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To study the mechanism of calcitonin gene related peptide(CGRP) protecting acute pancreatitis 
based on metabolomics. 24 adult male rats were randomly divided into control group (Con), acute 
pancreatitis model group (AP), CGRP treatment group (CGRP + AP, abbreviated as CGRP) and CGRP 
antagonist(CGRP(8–37)) pretreatment group (preCGRP(8–37) + AP, abbreviated as CGRP37), with 6 
rats in each group. After different interventions, pancreases of rats in each group were collected for 
pathological analysis, and serum was collected for metabolomics analysis. Pathological examination 
of the pancreas suggested that the inflammation of pancreatitis in AP group was significant, the 
inflammation of pancreatitis in CGRP group was significantly reduced, and the pancreatitis in CGRP37 
group was aggravated. Metabolomics of rat serum suggested that the differences in metabolites 
in each group were mainly related to amino acid metabolism, coenzyme/vitamin metabolism, 
carbohydrate metabolism, lipid metabolism, digestive system and other metabolic pathways. 
According to the trend of metabolite changes, we found 6 differential metabolites that were 
significantly correlated with CGRP intervention, including L-Valine, 5-Aminopentanoic acid, 4-oxo-L-
proline, L-glutamine, L-proline, and Ornithine, all of which were related to amino acid metabolism. 
CGRP can effectively protect acute pancreatitis, possibly by regulating amino acid metabolism to 
alleviate acute pancreatitis.
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The pancreas is mainly composed of acinar cells and islets. Acinar cells have exocrine function and primarily 
secrete digestive enzymes such as trypsin, chymotrypsin, and amylase, which are used for food digestion in 
the small intestine. The exocrine secretion of the pancreas is regulated by various neurotransmitters, including 
acetylcholine, vasoactive intestinal peptide, neurotensin, substance P, and calcitonin gene related peptide 
(CGRP)1. Acute pancreatitis (AP) is related to the metabolism and secretion of pancreatic cells and can cause self-
digestion of the pancreas. It is believed that the premature activation of trypsin leads to pancreatic self-digestion 
and subsequently triggers acute pancreatitis1. This can result in damage to pancreatic tissue and cell membranes, 
leading to edema, vascular injury, bleeding, and necrosis2. Approximately 15% of cases of pancreatitis can develop 
into severe pancreatitis with tissue damage (also known as acute necrotizing pancreatitis), requiring treatment 
in the intensive care unit3. Microcirculatory disorder in the pancreas plays a key role in the pathogenesis of 
severe necrotizing pancreatitis4. Therefore, improving pancreatic microcirculation is an important strategy for 
improving the prognosis of acute pancreatitis. CGRP is a 37-amino acid neuropeptide that is widely present 
in central and peripheral neurons, particularly in the cell bodies and terminals of sensory neurons5. CGRP is 
considered to be one of the most effective vasodilators known and its role in acute pancreatitis has attracted 
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attention. Studies have shown that pre-treatment with CGRP before ischemia/reperfusion can partially reverse 
the detrimental effects of sensory nerve inactivation on ischemia/reperfusion-induced necrotizing pancreatitis6. 
However, the exact mechanism by which CGRP protects against acute pancreatitis is still unclear. Further in-
depth research exploring its possible mechanisms can provide new ideas and methods for the treatment of acute 
pancreatitis.

Metabolomics is a comprehensive research field dedicated to exploring the qualitative and quantitative analysis 
of all small-molecule metabolites in biological systems under specific time and condition. The focus of this field 
is to delve into the sensitivity of endogenous metabolites in living organisms to internal and external changes 
and their complex relationships. The development of metabolomics aims to reveal the regulatory mechanisms 
of cellular metabolism and provides powerful tools and profound insights for various research fields such as 
toxicology, pharmacology, nutrition, and diseases7. In metabolomics research, scientists comprehensively and 
deeply analyze the types and relative abundances of metabolites in organisms using advanced techniques 
such as mass spectrometry and chromatography. The resulting data not only help scientists understand the 
structure and regulatory mechanisms of cellular metabolic networks, but also provide researchers with a new 
perspective to uncover the molecular mechanisms underlying disease occurrence and progression8. Greta and 
his colleagues employed serum metabolomics to identify the potential diagnostic markers of acute pancreatitis 
and discriminate between its biliary and alcoholic origins9. Liu and his team disclosed the potential biomarkers 
and the pathogenesis of acute pancreatitis by means of a combined analysis of proteomics and metabolomics, 
presenting the advantages and novel discoveries of multi-omics techniques in the research of pancreatitis10. 
Simultaneously, by conducting metabolomics analyses on patients with acute pancreatitis at various stages, the 
progression of the disease can be tracked. For instance, during the acute and recovery stages of the disease, 
the levels of metabolites like serum bile acids will undergo dynamic alterations. These changes are intimately 
associated with the injury and repair processes of the pancreas, facilitating physicians to promptly comprehend 
the patient’s condition and modify the treatment regimen11. It is worth noting that previous metabolomics 
studies involving comprehensive analysis of plasma or urine metabolites have identified different metabolites 
(such as citrate, choline, inositol, etc.) and related metabolic pathways involved in disease occurrence and 
progression12–14. However, due to limited sample size and grouping limitations, these studies have not been 
able to effectively explain the changes in metabolites during the process of acute pancreatitis (AP). Therefore, 
this study aims to establish an AP rat model through intraperitoneal injection of L-arginine and perform serum 
metabolomics analysis after intervention with CGRP or CGRP antagonist (CGRP(8–37)) in order to explore the 
potential mechanisms of CGRP in protecting against acute pancreatitis.

Materials and methods
Animal grouping and treatment
The study was approved by the Ethics Committee of Affiliated Hospital of Putian University (approval number: 
2022068-XZ01) and complied with the national guidelines for animal care and use, and this study was reported 
in accordance with ARRIVE guidelines. 8-week-old male SD rats (220–250  g, n = 24) were purchased from 
Shanghai Slake Experimental Co., Ltd. The grouping process was conducted by employing the random number 
table method. Initially, a distinct number (from 1 to 24) was assigned to each rat. Subsequently, a starting point 
was chosen within the random number table, and 24 random numbers were sequentially retrieved from left to 
right. These random numbers were then matched with the rat numbers and sorted in ascending order. The first 
6 rats were designated to the control group (Con). The subsequent 6 rats were allocated to the acute pancreatitis 
model group (AP). The following 6 rats were assigned to the calcitonin gene related peptide (CGRP) treatment 
group, denoted as (CGRP + AP and abbreviated as CGRP). Finally, the last 6 rats were placed in the CGRP 
antagonist (CGRP (8–37)) pretreatment group, labeled as (preCGRP(8–37) + AP and abbreviated as CGRP37). 
After different interventions, the pancreas of each group of rats was collected for pathological analysis of the 
severity of acute pancreatitis, and the serum of each group of rats was collected for metabolomics analysis.

Reagents
20% L-arginine solution: L-arginine (Shanghai Aladdin Biochemical Technology Co., Ltd.) was dissolved 
in physiological saline to make a 20% L-arginine solution, and the solution was adjusted to pH = 7.0 with 
phosphoric acid; CGRP solution: CGRP (MedChemExpress) was dissolved in physiological saline to make a 
0.3 mg/ml CGRP solution; CGRP(8–37) (MedChemExpress) was dissolved in physiological saline to make a 
0.3 mg/ml CGRP(8–37) solution.

Preliminary experiment
We designed administration experiments of CGRP and CGRP (8–37) with diverse dose gradients to examine 
their influences on various indicators of rats with the acute pancreatitis model, such as pancreatic pathological 
alterations, serum amylase levels, and animal survival rates. Through a comprehensive analysis of the results 
from multiple sets of preliminary experiments, it was revealed that a CGRP dose of 30 µg could remarkably 
ameliorate pancreatic pathological damage and mitigate the inflammatory response, without any conspicuous 
adverse reactions being observed. Concurrently, we consulted the literature in relevant fields15,16 and found 
that the CGRP dose range utilized in previous similar studies exhibited a certain degree of consistency with the 
effective dose determined in our preliminary experiments. Integrating the results of the preliminary experiments 
and the literature references, the administration doses of CGRP and CGRP (8–37) in this experiment were 
ultimately established as 30 µg, ensuring that the intervention effect of the drugs could be effectively observed 
during the experiment, while also safeguarding the safety of the experimental animals and the reliability of the 
experimental results.
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Intervention
Acute pancreatitis rat models were established by intraperitoneal injection of L-arginine. In the AP group, a 
total dose of 15 ml/kg of L-arginine solution was divided into 2 injections via intraperitoneal injection, with an 
interval of 1 h between the injections. After the second injection, an additional dose of 7.5 ml/kg of L-arginine 
solution was divided into 2 injections given at 5 h and 8 h after the second injection to complete the AP modeling. 
The Con group received an equal volume of physiological saline via intraperitoneal injection. In the CGRP 
group, after the completion of AP modeling, 30 µg of CGRP solution was immediately injected into the rat’s 
tail vein, followed by another injection of 30 µg of CGRP solution after 2 h for intervention in the AP model. 
In the CGRP37 group, 30 µg of CGRP(8–37) solution was injected into the rat’s tail vein 30 min before the first 
injection of L-arginine. After 30 min, the rats were modeled in the same way as the AP group. After the modeling 
was completed, 30 µg of CGRP solution was immediately injected into the rat’s tail vein, followed by another 
injection of 30 µg of CGRP solution after 2 h for intervention. The rats were not allowed to eat but had free access 
to water after modeling.

Preparation of serum and pancreatic samples
After 2 h of modeling, 4 ml of blood was collected from the rat’s tail and centrifuged at 3000 rpm/min for 10 min. 
The upper layer of serum (1 ml) was collected and stored at -80 °C for metabolomics analysis. After anesthesia 
(1% pentobarbital sodium, 0.4  ml/100  g, i.p.), the rats were dissected, and the intact pancreatic tissue was 
collected. The pancreatic specimens for tissue examination were immediately fixed in 10% formalin solution for 
12 h. The specimens were then processed following the standard procedures of paraffin embedding and prepared 
into 4 μm sections stained with H&E. During the procedures of sample collection and pathological assessment, 
the operators as well as the pathological examiners remained entirely ignorant of the specimen grouping details.

Metabolomics analysis
The samples were analyzed using the UHPLC-Q Exactive HF-X system (Thermo Fisher Scientific) for LC-
MS/MS analysis. After data acquisition, the raw LC-MS data were imported into the metabolomics data 
processing software Progenesis QI (Waters Corporation, Milford, USA) for baseline filtering, peak recognition, 
integration, retention time correction, peak alignment, and generation of a data matrix containing retention 
time, mass-to-charge ratio, and peak intensity. The MS and MS/MS spectra information were matched with 
the metabolite databases HMDB (http://www.hmdb.ca/) and Metlin (https://metlin.scripps.edu/) to obtain 
metabolite information. The data matrix was preprocessed as follows: missing values were removed using the 
80% rule, which retained variables with non-zero values in at least 80% of the samples, and missing values were 
imputed with the minimum value in the original matrix. To reduce errors introduced by sample preparation 
and instrument instability, the response intensities of spectral peaks in the samples were normalized using the 
total sum normalization method to obtain a normalized data matrix. Variables with a relative standard deviation 
(RSD) > 30% in the quality control (QC) samples were removed, and a log10 transformation was applied to 
the data matrix for subsequent analysis. The preprocessed data matrix was subjected to principal component 
analysis (PCA) and orthogonal partial least squares discriminant analysis (OPLS-DA) using the ropls package 
(Version 1.6.2) in R. The stability of the models was evaluated using a 7-fold cross-validation. Significantly 
different metabolites were selected based on the variable importance in projection (VIP) values and student’s 
t-test p-values derived from the OPLS-DA model, with metabolites having VIP > 1 and p < 0.05 considered as 
significant. Pathway annotation of the differentially expressed metabolites was performed using the KEGG 
database (https://www.kegg.jp/kegg/pathway.html) to identify the metabolic pathways involved. Pathway 
enrichment analysis was performed using the scipy.stats package in Python, and the most relevant biological 
pathways associated with the experimental treatments were identified using Fisher’s exact test.

Results
H&E staining of pancreatic tissue.

The results of H&E staining of pancreatic tissue are shown in Fig. 1. Figure 1A shows the typical characteristics 
of pancreatic tissue in the Con group. The tissue has clear boundaries, uniform color, intact lobular structure, 
and normal morphology. There is no infiltration of neutrophils or red blood cells, no apparent edema, and the 
acinar contours are distinct and the structure is intact. The cytoplasm and nucleoli are clearly visible, and there 
is no hemorrhage or necrosis. Figure 1B shows the pathological features of pancreatic tissue in the AP group. 
It clearly shows that the glandular structure in the AP group is more disordered, with obvious swelling and 
rupture of acini, unclear contours, partial nuclear condensation, inflammatory cell infiltration, and red blood 
cell extravasation around blood vessels and between glands. After CGRP intervention, Fig. 1C indicates that the 
pancreatic cell necrosis and inflammatory infiltration in the CGRP group are significantly reduced compared 
to the AP group. When CGRP(8–37) blocks the action of CGRP, Fig. 1D suggests that the inflammation in the 
CGRP37 group is aggravated. This fully demonstrates the protective role of CGRP in acute pancreatitis, which is 
consistent with previous research results4.

Metabolomics analysis of rat serum
Sample correlation analysis
Serum samples from the Con, AP, CGRP, and CGRP37 groups of rats were subjected to metabolomics analysis. 
Figure 2A shows the correlation analysis between the serum samples of the four groups. The degree of variation 
in the composition and abundance of metabolites between samples can be quantitatively analyzed through 
the correlation data between samples. The closer the correlation is to 1, the higher the similarity in metabolite 
composition and abundance between samples. From the figure, it can be seen that the Con or AP group has more 
obvious differences compared to the other three groups. Figure 2B shows the PCA analysis results of the four 
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groups of serum samples. It can be observed from the figure that there is a significant difference between the Con 
or AP group and the other three groups, while the separation trend between the CGRP group and the CGRP37 
group is not significant, with some overlap between the two groups. This may be due to the fact that CGRP and 
CGRP37 intervene in the same pathway to affect AP, resulting in similar types of principal components in the 
two groups. Figure 2C shows the Venn diagram of the four groups of serum samples. It can be seen from the 
figure that there are 322 metabolites that are commonly present in the four groups of samples. The Con group has 
4 unique metabolites, the AP group has 6 unique metabolites, and the CGRP37 group has 1 unique metabolite. 
By comparing the intersection of different groups, metabolites that are present in some groups but missing in 
others were identified, providing insights into the mechanism of CGRP intervention in acute pancreatitis.

Annotation of metabolites
Metabolites were determined in the serum of the Con, AP, CGRP, and CGRP37 groups of rats, and metabolite 
annotation was performed. The KEGG Compound classification categorizes metabolites based on their biological 
functional hierarchy, including categories such as biological processes, active peptides, endocrine disruptors, 
pesticides, plant secondary metabolites, and lipids. The identified metabolites were aligned with the KEGG 
Compound database to obtain an overview and statistical analysis of metabolite classifications. Figure 3A shows 
a bar chart of KEGG Compound classifications. From the figure, it can be seen that the differentially expressed 
metabolites detected in this metabolomics analysis mainly belong to the amino acid and carboxylic acid 
categories, with 23 and 17 metabolites, respectively. Figure 3B shows a bar chart of KEGG functional pathways. 
From the figure, it can be seen that the differentially expressed metabolites detected in this metabolomics 
analysis are mainly related to amino acid metabolism, cofactor/vitamin metabolism, carbohydrate metabolism, 
lipid metabolism, digestive system, and membrane transport, among others.

Clustering analysis of differentially expressed metabolites
Metabolites with similar expression patterns often have functional relevance. This analysis involves clustering 
analysis of expression patterns of selected metabolites. Based on the expression level information of metabolites 

Fig. 1.  Microscopic images of rat pancreatic tissue pathology stained with H&E (×100). Note: A is the Con 
group, B is the AP group, C is the CGRP group, and D is the CGRP37 group.
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Fig. 3.  A is a bar chart of KEGG compound classification statistics. B is a KEGG functional pathway statistics 
diagram.

 

Fig. 2.  A is the sample correlation heatmap. B is the PCA score plot. C is the Venn diagram.
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in different samples, the distances between metabolites or samples are calculated, and an iterative method is 
used to classify the metabolites or samples. Figure 4 shows the heatmap of clustering analysis of differentially 
expressed metabolites, which displays the top 50 metabolites with significant differences in the serum of the Con, 
AP, CGRP, and CGRP37 groups of rats, revealing the specific changes in metabolites across different groups. By 
performing clustering analysis of significant differentially expressed metabolites, metabolites involved in similar 
biological pathways can be inferred, which helps understand the changes in metabolic pathways under different 
conditions and uncover the biological mechanisms of CGRP intervention in acute pancreatitis. Furthermore, 
from Figs. 4 and 6 metabolites with significant changes in the serum of the four groups of rats were selected, 
including L-Valine, 5-Aminopentanoic acid, 4-oxo-L-proline, L-glutamine, L-proline, and Ornithine. The 
change trends of these metabolites are shown in Fig. 5, indicating that CGRP has a significant regulatory effect 
on the mentioned metabolites.

Discussion
Exogenous calcitonin gene related peptide (CGRP) as a bioactive molecule has been found to have a protective 
effect on acute pancreatitis4. However, despite experimental data supporting its protective effects, the exact 
mechanism of action is still a focus of scientific attention. In acute pancreatitis, exogenous CGRP is believed 
to alleviate inflammatory reactions, promote pancreatic tissue repair, and maintain tissue homeostasis by 
inhibiting the release of inflammatory factors. This protective mechanism may involve the synergistic action of 
multiple cell types and molecular pathways, thus further research is needed to unravel its detailed mechanism. 
The protective effect of exogenous CGRP on acute pancreatitis is an exciting research area. By exploring its 
biological properties, molecular mechanisms, and interactions with the immune and nervous systems, we can 
provide a more comprehensive and in-depth experimental basis for the clinical treatment of acute pancreatitis. 
This not only helps uncover the role of this bioactive molecule in the occurrence and development of the disease 
but also provides strong support for the development of novel therapeutic strategies in the future.

Fig. 4.  Heatmap of differentially expressed metabolites.
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In this study, the results of pathological examination of pancreatic tissues in the four groups of rats 
confirmed the successful establishment of the AP model, demonstrating the protective effect of CGRP on the 
pancreas during AP. CGRP can greatly reduce the infiltration of inflammatory cells and significantly reduce 
the pathological damage of acinar cells. This is consistent with the previous report by Schneider et al.4, which 
showed that CGRP can improve the disorder of pancreatic microcirculation and downregulate the levels of 
nuclear NF-κB and pancreatic ICAM-1, leading to significant alleviation of pancreatic morphological damage. 
CGRP is believed to regulate inflammatory responses and affect the activity of immune cells17. By regulating 
the secretions and activities of immune cells, exogenous CGRP may play an important role in the early stages 
of pancreatitis, inhibiting excessive inflammatory responses and reducing pancreatic tissue damage. CGRP 
may exert its effects by binding to cell membrane receptors and triggering intracellular signaling pathways, 
thereby influencing key processes such as inflammation and cell apoptosis18. Moreover, the characteristic of 
acute necrotizing pancreatitis is inflammation and pancreatic injury due to insufficient pancreatic perfusion. 
CGRP can alleviate pancreatic inflammation and tissue damage in this situation by improving pancreatic 
microcirculation and blood flow19. Therefore, we hypothesize that CGRP exerts anti-inflammatory effects by 
regulating pancreatic microcirculation and the cascade of inflammatory reactions.

Imbalance of amino acid homeostasis may have negative effects on pancreatitis and other severe diseases20. 
Amino acids play a crucial role in the human body, serving not only as the basic building blocks of life but also 
as important suppliers of energy21. In acute pancreatitis, systemic inflammation triggers a state of high catabolic 
metabolism, resulting in a sharp increase in energy demand. This stressful state disrupts the normal metabolic 
processes of amino acids, imposing a significant burden on the body20,22. As acute pancreatitis progresses, the 
high catabolic state caused by systemic inflammation leads to severe imbalances in amino acid metabolism. 
Under normal circumstances, amino acids participate in various metabolic processes in the body through 
multiple pathways to maintain physiological balance. However, in the context of pancreatitis, this balance is 
disrupted, leading to abnormal consumption and insufficiency of amino acids. As amino acids are the building 
blocks of proteins, their deficiency directly affects protein synthesis, which is crucial for maintaining the normal 
functioning of body tissues and structures. Therefore, regulating amino acid metabolism has become a potential 
and promising research direction for the treatment of acute pancreatitis.

The tricarboxylic acid cycle23, also known as the citric acid cycle, is a vital metabolic pathway in organisms, 
deeply involved in the construction of protein structures and maintaining a stable energy supply in the body. 
This complex and coordinated biochemical process not only involves the metabolism of certain branched-chain 
amino acids (such as valine), but also plays a key role in the survival and functional maintenance of cells. The 
metabolite succinyl-CoA, a product of the metabolism of branched-chain amino acids and other compounds, 
enters the tricarboxylic acid cycle and reacts with oxygenase to produce citric acid. Citric acid then undergoes a 
series of enzymatic reactions, gradually releasing energy and regenerating succinyl-CoA in the cycle, completing 
a complex and efficient energy conversion process that promotes energy generation and gluconeogenesis24. 
The activity level of the tricarboxylic acid cycle directly relates to the supply and distribution of energy in the 
organism. Cells, in different physiological states, can flexibly regulate the tricarboxylic acid cycle to adjust 
metabolic pathways and adapt to changes in the external environment. This dynamic regulatory mechanism 
ensures that cells can survive under various conditions and rapidly mobilize energy reserves when necessary 
to cope with survival challenges. Our experiments showed that compared to the AP group, the CGRP group 

Fig. 5.  6 metabolites with significant changes in trend selected from Fig. 4, including L-Valine, 
5-Aminopentanoic acid, 4-oxo-L-proline, L-glutamine, L-proline, and Ornithine.
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of rats exhibited significantly elevated levels of branched-chain amino acids such as valine. AP disrupted the 
metabolism of these metabolites in this pathway, while CGRP significantly regulated most of these metabolites. 
The changes in differentially metabolized substances indicate that CGRP can promote amino acid metabolism 
towards a healthy state.

Arginine is a nonessential amino acid that is involved in the urea cycle as an intermediate molecule of 
ornithine25. It is also a key substrate for the synthesis of proline and glutamate. Previous studies have found a 
relationship between the urea cycle and the occurrence and development of severe acute pancreatitis26. Ornithine 
participates in the excretion of ammonia in the body through the urea cycle and is closely related to protein 
synthesis and energy metabolism in transamination27. However, due to the pathological and physiological 
changes caused by severe acute pancreatitis, the synthesis and metabolism of ornithine may be negatively affected. 
Especially in the early stages of inflammation, due to pancreatic damage and activation of the inflammatory 
response, the consumption of ornithine in patients significantly increases, leading to a rapid decrease in its 
levels. A study by Yang et al.28 found that the levels of ornithine were significantly reduced in patients with 
severe acute pancreatitis, and putrescine, a limited product of ornithine metabolism, was significantly increased 
in the plasma of patients on admission. We speculate that the low levels of ornithine restrict the urea cycle 
and transamination, leading to the accumulation of ammonia. This accumulation of ammonia not only has 
toxic effects on the nervous system but may also trigger systemic inflammation, further exacerbating pancreatic 
inflammation29.

Glutamine is an important amino acid compound that has the property of hydrolyzing into glutamate. It 
can improve intestinal permeability and oxidative stress in patients with severe acute pancreatitis, reducing 
the incidence of complications30. During pancreatitis, increased intestinal permeability may result in excessive 
leakage of inflammatory mediators, leading to severe complications. The mechanism of action of glutamine 
involves cell communication, maintenance of mucosal barriers, and immune regulation, among other aspects. 
These combined effects promote the restoration and stabilization of intestinal permeability. Furthermore, 
glutamine also exhibits exceptional efficacy in alleviating oxidative stress in patients with severe acute 
pancreatitis. Activation of the inflammatory response during acute pancreatitis increases oxidative stress, which 
damages cell membranes, proteins, and nucleic acids. Glutamine, through its powerful antioxidant action, 
effectively neutralizes free radicals and slows down the process of oxidative stress, providing robust protection 
against oxidative damage to the body31. The role of glutamine extends to the regulation of cell apoptosis. Under 
stressful conditions, cells may be subjected to extreme pressure and face the choice between survival and death. 
Glutamine, by participating in relevant signaling pathways, can influence the expression of apoptosis-related 
genes, ensuring that cells do not suffer excessive damage while adapting to environmental changes32. When the 
body is stimulated by strong stressors such as infection or trauma, glutamine can also serve as a “conditionally 
essential amino acid” to regulate protein biosynthesis33. This extensive and intricate regulatory mechanism 
allows pancreatic cells to flexibly adjust cell metabolism in response to external pressures such as inflammation, 
to adapt to changing environments.

In summary, the role of amino acids in physiological processes in the human body goes beyond regulating 
protein synthesis. They exhibit complex and precise regulatory mechanisms at multiple levels, including cell 
metabolism, immune response, apoptosis regulation, and gene expression. The outcomes of metabolomics 
likewise manifested disparities in lipid metabolism among the rat groups. In the domain of lipid metabolism, 
the development of AP is intimately correlated with lipid peroxidation and reactive oxygen species (ROS). The 
augmented lipid peroxidation directly heightens the permeability of the membrane, modifies its shape and 
curvature, stimulates the activity of oxidants, and eventually culminates in cell demise34. Within the context of 
redox metabolism, CGRP is capable of functioning as an antioxidant or mitigating the oxidative stress-inflicted 
damage to pancreatic cells by modulating the activity of the antioxidant enzyme system. For instance, CGRP 
might activate antioxidant enzymes like superoxide dismutase (SOD) and glutathione peroxidase (GSH-Px) 
to eliminate excessive ROS, thus safeguarding the cell membranes and mitochondria of pancreatic cells from 
oxidative harm35. Furthermore, in other metabolic pathways, CGRP can interface with nucleotide metabolism. 
Nucleotide metabolism assumes a pivotal part in processes such as cell proliferation, repair, and immune 
modulation. The restoration of damaged pancreatic tissue in acute pancreatitis necessitates the involvement of 
nucleotides, and CGRP may foster the repair and regeneration of pancreatic cells by regulating the activity of 
enzymes associated with nucleotide metabolism. The multifunctionality of these molecules not only provides a 
solid molecular basis for the normal functioning of life, but also offers clever and efficient regulatory strategies 
for the body to cope with various stressors. From a clinical perspective, in light of the findings of our study, 
the influence of CGRP on metabolism has unveiled a novel potential target for the management of acute 
pancreatitis. Looking ahead, medications directed at CGRP or its receptors could be devised to interfere with 
the advancement of acute pancreatitis by regulating the CGRP signaling pathway. Specifically, small molecule 
agonists or antagonists might be formulated to imitate or impede the function of CGRP, so as to fulfill therapeutic 
objectives. Regarding treatment strategies, CGRP could potentially be integrated with existing treatment 
modalities. For instance, during the initial phase of acute pancreatitis, CGRP-related pharmaceuticals could be 
administered in tandem with traditional treatment approaches like fluid resuscitation and fasting, with the aim 
of augmenting the therapeutic outcome. This calls for subsequent fundamental or clinical trials to appraise its 
efficacy, establish the most suitable treatment protocol, encompassing drug dosage, administration frequency, 
and treatment duration, and to explore its synergistic interaction mechanism with other prevailing treatment 
methods, thereby furnishing more comprehensive directives for clinical treatment. Nevertheless, this research 
is not without its limitations. To begin with, discrepancies exist between the experimental animal model and 
human acute pancreatitis. The acute pancreatitis model triggered by intraperitoneal injection of L-arginine, 
while capable of emulating certain pathophysiological aspects, fails to comprehensively mirror the intricate 
etiology and progression of the human condition. In humans, acute pancreatitis can stem from a multitude of 
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factors including cholelithiasis, alcohol abuse, and hyperlipidemia, whereas in the model, it is predominantly 
drug-induced. Additionally, elements such as the mode of CGRP administration, dosage, and time frame 
warrant further refinement. Secondly, the relatively limited sample size might undermine the statistical efficacy. 
Future investigations should therefore augment the sample size, incorporate diverse animal models, and employ 
research designs that more closely approximate real clinical scenarios to further corroborate our discoveries and 
furnish a more dependable foundation for clinical applications.

Conclusion
Based on the above research, we believe that CGRP can effectively protect against acute pancreatitis, and its 
mechanism may be related to the regulation of amino acid metabolism through multiple pathways that affect 
AP. In the future, we can expect more in-depth research to explore the mechanisms by which CGRP influences 
amino acid metabolism, providing more comprehensive and precise treatment options for SAP and better 
recovery outcomes for patients.

Data availability
The datasets generated during and/or analyzed during the current study are available from the corresponding 
author upon reasonable request.
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