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Abstract: This work utilizes the anthraquinone (AQ) database to identify potential inhibitors of
the RIPK1 protein for developing medicines targeting AP-associated necroptosis. Screening for
necroptosis-related genes that play a crucial role in AP is based on the GEO and GSEA databases.
An optimum AQ for receptor-interacting protein kinase 1 (RIPK1) inhibition was virtually screened
using the Discovery Studio 2019 tool, with a previously described RIPK1 inhibitor (necrostatin-1) as a
reference ligand. Using LibDock and CDOCKER molecular docking, an AQ that robustly binds to
RIPK1 was identified. The DOCKTHOR web server was used to calculate the ligand–receptor binding
energy. The pharmacological properties and toxicity of potential AQ were evaluated using the ADME
module and ProTox-II web server. The stability of ligand–receptor complexes was examined using
molecular dynamics (MD) simulation. All 12 AQs showed solid binding activity to RIPK1, 5 of
which were superior to necrostatin-1. Rheochrysin and Aloe-Emodin-8-O-Beta-D-Glucopyranoside
(A8G) were safe RIPK1 inhibitors based on pharmacological characterization and toxicity studies.
Additionally, the potential energy of the candidate AQs with RIPK1 was greater than that of the
reference ligand, necrostatin-1. MD simulations also showed that the candidate AQs could bind stably
to RIPK1 in the natural environment. Rheochrysin and A8G are safe and effective anthraquinones
that inhibit the RIPK1 protein. This research takes a first step toward developing RIPK1 inhibitors by
screening AQs that have the potential to be more effective than the reference ligand necrostatin-1.

Keywords: acute pancreatitis; necroptosis; RIPK1; virtual screening; anthraquinone

1. Introduction

Acute pancreatitis (AP) is a common inflammatory disease in gastroenterology that
is often brought on by gallstones, excessive alcohol intake, hypertriglyceridemia, and
overeating [1]. AP is characterized by an abrupt start, fast development, and many compli-
cations, and its occurrence is increasing annually. Most AP patients have a mild form of the
disease and recover spontaneously. However, approximately 20% of AP might progress
to severe AP (SAP), prone to systemic inflammatory response syndrome and multiple
organ dysfunction, with a mortality rate of 15–30% [2]. Presently, it is considered that
premature activation of pancreatic enzymes by calcium overload, activation of the nuclear
factor kappa B (NF-κB) signaling pathway, and disruption of the lysosomal-autophagic
system are the initiators of AP. The premature activation of pancreatic enzymes results in
the death of acinar cells, which corresponds closely with the severity of the AP [3].
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Necroptosis is a different kind of programmed cell death from apoptosis and necro-
sis. Necroptosis is a cellular response to stress in the external environment and can be
triggered by chemical or mechanical injury and inflammatory and infectious factors [4]. It
is morphologically manifested by swelling of organelles and increased cell volume, most
commonly resulting in cell membrane rupture. Multiple receptors may trigger necroptosis,
including tumor necrosis factor receptor 1, toll-like receptor 3 (TLR3), TLR4, and interferon
receptors. The receptor-interacting protein kinase 1 (RIPK1), RIPK3, and mixed-lineage
kinase domain-like protein (MLKL) form the core structural domain of the necroptosis
pathway [5]. PIPK1 is the initial signaling molecule in the necroptosis pathway; it induces
apoptosis by activating NF-κB, MAPK, and caspase-8 pathways. Notably, RIPK1 is a
multifunctional signaling kinase, and its activation is not a necroptosis signature. RIPK3
and MLKL are essential components of necroptosis and constitute its core. Active RIPK3
interacts with the kinase-like structural domain of MLKL, resulting in phosphorylation and
activation of MLKL. Active MLKL induces cell enlargement and membrane rupture [6].
It is generally accepted that the massive release of damage-associated pattern molecules
from cells after the onset of necroptosis is key to inducing increased inflammation in AP.
Inhibition of necroptosis signaling might be a potential strategy for treating AP [7].

Through the principles of drug design and a suite of specialized programs, virtual
screening may identify potentially beneficial novel compounds out of hundreds of thou-
sands or even millions of molecules with known target binding abilities. Virtual screening
is a crucial technique to prevent blindness in drug research and dramatically reduce the
length of the medication development cycle [8]. Anthraquinone (AQ) is a class of natural
compounds with carbonyl groups and belongs to the group of polycyclic aromatic hy-
drocarbon derivatives. AQ is widely found in higher plants, such as Liao, Rhamnaceae,
Rubiaceae, and Liliaceae. Chinese herbs, such as Rheum officinale, Aloe Vera, and Triptery-
gium wilfordii contain many AQs [9]. Recent evidence demonstrates that AQs from Rheum
officinale have significant protective effects against AP-induced pancreatic injury and extra-
pancreatic organ damage. However, whether or how AQs may reduce the severity of AP
by reducing necroptosis is unknown [10–13].

The GEO and GSEA databases were used to identify necroptosis-related targets that
play a crucial role in AP pathogenesis. Then, virtual screening was created using the
Discover studio software. The previously described RIPK1 inhibitor necrostatin-1 served
as the reference ligand [14], and molecular docking using the LibDock and CDOCKER
modules was utilized to evaluate the interaction between AQs and RIPK1. Using the ADME
module and ProTox-II web server, the pharmacological and toxicological properties of the
AQs were also evaluated. Molecular dynamics (MD) simulations were used to evaluate the
stability of the ligand–receptor complexes.

2. Materials and Methods
2.1. Data Collection

GSE109227, a gene microarray associated with AP, was selected from the GEO database.
Microarrays for the GSE109227 gene set were obtained from the GPL6246 platform, and
a total of 11 mouse pancreatic tissues from the control and AP groups were included in
the dataset. The online analysis tool GEO2R was used to screen differentially expressed
genes (DEGs) at p < 0. 05, |log2fold change (FC)| > 1 (Supplementary Materials) and map
the volcanoes of DEGs. Subsequently, a total of 67 differentially expressed necroptosis-
related genes (Supplementary Materials) were identified in AP via the GSEA database
(https://www.gsea-msigdb.org/gsea/index.jsp, accessed on 10 September 2022).

2.2. Necroptosis-Related DEGs Identification and Construction of PPI

Identification of differentially expressed necroptosis-related genes in AP was con-
ducted by plotting a Venn diagram. Those genes identified were imported into the STRING
database (https://stringdb.org/, accessed on 10 September 2022), and the species was set
to “Homo sapiens” to extract protein-protein interaction (PPI) information. Cytoscape

https://www.gsea-msigdb.org/gsea/index.jsp
https://stringdb.org/
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software was utilized to visualize the protein interaction information, constructing the PPI
network. CytoNCA was used to analyze the centrality degree of network nodes to identify
critical genes. The protein structures matching the essential genes were also obtained from
the RCSB Protein Data Bank (http://www.rcsb.org/, accessed on 10 September 2022).

2.3. Screening of Anthraquinone

The information on 70 anthraquinones was obtained from the Topscience database
(https://www.tsbiochem.com/, accessed on 10 September 2022), seen in Supplementary
Materials. All structural formulas of small molecules were downloaded from the PubChem
database (https://pubchem.ncbi.nlm.nih.gov/, accessed on 10 September 2022).

2.4. Molecular Docking

All small molecules and the RIPK1 protein (PDB ID:5HX6) were loaded into the
Discovery Studio (DS) 2019 software (version 4.5, Dassault Systems, Paris, France). First,
the RIPK1 protein was pre-processed, and then, using the Macromolecules module, the pre-
treated RIPK1 protein was identified as the receptor, and the docking activity pocket was
determined. Before docking, AQs were processed with hydrogenation, charge, etc., using
the Small Molecules module in DS. The reference ligand was necrostatin-1, a previously
reported RIPK1 inhibitor. The LibDock module is used for preliminary screening. The
docking results are sorted by docking score, Libscore, from high to low, and inhibitor
candidates with a higher Libscore than necrostatin-1 were chosen. The DOCKTHOR web
server was used to calculate ligand–receptor binding energy [15]. Based on the CHARMM
force field, the CDOCKER module is used for semi-flexible docking. Analyses were
conducted on the docking pattern between potential inhibitors and RIPK1 protein. Refer to
previous reports for specific parameter settings [16,17].

2.5. ADMET Prediction and Pharmacological Analysis

The ADME (absorption, distribution, metabolism, and excretion) properties of the
candidate inhibitors were analyzed using the ADME module of the DS 2019 software.
Hepatotoxicity is a significant safety issue for medication developers, regulators, and
doctors. The ProTox-II web server [18] was used to analyze the toxicity of the candidate
inhibitors. In brief, data from the DILIrank [19] and NIH LiverTox [20] databases support
ProTox-II ‘s prediction of hepatotoxicity. In addition, the ProTox-II web server makes
predictions for carcinogenicity, immunotoxicity, mutagenicity, and cytotoxicity. The Feature
mapping module of DS 2019 software was utilized to analyze the pharmacophore of
necrostatin-1 and the candidate inhibitors, such as hydrophobic, hydrogen bond (HB)
acceptor, HB-donor, positive ion, and ring aromatic.

2.6. Molecular Dynamics Simulation

For MD simulations, the optimal binding conformation of the AQs-RIPK1 complexes
established by CDOCKER docking was used. Place the ligand/receptor complex in an
orthorhombic box. Simulate a physiological milieu by adding sodium chloride to the system.
Relax the system by minimizing the CHARMM force field’s energy. Using analytical
trajectory techniques, determine the root mean square deviation (RMSD), potential energy,
and structural characteristics.

3. Results
3.1. Discrimination of Necroptosis-Related DEGs in AP

From the dataset GSE109227, 1631 AP-associated DEGs were identified, comprising
1333 genes with upregulation and 298 genes with downregulation (Figure 1A). The DEGs
linked with AP intersected with necroptosis genes, and the resulting data was shown on
a Venn diagram. Twelve genes that overlapped were found (Figure 1B). After importing
the PPI data from the STRING database into the Cytoscape software (version 3.8.2, the
National Institute of General Medical Sciences, Bethesda, MD, USA), the following proteins

http://www.rcsb.org/
https://www.tsbiochem.com/
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were chosen to plot the PPI network based on their degree values: BNIP3, EGFR, HSPA4,
HSP90AA1, MLKL, RIPK1, RNF31, SQSTM1, STAT3, TARDBP, and TNFRSF1A. This
is depicted in Figure 1C. Based on the node degree and the biological function, RIPK1
was found to be the necroptosis−related gene of AP that was considered to be the most
important. Figure 1D shows the relative expression levels of RIPK1 that were found in the
control sample as well as the AP sample.
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Figure 1. Discrimination of necroptosis−related DEGs in AP. (A) Volcano plot of DEGs among
GSE109227 datasets; (B) Venn diagram of AP and necroptosis; (C) Protein−protein interaction
network; (D) Relative expression of RIPK1 in control samples and AP samples. Red nodes in A are
up−regulated genes; blue nodes in A are down−regulated genes; ***, p < 0.001; red nodes in D are
the AP group sample; blue nodes in D are the CON group sample.

3.2. LibDock of Active Ingredients against RIPK1

70 AQs were taken from the Topscience database, and then loaded into the DS 2019
software to do fast molecular docking with RIPK1 using LibDock. 12 AQs could be docked
with RIPK1. See Table 1 for a list of the 5 AQs had better docking scores with RIPK1 than
necrostatin-1. Figure 2 displays their structures in 2D structures.

Table 1. LibDock scores of the six compounds.

Number Compounds LibDock Scores Binding Energies (Kcal/mol)

1 Lucidin Primeveroside 164.697 −6.83
2 Aloe-Emodin-8-O-Beta-D-Glucopyranoside 148.133 −7.17
3 Torososide A 143.923 −6.91
4 Rheochrysin 122.628 −7.07
5 Carminic acid 121.766 −7.04
6 Necrostatin-1 111.152 −6.99
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Figure 2. Structures of anthraquinone selected from virtual screening. (A) Lucidin Primeveroside;
(B) Aloe-Emodin-8-O-Beta-D-Glucopyranoside; (C) Torososide A; (D) Rheochrysin; (E) Carminic
acid; (F) Necrostatin-1.

3.3. ADME, and TOPKAT of Candidate Active Ingredients

Using the ADME module of the DS 2019 software, the pharmacological character-
istics of the five potential small compounds and the reference ligand necrostatin-1 were
analyzed (Table 2). Specifically, water solubility was shared by Aloe-Emodin-8-O-Beta-
D-Glucopyranoside (A8G), Torososide A, Rheochrysin, and Carminic acid. Both Lucidin
Primeveroside and necrostatin-1 showed a poor ability to dissolve in water. Necrostatin-1
demonstrated high levels of the blood-brain barrier (BBB). On the other hand, the BBB
levels of A8G, torososide A, rheochrysin, carminic acid, and lucidin primeveroside were not
well defined. Regarding inhibition of CYP2D6, none of the five candidate small molecules
or necrostatin-1 are thought to have inhibitory effects. According to the predictions of the
levels of intestinal absorption, the five compounds demonstrated extremely low intestinal
absorption levels. Finally, all five compounds, as well as necrostatin-1, showed low levels
of plasma protein binding (PPB).

Table 2. ADME of the five compounds and necrostatin-1.

Compounds Solubility Level a BBB Level b CYP2D6 c Absorption
Level d PPB Level e

Lucidin Primeveroside 2 4 0 3 0
Aloe-Emodin-8-O-Beta-D-Glucopyranoside 3 4 0 3 0

Torososide A 3 4 0 3 0
Rheochrysin 3 4 0 3 0

Carminic acid 3 4 0 3 0
Necrostatin-1 2 2 0 0 0

a: 0, Extremely low; 1, Very low, but possible; 2, Low; 3, Good; 4, Optimal; 5, Soluble. b: 0, Very high penetrant;
1, High; 2, Medium; 3, Low; 4, Undefined. c: 0, Non-inhibitor; 1, Inhibitor. d: 0, Good; 1, Moderate; 2, Low; 3, Very
low. e: 0, Absorbent weak; 1, Absorbent strong.

One other thing we should be worried about is how safe the medications are. The
online program ProTox-II was used to analyze the toxicity of five anthraquinones and
necrostatin-1 (Table 3). All anthraquinones and necrostatin-1 were shown to be free of
carcinogenic and cytotoxic properties. Both A8G and Torososide A were shown to have a
harmful effect on the liver. Each of the five AQs exhibited immunotoxic properties. Lucidin
primeveroside, rheochrysin, and carminic acid might be mutagenic. Rheochrysin and
A8G were identified as potential inhibitors of RIPK1 based on the results of the molecular
docking study in conjunction with those findings. Rheochrysin is a medication that belongs
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to class 5 and has a lethal dose (LD 50) of 3000 mg/kg. The LD 50 of A8G is 1190 mg/kg
body weight.

Table 3. Toxicity of the five compounds and necrostatin-1.

Compounds LD50 (mg/kg) Hepatotoxicity Carcinogenicity Immunotoxicity Mutagenicity Cytotoxicity

Lucidin Primeveroside 3000 (Class 5) Inactive Inactive Active Active Inactive
Aloe-Emodin-8-O-Beta-

D-Glucopyranoside 1190 (Class 4) Active Inactive Active Inactive Inactive

Torososide A 1190 (Class 4) Active Inactive Active Inactive Inactive
Rheochrysin 3000 (Class 5) Inactive Inactive Active Active Inactive

Carminic acid 7 (Class 2) Inactive Inactive Active Active Inactive
Necrostatin-1 200 (Class 3) Inactive Inactive Inactive Inactive Inactive

3.4. Ligand Binding Analysis, Pharmacophore Analysis and Molecular Dynamics Simulation

Precise molecular docking of necrostatin-1 (Figure 3A), rheochrysin (Figure 4A), and
A8G (Figure 5A) to RIPK1 were performed using the CDOCKER module. The CDOCKER
interaction energy of rheochrysin and Aloe-Emodin-8- O-Beta-D-Glucopyranoside was
higher than that of necrostatin-1, see Table 4. The hydrogen bond interaction and Pi-
Pi-related interaction parameters between necrostatin-1, rheochrysin, A8G, and RIPK1
are shown in Tables 5 and 6. In molecular docking simulations, interactions between the
receptor and ligand, such as hydrogen bonding, alkylation, and salt bridges, facilitate higher
binding activity. According to the data, only three pairs of hydrogen bonds were formed in
the necrostatin-1-RIPK1 complex. Eight pairs of hydrogen bonds were formed between
rheochrysin and RIPK1. RIPK1 formed ten pairs of hydrogen bonds with A8G. Moreover,
three Pi-alkyl interactions were formed between necrostatin-1 and RIPK1. With RIPK1,
rheochrysin formed one pair of alkyl interactions and two pairs of Pi interactions, including
Pi-Pi and Pi-alkyl interactions. Three pairs of Pi interactions were formed between A8G and
RIPK1, including Pi-Pi and Pi-alkyl interactions. Compared to necrostatin-1, the increased
number of hydrogen bonds and π-related interactions enhanced the affinity and stability of
the interaction between the selected AQs and RIPK1.

Table 4. CDOCKER potential energy of three compounds with RIPK1.

Compounds CDOCKER Interaction Energy (kcal/mol)

Aloe-Emodin-8-O-Beta-D-Glucopyranoside −55.1605
Rheochrysin −52.2277
Necrostatin-1 −35.4412

Table 5. Hydrogen bond interaction parameters for compounds with RIPK1.

Compound Donor Atom Receptor Atom Distances (Å)

Aloe-Emodin-8-O-Beta-D- HIS72:HE Aloe-Emodin-8-O-Beta-D-
Glucopyranoside:O1 2.1

Glucopyranoside HIS72:HE2 Aloe-Emodin-8-O-Beta-D-
Glucopyranoside:O6 2.6

ARG74:HE Aloe-Emodin-8-O-Beta-D-
Glucopyranoside:O4 2.9

ARG74:HH21 Aloe-Emodin-8-O-Beta-D-
Glucopyranoside:O4 2.5

ARG286:HH22 Aloe-Emodin-8-O-Beta-D-
Glucopyranoside:O5 2.8

SER73:HN Aloe-Emodin-8-O-Beta-D-
Glucopyranoside:O7 2.3
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Table 5. Cont.

Compound Donor Atom Receptor Atom Distances (Å)

ARG74:HE Aloe-Emodin-8-O-Beta-D-
Glucopyranoside:O3 3.0

ARG74:HH21 Aloe-Emodin-8-O-Beta-D-
Glucopyranoside:O3 2.4

Aloe-Emodin-8-O-Beta-D-
Glucopyranoside:H32 GLU124:OE2 2.0

Aloe-Emodin-8-O-Beta-D-
Glucopyranoside:H33 GLU124:OE2 1.9

Aloe-Emodin-8-O-Beta-D-
Glucopyranoside:H36 GLU282:OE2 2.2

Aloe-Emodin-8-O-Beta-D-
Glucopyranoside:H37 PRO279:O 2.1

Rheochrysin SER73:HN Rheochrysin:O6 2.6
SER73:HG Rheochrysin:O6 1.8

LYS132:HZ3 Rheochrysin:O9 3.0
Rheochrysin:H35 GLU282:OE2 2.7
Rheochrysin:H37 GLU282:OE1 2.6
Rheochrysin:H38 GLU124:OE2 2.3
Rheochrysin:H39 GLU124:OE2 2.4
Rheochrysin:H44 GLU124:OE2 2.7
Rheochrysin:H36 HIS72 2.4

Necrostatin-1 HIS72:HE2 Necrostatin-1:O2 2.1
Necrostatin-1:H24 GLU124:O 2.6
Necrostatin-1:H26 GLU124:OE2 3.0

Table 6. Pi–Pi staked interaction, Pi-Alkyl interaction, and Pi-Pi T-shaped interaction parameters for
compounds with RIPK1.

Interaction Parameters Compound Donor Atom Receptor Atom Distances (Å)

Pi-Pi staked interaction Aloe-Emodin-8-O-Beta-
D-Glucopyranoside HIS72 Aloe-Emodin-8-O-Beta-D-

Glucopyranoside 5.3

Pi-Alkyl interaction Aloe-Emodin-8-O-Beta-D-
Glucopyranoside ALA127 4.9

Aloe-Emodin-8-O-Beta-D-
Glucopyranoside ARG71 4.8

Pi-Pi T-shaped
interaction Rheochrysin HIS72 Rheochrysin 5.5

Pi-Alkyl interaction Rheochrysin:C31 PRO279 4.9
Rheochrysin:C31 ARG71 4.1

Pi-Alkyl interaction Necrostatin-1 HIS72 Necrostatin-1:C15 4.8
Necrostatin-1 ALA127 4.1
Necrostatin-1 PRO279 5.4

Based on the assessment of the pharmacophore models by the Feature Mapping mod-
ule, necrostatin-1 showed five HB-acceptors, three hydrogen donors, three hydrophobics,
and one positive ion, respectively, as well as four ring aromatics (Figure 3B). Rheochrysin
showed 27 HB-acceptors, 19 hydrogen donors, three hydrophobics, and two ring aromatics,
respectively (Figure 4B). In addition, A8G showed 29 HB-acceptors, 25 hydrogen donors,
two hydrophobics, and four ring aromatics, respectively (Figure 5B).

The molecular dynamics simulation module was used to assess the stability of the
ligand-RIPK1 complex in its natural environment. The results show that the RMSD and
potential energy of the complexes stabilize over time (Figures 3C,D–5C,D).
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Figure 5. Ligand binding analysis, pharmacophore analysis and molecular dynamics simulation of
Aloe−Emodin−8−O−Beta−D−Glucopyranoside. (A) 2D diagram of inter-molecular interaction
of Aloe−Emodin−8−O−Beta−D−Glucopyranoside with RIPK1; (B) Pharmacophore predictions;
green represents hydrogen acceptor; blue represents the hydrophobic center; purple represents
hydrogen donor; yellow represents aromatic ring by Schrodinger. (C) Potential Energy; (D) Average
backbone RMSD.

4. Discussion

AP is one of the most common clinical abdominal emergencies with complex patho-
genesis and high morbidity and mortality. There are no specific drugs available for SAP. In
recent years, cell death-based therapeutic strategies have evolved rapidly. Necroptosis is a
novel form of regulated cell necrosis, and its relationship with the severity and prognosis of
AP has attracted growing interest [21,22]. Signals delivered by death receptors, such as tu-
mor necrosis factor-α receptor 1 (TNFR1) induce phosphorylation of RIPK1 and RIPK3, and
phosphorylated RIPK3 recruits and phosphorylates MLKL, leading to its translocation to
the plasma membrane and ultimately to cell rupture and death. Inhibition of RIPK3 or lack
of MLKL has been reported to significantly attenuate autophagy-related genes 7 deletion
and caerulein-induced pancreatic injury [23,24]. Similarly, suppression of necroptosis with
necrostatin-1 (the RIPK1 inhibitor) could ameliorate the severity of acute pancreatitis [25].
Thus, the identification of drugs that target necroptosis is essential for the treatment of SAP.

Although research on RIPK1 inhibitors has continued for some years, none have
been licensed for commercialization. Necrostatin-1 was found to be the first RIPK1 in-
hibitor. Available data suggest that necrostatin-1 protects mice and rats from inflammatory
and central nervous system illnesses by inhibiting RIPK1-mediated necroptosis [26–28].
Necrostatin-1 has been shown to protect rodents, such as rats and mice, against AP. In-
hibiting necrosis in pancreatic acinar cells was the precise mechanism through which
necrostatin-1 ameliorated SAP [29]. Additional data showed that necrostatin-1 might in-
hibit acinar cell necrosis and reduce inflammation-induced tissue damage by inhibiting the
RIPK1/nuclear factor kappa B (NF-kB) signaling pathway, a well-known inflammation am-
plifier [30]. Furthermore, necrostatin-1 prevented further damage to the mouse pancreas by
reducing the production of reactive oxygen species during AP, thereby reducing the injury’s
severity [31]. However, necrostatin-1 is susceptible to metabolic instability and targets
indoleamine-2,3-dioxygenase, which may promote tumor immunological tolerance [32].
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Also, necrostatin-1 blocks other forms of programmed cell death, including ferroptosis,
raising questions about the molecule’s selectivity [33]. Several RIPK1 inhibitors, including
GSK2982772, SAR443122, SAR443820, GFH312, DNL758, and R552, have entered clinical
trials for psoriasis, multiple sclerosis, and systemic lupus erythematosus [34]. Other clinical
trials of RIPK1 inhibitors, GSK3145095 and DNL747, have been halted [34]. Furthermore,
multiple FDA-approved pharmaceuticals have been evaluated for their capacity to inhibit
RIPK1. Riebeling and colleagues discovered primidone, an aromatic antiepileptic medi-
cation, was a potent RIPK1 inhibitor to reduce necroptosis and inflammatory responses
in systemic inflammatory response syndrome mice [35]. In a nutshell, scientists are still
interested in finding RIPK1 inhibitors with better activity and selectivity.

The usage of DS 2019 software for virtual screening was the primary focus of this
investigation. The LibDock program was used to conduct the first screening for ligands
that might bind to RIPK1 after the initial download of 70 anthraquinones from Pubchem as
a small molecule database. According to the findings, 12 different ligands were successful
in forming strong bonds with the RIPK1 crystal structure. Based on their LibDock score,
the top five ligands were chosen for further investigation. Rheochrysin and A8G were
the two candidate anthraquinones that were further identified by pharmacological and
toxicity profiling. The CDOCKER module was used to verify whether or not the two
anthraquinones could bind to RIPK1 and to analyze their docking Potential Energy with
RIPK1. According to the findings, the binding potentials of A8G and rheochrysin to
RIPK1 were much greater than those of necrostatin-1. In addition, the hydrogen bonds,
π-related interactions, and pharmacodynamic groups of these two AQs were compared
to necrostatin-1. A8G and rheochrysin had a greater propensity for binding to RIPK1
than necrostatin-1. MD simulations were run to verify the stability of the ligand–receptor
complexes by running RMSD and calculating the potential energy. The calculations show
that the three ligand-RIPK1 complexes can reach equilibrium in a short period under
natural conditions and stabilize over time.

Rheochrysin, also known as physcion-8-O-beta-D-glucoside, is an anthraquinone
glycoside found in Fallopia multiflora, Saururus Chinensis, Rheum australe, Selaginella
delicatula, and Cortinarius canarius [36]. Rheochrysin shows significant anti-inflammatory,
antioxidant, hypolipidemic, and antitumor properties. According to recent research, dif-
ferent doses of rheochrysin prevented the entrance of phosphorylated NF-κB into the
nucleus [37]. NF-κB is a recognized amplifier of the inflammatory signaling pathway and
plays a crucial role in the AP-mediated necroptosis cascade response [38]. Aloe-Emodin-
8-O-beta-D-glucopyranoside (A8G) is an analogue of emodin found in Rheum officinale,
Senna alexandrina, and Saussrurea lappa [39]. A8G is a moderate inhibitor of the human
protein tyrosine phosphatase 1B (PTP1B) [40]. According to available evidence, cerulein-
induced mild AP is related to elevated PTP1B protein expression [41]. Therefore, A8G
has therapeutic promise for AP. In addition, several studies have shown that rhubarb and
Polygonum cuspidatum contain much more A8G than free AQs, such as emodin [42,43].
Emodin is a well-studied free AQ with protective properties against AP-induced acinar cell
damage, systemic inflammatory response, and organ damage [44,45].

In a word, this research takes a first step toward developing RIPK1 inhibitors by screen-
ing AQs that have the potential to be more effective than the reference ligand necrostatin-1.
Still, there are gaps in this research that need to be filled. On the one hand, additional
in vivo and in vitro experiments are required to verify the activity and safety of the selected
AQs. Our research will concentrate on these areas. It is also important to note that the two
AQs we selected are not perfect and have room for improvement or modification.

5. Conclusions

Based on the GEO and GSEA databases, this work identified RIPK1 as the most critical
gene in AP-related necroptosis events. Computational-assisted drug analysis approaches
were then utilized to screen anthraquinones for compounds that may operate specifically as
RIPK1 inhibitors. Molecular docking, pharmacological characterization, toxicity analysis,
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pharmacophore prediction, and molecular dynamics simulations utilizing DS 2019 software
and website found rheochrysin and Aloe-Emodin-8-O-D-Glucopyranoside as possible
new RIPK1 inhibitors. We present prospective leads for further preclinical research and
investigations on these two anthraquinones.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/pr10112260/s1, Table S1: Necroptosis-related genes from the GSEA
database. Table S2: Acute pancreatitis-related differentially expressed genes from the GSE109227
gene set. Table S3: Anthraquinone database.
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