each group was collected at 3dpi, 7dpi, and 14dpi. An indirect 
enzyme-linked immunosorbent assay (ELISA) kit provided by Biolab 

(Cat. No. FZ067) was used, following the manufacturer’s instructions, to 
test for total serum IBV-specific antibodies.

Blood routine and cytokine detection. On the 7th day after infection 
(7dpi), blood samples were collected from 5 chickens in each group and 
placed in sodium citrate anticoagulant tubes. The Mindray BC5000 he
matology meter was used to measure various parameters including 
white blood cell count (WBC), red blood cell count (RBC), hemoglobin 
(HGB), hematocrit (HTC), mean corpuscular hemoglobin concentration 
(MCHC), platelet hematocrit(PLT), platelet count (PCT), and neutrophil 
percentage (GRAN%). Additionally, serum samples from 5 chickens in 
each group were collected on the 7th day after infection (7dpi). The 
inflammatory factors IL-4, TNF-α, IFN-γ, IL-10, IL-6, and IL-1β were 
detected using the ELISA kit from Boyan (Nanjing, China) as per the 
provided instructions. Oxidative stress was evaluated using nitric oxide 
(NO) trace biochemical kits from Boyan (Nanjing, China) and total 
antioxidant capacity (T-AOC), superoxide dismutase (SOD), malondial
dehyde (MDA), and xanthine oxidase (XOD) trace biochemical kits from 
Soleba (China). The Mindray BS-2000M fully automatic biochemical 
analyzer was used to measure various indicators including total bili
rubin (TBIL), direct bilirubin (DBIL), total protein (TP), albumin (ALB), 
globulin (GLB), γ-glutamyl transpeptidase (γ-GT), alanine aminotrans
ferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase 
(ALP), lactate dehydrogenase (LDH), urea (Urea), uric acid (UA), su
peroxide dismutase (SOD), total cholesterol (TC), triglyceride (TG), and 
glucose (GLU).

Pathology of trachea and lung. The trachea and lung tissues were 
fixed by 4% paraformaldehyde in a good state of fixation, then trimmed, 
dehydrated, embedded, sectioned, stained, sealed and finally micro
scopically examined for qualified samples. Browse the sections under 
the microscope or browse the digital sections, observe the tissue sections 
in detail at different magnifications, describe the basic pathological 
changes in the sections such as congestion, bruising, haemorrhage, 
oedema, degeneration, necrosis, proliferation, fibrosis, mechanisation, 
granulation tissue, inflammatory changes in text, and reflect the dif
ferences between the slices. Image acquisition instruments: orthogonal 
white light photographic microscope, Nikon (Japan), Eclipse Ci-L.

Joint analysis of non-targeted metabolomics and network pharmacology

Non-targeted metabolomics analysis and identification of blood 
components. Serum samples from three chickens each from the NC 
group, IBV group, and CTA-M group at 7 dpi were collected for non- 
targeted metabolomic analysis. LC-MS was used to detect the chicken 
serum using the CTA component identification method and matched it 
with the database. Two different multivariate statistical analysis models, 
unsupervised and supervised, were applied using the R ropls (v1.22.0) 
package to discriminate between the groups(Thevenot et al., 2015). The 
statistical significance of the P-value was determined by conducting a 
statistical test between the groups. Biomarker metabolites were selected 
based on a combination of the P-value, VIP (OPLS-DA variable projec
tion importance), and FC (multiple of the difference between groups). 
Metabolites with a P-value of 1 were considered to have significant 
differential expression. Pathway analysis of the differential metabolites 
was performed using MetaboAnalyst(Xia and Wishart, 2011). The 
identified metabolites in metabolomics were then mapped to the KEGG 
pathway for biological interpretation of higher-level systemic functions. 
The metabolites and corresponding pathways were visualized using the 
KEGG Mapper tool.

Network Pharmacological analysis. The analysis object of network 
pharmacology in this study focused on the effective blood components 
of CTA in non-targeted metabolomics. To identify potential targets, the 
researchers utilized the Swiss Target Prediction Server and the needle 
and thread tool for chemical interaction analysis. Additionally, the study 
employed the Gene Cards and OMIM databases to identify disease tar
gets associated with the ’Infectious Bronchitis Virus’ (IBV). The genes 
identified from both databases were merged, eliminating duplicates, and 

Table 2 
Chick clinical symptom scoring criteria.

Curative effect Clinlcal symptom Value

death The dead chickens were found to have died of 
infectious bronchitis after necropsy and PCR testing.

5

invalid Chickens may exhibit symptoms of depression such as 
lying down, rough feathers, closed eyes, lethargy, 
reduced food consumption, neck stretching, severe 
rales, visible mucus in the mouth and nose, coughing, 
and white or watery diarrhea.

4

Somewhat 
relieved

The chicken displays signs of low energy, reluctance 
to exercise, decreased appetite, a slight cough, 
abnormal breath sounds (rales), presence of mucus in 
the mouth and nasal cavity, and mild diarrhea.

3

moderately 
relieved

The chicken is in a good mental state, occasionally 
exercises, has a decreased appetite, breathes through 
the mouth, and has mucus in the mouth.

2

considerably 
relieved

The chickens exhibit signs of good mental well-being, 
with normal breathing and appetite. Some chickens 
may display mouth breathing and have a slight 
presence of mucus in their mouths.

1

completely 
relieved

The chicken is in good spirits and its breathing and 
appetite have returned to normal.

0
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resulting in a comprehensive list of IBV-related targets. To identify 
common targets between CTA and IBV, the researchers utilized Venny 
2.1 software. Furthermore, a visual network diagram illustrating the 
relationship between the active ingredients of CTA, its targets, and IBV 
targets was constructed using Cytoscape_3.8.0 software. For protein 
interaction information related to cross-targets, the String database was 
utilized, with the species set to ’Gallus’ and a confidence level above 
0.04 selected. This approach facilitated the identification of key target 
proteins, providing valuable insights. The effect of CTA on key target 
proteins associated with IBV was analyzed using the cluster analyzer 
package in R software, with a corrected P-value less than 0.05 as the 
screening criterion (last update: December 20, 2023)(Luo and Brouwer, 
2013). GO analysis and KEGG analysis were performed on the CTA 
anti-IBV targets. The relevant files were exported, and the number of 
targets was arranged in descending order. The top 10 targets in each of 
the three branch targets of GO were ranked, and a GO circle diagram was 
generated. The top 10 ranked genes were evaluated using Bioconductor 
and the Hubba gene module in Cytoscape_v3.7.1 software to create a 
Sankey diagram(Peng et al., 2022b).

Joint analysis utilizes. The screening of key metabolic pathways in 
non-targeted metabolomics was conducted using a P-value ≤0.05 cri
terion. Relevant metabolites were identified through metabolic path
ways, and related targets were predicted using the Swiss Target 
Prediction Server. Additionally, by analyzing traditional Chinese med
icine components and blood components, we obtained compounds 
associated with key metabolic pathways. The relevant targets predicted 
by non-targeted metabolomics were intersected with the main targets of 
network pharmacology, and key targets were identified using eight al
gorithms from the cytohubba plugin (MCC, MNC, Degree, BottleNeck, 
Closeness, Radiality, Betweenness, and Stress). The effector substances 
related to these targets were determined based on the analysis results 
from swiss target prediction. Structural processing of the compound 
(ligand) and target protein (receptor) was performed using the Yinfu 
Cloud platform, followed by molecular docking through Discover to 
identify the best docking site for docking binding mode analysis. The 
molecules’ docking status was visualized using PyMol software.

Target validation. At 7dpi, five chickens from each group were 
selected and sacrificed. The tracheas were collected and the expression 
levels of STAT3, EGFR, CDK2, and FOXO genes were verified using RT- 
qPCR. The Beyotime RNA/Protein Co-extraction Kit (Cat. No. R0018M) 
was used to extract RNA and protein according to the manufacturer’s 
instructions. RNA was dissolved in the water phase and purified by 
precipitating it with isopropanol. DNA was precipitated with absolute 
ethanol from the middle phase and the lower red organic phase, and the 
organic phase was further precipitated with isopropanol to obtain pu
rified protein. The isolated RNA samples were reverse transcribed into 
cDNA using StarScript III All-in-one RT Mix with gDNA Remover 
Reverse Transcription (GenStar, China). Subsequently, cDNA and 
primers were combined in the 2x Realstar Green Fast Mixture system 
(GenStar, China) following the manufacturer’s instructions to conduct 
real-time RT-qPCR. Internal reference genes were utilized for normal
izing the expression of target genes. Primer sequences for RT-qPCR can 

be found in Table 3. All primers underwent specificity testing, and 
experimental procedures were carried out as per the manufacturer’s 
guidelines with modifications based on the annealing temperatures 
provided in the table. Each RT-qPCR analysis was replicated three times 
to assess the expression levels of candidate genes. Three samples from 
each group were randomly selected, and the extracted proteins were 
mixed with loading buffer, boiled in water for 10 minutes, separated 
using SDS-PAGE, and transferred to a PEDV membrane. Following the 
transfer, the membrane was blocked and washed thrice with PBST. 
Subsequently, the primary antibody specific (STAT3 Cat. #TA6294S, 
CDK2 Cat. #PA1205S, EGFR Cat. #TA6042S, FOXO3a Cat. #TA6020S, 
pFOXO3a Cat. #TA7124S, Abmart, China) to the target gene was 
incubated overnight at 4◦C, followed by three washes with PBST. The 
membrane was then exposed to Goat Anti-Rabbit Mouse IgG-HRP(Cat. 
#M21003, Abmart, China). The bound proteins were identified using 
an ECL kit (Genstar, China).

Statistical analysis

Replicates (n = 5) were treated as one experimental unit. Statistical 
analysis of all data was performed using GraphPad Prism 9 and WPS 
Excel. GraphPad Prism 9 was used to obtain clinical sign score curves. 
For the statistical analysis of viral load, organ index, IBV-specific anti
body titer, blood routine, and serum cytokine concentration, qPCR was 
conducted using one-way analysis of variance (ANOVA) with Prism 9 
software. Post hoc analysis was performed using Tukey’s test to deter
mine significant differences between treatments. P-values less than 0.05 
(p < 0.05) were considered significant, and those less than 0.01 were 
considered highly significant.

Results

Preparation of compound throat anti-viral

A total of 353 prescriptions were screened for treating cough, 
involving 361 types of drugs. A database was constructed specifically for 
treating chicken infectious bronchitis. Table 4 provides a summary of 

Table 3 
Primers and probes used for amplifying SATA3, CDK2 and EGFR.

Gene Primer and probe Sequence 
(5′–3′)

Temperatures GenBank

STATA3 F: GTGCTGCTCCGTATCTGAAG 55◦C NM_001030931.4
R: TCTGCTCCCTCGCTACTGTT

CDK2 F: CCAGAACCTCCTCATCAAC 55◦C NM_001199857.2
R: CAGATGTCCACAGCAGTC

EGFR F: 
CTGCCATCCAAACTGTACACGA

60◦C NM_205497

R: 
GACCGATGCCTAGACCAACCA

В-actin F: CTGGCACCTAGCACAATGAA 60◦C NM_205518.1

Table 4 
Drugs with a frequency greater than 25 in traditional Chinese medicine 
prescriptions.

Number Medicinal materials frequency

1 licorice 179
2 Platycodon 139
3 bitter almond 135
4 Fritillaria fritillary 125
5 Ephedra 114
6 Pinellia ternata 100
7 tangerine peel 98
8 perilla 87
9 skullcap. 79
10 Stemona japonica 78
11 Mentha canadensis 72
12 Morus alba 68
13 plaster 67
14 Peucedanum praeruptorum 62
15 Eriobotrya japonica 61
16 Ophiopogon japonicus 49
17 Wolfiporia extensa 48
18 Tussilago farfara 48
19 Schisandra chinensis 45
21 Anemarrhena asphodeloides 39
22 Vincetoxicum glaucescens 31
23 Papaver somniferum 30
24 Trichosanthes uniflora 28
25 Draba nemorosa 27
26 borneol 27
27 Citrus aurantium var. decumana 26
28 Rehmannia glutinosa 25
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the analysis of the frequency of the 361 included traditional Chinese 
medicines, referred to as ’drug frequency’. The analysis reveals that the 
total frequency of medicines is 2,087, with 28 types of traditional Chi
nese medicines having frequencies greater than 25. Furthermore, a 
cluster analysis was conducted on the 353 first prescriptions and the 361 
traditional Chinese medicines, resulting in the generation of 1 CTA. The 
recommended proportion of ingredients for CTA is as follows: Rehman
nia glutinosa (18%), Fritillaria fritillaris (18%), Ophiopogon japonicus 
(18%), Licorice (14%), Borneol (14%), and Bitter almond (18%). The 
complex was prepared into a 500 mL, 1 g/mL aqueous extract for 
component identification. Fig. 1A depicts a chromatogram of the 
extract. In this test, a total of 484 metabolites were identified, including 
succinic acid semialdehyde, L-glutamine, and 2-oxoarginine. These 
metabolites include 67 carboxylic acids and derivatives, 45 benzene and 
substituted derivatives, and 43 fatty acyls, as well as 329 other com
pounds (Supplementary Materials 1, Fig. 1B).

In vitro efficacy experiment of CTA

Antiviral effect of CTA on CEK. When conducting the CCK8 cyto
toxicity assay, various concentrations of CTA were utilized. The results 
indicated that there was no significant difference (P>0.05) between the 
drug group and the blank control group when the CTA concentration 
reached 25 mg/mL. However, a significant difference was observed 
between the drug group and the blank group at a CTA concentration of 
50 mg/mL. Consequently, a concentration of 12.5 mg/mL CTA-M was 
chosen for subsequent experiments (Fig. 2A). In this experiment, the 
high and low concentrations of the drug were 25 mg/mL and 6.25 mg/ 
mL, respectively. Ribavirin (10 μg/mL) was used as a reference. TCID50 
was determined using the Reed-Muench method, yielding a result of 
10− 5.16/1mL. Stable typical cytopathic effects (CPE) were observed 36 
hours after IBV infection. The results of the viral proliferation curve 
demonstrated that IBV was capable of infecting and replicating in CEK 
cells, reaching a TCID per 100 μl 36 hours after inoculation (Fig. 2B). RT- 
qPCR was employed to assess the antiviral effect of CTA by detecting the 
relative expression level of IBV-N gene mRNA (Fig. 2C). At the 
maximum non-toxic concentration of the drug, CTA’s inhibitory effect 
on IBV was comparable to or even surpassed that of ribavirin. In the 
experiment involving first administration and then challenge, the virus 
inhibition rate was higher compared to the other two experimental 
modes. Additionally, the dosage of CTA on cells exhibited a dose- 
dependent relationship, with significant differences observed between 
all medication groups and the IBV group (Fig. 2E). Thus, it can be 
concluded that CTA possesses an in vitro antiviral effect, similar to that of 
Western medicine.

Tracheal ring experiment. The experiment evaluated the effects of 
treating CTA and IBV at 100 times TCID50 on the embryonic trachea, 
within the safe concentration range of the reference drug. At 48 hours 
after inoculating with IBV M41 virulent strain, noticeable differences 
were observed between the experimental group and the positive vacci
nation group. Throughout the entire test period, the tracheal rings of the 
blank medication group and the medication group showed attached and 
active cilia, with a relatively clean ring and no shedding of tracheal 
epithelial cells. In the positive viral challenge group, the ciliary 

movement of the tracheal ring ceased, secretions increased, and a sig
nificant number of epithelial cells shrank and detached. The majority of 
tracheal ring cilia in the CTA-H group remained active, while the 
movement of tracheal ring cilia in the CTA-M group was also signifi
cantly better than that in the positive viral challenge group. By seventy- 
two hours after viral challenge, in both the ribavirin group and the CTA- 
L group, the majority of tracheal ring movements in the positive viral 
challenge group had stopped. The ribavirin group showed a higher rate 
of tracheal ring protection against IBV infection compared to the CTA-L 
group. This trend was consistent regardless of the order of challenge 
administration (Table 5). These findings demonstrate that within a 
certain concentration range, the treatment can effectively prevent and 
reduce tracheal ring lesions and inhibit virus-infected cells.

Chicken embryo experiment. In this study, 10-day-old chicken em
bryos were injected with IBV and incubated for 5 days. The embryos 
were then dissected to assess the extent of the lesions. The EID50 was 
calculated using the Reed-Muench method, and the result was deter
mined to be 10− 6.16/1mL. Subsequently, chicken embryos were injected 
with a dose of 100 times EID50 of the IBV M41 strain and administered 2 
hours later. The results revealed that EI of the IBV group was 997.600 
±344.746, and all embryos died at the end of the experiment. In 
contrast, the control group, which did not receive IBV-M41 injection, 
had a 100% survival rate and an EI of 3761.21±132.501 (Fig. 2D). It is 
important to note that chicken embryos that died within 24 hours were 
excluded from the experiment, indicating that IBV-M41 injection was 
the sole cause of the significant decrease in EI. The results of the NC-CTA 
group were similar to those of the NC group. Furthermore, the treatment 
group exhibited a significant increase in EI compared to the IBV group. 
Although the CTA medication group showed some dose dependence, it 
was not pronounced, and its efficacy was significantly better than that of 
the ribavirin group. These findings suggest that CTA-L has the least 
toxicity to chicken embryos, reduces mortality, and improves dysplasia. 
Therefore, CTA is deemed an effective drug for the treatment of IBV M41 
virus-infected chick embryos.

In vivo efficacy test of CTA

Analysis of clinical signs of CTA. Clinical signs of IBV infection in 
chicks were observed and evaluated at different time intervals (Fig. 3A). 
On the 3rd day after the challenge, the chicks exhibited symptoms such 
as continuous depression, decreased appetite, increased water con
sumption, frequent head shaking, drooping wings, coughing, mouth 
breathing, and tracheal rales. Throughout the observation period, the 
symptom scores of the ribavirin group and IBV group consistently 
remained higher, while the CTA-H group had the lowest symptom score 
after medication, and the CTA-M group’s score was almost equivalent to 
the CTA-H group. By day 14, the symptom scores of all chickens in the 
CTA-H and CTA-M groups dropped to 0, while more than half of the 
chickens in the virus group were still ill, although their scores were the 
same as those of the CTA-L group. The CTA-H group demonstrated better 
treatment efficacy throughout the observation period. On the 14th day, 
the CTA-H group exhibited the highest weight gain rate, and the average 
final weight was similar to that of the blank control group. The CTA-M 
group and NC-CTA group also showed similar results to the blank group, 

Fig. 1. A: Positive ion diagram, B: Negative ion diagram. The abscissa is the retention time, the ordinate is the ion intensity, and the upper right corner of the diagram 
represents the maximum ion intensity of each sample. Different colors represent different groups.
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while the chicks’ weight gain rate in the ribavirin group was lower than 
that of the challenge group and other medication groups. There was a 
significant difference in the weight gain index between each group, 
indicating that CTA had a substantial effect on improving the decline in 
chick production performance caused by IBV, whereas the western 
medicine ribavirin had no therapeutic effect on the decline in chick 
production performance (Fig. 3B). Compared with the blank group and 
virus model group, there was no significant difference in Thymus and 
Bursa of Fabricius after CTA treatment, especially in the CTA-H group, 
although ribavirin was more effective in stimulating the exponential 
increase in immune organs (Fig. 3C).

Anti-IBV effect of CTA. To evaluate the inhibitory effect of CTA, the 
study conducted qPCR to measure viral mRNA levels in the trachea and 
lungs of different groups at 3dpi, 7dpi, and 14dpi. No virus was detected 
in the trachea and lungs of the chickens in the two control groups. 
Overall, the expression level of IBV mRNA in the trachea of the challenge 
control group was significantly higher than that of the positive drug 

group and CTA group. Additionally, CTA consistently reduced the level 
of viral mRNA compared to the challenge control group. At 3dpi, both 
CTA-H and CTA-M significantly inhibited virus replication in the trachea 
compared to the challenge control group. CTA-M also exhibited a lower 
viral load in the trachea compared to the challenge control group. 
However, there was little difference in the therapeutic effect of several 
drugs on the trachea of chicks at 7dpi and 14dpi (Fig. 4A). At 7dpi, due 
to the use of a drug treatment that prevented further spread of the virus 
in the lungs, some samples showed viral load values of 0, resulting in 
long error bars for five samples. At 14 dpi, both the mid-dose and high- 
dose CTA groups successfully cleared the virus from the lungs (Fig. 4B).

To test the adjuvant effect of CTA on the humoral immune response 
of birds, blood samples were collected from the subwing veins of 5 
chickens in each group at 3dpi, 7dpi, and 14dpi. The antibody titers 
were determined by ELISA, and samples with titers less than 0.3 were 
considered negative for anti-IBV antibodies (Fig. 4C). After the chal
lenge, the antibody titers significantly increased in both the challenge 
control group and the drug group. At 3dpi and 7dpi, the chickens in the 
challenge control group had higher antibody titers compared to the 
chickens in the blank control group. At 7dpi, the CTA-H group exhibited 
the highest antibody titer among all the groups. Furthermore, at 14dpi, 
the CTA-M group showed higher antibody levels than the other groups, 
and the OD450 values of all samples were greater than 0.3, indicating 
that the sera of these five chickens had converted to anti-IBV antibody 
positivity within 14 days. No clear dose dependence was observed 
during the experiment, suggesting that CTA can enhance the humoral 
immune response.

Effects of CTA on blood routine, serum biochemistry and cytokines. 
The results in Table 6 indicate that there are no significant differences in 

Fig. 2. (A) Toxicity test of CTA on CEK cells. The data are expressed as mean ± SD, n = 6; (B) IBV replication experiment on CEK cells; (C) Inhibitory effect of CTA on 
viruses.The data are expressed as mean ± SD, n = 6; (D) Antiviral EI index determination of CTA on chicken embryos. The data are expressed as mean ± SD, n = 10; 
(E) Changes in CEK cell morphology in different treatment groups. Statistical significance is indicated by * p < 0.05, ** p <0.01, *** p <0.001.

Table 5 
Tracheal ring protection rate experiment.

Group Before Together After

CTA-H 77.78% 77.78% 88.89%
CTA-M 66.67% 77.78% 100.00%
CTA-L 55.56% 44.44% 44.44%
Ribavirin 77.78% 66.67% 55.56%
NC 100 100 100
NC-CTA 100 100 100
IBV 0 0 0

Fig. 3. (A) Clinical sign scores of IBV-infected chicks treated with CTA at different periods; (B) Effect of CTA on production performance of chicks at 14dpi; (C) Effect 
of CTA on organ index of chicks at 7dpi. The data are expressed as mean ± SD, n = 6. Compared with IBV group, significance of differences is marked as * p < 0.05, 
** p <0.01, *** p <0.001.
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WBC and MCHC among different blood routine samples at 7dpi. CTA-M 
has a certain impact on the three hematological indicators of chicken 
RBC, PLT, and GRAN%. In comparison to the IBV group, the NC group 
exhibited significant or extremely significant differences in 6 indicators: 
RBC, HGB, HTC, PLT, PCT, and GRAN%. Similarly, the NC-CTA group 
showed significant or extremely significant differences in the four in
dicators of HTC, PLT, PCT, and GRAN% when compared to the IBV 
group.

After administering CTA to the target animal for 7 days, we measured 
its serum biochemical indicators and recorded the results in Table 7. The 
table reveals that, apart from γ-GT, LDH, Urea, UA, and GLU, the CTA-M 
group exhibited significant or extremely significant differences 
compared to the IBV group in terms of other indicators. Furthermore, 
there were also variations in certain indicators between the other two 
CTA treatment groups and both the ribavirin group and the IBV group. 
In conclusion, the experimental findings demonstrate that the CTA-M 
group had a more pronounced overall impact on the chicken’s serum 
biochemical indicators.

This study investigated the impact of CTA on oxidative stress 
markers in chickens infected with IBV. The markers examined were 
MDA, SOD, T-AOC, XOD, and NO. Fig. 5A demonstrates that following 
IBV infection, the experimental group displayed significantly lower 
levels of T-AOC and NO compared to the NC group and NC-CTA group. 
Conversely, the XOD and MDA levels decreased in the experimental 
group after IBV infection in comparison to the uninfected group. The 
SOD group exhibited no significant differences throughout the detection 
process. Following CTA treatment, the levels of oxidative factors grad
ually approached those of the NC group. In conclusion, the CTA-H group 
outperformed in all five antioxidant indicators.

This experiment investigated the impact of CTA on the inflammatory 
response of chickens infected with IBV (Fig. 5B). Comparing the non- 
challenged group with the IBV-affected group, there was a decrease in 
IL-4, IFN-γ, and IL-10 production, while TNF-α, IL-6, and IL-1β 

production increased. Comparing the IBV group with CTA-H and CTA- 
M, there were significant or extremely significant differences in IL-4, 
TNF-α, IFN-γ, and IL-10 indicators, and they tended to be similar to 
those of the blank group. There was a highly significant difference in IL- 
1β between CTA-M and IBV groups. However, no significant differences 
were observed in IL-6 between all drug treatment groups compared to 
the IBV group. Overall, the CTA-M group exhibited a better anti- 
inflammatory effect.

CTA treatment could alleviate the IBV-induced clinical symptoms 
and pathological damage. According to the histopathological results at 7 
dpi (Fig. 6), the trachea of the IBV group exhibited severe damage. 
Histological changes included the loss of tracheal cilia and the infiltra
tion of a large number of inflammatory cells in the submucosa, with 
mononuclear cell and lymphocyte infiltration mainly occurring in the 
submucosa. The degree of organ damage in the ribavirin group did not 
significantly differ from that in the IBV group. However, the tracheal 
lesions in the CTA group were milder compared to the IBV group, and 
the CTA-M group showed the mildest pathological changes, character
ized by mild ciliary loss, glandular degeneration, and congestion. 
Notably, the mucosa exhibited a more prominent loss of cilia, glandular 
degeneration, and infiltration of mononuclear cells and lymphocytes. 
The qPCR results revealed severe parabronchial and vascular hemor
rhage in lung pathology sections of the IBV-affected samples. The 
alveolar spaces of the CTA-treated group showed a small amount of 
monocyte and lymphocyte infiltration, while the chicks in the CTA-M 
group exhibited only slight infiltration of monocytes and lymphocytes.

Joint analysis of non-targeted metabolomics and network pharmacology

Non-targeted metabolomics analysis and identification of blood 
components. In the experiment, chick serum at 7 dpi was utilized for 
non-targeted metabolomics experimental verification. The serum sam
ple underwent chromatographic separation and entered the mass 

Fig. 4. (A&B) Virus loading in the trachea (A), and lungs (B).IBV RNA levels in trachea and lungs were assessed at 3dpi, 7dpi and 14dpi; (C) IBV-induced antibodies. 
In order to detect the effect of CTA on the immune response of chicks infected with IBV, the serum of 5 chickens in each group was collected at 3dpi, 7dpi and 14dpi 
for antibody detection. Samples with an OD450 value less than 0.3 were considered negative for anti-IBV antibodies. The data are expressed as mean ± SD, n= 5; 
compared with IBV group, significance of differences is marked as * p < 0.05, ** p <0.01, *** p <0.001.

Table 6 
Effects of CTA on routine blood test of chickens.

Index CTA-H CTA-M CTA-L Ribavirin NC NC-CTA IBV

WBC 187.14±9.80 185.56±7.22 179.72±8.78 192.60±8.69 189.02±3.62 189.62±2.92 187.46±8.72
RBC 3.00±0.24 2.85±0.14* 3.04±0.18 3.33±0.18 2.87±0.14* 2.96±0.18 3.22±0.13
HGB 85.40±6.66 79.20±11.26 81.60±10.43 105.60±9.29 72.80±6.83* 75.60±8.91 104.60±17.24
HTC 28.94±3.64 29.60±3.20 30.04±1.72 34.84±3.44 23.82±2.19* 23.74±0.66* 33.00±4.55
MCHC 331.80±2.68 322.60±8.79 314.20±11.69 337.60±11.28 308.40±7.16 315.20±5.63 314.80±13.08
PLT 40.20±17.21 57.00±2.55* 35.80±9.31 43.60±24.34 67.20±4.55** 60.6±2.07* 36.60±10.26
PCT 0.03±0.01 0.04±0.01 0.02±0.01 0.02±0.02 0.06±0.01* 0.06±0.01* 0.03±0.01
GRAN% 13.27±2.02 11.73±1.35* 14.99±1.21 14.42±1.47 9.68±0.24*** 10.11±0.64*** 14.39±0.83

The data are expressed as mean ± SD, n = 5; compared with IBV group, significance of differences is marked as
* p < 0.05
** p <0.01
*** p <0.001.
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spectrometer, where data was collected through continuous scanning to 
obtain the Base peak chromatogram (Fig. 7A-B). A detailed quantitative 
list of substances can be found in Supplementary Materials 2. The QC 
model demonstrated stable and reliable performance (taking positive 
ions as an example, Fig. 7C), and the goodness of fit and prediction 
ability results indicated that the sample was not overfitted (Fig. 7D). A 
total of 291 blood components were identified through non-targeted 
metabolomics (Supplementary Materials 3). The Venn plot of differen
tial metabolites is shown in Fig. 7E, while Fig. 7F presents the number of 
differential metabolites, with red indicating up-regulation and blue 
indicating down-regulation. Additionally, Fig. 7G depicts a heat map of 
bidirectional clustering of samples and differential metabolites. To 
evaluate the role of the differential metabolite list in biological re
actions, KEGG pathway enrichment analysis was performed using 
MetaboAnalyst (Fig. 7H, Supplementary Materials 4). The experimental 
results demonstrate that abnormal metabolites interfere with various 
metabolic pathways, with the Citrate cycle (TCA cycle) being the most 
significant.

Network pharmacology analysis. Network pharmacology analysis 
was conducted using non-targeted metabolomics data on blood com
ponents. Compounds involved in pathways with a significance level of 
P≤0.05 on the KEGG enriched pathways were selected and imported 

into SwissTargetPrediction for network pharmacology analysis to obtain 
relevant data on drug targets (Supplementary Materials 5). The analysis 
included a total of 40 compounds, and duplicate target proteins were 
removed, resulting in 528 unique target proteins. These target proteins 
were used to create a CTA self-built database. To identify target proteins 
associated with IBV, the GeneCard database and OMIM database were 
searched using the keyword “infectious bronchitis virus”. Genes ob
tained from these databases were combined and duplicate genes were 
eliminated to identify relevant target proteins of IBV (Supplementary 
Materials 6). A Venn diagram was used to identify key target proteins of 
CTA and related target proteins of IBV, revealing a total of 159 genes in 
CTA that are active components in dealing with IBV. Fig. 8A illustrates 
the construction and intersection of drug-disease targets using Cyto
scape to construct a protein-protein interaction (PPI) network.

To further investigate the relationship between terms, enrichment 
analysis was conducted on 159 intersection targets. The Kappa score, 
which measures the similarity between words, was calculated using the 
metascape website. A rich term similarity network was constructed, and 
the analysis process is detailed in Fig. 8B and Supplementary Materials 
7. In this network, each node represents a term and is evaluated based on 
its cluster ID and P-value (importance). The size of the nodes indicates 
the degree of enrichment (P-value). Larger nodes represent higher 

Table 7 
Effects of CTA on serum biochemistry of chickens.

Index CTA-H CTA-M CTA-L Ribavirin NC NC-CTA IBV

TBIL 13.83±1.86 18.59±1.37** 14.66±1.03 14.77±0.72 19.76±2.91* 15.23±2.30 13.76±1.68
DBIL 0.54±0.15 0.73±0.10* 0.67±0.06 0.56±0.07 0.85±0.25 0.59±0.21 0.53±0.09
TP 31.73±5.56 21.75±1.67*** 27.43±1.61 28.12±0.94 20.41±1.34**** 20.10±1.32**** 29.02±1.13
ALB 10.70±4.00 7.78±1.58* 9.00±1.17* 9.4±0.62* 7.44±0.83*** 6.96±0.34*** 11.14±0.70
GLB 19.93±3.21 14.22±0.58* 16.74±1.03* 17.59±0.74* 13.10±0.60**** 13.02±1.12*** 17.90±0.68
γ-GT 24.59±2.76 24.38±1.57 21.90±2.43 25.09±2.78 23.64±0.97 21.80±2.45 26.30±2.50
ALT 2.34±0.85 2.08±0.19* 1.98±0.40* 2.16±0.19 2.18±1.05 1.94±0.50* 3.22±0.60
AST 232.88±8.51 219.92±9.06* 235.62±16.55 253.6±13.51 220.10±9.13* 229.14±8.26 253.84±15.80
ALP 12469.16±1522.04** 13683.60±1363.20*** 9717.34±1348.33 7404.94±920.27 14237.9±1234.62*** 14192.14±1297.87*** 6820.24±1794.24
LDH 2365.36±198.41 2026.98±118.58 2277.9±120.87 2458.44±84.64 1968.60±201.40 2094.68±310.05 2137.66±575.27
Urea 1.00±0.06 0.99±0.08 0.95±0.06 0.92±0.04 0.99±0.09 0.93±0.04 0.96±0.13
UA 308.32±205.27 414.22±21.17 353.98±19.02 283.62±12.59 446.38±105.48 367.96±63.08 281.80±74.81
TC 4.79±0.26** 3.15±0.13** 3.56±0.40 3.96±0.34 3.31±0.65 3.11±0.28** 4.01±0.30
TG 1.24±0.29 1.64±0.15* 1.46±0.12 1.13±0.18 1.62±0.63 1.01±0.17 0.96±0.31
GLU 14.33±1.03 13.18±0.54 14.47±0.64 14.22±0.57 13.13±0.78 13.37±0.40 14.28±0.61

The data are expressed as mean ± SD, n =5; compared with IBV group, significance of differences is marked as
* p < 0.05
** p <0.01
*** p <0.001.

Fig. 5. (A) Oxidation factor index; (B) Inflammatory factor markers. Samples with an OD450 value less than 0.3 were considered negative for anti-IBV antibodies. 
The data are expressed as mean ± SD, n= 5; compared with IBV group, significance of differences is marked as * p < 0.05, ** p <0.01, *** p <0.001.
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Fig. 6. Pathological lesions in the trachea and lungs of IBV-infected chickens. (A) Appearance of the trachea and lungs in each group. Obvious lesions appeared in the 
IBV group, and the black arrows indicate the presence of mucus and bleeding in the trachea; (B) Pathological sections of tracheal midcircle and lung were examined. 
In tracheal ring cross-sections and partially magnified sections, black arrows indicated loss of villi or epithelial cells, while yellow arrows indicated lymphocytic 
infiltration. In the lung section, black arrows pointed out hemorrhage, orange arrows indicated perivascular edema, green arrows highlighted bronchiectasis caused 
by increased goblet cells, blue arrows showed mild wall thickening, and yellow arrows pointed out necrotic cell debris. Additionally, red arrow indicated lymphocytic 
infiltration.

Fig. 7. Data analysis of untargeted metabolomics. (A-B) Base peak chromatogram; (C) PCA score plot; (D) PLS-DA permutation test plot; (E) Venn diagram of 
differential metabolites; (F) Statistical plot of differential metabolite numbers, with the X-axis indicating differential metabolism. The number of compounds, the Y- 
axis represents the comparison group; (G) Differential metabolite clustering heat map, where the columns represent samples and the rows represent metabolites; (H) 
Metabolic pathway impact factor bubble chart, the abscissa is the enrichment into different metabolic pathways. The Impact value in The number of metabolites, red 
indicates differential up-regulation, and blue indicates differential down-regulation.
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enrichment of the terms they represent and shorter distances between 
functionally similar channels. For clarity, only one term label per cluster 
is shown, and the cluster details are listed in Supplementary Materials 8. 
The findings revealed that the most enriched clusters were related to 
cytokine signalling in the immune system. These signals lead to cellular 
activation through interleukins.

GO terms indicate that these genes are involved in the regulation of 
biological quality and the metabolic process of purine-containing com
pounds. They are also associated with cytosol and plasma membranes. 
The mode of action may involve the catalytic activity of a protein, such 
as protein tyrosine kinase activity (Fig. 8C, Supplementary Materials 9). 
The Sankey diagram results from KEGG reveal that the target genes are 
enriched in multiple pathways. The size of the dots in the KEGG plot 
represents the number of target genes in each pathway. The main 
pathway studied is shown on the right side of the Sankey diagram. The 
study found that CTA is associated with different levels of enrichment in 
various signaling pathways, including the C-type lectin receptor 
signaling pathway, Progesterone-mediated oocyte maturation, and 
FoxO signaling pathway (Fig. 8C, Supplementary Materials 10). On the 
left side of the Sankey diagram, the target proteins on the corresponding 
pathway are depicted.

Joint analysis. Using a P-value ≤ 0.05 as the screening criterion for 
non-targeted metabolomics analysis, the study identified key metabolic 
pathways and related metabolites. Specifically, a total of 5 pathways: 
Citrate cycle (TCA cycle), Alanine aspartate and glutamate metabolism, 
ABC transporters, Phenylalanine metabolism, and Butanoate meta
bolism. These pathways involve 20 compounds such as Oxoglutaricacid, 
Sucrose, and Succinicacid. Additionally, using swisstargetprediction, 
the study predicted 265 related targets for these compounds. Further
more, through network pharmacology analysis, we identified the top 10 

GO and KEGG results, which revealed that 36 targets are involved in 
biological processes (BP), 28 targets in cellular components (CC), 34 
targets in molecular functions (MF), and 84 targets in KEGG pathways. 
Notably, among the 20 key non-targeted metabolomics compounds and 
the 27 compounds involved in network pharmacology, 2 compounds, 
Inosine and Sucrose, were found to overlap (Supplementary Materials 
11).

To investigate the key targets involved in CTA, the study analyzed by 
intersecting the predicted targets from untargeted metabolomics and 
network pharmacology. The targets were screened using eight algo
rithms from the cytohubba plug-in, resulting in the identification of 5 
key targets among the top 10 (Fig. 9A). The intersection of these targets 
revealed points of interest (Fig. 9B). Further GO and KEGG re- 
enrichment analysis of the five key targets showed their association 
with the FoxO signaling pathway, Glycolysis/Gluconeogenesis, Biosyn
thesis of amino acids, and Adipocytokine signaling pathway (Fig. 9C). 
Molecular docking was then conducted using Discover on two key 
compounds and five key targets (GAPDH PDB: 1U8F; STAT3 PDB: 5AX3; 
EGFR PDB: 2GS6; CDK2 PDB: 1AQ1; HSP90AA1 PDB: 1BYQ) to identify 
the best docking site. The docking binding mode was analyzed and 
visualized using PyMol, and the docking scores were represented as a 
heat map. Molecular docking utilizes the docking conformations 
generated by software for visualization, to examine the binding mode of 
the ligand in the receptor’s active site. Each docking conformation will 
have a score indicating the binding free energy or other related energy of 
that conformation. Molecular docking score is a numerical indicator 
used to evaluate the binding affinity between a ligand and a receptor. 
The lower the score (usually a negative value), the higher the binding 
affinity, indicating a more stable interaction between the ligand and the 
receptor. Fig. 9D-E, Supplementary Materials 12 shows that, all 

Fig. 8. (A) Association between drug targets and disease targets and construction of drug target protein-IBV differential protein interaction (PPI) network. The study 
constructed a library of drug targets and disease targets, obtained the Wayne intersection, and imported it into the database to obtain the interaction relationships 
between proteins; (B) GO analysis. (C) Sankey diagram illustrating the correspondence between enrichment-based GO functions and KEGG pathways and involved 
target proteins. The bubble plot shows the functional description, the color depth represents the P value, and the diameter size represents the number of cross-targets 
in the current GO function or KEGG pathway.

H. Liu et al.                                                                                                                                                                                                                                      



Poultry Science 104 (2025) 104956

12

compounds and target proteins demonstrated good docking scores (ab
solute value ≥5 as the effective reference range).

Sucrose is an organooxygen compound that affects carbohydrate 
metabolism and membrane transport, while inosine is a purine nucleo
side that affects membrane transport and nucleotide metabolism. These 
two compounds present a positive correlation in the differential 
metabolite association heat map and, in complex metabolic network 
analysis, may mean that they have similar regulatory mechanisms in 
metabolic pathways or that they are involved in the same biological 
processes(Fig. 10A). In untargeted metabolomics, the common and only 
corresponding metabolic pathway between the two is ABC transporters 
(P-value=0.02, Supplementary Materials 4). The five key targets show 
good scores in molecular docking, with a reference value of ≤ -5. Among 
the pathways involved, the FoxO signaling pathway has the highest 
overall molecular docking score (P-value=1.09E-08). The target proteins 
on this pathway are EGFR, STAT3, and CDK2. In summary, after CTA 
enters the body, it may primarily regulate EGFR, STAT3, and CDK2 
proteins through sucrose and inosine, thereby affecting ABC trans
porters and the FoxO signaling pathway (Fig. 10B).

Key target verification. The study focused on the EGFR, STAT3, and 

CDK2 proteins in the trachea, which is the target organ of IBV. The study 
also verified their common downstream product, FOXO. Following the 
guidance of KEGG, the study selected FOXO3 for verification and further 
analyzed the phosphorylation of the protein under specific conditions. 
The results showed an upward trend in the qPCR of the four target genes 
(Fig. 11A). Through WB verification (Fig. 11B), it was observed that 
both EGFR and CDK2 proteins exhibited a significant upward trend, 
while pFOXO decreased in a dose-dependent manner. STAT3 showed a 
slight increase, and FOXO demonstrated a slightly noticeable upward 
trend during the process. These findings are consistent with the pre
dictions made by network pharmacology.

Discussion

IBV presents a significant challenge to the poultry industry, as it 
causes respiratory diseases that greatly impact the poultry meat industry 
and global trade(Bande et al., 2017; Zhang et al., 2020). The diversity 
and frequent genetic mutations of IBV make existing vaccines less 
effective and complicate prevention and control strategies(Bande et al., 
2017; Mork et al., 2014; Valastro et al., 2016). Furthermore, these 

Fig. 9. (A) Association diagram of five target proteins that intersect on the main pathways of network pharmacology and metabolomics; (B) Biological Interpretation 
and PPI Network & MCODE Components are obtained based on the core target, and the circles are colored accordingly to indicate the cluster id. Nodes with the same 
cluster ID are usually close to each other. In the middle is a network diagram based on enrichment. The darker the color, the more genes are enriched in the pathway. 
On the right is the best MyList result; (C) Enrichment analysis of five proteins, resulting in GO histogram and KEGG bubble chart; (D) Heatmap of molecular docking 
scores for key compounds and target proteins; (E) Molecular docking structure display of key compounds and target proteins.
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mutations hinder drug development and limit the long-term effective
ness of treatments(Xu et al., 2023). Chinese herbal treatments have 
shown promise in addressing the IBV challenge(Feng et al., 2021; Yin 
et al., 2011). Studies have discovered that the active ingredients in 
Chinese herbal medicine can work in various ways, such as inhibiting 
viral replication(Yin et al., 2017), reducing inflammation(Chiu et al., 
2018), and enhancing immune response(Liu et al., 2023). These findings 
suggest a new treatment approach: using Chinese herbal medicine 
instead of traditional antibiotics to reduce the risk of drug resistance and 
minimize antibiotic usage(van Wietmarschen et al., 2022). However, the 
incorporation of traditional Chinese medicine into poultry disease 
management requires extensive research to ensure its efficacy and safety 
(Domingues et al., 2022). It should also be integrated with existing 
prevention and control measures to promote the sustainable and healthy 
development of the poultry industry.

The integration and analysis of rich traditional Chinese medicine 
knowledge base and data in the traditional Chinese medicine inheri
tance computing platform is of significant importance to the research 
and development of new drugs(Dai et al., 2018). This platform can assist 
researchers in exploring potential drug resources. As a result, it accel
erates the discovery process of new drugs, reduces research and devel
opment costs, and promotes the modernization and internationalization 
of traditional Chinese medicine. This study utilizes big data from the 
TCMICS V3.0 to screen TCM prescriptions with similar symptoms among 
the marketed drugs for constructing a model of IBV based on clinical 
characteristics. A traditional Chinese medicine prescription, CTA, was 
generated and verified, consisting of rehmannia glutinosa, fritillaria 
fritillary, ophiopogon japonicus, licorice, borneol, and bitter almond as 
ingredients. Each ingredient has different effects. Rehmannia glutinosa 

has heat-clearing, detoxifying, anti-inflammatory, and 
immunity-enhancing effects, which can reduce inflammatory symptoms 
and resist bronchitis infections(Janssen et al., 2020). Fritillaria fritillary 
has the effects of clearing away heat and resolving phlegm, moistening 
the lungs, and relieving coughs. It can inhibit the inflammatory reaction, 
promote the discharge of phlegm, and reduce the symptoms of cough 
and excessive phlegm(Pai et al., 2023). Ophiopogon japonicus has the 
effects of nourishing yin, moistening dryness, producing body fluids, and 
quenching thirst, and can relieve dry mouth, sore throat, and heat 
sensation(Chen et al., 2016). Licorice has anti-inflammatory, analgesic, 
and immunomodulatory effects that can reduce inflammatory symptoms 
and enhance immunity(Yang et al., 2015). Borneol has the effects of 
clearing heat, detoxifying, analgesic, relieving cough, and asthma, and 
can relieve symptoms such as fever, cough, and asthma(Mei et al., 
2023). Bitter almonds have antitussive and expectorant properties, 
which can reduce cough and phlegm production and relieve bronchitis 
symptoms(Wei et al., 2023). Upon identification of traditional Chinese 
medicine ingredients, it was discovered that this compound contains 
484 active compounds. These include 67 types of Carboxylic acids and 
derivatives, 45 types of Benzene and substituted derivatives, and 43 
types of Fatty Acyls. These ingredients have proven to be beneficial in 
the treatment of bronchitis(Fouladi et al., 2019; Zhang et al., 2023). 
They exert therapeutic effects by inhibiting inflammatory reactions, 
clearing heat and detoxifying, moisturizing the lungs, relieving coughs, 
and enhancing immunity.

In vitro experiments provide researchers with precise control over the 
experimental environment, enabling them to study the effects of specific 
variables on cells or molecules. To verify the therapeutic effect of CTA in 
vitro, three commonly used models for studying IBV were selected for 

Fig. 10. (A) The differential metabolite association heat map of Sucrose and Inosine shows a positive correlation; (B) Non-targeted metabolomics combined with 
network pharmacology analysis revealed that the key compounds Sucrose and Inosine compounds regulate EGFR, STAT3 and CDK2 Key target proteins affect ABC 
transporters and FoxO signaling pathways.

Fig. 11. (A) Detection of key target gene expression levels in chick trachea through qPCR experiment, n=5; (B) Detection of the expression levels of key proteins in 
chick trachea and their co-regulated FOXO protein expression through WB experiment, n=3.
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analysis: CEK cells(Chen et al., 2019a), tracheal rings(Pei et al., 2001), 
and chicken embryos(Reynolds and Simpson, 2022). The maximum safe 
dose of CTA on cells was determined to be 25 mg/mL, and its antiviral 
effect on CEK cells was comparable to that of ribavirin. In the tracheal 
ring experiment, CTA exhibited a better protective effect on tracheal 
villi compared to ribavirin, thereby preventing damage to the trachea by 
IBV to a certain extent. Furthermore, in chicken embryos, CTA demon
strated a stronger protective effect than ribavirin and improved the 
survival rate of the embryos. The EI index provided evidence that CTA 
can enhance the condition of stiff seedlings.

In vivo experiments have demonstrated that CTA exhibits antiviral 
potential at specific doses. Particularly, CTA-H has a significant thera
peutic effect on IBV, effectively relieving symptoms and improving 
production performance. Immune organ indexes, such as the size and 
weight of the spleen, thymus, and bursa of Fabricius, serve as important 
indicators for evaluating the immune status of animals and reflect the 
strength of immune function. CTA can significantly promote the devel
opment of immune organs and enhance cellular and humoral immune 
functions. This may be attributed to the decomposition of active in
gredients of CTA in the intestines, providing necessary nutrients for the 
growth of immune organs. To verify the inhibitory effect of CTA in vivo, 
the study employed RT-qPCR to measure viral mRNA levels in the tra
chea and lungs of different groups of chicks. The results demonstrated 
that CTA caused a decrease in viral mRNA levels, particularly at 3dpi, 
when compared to the challenge control group. Moreover, the treatment 
effects of different drug groups on the trachea of chicks were similar at 
7dpi and 14dpi. In the defense against IBV infection, high antibody 
levels play a crucial role in humoral immunity and form the core of the 
defense mechanism(Chhabra et al., 2015). Studies have indicated that 
traditional Chinese medicine can enhance cellular and humoral immune 
responses in chickens(Lee et al., 2011). This study found that CTA 
treatment significantly increased the IBV antibody titer in the serum 
when compared to the untreated control group, with its level being 
notably higher than that of the prevention group and positive control 
group. These findings further support the potential of traditional Chi
nese medicine to improve humoral immunity.

Excessive oxidative stress induced by chicken coronavirus can result 
in the overproduction of reactive oxygen species in chickens(Feng et al., 
2022). These reactive oxygen species have the potential to harm cell 
structures, including lipid membranes, proteins, and DNA, leading to 
cell death and tissue damage(Greenberger et al., 2001). As a result, the 
growth, development, immune function, and production performance of 
chickens can be affected. In severe cases, excessive immune system 
activation and a subsequent systemic inflammatory response can worsen 
the disease. MDA, a byproduct of lipid peroxidation, is often considered 
an indicator of cell membrane damage and increased oxidative stress 
(Niedernhofer et al., 2003). Elevated XOD activity can contribute to the 
generation of uric acid and reactive oxygen species, further exacerbating 
oxidative damage(Kim et al., 2001). In this study, CTA was found to 
significantly reduce the expression levels of MDA and XOD in diseased 
chickens. T-AOC represents the overall defense level of antioxidants in 
the body, and CTA was found to increase its expression(El-Senousey 
et al., 2018). Moreover, CTA-H and CTA-M were observed to further 
enhance the expression level of NO. Excessive inflammation can lead to 
an increase in cytokines, impair immunity, and cause significant harm to 
the host(Chaudhary et al., 2023; Kaur et al., 2020). Research indicates 
that coronaviruses can evade host defenses by elevating 
pro-inflammatory factors and reducing the production of type 1 in
terferons(Kint et al., 2016; Mahallawi et al., 2018). In the context of IBV 
infection, the application of CTA was found to significantly elevate the 
levels of anti-inflammatory factors such as IL-4, IFN-γ, and IL-10, while 
reducing the expression of pro-inflammatory factors like TNF-α, IL-6, 
and IL-1β, thereby improving the cell-mediated immune response. 
Maintaining a balance between pro- and anti-inflammatory factors is 
crucial in combating coronavirus infections. Pathological sections 
demonstrate that CTA can mitigate the damage to the trachea and lungs 

caused by IBV.
Traditional Chinese medicine may be safe for humans, but it can 

cause discomfort in chickens, especially drug-sensitive chicks. In China, 
some veterinarians have developed a unique therapeutic system for 
animal diseases by integrating the physiological characteristics of ani
mals with TCM treatment principles. Although no direct applications of 
TCMICS V3.0 in veterinary medicine have been found in the literature, 
the software holds significant potential to advance veterinary drug 
development. TCMICS V3.0 is regarded as an important tool for pre
serving TCM academic thought and clinical experience, and has been 
used in the inheritance of TCM knowledge, the analysis of TCM litera
ture, and the development of TCM products(Tang and Yang, 2024). 
Similarly, by using this software to analyze the efficacy of traditional 
Chinese medicines for treating animal diseases, it could facilitate the 
discovery of new veterinary treatments. Additionally, the system could 
enhance drug formulations by identifying synergistic combinations of 
herbal ingredients, thus improving therapeutic outcomes, reducing side 
effects, and potentially preventing adverse drug reactions in animals 
caused by certain TCM components. TCMICS offers solutions for bron
chitis in chickens using data from the Veterinary Pharmacopoeia and 
traditional Chinese medicine compounds, emphasizing the importance 
of strictly reviewing the safety of chicks. Monitoring blood routine and 
biochemistry test data during treatment is essential to assess the impact, 
track effectiveness, and make necessary adjustments to ensure both ef
ficacy and safety(Lin et al., 2020). The study compared the CTA treat
ment group with the IBV infection group, revealing significant 
differences in most serum biochemical indicators, except for γ-GT, LDH, 
Urea, UA, and GLU. Concurrent changes in hematological parameters 
such as RBC, PLT, HTC, PCT, and GRAN% indicate that CTA-M may help 
mitigate blood system alterations caused by IBV infection. These sig
nificant indicators suggest that CTA-M treatment could potentially help 
maintain blood homeostasis, enhance immune response, and partially 
shield chickens from severe physiological damage induced by IBV.

Network pharmacology combined with non-targeted metabolomic 
analysis offers a systematic approach to uncover the comprehensive 
mechanism of action of drugs, aiding in the evaluation of both target 
effects and metabolic effects(Qiu et al., 2023). This method not only 
elucidates the drug-target protein interactions and metabolic pathway 
regulations but also enhances individualized treatment for chickens 
infected with infectious bronchitis virus(Noor et al., 2023). By analyzing 
individual metabolic variations and predicting drug effects, this strategy 
facilitates the optimization of treatment plans. Previous research has 
highlighted various antiviral mechanisms of plant extracts against avian 
infectious bronchitis virus, including interference with viral replication 
(Wani et al., 2021), structural damage to the virus(Chen et al., 2014), 
dissolution of the IBV envelope(Lelesius et al., 2019), and direct viru
cidal effects(Yin et al., 2011). To investigate the mechanism of action of 
CTA against IBV, this study unveiled the potential biological mechanism 
of CTA through a combined analysis of non-targeted metabolomics and 
network pharmacology. Using a screening criterion of P-value ≤0.05, 
the study identified 5 key metabolic pathways and 20 related metabo
lites. Through eight algorithm screenings with the CytoHubba plug-in, 
the study pinpointed 5 key targets, namely GAPDH, STAT3, EGFR, 
CDK2, and HSP90AA1. Docking scores and Pymol visualization results 
demonstrated that the key compounds in CTA can effectively interact 
with these target proteins. The joint analysis indicated that the com
pounds sucrose and inosine may play crucial roles in the ABC transporter 
and FoxO signaling pathways, with EGFR, STAT3, and CDK2 identified 
as key targets.

ABC transporters play a crucial role in drug antiviral research by 
influencing drug absorption, distribution, metabolism, and excretion in 
the body(Szakacs et al., 2008). These proteins impact drug transport 
within and between cells, consequently affecting drug efficacy and 
metabolism. Studies indicate that ABC transporters can reduce drug 
effectiveness by removing drugs from cells and lowering their concen
tration in the body(Gil-Martins et al., 2020; Schinkel and Jonker, 2003). 
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Understanding the significance of ABC transporters in drug research is 
essential for developing more potent antiviral medications. 
Non-targeted metabolomics KEGG results suggest that CTA could 
potentially enhance drug concentration and residence time in the body 
by inhibiting the ABC transporter pathway. This inhibition may improve 
drug absorption, bioavailability, and therapeutic effects against viruses 
(Higgins, 2001). These findings offer valuable insights for discovering 
new antiviral drugs or enhancing the efficacy of existing ones.

FoxO is a crucial transcription factor involved in various biological 
processes including cell cycle, proliferation, apoptosis, and oxidative 
stress resistance(Kaestner et al., 2000). STAT3 is a key signal trans
duction protein that plays a significant role in receiving and relaying 
extracellular signals(Yamauchi-Takihara and Kishimoto, 2000). When 
STAT3 is downregulated, it can enhance the transcriptional regulatory 
function of the FoxO protein and facilitate its nuclear localization(Guo 
et al., 2018). EGFR, a proto-oncogene, induces cell proliferation and 
migration by binding to ligands(Wang et al., 2018). Activation of EGFR 
triggers STAT3 phosphorylation, influencing its localization and func
tion(Bhat et al., 2018). CDK2 is a pivotal member of cell 
cycle-dependent protein kinases (CDKs) and is essential for cell cycle 
progression(Enders, 2012; Malumbres and Barbacid, 2009). In the FoxO 
pathway, the downregulation of EGFR and CDK2 results in FoxO protein 
dephosphorylation, promoting its nuclear translocation and enhancing 
its transcriptional regulatory capacity(Huang et al., 2006; Saxena et al., 
2013). This can lead to interactions with other transcription factors, 
coactivators, or nuclear receptors, impacting their regulatory network 
and key biological processes such as cell proliferation, metabolism, and 
stress response(Su et al., 2024). Experimental evidence using qPCR and 
WB techniques demonstrated that CTA can downregulate EGFR, STAT3, 
and CDK2 expression by modulating sucrose and inosine levels, leading 
to FoxO dephosphorylation and nuclear translocation. This regulatory 
mechanism influences cell cycle, apoptosis, antioxidant stress, and cell 
differentiation, enhancing resistance to oxidative stress and upregulat
ing anti-inflammatory factors to inhibit viral growth and proliferation.

This study introduced a novel antiviral compound called CTA, 
derived from an IBV prescription dataset. Although this study primarily 
focuses on the efficacy of CTA against avian infectious bronchitis virus, 
we acknowledge the importance of its toxicity and safety. The 
complexity and multi-component nature of the traditional Chinese 
medicine formulation mean that its pharmacological and toxicological 
effects may be multifaceted, particularly in cases of different dosages, 
varying treatment durations, or co-administration with other drugs, 
which may lead to adverse or toxic reactions. In this study, CTA 
demonstrated significant antiviral properties both in vitro and in vivo, 
confirming its safety for chicks at the administered doses. However, 
future systematic toxicity studies are necessary, including investigations 
into acute toxicity, subchronic toxicity, chronic toxicity, as well as 
teratogenicity and carcinogenicity, in order to comprehensively assess 
the safety of CTA and provide a scientific basis for its clinical promotion 
and large-scale application. The compound appears to influence the 
EGFR, STAT3, and CDK2 proteins through the regulation of sucrose and 
inosine, subsequently impacting the ABC transporter metabolic pathway 
and FoxO signaling pathway. These findings lay a solid foundation for 
further investigating the pharmacodynamic mechanisms of CTA.

Given the complexity of natural plant aqueous extracts, the 
structure-activity relationship (SAR) of CTA compounds derived from 
various plant sources is essential in the drug design and development 
process. This study specifically reflects its application in the genetic 
analysis of traditional Chinese medicine. The platform integrates data 
from untargeted metabolomics and network pharmacology to conduct 
relevant pathway analyses and predict the compounds involved. This 
research represents the first analysis utilizing a traditional Chinese 
medicine genetic computing platform to examine natural plant-derived 
mixtures administered to animals. While subsequent studies have pri
marily verified the FoxO pathway, it is important to acknowledge that 
the protective effect mediated by CTA is also associated with metabolic 

processes. However, the precise influence of fluctuations in these me
tabolites on viral replication remains unclear, as does their potential role 
in viral replication or immune regulation. Future research should delve 
deeper into the specific functions of these pathways and targets in the 
therapeutic effects of CTA, as well as investigate their potential in
teractions. These findings were employed to optimize the composition 
and extraction process of CTA, paving the way for further detailed 
pharmacokinetic and pharmacodynamic studies on the enhanced CTA.

Conclusion

In summary, this study introduced a new antiviral compound, CTA, 
derived from an IBV prescription dataset. CTA demonstrated significant 
antiviral properties both in vitro and in vivo while remaining safe for 
chicks at the dosages administered. The mechanism of action of CTA 
involves the regulation of sucrose and inosine, leading to an impact on 
EGFR, STAT3, and CDK2 proteins. This subsequently affects the ABC 
transporter metabolic pathway and FoxO signaling pathway. These 
findings lay a solid foundation for further investigation into the phar
macodynamic mechanism of CTA and its clinical application in IBV 
prevention and treatment.

Web links and URLs

Chinese medicine prescription database (https://db.yaozh.com)
The preparation data (http://cpmtp.wangk.pro)
HMDB (http://www.hmdb.ca) massbank (http://www.massbank.jp 

/)
LipidMaps (http://www.lipidmaps.org) mzcloud(https://www.mz 

cloud.org)
KEGG (https://www.genome.jp/kegg/)
Swiss Target Prediction Server (http://www.swisstargetprediction. 

ch/)
Gene Cards (https://www.genecards.org/)
OMIM (https://omim.org/)
Venny 2.1 software (https://bioinfogp.cnb.cic.es/tools/venny/)
String database (https://www.string-db.org/) metascape website 

(http://metascape.org)
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