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Abstract

Objective: To investigate differential metabolites between mild acute pan-
creatitis and severe acute pancreatitis, and to provide novel insights into
the pathogenesis and treatment of the transition from mild to severe acute
pancreatitis. Methods: Serum samples from 68 patients diagnosed with acute
pancreatitis during hospitalization at Hunan Provincial People’ s Hospital from
August 2020 to March 2021 were collected. According to RAC classification,
they were divided into mild acute pancreatitis (40 cases) and severe acute
pancreatitis (28 cases). LC-MS metabolomics was used to analyze differential
metabolites and metabolic pathways between the two groups. Results: PCA
and PLS-DA analyses revealed significant differences in metabolic profiles
between mild acute pancreatitis and severe acute pancreatitis. Using criteria
of VIP>1, FC>1.5, and P<0.05, 50 differential metabolites and 6 metabolic
pathways were screened between the two groups, among which taurine
and hypotaurine metabolism and terpenoid backbone biosynthesis were the
two most influential metabolic pathways. ROC curve analysis identified 8
differential metabolites with ROC>0.9, namely: 2-phenyl-1,3-propanediol
monocarbamate, diphenhydramine N-glucuronide, rac-5,6-epoxy-retinoyl-g-D-
glucuronide, hexafluoroisopropanol, NNAL-N-glucuronide, erythritol tetran-
itrate, 3-hydroxybutyric acid, and tetrahydrodeoxycorticosterone. = Among
these, the metabolites with elevated expression in severe pancreatitis patients
were: 2-phenyl-1,3-propanediol monocarbamate, rac-5,6-epoxy-retinoyl-3-D-
glucuronide, hexafluoroisopropanol, erythritol tetranitrate, 3-hydroxybutyric
acid, and tetrahydrodeoxycorticosterone; while those with downregulated
expression were: diphenhydramine N-glucuronide and NNAL-N-glucoside.
Conclusion: Metabolites are significantly altered between mild acute pancre-
atitis and severe acute pancreatitis, among which 2-phenyl-1,3-propanediol
monocarbamate, diphenhydramine N-glucuronide, rac-5,6-epoxy-retinoyl-
[B-D-glucuronide, hexafluoroisopropanol, NNAL-N-glucuronide, erythritol
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tetranitrate, 3-hydroxybutyric acid, and tetrahydrodeoxycorticosterone may
serve as potential biomarkers between the two.
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Abstract

Objective: To investigate differential metabolites between mild acute pancre-
atitis (MAP) and severe acute pancreatitis (SAP), providing novel insights into
the pathogenic mechanisms underlying disease progression and potential thera-
peutic strategies.

Methods: Sixty-eight serum specimens from patients diagnosed with acute pan-
creatitis during hospitalization at Hunan Provincial People’ s Hospital between
August 2020 and March 2021 were collected. According to the RAC classifi-
cation, patients were divided into MAP (40 cases) and SAP (28 cases) groups.
LC-MS-based metabolomics was employed to analyze differential metabolites
and metabolic pathways between the two groups.

Results: PCA and PLS-DA analyses revealed significant differences in
metabolic profiles between MAP and SAP. Using criteria of VIP > 1, FC
> 1.5, and P < 0.05, 50 differential metabolites and 6 metabolic pathways
were identified. Taurine and hypotaurine metabolism and terpenoid backbone
biosynthesis were the most significantly affected pathways. ROC curve analysis
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identified 8 metabolites with AUC > 0.9: 2-phenyl-1,3-propanediol monocarba-
mate, diphenhydramine N-glucuronide, rac-5,6-epoxy-retinoyl-3-D-glucuronic
acid, hexafluoroisopropanol, NNAL-N-glucuronide, erythrityl tetranitrate,
3-hydroxybutyric acid, and tetrahydrodeoxycorticosterone. Among these, 2-
phenyl-1,3-propanediol monocarbamate, rac-5,6-epoxy-retinoyl-3-D-glucuronic
acid, hexafluoroisopropanol, erythrityl tetranitrate, 3-hydroxybutyric acid,
and tetrahydrodeoxycorticosterone were upregulated in SAP patients, while
diphenhydramine N-glucuronide and NNAL-N-glucuronide were downregulated.

Conclusion: Significant metabolic alterations occur between MAP and SAP.
The eight identified metabolites may serve as potential biomarkers for distin-
guishing disease severity, offering new avenues for early diagnosis and treatment
of severe acute pancreatitis.

[Keywords] LC-MS; mild acute pancreatitis; severe acute pancreatitis;
metabolomics

Introduction

Acute pancreatitis (AP) is a common acute abdominal condition clinically char-
acterized by persistent severe upper abdominal pain, often accompanied by
abdominal distension, nausea, and vomiting. The incidence of AP has been
increasing annually in recent years, with approximately 34 cases per 100,000
population [1]. Common etiological factors include gallstones and alcohol con-
sumption, while other causes such as endoscopic retrograde cholangiopancre-
atography (ERCP), medications, hypertriglyceridemia, infection, and trauma
have also been identified. Current understanding of AP pathogenesis encom-
passes trypsinogen activation, calcium overload, endoplasmic reticulum stress,
mitochondrial dysfunction, and impaired autophagy, with abnormal trypsino-
gen activation considered a critical pathogenic mechanism. Aberrant activation
of pancreatic enzymes can digest the pancreas and surrounding organs, trigger-
ing local inflammatory responses that may progress to multiple organ failure
[2].

According to the 2012 revised Atlanta classification, AP is categorized into mild
acute pancreatitis (MAP), moderately severe acute pancreatitis (MSAP), and
severe acute pancreatitis (SAP) [3]. MAP is not associated with organ failure
or local/systemic complications and typically resolves within two weeks with
extremely low mortality. In contrast, SAP is frequently accompanied by per-
sistent organ failure and carries high mortality rates exceeding 30% [4]. While
most patients present with MAP that is self-limiting and resolves within one
week, approximately 15% of AP patients develop MSAP or SAP upon initial
admission [5], characterized by pancreatic or peripancreatic necrosis and/or or-
gan failure, with mortality rates reaching 20-40% [6]. Early identification and
diagnosis of patients at risk for progression to severe disease, followed by timely
therapeutic intervention, are crucial for improving prognosis and reducing mor-
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tality. Current laboratory tests such as C-reactive protein, blood urea nitrogen,
and hematocrit correlate with disease severity but lack sufficient accuracy. Vari-
ous clinical scoring systems, including the Acute Physiology and Chronic Health
Evaluation II (APACHE II) and the Bedside Index for Severity in Acute Pan-
creatitis (BISAP), also have limitations in predicting SAP development [7].

Metabolomics investigates small-molecule metabolites involved in disease pro-
cesses, offering value beyond traditional biomarker discovery by elucidating ab-
normal metabolic pathways. This approach enables comprehensive measure-
ment of endogenous metabolites with molecular weights < 1000 Da, providing
a powerful tool for understanding alterations in known metabolic pathways and
biological functions in physiological and pathological responses [8]. This study
employed metabolomics to screen for differential metabolites between MAP and
SAP, identify abnormal metabolic pathways, and explore potential biomarkers
to inform early diagnosis and treatment of severe acute pancreatitis.

1. Materials and Methods
1.1 Experimental Materials and Instruments

Methanol and acetonitrile (Thermo Fisher Scientific China Co., Ltd.); distilled
water (Watsons Group); EP tubes (Huzhou Zhongrui Precision Technology
Co., Ltd.); liquid chromatography-mass spectrometry system (Thermo Scien-
tific, USA); liquid mass analyzer (Bruker, USA); G-560E vortex mixer (Thermo
Scientific, USA); low-temperature high-speed centrifuge (Guangzhou Jidi Instru-
ment Co., Ltd.); -80°C ultra-low temperature freezer (Shandong Boke Scientific
Instrument Co., Ltd.); medical refrigerator (Shandong Boke Scientific Instru-
ment Co., Ltd.); MetaboAnalyst 5.0 (Bruker, USA).

1.2 Study Subjects

This study utilized serum specimens from 40 MAP patients and 28 SAP patients
diagnosed at Hunan Provincial People’ s Hospital between August 2020 and
March 2021.

Diagnostic criteria for acute pancreatitis: (1) Persistent upper abdominal
pain; (2) Serum amylase and/or lipase concentrations at least three times the
upper limit of normal; (3) Imaging findings consistent with AP. Diagnosis was
established when at least two of these three criteria were met [7].

Inclusion criteria for MAP and SAP: (1) Met RAC classification criteria for
MAP and SAP; (2) No other severe metabolic or immune diseases. Exclusion
criteria: Patients with rheumatic immune diseases, tumors, liver or kidney
diseases, or other conditions that could cause pancreatitis were excluded.
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1.3 Specimen Collection and Processing

1.3.1 Specimen Collection Venous blood was collected from patients at
admission during disease onset, and serum was obtained by centrifugation. All
patients met AP diagnostic criteria and were classified into MAP or SAP groups
according to the RAC classification.

1.3.2 Specimen Processing A 100 L serum sample was mixed with 10 L
internal standard (0.3 mg/mL L-2-chlorophenylalanine in methanol) and vor-
texed for 10 seconds. Then, 300 L protein precipitant (methanol:acetonitrile,
2:1, v/v) was added, vortexed for 1 minute, and sonicated in an ice bath for 10-
15 minutes. The mixture was stored at -20°C for 30 minutes, then centrifuged at
13,000 rpm for 15 minutes at 4°C. Finally, 200 L of supernatant was collected
for LC-MS analysis.

1.3.3 Quality Control Preparation Quality control (QC) samples were
prepared to evaluate instrument stability and system performance. Ten micro-
liters from each of the 68 samples were pooled into an EP tube, vortexed for
10 seconds, and aliquoted into six tubes (100 L each). Subsequent processing
followed the same protocol as for test samples.

1.4 HPLC-MS Analysis

HPLC-MS was employed as the metabolite separation and detection platform
to investigate serum metabolic differences between MAP and SAP groups. Data
were collected in both positive and negative ion modes.

Ultra-high performance liquid chromatography conditions: Acclaim™
RSLC 120-C18 column (100 mm x 2.1 mm) maintained at 40°C; injection vol-
ume: 3 L. Mobile phase A: 0.1% formic acid in water (containing 2 mmol/L
ammonium formate); mobile phase B: 0.1% acetonitrile in water. Gradient elu-
tion: 2% B for 0-2 min, 50% B for 2-12 min, 90% B for 10-30 min, and 98% B
for 30-60 min. Flow rate: 400 L/min.

Mass spectrometry conditions: Electrospray ionization (ESI4) source op-
erated in positive and negative ion modes; high-purity nitrogen as sheath and
auxiliary gas at 1.2 L/min; mass scan range: 20-1000 m/z; drying gas temper-
ature: 200°C.

1.5 Quality Control Verification

To assess instrument stability and experimental reproducibility, six QC samples
were analyzed. All QC samples showed deviations within 2SD, confirming good
instrument stability, reproducibility, and reliability of the experimental data for
reflecting true metabolic differences between groups.
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1.6 Data Analysis

1.6.1 Data Preprocessing Raw data were preprocessed using Metaboscape
3.0 software for peak extraction, denoising, normalization, and export. Pro-
cessed data were then matched against the HMDB database to obtain metabolite
information including retention time, mass-to-charge ratio, and peak intensity.

1.6.2 Statistical Analysis Preprocessed data were imported into MetaboAn-
alyst 5.0 for analysis. Data were first normalized to achieve normal distribution,
eliminating inter-individual differences and external confounding factors to en-
sure comparability between metabolites. Univariate analysis using volcano plots
identified differential metabolites between groups based on t-test (P < 0.05) and
fold change (FC > 1.5). Principal component analysis (PCA) was performed
for data overview and outlier detection. Partial least squares-discriminant anal-
ysis (PLS-DA) models were constructed for classification, with model reliability
evaluated through K-fold cross-validation and 100 permutation tests. Variable
importance in projection (VIP) values from PLS-DA were used to screen po-
tential differential metabolites (VIP > 1.0). Hierarchical clustering analysis
assessed correlations and clustering patterns among metabolites. Finally, differ-
ential metabolites were subjected to metabolic pathway analysis.

2. Results
2.2 Univariate Analysis

Univariate statistical analysis combining t-test and fold change (FC) was applied
to screen differential metabolites between MAP and SAP using criteria of P <
0.05 and FC > 1.5. As shown in Figure 1 [Figure 1: see original paper], 41
differential metabolites were identified in positive ion mode and 30 in negative
ion mode.

2.3 Multivariate Statistical Analysis

PCA was performed to analyze serum metabolite profiles between the two
groups. As illustrated in Figure 2 [Figure 2: see original paper], minimal intra-
group variation and significant inter-group differences were observed in both
ion modes, indicating that metabolic characteristics could distinguish between
MAP and SAP patients, with clear differences in metabolic profiles.

PLS-DA further analyzed serum metabolite profiles between groups, revealing
significant inter-group differences in both positive and negative ion modes. K-
fold cross-validation yielded R? and Q? values of 0.949 and 0.745 in positive
mode, and 0.967 and 0.795 in negative mode, respectively. Both R2? and Q2
exceeded 0.5, indicating good model fit. Permutation testing (100 iterations)
produced P-values < 0.1, confirming absence of overfitting.

Based on VIP values > 1.0, 32 differential metabolites were identified in positive
ion mode and 19 in negative ion mode. Hierarchical clustering analysis of MAP

chinarxiv.org/items/chinaxiv-202207.00052 Machine Translation


https://chinarxiv.org/items/chinaxiv-202207.00052

ChinaRxiv [$X]

and SAP serum metabolomics data demonstrated clear clustering patterns be-
tween groups in both ion modes, as shown in Figure 3 [Figure 3: see original

paper].

2.4.1 Serum Metabolite Analysis Results

In positive ion mode, 31 differential metabolites were identified, with 18
upregulated: 2,5-dimethylfuran, gentian violet, cysteine sulfinic acid, adrenalin
ethanolamide, 2-pyrrolidone, substance P, acetaminophen, LysoPC(20:1(11Z)),
denitrogen mustard, chloroethylamine, tetrahydrodeoxycorticosterone, ery-
thrityl tetranitrate, 3-hydroxybutyric acid, hexafluoroisopropanol, niobium, N-
acetylornithine, lysine, and deoxycholic acid; and 14 downregulated: proflavine,
glucose-6-phosphate, 8-hydroxyviloxazine glucuronide, diaminopimelic acid,
S-3,4-dihydroxybutyric acid, ethanolamine, glucosylgalactosyl hydroxylysine,
farnesyl pyrophosphate, 3-methyl-2-oxovaleric acid, 3-hydroxybenzoic acid,
5-fluorouridine, pelargonic acid, and sulfacetamide.

In negative ion mode, 19 differential metabolites were identified, with 7
upregulated: phosphonoformic acid, 2-phenyl-1,3-propanediol monocarbamate,
betaine, rac-5,6-epoxy-retinoyl-3-D-glucuronide, acetylcholesterol glucuronide,
3-methyl-2-oxovaleric acid, and 4-vinylphenol sulfate; and 12 downregulated:
NNAL-N-glucuronide, phloretin 2’ -O-glucuronide, sevoflurane, malathion dicar-
boxylic acid, canrenone, 2-oxoarginine, trifluoroacetic acid, diphenhydramine
N-glucuronide, O-desmethyltramadol glucuronide, 4’ -O-methyl-(-)-epicatechin-
7-O-beta-glucuronide, DG(18:1(11Z)/20:5(5Z,87,112,147,177)/0:0), and 4
-O-methyl-(-)-epicatechin-3’ -O-beta-glucuronide.

Metabolic pathway analysis of the significant differential metabolites from both
ion modes was performed using MetaboAnalyst 5.0. Based on the KEGG
database, 19 metabolic pathways were matched, from which 6 pathways were
selected using criteria of -log(p) > 0.5 and pathway impact > 0.05: taurine and
hypotaurine metabolism, lysine degradation, starch and sucrose metabolism,
glycine, serine and threonine metabolism, and terpenoid backbone biosynthesis.

Table 2 lists the selected pathways with relevant information.

Further analysis of the 50 differential metabolites identified those with AUC >
0.9, as shown in Figure 4 [Figure 4: see original paper] and Table 3 .

Table 3 ROC Diagnostic Performance of Selected Differential Metabolites

Differential Metabolite AUC  Sensitivity Specificity
2-Phenyl-1,3-propanediol monocarbamate 96.4%  96.4% 92.5%
Diphenhydramine N-glucuronide 92.8% 92.5% -
rac-5,6-Epoxy-retinoyl-/3-D-glucuronide 96.4% 92.8% 92.5%
Hexafluoroisopropanol 92.8% - -
NNAL-N-glucuronide 96.4% 87.5% -
Erythrityl tetranitrate 92.8% 87.5% -
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Differential Metabolite AUC  Sensitivity Specificity
3-Hydroxybutyric acid 92.9% 87.5% -
Tetrahydrodeoxycorticosterone 96.4% - -

3. Discussion

This LC-MS-based serum metabolomics study identified 50 differential metabo-
lites and 6 metabolic pathways between MAP and SAP, with 8 metabolites
demonstrating high diagnostic efficacy (AUC > 0.9). In SAP patients, 2-
phenyl-1,3-propanediol monocarbamate, rac-5,6-epoxy-retinoyl-3-D-glucuronic
acid, hexafluoroisopropanol, erythrityl tetranitrate, 3-hydroxybutyric acid,
and tetrahydrodeoxycorticosterone were upregulated, while diphenhydramine
N-glucuronide and NNAL-N-glucuronic acid were downregulated.

Xu et al. [9] previously identified 12 differential metabolites between MAP pa-
tients and healthy controls using UPLC-HRMS, with octanoylcholine showing
the best diagnostic performance. Notably, our study did not identify choline-
related metabolites as discriminatory between MAP and SAP, suggesting these
may not be ideal markers for distinguishing disease severity.

Other studies using GC-MS and random forest algorithms have investigated
differential metabolites in biliary AP (BAP), hyperlipidemic AP (HLAP), and
alcoholic AP (AAP) [10]. Interestingly, abnormal glycine, serine, and threo-
nine metabolism was also observed in AAP, suggesting that excessive alcohol
consumption may drive AP progression to severe disease through this pathway.

GC-MS analysis of AP patients versus healthy controls identified 3-
hydroxybutyric acid, phosphate, glycerol, citric acid, D-galactose, D-mannose,
D-glucose, palmitic acid, and serotonin as potential diagnostic biomarkers [11].
Our finding of elevated 3-hydroxybutyric acid in SAP is consistent with these
reports. Severe AP causes progressive tissue and organ damage, potentially
leading to organ failure. In pancreatic acinar cells, this inflammatory response
impairs mitochondrial function, reducing ATP production and promoting
conversion of acetyl-CoA to ketone bodies (acetoacetate, 3-hydroxybutyric acid,
and acetone), thereby elevating 3-hydroxybutyric acid levels in SAP patients
[12].

Hypocalcemia is commonly associated with pancreatic necrosis and persistent
low calcium levels can lead to multiple organ failure [13]. Numerous studies
have investigated calcium’ s role in AP pathogenesis, with intracellular calcium
overload and mitochondrial damage representing critical pathogenic steps affect-
ing acinar and ductal cell function. High intracellular calcium concentrations
impair ATP production, causing extensive necrosis of pancreatic cells, which fur-
ther releases trypsin and triggers widespread pancreatic inflammation [14]. Kim
et al. [15] demonstrated that monocarbamates can regulate intracellular calcium
concentration by blocking T-type calcium channels in neurons, preventing ex-
cessive calcium accumulation and exerting neuroprotective effects. While the
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mechanism in pancreatic cells remains unelucidated, our finding of elevated 2-
phenyl-1,3-propanediol monocarbamate in SAP patients warrants further inves-
tigation into whether it similarly modulates calcium homeostasis in pancreatic
inflammation.

Glucuronic acid is formed by oxidation of the C-6 hydroxyl group of glucose.
Through glucuronidation, it generates highly hydrophilic glucuronide conjugates
that are excreted via bile or urine [16]. In humans, numerous endogenous
substances (e.g., bilirubin), drugs, and xenobiotics (e.g., environmental tox-
ins) are eliminated through glucuronidation, representing an important detox-
ification mechanism [17]. Among our differential metabolites, rac-5,6-epoxy-
retinoyl-5-D-glucuronic acid, diphenhydramine N-glucuronic acid, and NNAL-
N-glucuronic acid showed good diagnostic performance. Notably, rac-5,6-epoxy-
retinoyl-3-D-glucuronic acid was elevated in SAP.

NNAL-N-glucuronide is a glucuronide conjugate of 4-(methylnitrosamino)-1-(3-
pyridyl)butanone (NNK), a tobacco-specific lung carcinogen. In humans, NNK
is metabolized to NNAL-N-glucuronide for urinary excretion [18]; impairment
of this pathway increases lung cancer risk. Cytochrome P450 2A6 (CYP2AG6)
catalyzes NNK metabolism, reducing lung cancer incidence [19], and has also
been implicated in pancreatic cancer [20]. The decreased NNAL-N-glucuronic
acid expression in SAP patients may impair detoxification of toxic substances
like NNK, leading to accumulation and exacerbating damage to lung and pan-
creatic tissues, thereby worsening clinical severity. Further investigation of this
mechanism may provide novel diagnostic and therapeutic strategies for pancre-
atitis.

In summary, this LC-MS-based study identified 50 differential metabolites and
6 metabolic pathways between MAP and SAP, with 8 metabolites showing high
diagnostic potential. These findings provide new insights for future research on
AP diagnosis and treatment.
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