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 Pasteurella multocida is a widespread zoonotic pathogen associated with severe hepatic 
inflammatory responses. Although traditional medicinal plants like Tribulus terrestris L. (TL) possess 
anti-inflammatory properties, their protective effects against P. multocida-induced liver injury 
remain insufficiently studied. This study established a P. multocida-induced liver injury model to 
evaluate the protective efficacy of TL extract. Thirty-two male Kunming mice were randomly 
assigned to four groups: control, model, penicillin-streptomycin, and TL extract. Interventions 
included daily intra-peritoneal injection of P. multocida (50.00 CFU mL-1) followed by treatment with 
antibiotics or TL extract (1,000 mg kg-1 daily) for 7 consecutive days. Therapeutic potential was 
evaluated using histopathological analyses (H&E and Masson's staining), RT-qPCR, western blot, 
immunohistochemistry, and immunofluorescence to assess inflammatory cytokines and NFκB 
pathway activation. TL extract significantly attenuated hepatic fibrosis and inflammatory cell 
infiltration. Following infection, NFκB pathway activation was indicated by up-regulated NFκB1 and 
down-regulated inhibitor of nuclear factor kappa B alpha (IκBα) expressions, alongside increased 
pro-inflammatory cytokines TNF-α and IL-1β. Treatment with antibiotics or TL reversed these 
changes. TL likely suppressed NFκB activation by down-regulating the tumor necrosis factor 
receptor superfamily member 1A (TNFRsf1a) receptor. Furthermore, decreased phosphorylation of 
IκBα and reduced TNF-α and IL-1β after treatment indicated effective inhibition of NFκB signaling 
and inflammation, effects comparable to antibiotic treatment. In conclusion, our research reveals 
that TL extract alleviates P. multocida-induced hepatic inflammation by inhibiting NFκB activation, 
highlighting its potential as a plant-derived therapeutic agent for bacterial liver injury. 

© 2026 Urmia University. All rights reserved. 
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Introduction 
 

Pasteurella multocida (PM) is a significant zoonotic 
pathogen primarily transmitted through respiratory 
routes or direct contact, capable of inducing diverse 
clinical manifestations.1 Notably, particularly in cases of 
hemorrhagic septicemia or systemic dissemination caused 
by specific hyper-virulent strains, it can induce 
inflammatory conditions in vital organs, including the 
lungs and liver, along with systemic inflammatory 
responses.2,3 As a body's central metabolic regulator, the 
liver performs critical functions in xenobiotic 
detoxification, nutrient processing, energy homeostasis,  
 

 and other essential physiological processes.4 The PM 
infection initiates hepatic inflammation through host 
immune system activation, resulting in impaired liver 
function substantially compromising the health and 
development of infected hosts.5 While antibiotic therapy 
remains the conventional treatment approach, developing 
novel therapeutic strategies has become imperative. The 
pathogen's infection mechanism involves cellular invasion 
followed by evasion of immune surveillance, establishing 
persistent chronic inflammation. Research demonstrates 
that post-infection hepatic infiltration of activated 
macrophages and lymphocytes stimulates excessive 
production of pro-inflammatory mediators, including 
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tumor necrosis factor (TNF)-α, interleukin (IL)-6, and IL-
1β. This cytokine storm not only exacerbates hepatic 
inflammation but also potentiates hepatocyte damage and 
apoptosis, ultimately disrupting normal liver function.2 

Nuclear factor kappa B (NFκB) is a pleiotropic 
transcriptional regulator whose signaling pathway plays 
critical roles in cellular physiology. The NFκB protein 
family comprises RelA (p65), RelB, c-Rel, NFκB1 (p50 and 
its precursor p105), and NFκB2 (p52 and its precursor 
p100). These members form homo- or heterodimers, with 
the p50/p65 heterodimer being the predominant 
functional unit. The NFκB activation occurs through two 
distinct mechanisms, including the classical and non-
classical pathways. The classical pathway is typically 
initiated by pro-inflammatory stimuli, wherein ligand-
receptor binding activates the IκB kinase complex. This 
triggers IκB phosphorylation and subsequent proteasomal 
degradation, allowing nuclear translocation of NFκB 
dimers to drive transcription of inflammatory genes. In 
contrast, the non-classical pathway is activated by specific 
cytokines, culminating in the formation of p52/RelB 
dimers regulating specialized gene transcription.6,7 
Functionally, the NFκB pathway governs inflammatory 
responses, immune cell development, and cellular survival 
mechanisms. However, its dysregulation is implicated in 
multiple pathologies; sustained activation promotes 
excessive cytokine production in inflammatory diseases,8 
aberrant signaling enhances tumorigenesis and metastasis, 
and pathway activation in neurodegenerative disorders 
exacerbates neuro-inflammation and neuronal apoptosis.9,10  

Tribulus terrestris L. (TL), a traditional Chinese herb, 
has garnered scientific interest due to its bioactive 
constituents, including steroid saponins, flavonoids, and 
polyphenols.11,12 These compounds confer anti-
inflammatory, anti-oxidant, immunomodulatory, and anti-
microbial properties.13-15 Recent studies highlight its 
therapeutic potential in inflammation-related diseases.16 
Notably, TL extract suppresses inflammatory factor 
release and enhances cellular anti-oxidant capacity in vitro. 
The fruit-derived gross saponins attenuate TNF-α and IL-6 
levels in cerebral ischemia models by inhibiting Toll-like 
receptor (TLR)4/myeloid differentiation factor 88/NFκB 
signaling.17,18 Furthermore, terrestrosin D from TL reduces 
TNF-α, IL-6, and IL-8 expressions, ameliorating bleomycin-
induced pulmonary fibrosis in mice. These findings 
suggest that TL may mitigate hepatic inflammation 
following PM infection.19 These properties suggest that TL 
has a potential as an anti-inflammatory agent. In this 
study, we systematically evaluated the effects of TL extract 
on liver inflammation following PM infection using an 
animal model. We specifically investigated the regulatory 
effects of TL on the inflammatory response and examined 
its ability to attenuate liver injury by mechanisms, such as 
suppressing the release of inflammatory factors and 
modulating immune cell function. 

 Pasteurella multocida remains a global health threat, 
with conventional antibiotic therapies increasingly 
compromised by resistance and adverse effects.20,21 This 
study aims to provide evidence for TL as a novel 
therapeutic strategy against PM infection. The results may 
provide a theoretical basis for the potential clinical 
application of TL while stimulating broader interest in 
integrating traditional herbal medicine into modern 
pharmacological frameworks. 
 
Materials and Methods 

 
Plant materials and preparation of Tribulus 

terrestris L extract. According to a previously described 
method with optimization of the extraction process,22 the 
fruits of TL (provided by Jiangxi Zhangshu Tianqitang 
Traditional Chinese Medicine Pieces Co., Ltd. Jiangxi, 
China) were ground into powder. A portion of the powder 
was weighed, passed through a 16-mesh sieve, and placed 
into a conical flask. Analytical grade absolute ethanol was 
added at a liquid-to-material ratio of 25:1 (mL g-1). Two 
ultra-sonic extractions were performed using an ultra-
sonic apparatus (WD-9415F; Beijing Liuyi Biotechnology 
Co., Ltd., Beijing, China), each at 70.00 ˚C for 40 min. The 
filtrates from both extractions were combined and 
concentrated under reduced pressure at 52.00 ˚C to obtain 
the crude extract, being stored for further use. The 
extraction yield of the crude extract from TL fruit was 
2.95%, calculated as the weight percentage of the dried 
extract relative to the dried raw material.  

Isolation, identification, and culture of Pasteurella 
multocida. The PM strain used in this study was identified 
as a capsular serotype B, lipopolysaccharide genotype L5, 
and sequence type 122. Preserved PM strains were 
inoculated into tryptone soy agar medium (Guangdong 
Huankai Microbial Sci. & Tech., Guangzhou, China) 
supplemented with 5.00% fetal bovine serum (Guangdong 
Yilang Biotechnology Co., Ltd., Guangzhou, China) and 
incubated at 37.00 ˚C for 14 - 18 hr. Once white colonies 
reached an appropriate density, a portion of the colonies 
was transferred to tryptic soy broth medium (Guangdong 
Huankai Microbial Sci. & Tech.), containing 5.00% fetal 
bovine serum, and shaken for 4 hr. The PCR verification 
was performed using the Kmt primer to confirm the 
identity of the bacteria (Fig. 1). The PCR conditions and 
operating procedures were based on previous studies.2 

The concentration of the bacterial suspension was 
determined using the standard plate count method. 
Briefly, the bacterial culture was serially diluted 10-fold 
with sterile phosphate-buffered saline (PBS). The 100 μL 
aliquot of each dilution was spread onto tryptic soy agar 
plates supplemented with 5.00% fetal bovine serum. After 
incubation at 37.00 ˚C for 16 hr, the colonies were counted 
to calculate the colony forming units (mL-1). This 
quantification procedure was performed in triplicate. 
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Fig. 1. PCR amplification and validation of Pasteurella multocida. 
Agarose gel electrophoresis analysis of the PCR products for the 
Kmt gene of P. multocida. M: marker; Lanes 1-8: samples. 

 

Experimental animals and handling. A total of 32 
healthy 4-week-old male SPF-grade Kunming mice 
(provided by Guangdong Zhiyuan Biomedical Technology 
Co., Ltd.), weighing approximately 30.00 g, underwent a 
three-day acclimatization period prior to 
experimentation. The mice were randomly assigned into 
four groups, including control (C), PM -challenged, 
antibiotic penicillin-streptomycin (PS) -treated, and TL-
treated groups. Mice in group C received daily intra-
peritoneal injections of 0.10 mL sterile PBS, while mice in 
the other groups were intra-peritoneally injected with 
0.10 mL of diluted PM solution (50.00 Colony Forming 
Units mL-1). All mice were housed at room temperature 
with free access to food and water. The PS group received 
daily intra-muscular injections of 0.10 mL PS (33,333 U 
kg-1 per day penicillin and 33.30 mg kg-1 per day 
streptomycin), and the TL group received daily intra-
gastric administration of 0.20 mL TL solution (1,000 mg 
kg-1 per day). Mice in other groups received 0.20 mL of 
water via gastric gavage. All mice were monitored and 
weighed daily for seven consecutive days. At the end of 
the experiment, mice were euthanized, organs were 
examined for gross lesions, and livers were harvested 
and weighed. The selected doses were based on results 
from previous studies and preliminary experiments. All 
animal experiments were reviewed and approved by the 
Animal Ethics Committee of South China Agricultural 
University, Guangzhou, China (Approval No. 2024A624), 
and conducted in accordance with the institutional 
guidelines for the care and use of laboratory animals. 

Preparation of liver tissue sections. Liver tissues 
were fixed in 10.00% neutral buffered formalin and partially 
processed for histopathological analysis by Hematoxylin 
and Eosin staining (Servicebio, Wuhan, China), as 
previously described. The remaining sections were stained 
using Masson's trichrome method (Servicebio). 

Molecular analysis. Total RNA was extracted from 
tissue samples using AG RNAex Pro Reagent (Accurate  
 

 Biology Co., Ltd., Changsha, China). The DNase treatment 
was performed to remove contaminating genomic DNA. 
The concentration and purity of the RNA were determined 
using a NanoDrop One spectrophotometer (Thermo Fisher 
Scientific, Waltham, USA). The A260/A280 ratio was used 
to evaluate RNA purity, with a value between 1.90 and 
2.10 considered acceptable. Subsequently, the RNA was 
reverse transcribed into cDNA using the HisScript II 
Reverse Transcription Kit (Vazyme Biotech, Nanjing, China) 
according to the manufacturer's instructions. The RT-
qPCR was performed using the SYBR® Premix Ex Taq™ Kit 
(Invitrogen, Carlsbad, USA). Relative gene expression 
levels were normalized to β-actin and calculated using the 
2−ΔΔCt method to assess transcript abundance. Primers 
were synthesized by Shanghai Biotech, and their sequences 
are listed in Table 1. The relevant conditions of the reaction 
system were set according to the previous studies.2 

Western blot analysis. For western blot analysis, liver 
tissue samples (20.00 mg) were lysed in a buffer 
containing 1.00% phenylmethanesulfonyl fluoride. Protein 
concentrations were determined using a bicinchoninic 
acid protein assay kit (NCM Biotech, Suzhou, China) and 
diluted with Tris buffer (containing 1.00% phenyl-
methanesulfonyl fluoride) to a final concentration of 1.25 
mg mL-1. Proteins were separated by sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis and 
transferred onto polyvinylidene difluoride membranes. 
The membranes were blocked with 5.00% non-fat milk in 
Tris-buffered saline with Tween 20 (TBST) for 1 hr at 
room temperature and then incubated overnight at 
4.00 ˚C with the following primary antibodies: NFκB1 
(1:1,000), IκBα (1:3,000), TNF-α (1:500), IL-1β (1:1,000), 
IL-4 (1:1,000), IL-6 (1:700), IL-10 (1:1,000), and IL-12B 
(1:300). Unless otherwise specified, all antibodies used in 
this study were purchased from ABclonal Biotechnology 
Co., Ltd. (Wuhan, China). After washing, the membranes 
were incubated with horseradish peroxidase-conjugated 
secondary antibodies goat anti-rabbit immunoglobulin G 
or goat anti-mouse immunoglobulin G (1:5,000; Abcam, 
Cambridge, UK) for 1 hr at room temperature. 
Immunoreactive bands were visualized using enhanced 
chemiluminescence, and band intensity was quantified 
using ImageJ Software (National Institutes of Health, 
Bethesda, USA). 

Immunohistochemistry staining. Immunohisto-
chemical staining of infected organs was performed as 
previously described. Briefly, paraffin-embedded tissue 
blocks were sectioned into 4.00 μm slices to assess the 
protein expressions of TNF-α (1:200), IL-1β (1:200), and 
IL-6 (1:200). Sections were incubated at 55.00 ˚C for 1 hr, 
followed by deparaffinization, rehydration, and antigen 
retrieval using a sodium citrate-citric acid buffer for 10 
min. After antigen retrieval, sections were treated with a 
solution, containing 85.00% formaldehyde and 3.00% 
hydrogen peroxide for 15 min to block endogenous  
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peroxidase activity. Subsequently, 10.00% horse serum 
was applied to block non-specific binding, and the 
sections were incubated at 37.00 ˚C for 1 hr. Primary 
antibodies (1:200; Abcam, Waltham, USA) were then 
added and incubated overnight at 4.00 ˚C. The next day, 
sections were incubated with the appropriate secondary 
antibody for 1 hr at room temperature. Immuno-
reactivity was visualized using diaminobenzidine for 10 
min, followed by Hematoxylin counterstaining for 
another 10 min. The sections were then differentiated 
with 1.00% hydrochloric acid in ethanol, rehydrated, and 
mounted with neutral resin. Images were acquired using 
a Leica DM4 B microscope (Leica Microsystems GmbH, 
Wetzlar, Germany) and analyzed with ImageJ Software. 

Immunofluorescence staining. Immunofluorescence 
staining of mouse liver tissue was performed according to 
the previously established protocols. Tissue sections were 
incubated at 55.00 ˚C for 1 hr, followed by permeabilization 
with 1.00% Triton X-100 (Sigma-Aldrich, St. Louis, USA) in 
PBS. To block non-specific binding, sections were treated 
with 10.00% horse serum (Solarbio Science & Technology 
Co., Ltd., Beijing, China) and incubated at 37.00 ˚C for 1 hr. 
Primary antibodies against phospho-IκBα-S36 (1:200; 
ABclonal), IL-1β (1:200; ABclonal), and IL-6 (1:200; 
ABclonal) were applied and incubated overnight at 4.00 ˚C. 
The following day, fluorophore-conjugated secondary 
antibodies were added and incubated for 1 hr at room 
temperature. After washing with PBS, the sections were 
  

 
 

 

 mounted using an anti-fade mounting medium. Images 
were acquired using a fluorescence microscope and 
analyzed using ImageJ Software. 

Statistical analysis. Statistical analyses were 
performed using one-way analysis of variance, followed by 
the least significant difference post hoc test. Grayscale 
intensity measurements were conducted using ImageJ 
Software. Graphs were generated using GraphPad Prism 
(version 9.5; GraphPad Software Inc., San Diego, USA). 
Data are presented as mean ± standard deviation, and 
statistical significance was indicated as follows: * p < 0.05, 
** p < 0.01, *** p < 0.001, and **** p < 0.0001.  
 
Results 
 

Changes of state, body weight, liver organ 
coefficient, and histopathology in mice. Following 
infection with PM, mice exhibited signs of depression, 
reduced appetite, decreased water intake, and poor fur 
condition. After treatment, the overall condition of the 
mice improved, with increased activity and water 
consumption. Changes in body weight and liver organ 
coefficients are shown in Figure 2. Mice in the PM group 
experienced the most significant weight loss, with a 
statistically significant difference compared to the C group. 
In contrast, both the PS and TL groups showed increased 
body weight compared to the PM group, with a clear 
upward trend. 
 
 
 
 

Table 1. Primer sequences. The annealing temperatures for all primers were between 57.00 ˚C and 60.00 ˚C. 

Genes Forward sequence (5′-3′) Length (bp) GenBank® Accession Number 

Kmt 
F: ATCCGCTATTTACCCAGTGGGG 

R: AAAAGTGGCGAGTTCGTTTACAGC 
456 Cai et al.2 

β-actin 
F: CAGCCTTCCTTCTTGGGTAT 

R: GGCATAGAGGTCTTTACGG 
99 NM_007393.5 

TLR4 
F: TCCCTGCATAGAGGTAGTTCC 

R: TCAAGGGGTTGAAGCTCAGA 
119 NM_021297.3 

TNFRsf1a 
F: GCTGTTGCCCCTGGTTATCT 

R: ATGGAGTAGACTTCGGGCCT 
102 NM_011609.4 

NFκB1 
F: AGTTGGGTCTGGGGATACTGA 

R: CCTCTGTGTAGCCCATCTGTT 
138 NM_008689.3 

IκBα 
F: CATCGTGGAGCACTTGGTGA 

R: GGGGAGTAGCCTTGGTAGGT 
168 NM_010907.2 

TNF-α 
F: CAGGCGGTGCCTATGTCTC 

R: CGATCACCCCGAAGTTCAGTAG 
89 NM_013693.3 

IL-1β 
F: CACAGCAGCACATCAACAAG 

R: GTGCTCATGTCCTCATCCTG 
118 NM_008361.4 

IL-4 
F: GGTCTCAACCCCCAGCTAGT 

R: GCCGATGATCTCTCTCAAGTGAT 
102 NM_021283.2 

IL-6 
F: TCCATCCAGTTGCCTTCTTG 

R: TTCCACGATTTCCCAGAGAAC 
167 NM_031168.2 

IL-10 
F: ACCTGGTAGAAGTGATGCCC 

R: GGAGAAATCGATGACAGCGCC 
123 NM_010548.2 
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Fig. 2. A) Changes in mouse body weight; B) Liver organ 
coefficient alterations in mice; C: control; PM: Pasteurella 
multocida; PS: penicillin - streptomycin; TL: Tribulus terrestris L. 
*p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001. 

 
Unlike the body weight results, liver organ coefficients 

increased in all infected groups. The PM group displayed 
the most notable increase, being highly significant 
compared to the C group. However, both the PS and TL 
groups exhibited reduced liver coefficients compared to 
 

 

 PM group. These findings suggest that treatment helped 
restore body weight and normalize liver organ coefficients, 
with TL demonstrating a therapeutic effect against PM. 
Gross examination revealed that the livers of infected mice 
showed bruising and a darker coloration, being alleviated 
following treatment. 

Histological analysis using Hematoxylin and Eosin 
staining revealed marked infiltration of inflammatory 
cells in liver tissue and around blood vessels after PM 
infection, indicating an induced inflammatory response. 
This infiltration was most pronounced in PM group, 
particularly with notable inflammatory cell aggregation 
within the vasculature. In contrast, PS and TL groups 
showed a reduction in inflammatory cell numbers, while 
the C group exhibited minimal infiltration. Masson’s 
trichrome staining further demonstrated that liver 
tissues in the C group showed little to no fibrosis. 
However, varying degrees of fibrotic lesions were 
observed in all infected groups, with the PM group 
displaying the most severe fibrosis. The extent of fibrosis 
was notably reduced in the PS group compared to the PM 
group (Fig. 3). 
 

Fig. 3. In Hematoxylin and Eosin staining of liver tissue, inflammatory cell infiltration, as indicated by the arrows, was observed in both 
liver parenchyma and blood vessels following Pasteurella multocida infection, while reduced infiltration was evident after treatment; In 
Masson’s trichrome staining of liver tissue, various degrees of liver fibrosis were observed in infected mice, with fibrosis severity 
decreasing upon treatment. Images were captured at 10.00 and 20.00 × magnifications for each group. C: control; PM: Pasteurella 
multocida; PS: penicillin - streptomycin; TL: Tribulus terrestris L.  
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Results of genetic changes associated with the 
NFκB pathway and inflammation in mice liver. 
Following PM infection, the gene expression profile of the 
NFκB signaling pathway was altered. Specifically, 
expression of NFκB1 was up-regulated, while IκBα 
expression was down-regulated. These changes were 
reversed following treatment with either antibiotics or TL, 
indicating that PM may activate the NFκB pathway. To 
further explore the upstream signaling mechanisms, TLR4 
and TNFRsf1a, the canonical and non-canonical receptors 
of the NFκB pathway, respectively, were examined. The 
expression of TLR4 was decreased after PM infection, 
while TNFRsf1a expression showed a downward trend 
only in the TL-treated group. This suggests that TL may 
  

 

 inhibit NFκB pathway activation by down-regulating 
TNFRsf1a, thereby modulating cytokine production, 
regulating inflammatory gene expression, and attenuating 
the inflammatory response in vivo. The TNF-α and IL-1β, 
two key cytokines downstream of the NFκB pathway, were 
also up-regulated following infection, further confirming 
pathway activation. However, their expression levels were 
reduced in both the PS and TL groups compared to the PM 
group, indicating partial suppression of the NFκB pathway 
after treatment. In addition, expression levels of IL-6 and 
the anti-inflammatory cytokines IL-4 and IL-10 were 
measured. Notably, IL-6 and IL-10 levels were significantly 
increased after infection, and further elevated following 
treatment (Fig. 4). 

Fig. 4. Expression levels of inflammation-related genes in mouse liver. The mRNA expression levels were normalized to the internal 
reference gene β-actin. Data was normalized to the control (C) group. PM: Pasteurella multocida infection; PS: penicillin - streptomycin; TL: 
Tribulus terrestris L.; NFκB: nuclear factor kappa B; IL: interleukin; TLR: toll-like receptor; TNF: tumor necrosis factor; TNFRsf1a: IκBα: *p 
< 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001. 
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Results of the expression of proteins related to 
the NFκB pathway and inflammation in mice liver. 
The expression levels of proteins associated with 
inflammatory genes (including phospho-NFκB1-S337, 
TNF-α, NFκB1, IL-4, IL-10, IL-12B, IκBα, and IL-6) in liver 
tissue homogenates were assessed by western blotting. 
Compared to C group, the protein expression levels of 
all detected inflammatory markers increased following 
PM infection, indicating that the infection triggered a 
hepatic inflammatory response. Markedly, levels of 
phospho-NFκB1-S337, IL-4, and IL-10 were further 
elevated after treatment, suggesting activation of anti-
inflammatory mechanisms. The increased 
phosphorylation of NFκB1 (phospho-NFκB1-S337) 
implied negative feedback regulation. The elevated IL-4 
and IL-10 levels, both key anti-inflammatory cytokines, 
indicated suppression of the inflammatory response in 
vivo. Although the NFκB1 protein level in the TL group 
was slightly higher than that in the PM group, the 
difference was not statistically significant (p > 0.05). 
Compared to the PM group, the expression levels of IL-
12B, IκBα, and IL-6 were reduced in both the PS and TL 
groups, with the TL group showing a more pronounced 
reduction. The observed decrease in IκBα, coupled with 
altered levels of NFκB1 and its phosphorylated form, 
suggests that TL treatment inhibited activation of the 
NFκB signaling pathway. While TNF-α expression in the 
TL group was marginally lower than PM group, this 
difference was not statistically significant (p > 0.05; 
Figs. 5 and 6). 

 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Fig. 6. Representative Western blot images of inflammation-
related proteins in mouse liver tissues. The representative 
protein bands of Phospho-NFκB1-S337, TNF-α, NFκB1, IκBα, IL-4, 
IL-6, IL-10, and IL-12B are shown. β-actin was used as an internal 
loading control. C: control; PM: Pasteurella multocida; PS: 
penicillin - streptomycin; TL: Tribulus terrestris L.  

 
 
 
 
 
 
 

Fig. 5. Expression levels of proteins related to the inflammatory genes in mouse liver tissue including Phospho-NFκB1-S337, TNF-α, 
NFκB1, IκBα, IL-4, IL-6, IL-10, and IL-12B. Protein expression levels were normalized to the loading control β-actin. C: control; PM: 
Pasteurella multocida; PS: penicillin - streptomycin; TL: Tribulus terrestris L.; *p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001. 
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Location and results of protein expression 
related to the NFκB pathway and inflammation in 
mice liver tissues. Immunohistochemistry results 
demonstrated that the expression levels of 
phosphorylated IκBα (phospho-IκBα-S36) and the 
inflammatory cytokine IL-1β were significantly 
increased in the PM group compared to C group. In 
contrast, both PS and TL treatments showed 
significantly reduced expression levels of these proteins 
relative to PM group, with no significant difference from 
the C group. The elevation of phospho-IκBα indicated 
suppression of IκBα protein and a concomitant 
activation of NFκB1, suggesting activation of the NFκB 
signaling pathway. The increased expression of IL-1β, a 
key up-stream activator of the NFκB pathway, further 
confirmed this activation. The reduction of both 
phospho-IκBα and IL-1β following treatment suggested 
that activation of the NFκB pathway was effectively 
inhibited. Immunofluorescence analysis revealed 
decreased expression levels of IκBα in all infected 
groups following PM challenge. However, slight 
increases in IκBα expression were observed in both PS 
and TL groups compared to PM group. The NFκB1 and 
TNF-α protein levels were significantly elevated in PM 
group relative to C group, while treatment with either 
antibiotics or TL resulted in a downward trend in their 
expression. As TNF-α is an upstream cytokine activating 
the NFκB pathway, its elevated levels in PM group 
contributed to the pathway activation. The declining 
trends in TNF-α, along with the observed changes in 
IκBα and NFκB1, further indicated effective inhibition 
of NFκB signaling after treatment (Figs. 7-9). 

 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
Fig. 8. Quantitative analysis of immunohistochemistry and 
immunofluorescence in mouse liver. The average optical 
density of Phospho-IκBα-S36, IL-1β, and IL-6 based on 
immunohistochemical staining. The mean fluorescence 
intensity of IκBα, NFκB1, and TNF-α based on immuno-
fluorescence staining. C: control; PM: Pasteurella multocida; 
PS: penicillin - streptomycin; TL: Tribulus terrestris L.  
*p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001. 

 
 
 
 

Fig. 7. Immunohistochemical analysis of liver tissues in mice. Representative immunohistochemical staining images showing the 
expression of phospho-IκBα-S36, IL-1β, and IL-6 in liver tissues. Scale bars = 200 μm. C: control; PM: Pasteurella multocida; PS: penicillin - 
streptomycin; TL: Tribulus terrestris L. 
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Discussion 
 

Pasteurella multocida is a pathogen capable of causing 
disease across a broad range of animal species, leading to 
significant health and economic impacts. Previous studies 
have demonstrated that PM infection can result in 
hepatitis, pneumonia, and other inflammatory conditions 
in various animals.23 Upon infection, the pathogen 
produces toxins circulating through the bloodstream, 
damaging tissues and inducing fibrosis. Experimental data 
have confirmed that PM can cause marked pathological 
changes in the liver of ducks, including necrosis and 
hemorrhage,2 and cardiac abnormalities, such as 
hypertrophy and fibrosis in mice.24 Additionally, infection 
stimulates immune cells and promotes the infiltration of 
leukocytes, leading to an increase in inflammatory cells.25  

Consistent with these findings, our study showed that 
mice infected with PM exhibited symptoms, such as 
lethargy, anorexia, decreased water intake, and poor fur 
condition. Significant weight loss, increased liver organ 
 

 

 

 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

coefficients, and darker liver tissue coloration were 
observed, accompanied by inflammatory cell infiltration 
and varying degrees of fibrosis. Following treatment, the 
overall condition of the mice improved, weight was 
regained, liver organ coefficients normalized, and 
histological abnormalities were reduced. These results 
indicate that TL extract exhibits a therapeutic effect on 
liver damage caused by PM infection. Prior studies have 
shown that TL can reduce inflammatory cell infiltration, 
suppress the expression of fibrosis-related factors, such as 
Transforming growth factor Beta 1, platelet-derived 
growth factor-AB (PDGF-AB), and hydroxyproline, and 
delay fibrosis progression.26  

At the molecular level, RT-qPCR results revealed 
increased expression of the NFκB1 gene and decreased 
expression of IκBα following PM infection, potentially 
suggesting activation of the NFκB signaling pathway.27,28 
However, antibiotic and TL treatments reversed this gene 
expression pattern. Furthermore, we analyzed the 
expressions of TLR4 and TNFRsf1a, key receptors in the 
 

Fig. 9. Immunofluorescence analysis of liver tissues in mice. Representative immunofluorescence staining images displaying the 
expression of IκBα, NFκB1, and TNF-α, with target proteins visualized in green fluorescence. Scale bars = 50 μm. C: control; PM: Pasteurella 
multocida; PS: penicillin - streptomycin; TL: Tribulus terrestris L.; DAPI: 4′,6-diamidino-2-phenylindole. 
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canonical and non-canonical NFκB pathways, respectively. 
The TLR4 gene expression decreased post-infection, while 
TNFRsf1a expression trended downward following TL 
treatment, suggesting that TL may inhibit the NFκB 
pathway by down-regulating TNFRsf1a.29  

Interestingly, although PM –derived lipopolysaccharide 
is known to activate TLR4 and the downstream NFκB 
pathway to induce inflammation,30-32 we observed a 
decrease in TLR4 expression. This may represent a host 
self-protection mechanism via negative feedback during 
chronic infection.33 Additionally, the significant elevation 
of IL-10 expression could have suppressed TLR4 
expression, as IL-10 is known to down-regulate TLR4 in 
certain immune responses.34,35 However, excessive IL-10 
during chronic infections may impair effective immune 
responses and prolong disease duration.36 The up-
regulation of pro-inflammatory genes TNF-α, IL-1β, and IL-
6, along with the down-regulation of IL-4, further supports 
the occurrence of a strong inflammatory response.27 
Protein expression data from western blotting also 
demonstrated increased levels of inflammation-related 
proteins following infection.19 Notably, TL treatment 
reduced the expression of IL-12B, IκBα, and IL-6 proteins, 
with a more pronounced effect compared to the antibiotic-
treated group. Although TNF-α protein levels were only 
slightly lower in the TL group,37 immunohistochemical and 
immunofluorescence staining techniques confirmed the 
overall down-regulation of key NFκB pathway proteins, 
including phosphorylated IκBα and IL-1β, as well as 
NFκB1 and TNF-α.22,38  

Phenotypically, mice in both the PS and TLgroups 
showed increased body weight, reduced liver organ 
coefficients, and alleviated hepatic inflammatory 
infiltration and fibrosis. These findings suggest that TL 
exhibits a therapeutic effect comparable to antibiotics in 
mitigating PM -induced liver inflammation. Unlike 
antibiotics, which can be associated with resistance and 
side effects,21,39,40 TL, as a natural plant-derived compound, 
offers potential advantages and merits further research. 

This study systematically evaluated the anti-
inflammatory effects of TL extract in a murine model of PM 
-induced hepatitis, particularly focusing on its regulatory 
role in the NFκB signaling pathway. Nonetheless, the 
inflammatory response is a complex, multi-factorial 
process involving multiple signaling cascades.41-43 The 
specific bioactive components of TL extract and their 
precise molecular targets remain to be elucidated. Future 
studies should explore the interactions of TL with other 
signaling pathways and identify the key constituents 
responsible for its therapeutic effects, thereby providing a 
theoretical foundation for developing novel treatments for 
PM infection. 

In conclusion, PM infection induces significant liver 
inflammation and fibrosis in mice, characterized by clinical 
symptoms, pathological alterations, and activation of the 
 

 inflammatory pathway. Treatment with TL extract 
effectively alleviated these pathological changes, reduced 
the expression of key pro-inflammatory cytokines, and 
partially inhibited the NFκB pathway, suggesting its anti-
inflammatory potential. Compared to the conventional 
antibiotic treatment, TL exhibited comparable therapeutic 
efficacy while offering the additional benefits of being a 
natural, plant-derived agent with potentially fewer side 
effects and lower risk of resistance. These findings 
highlight the potential of TL extract as an alternative or 
complementary therapeutic strategy for managing PM -
induced hepatic inflammation. However, further studies 
are needed to isolate its active constituents, clarify its 
molecular mechanisms, and explore its interactions with 
other inflammatory signaling pathways. 
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