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Abstract
Panax ginseng is a medicinal herb that has therapeutic effects against neuronal 
damage. The main goal of the present study is to investigate the therapeutic 
potential of P. ginseng in treating neuronal damage through in silico analysis. The 
literature review was conducted to create a ingredients-target database for P. ginseng. 
The database was essential in identifying the targets related to neuronal damage, 
which was followed by the construction of protein-protein interaction network 
by the STITCH database. The enrichment analysis was performed using Cytoscape 
(ClueGO) software. The molecular docking analysis was ran using AutoDock and 
Discovery Studio. The literature search revealed the presence of 66 compounds in 
P. ginseng, which subsequently resulted in the retrieval of 102 potential targets of 
these compounds. They were screened for their association with neuronal damage. 
Three proteins, namely, Glutathione S-transferase P1, HSP90, and Mitogen-activated 
protein kinases (MAPK8), were found to be in prime interaction with the relative 
compounds. Subsequently, 91 Gene ontology terms were found, of which four genes 
were associated with neuronal damage. Molecular docking analysis also revealed 
good binding affinities of various compounds of P. ginseng to the selected target, 
MAPK8. In conclusion, the biological processes linked to the therapeutic action of 
P. ginseng involve the positive regulation of JUN kinase activity, chaperone-mediated 
protein folding, and MyD88-dependent toll-like receptor signaling pathway.

Keywords: Panax ginseng; STITCH; Biological effects; Cytoscape; Neuronal damage; 
Mechanism of action

1. Introduction
Plant-derived compounds, also known as natural compounds, have garnered much 
attention in the recent years due to their therapeutic effects against many diseases and 
pathological conditions. Their potent activities attributed to their phytochemical and 
pharmacological properties will certainly benefit many given their widespread use 
in traditional as well as modern medicine. Therefore, their use has been embraced as 
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a means of effective and potential therapy for various 
medical disorders[1]. In many diseases such as neuronal 
damage, chemotherapy is not always an effective treatment; 
therefore, complementary and alternative medicine has 
become an attractive therapeutic option and is gradually 
gaining traction since this form of medicine commonly 
involves the use of herbs for their therapeutic applications[2].

Among the herbs used, Panax ginseng is a traditional 
medicinal plant that has been used therapeutically for 
millennia in East Asian countries such as China, Japan, and 
Korea. In Traditional Chinese Medicine (TCM), ginseng is 
considered a potent herb. Interestingly, “Panax” means “all-
healing”, which hails ginseng to be a potent herb in healing 
all medical aspects of the human body. Among different 
types of ginseng found all over the world, P. ginseng has 
received much attention and has been the research target 
of most of the studies surrounding this species[3]. Ginseng 
has been reported to exert many beneficial effects on the 
central nervous system as well as endocrine, cardiovascular, 
and immune systems[4,5], and has a wide range of potential 
therapeutic advantages against various disorders, such 
as cancer[6] and ischemic stroke[7]. Furthermore, ginseng 
has been reported to reduce the side effects caused by 
chemotherapy and radiotherapy, therefore, improving the 
overall quality of life and good mental health of patients 
with neuronal damage[7].

Neuronal damage is one of the most precarious medical 
conditions affecting the elderly worldwide. The phenotypic 
features of neuronal damage at the macroscopic level in most 
cases include headache and seizures, but the pathogenesis 
differs at both histological and genetic levels, with various 
predisposing risk factors coming into play[8]. The induction 
of neuronal damage is facilitated by various events in the 
cell, along with the generation of reactive oxygen species 
(ROS), depletion of antioxidative species, and induction 
of inflammatory phases and cyclooxygenase activity[9]. It is 
well-established that the development of neuronal damage 
is prompted by the action of different biological pathways 
caused by TP53, ERBB2, BRAF, and KRAS mutations[10-13]. 
Moreover, the release of inflammatory mediators, such 
as heat-shock proteins (HSP), interleukins[6,11,12], and 
vascular endothelial growth factor[14-17], has been found 
to significantly accelerate the development of neuronal 
damage. Various studies have demonstrated the protective 
effects of ginseng in the treatment of neuronal damage, 
which also increases the quality of life in patients receiving 
chemotherapyp[18]. The inhibitory effects of P. ginseng and 
its constituents on neuronal damage mechanisms have 
been investigated and confirmed in many experiments[19].

In recent years, the concept of network pharmacology 
has arisen from the systems biology approach, which has 

resulted in a paradigm shift from one drug and one target to 
multiple drugs and multiple targets, with their interaction 
increasing multi-fold[20]. Network pharmacology is an 
approach that focuses on the biological interactions and 
their genes counterparts, which effectively play an active role 
in exerting the therapeutic effect of a herb once it interacts 
with the target proteins in the host, which is Homo sapiens. 
This approach is, therefore, very potent in deciphering the 
mechanistic mode of action of several individual herbs or a 
concoction of herbs that belong to TCM Pharmacopoeia[21].

In this study, the mode of action of P. ginseng against 
neuronal damage was elucidated using a network 
pharmacology approach. At present, limited data are 
available for the therapeutic potential of P. ginseng against 
neuronal damage, which further affirms that no study 
has previously reported on the mechanism of action of 
the herb against neuronal damage. Furthermore, the 
molecular docking analysis helps determine the potential 
action of its active compounds that interact with possible 
protein targets in human in the treatment of neuronal 
damage. This study presents a suitable premise to ascertain 
the potential ability of the herb for its other potentially 
therapeutic abilities. Therefore, it is necessary to investigate 
said mechanism of action, with specific attention given 
to the multi-target interaction of P. ginseng. Therefore, a 
network pharmacology approach was employed in this 
study along with the analyses of biological pathways and 
drug interactions to determine the pharmacological action 
of P. ginseng in treating neuronal damage.

2. Materials and methods
2.1. Methodology

The potential of P. ginseng in treating neuronal damage was 
ascertained using the STITCH database[22], which was the 
first step of the systematic analysis. In the next step, the 
bioactive compounds were elucidated from an extensive 
literature search, along with their associated protein targets 
in human. This step was followed by the construction of 
protein-protein interaction network (PPIN) and the gene 
ontology (GO) enrichment analysis (Figure 1).

2.2. Retrieval of chemical ingredients and their 
targets

This step was performed by screening the compounds of 
P.  ginseng on the TCM systems pharmacology database 
and analysis platform (TCMSP) database[23]. After this step, 
the herb-associated protein targets were retrieved from 
the reported literature and TCMSP database, respectively, 
after which these protein targets were screened for their 
association in the treatment of neuronal damage. The 
targets were then analyzed further.
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2.3. Network construction and analysis

The protective role and pharmacological action of 
P. ginseng and its bioactive compounds with the associated 
targets and biological pathways were ascertained using the 
STITCH database version 5.0[24], which is a comprehensive 
online database containing the knowledge of more than 
2000 organisms and around 10 million proteins and their 
interactions. To investigate the interaction of P. ginseng 
compounds with its target proteins, PPIN was constructed 
and analyzed.

2.4. GO and pathway enrichment analysis

The therapeutic potential of associated proteins against 
neuronal damage was analyzed and revealed through 
GO enrichment analysis, which was carried out using 
Cytoscape (version  3.4.0) and its plug-in ClueGO[25,26], 

with the significance level set at 0.05. The parameters 
set for this analysis were medium network and two-
sided hypergeometric test with Bonferroni correction. 
Eventually, the functional network was analyzed and 
visualized using algorithmic organic layout.

2.5. Docking study

Four compounds (gensinside, panaxydol, panaxynol, and 
panaxytriol) were chosen to dock with the selected targets 
(Glutathione S-transferase P1 [GSTP1], HSP90, and 
Mitogen-activated protein kinases [MAPK8]) in search of 
a suitable ligand that could match and favorably bind with 
the protein[27]. The preparation of ligands was performed 
by searching the PubChem database, after which the ligand 
structures were saved in mdl. format (v3000). This file was 
then visualized in AutoDock (version 4.2). The non-polar H2 
atoms were combined while the torsion value was defined 
to default. Kollman and Gasteiger charges were affixed 
with the aid of default parameters. To deduce the function 
of the acquired protein targets in neuronal damage, three-
dimensional structure of the acquired protein targets was 
downloaded from the PDB database in.pdb format (www.rcsb.
org). The structure was visualized in AutoDock (version 4.2), 
after which the H2O molecules and the polar H2 atoms were 
deleted and added, respectively. The same software was used 
to dock the compounds with GSTP1, HSP90, and MAPK8. 
All the compounds were individually docked with the same 
ligand, after the grid-box for all compounds was assigned 
before docking, where grid parameters were established 
to affirm the binding of ligands to the binding sites of 
protein, and the output was saved in the GPF format. The 
number of runs was adjusted to 30, while Lamarckian-GA 
(version 4.2) was chosen for processing the output file. The 
binding energy was selected as the main mode of result 
elucidation, which was saved in pdbqt. format. The lowest 
binding energy scores of ligand-proteins were chosen and 
saved in.pdb format and were utilized for further analysis. 
The interaction of ligand-proteins was elucidated further by 
Discovery Studio 2020 (BIOVIA).

3. Results
3.1. Retrieval of chemical ingredients and their 
targets

According to the outcomes collected from TCMSP, the 
enlistment of phytochemical compounds from a literature 
search revealed 66 compounds in P. ginseng (Table 1) and 
102 potential targets (Table S1), of which three were found 
in H. sapiens, which were standardized using UniProt.

3.2. Network construction and analysis

STITCH database was employed to construct an intricate 
PPI network, which consists of the subsequent association 

Figure 1. Flowchart of systematic procedure utilized in this study.
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of four protein targets, with a medium network probability 
score of 0.400, with four nodes and four edges. The 
resultant PPI network comprises functional interactions, 
where the nodes and edges represented the target proteins 
and/or their associated genes, and the interactions between 
different genes, respectively. Details of the constructed 
network show that its P-value is small (0.271), whereas 
the number of edges for the network was found to be 3 
at randomly chosen nodes. Small P-value denotes the 
non-random selection and the significant number of 
edges in a network. In this PPI network, the values for 

node degree and clustering coefficient were found to be 2 
and 0.833, respectively. Moreover, three hubs were found 
due to their nodal degree being higher than the average, 
that is, 2, where CYP1A2 was found to have the highest 
node degree, that is, 9. Table  2 describes the functional 
enrichments in PPIN network (KEGG Pathways). It was 
followed by other proteins, such as GSTP1, MAPK8, and 
GSTT1, respectively. These proteins and associated hubs 
are reported to be significant mediators in depression. 
The action view of the functional nodes is shown in 
Figure  2, demonstrating the functions of these proteins, 

Table 1. The retrieved 66 chemical compounds in Panax ginseng

ID Compound Mol Wt OB (%) DL ID Compound Mol Wt OB (%) DL

5318 Dianthramine 289.26 40.45 0.20 4100 N-Salicylidene-salicylamine 227.28 95.46 0.11

1641 Methyl linoleate 294.53 41.93 0.17 422 kaempferol 286.25 41.88 0.24

1818 Methyl palmitelaidate 268.49 34.61 0.12 4492 Chrysanthemaxanthin 584.96 38.72 0.58

1965 Dauricine (8CI) 624.84 23.65 0.37 4498 12-O-Nicotinoylisolineolone 469.63 20.70 0.83

2307 20-Hexadecanoylingenol 586.94 28.20 0.68 5269 (+)-Maalioxide 222.41 55.93 0.13

2669 Campesteryl ferulate 576.94 22.10 0.59 5272 13-Tetradecenyl acetate 254.46 36.76 0.10

2879 Diop 390.62 43.59 0.39 5280 ginsenoside-Rh1_qt 476.82 20.13 0.78

449 Stigmasterol 412.77 43.83 0.76 5282 20(S)-Ginsenoside-Rh1_qt 476.82 20.13 0.78

358 Beta-sitosterol 414.79 36.91 0.75 5285 20(s)-protopanaxadiol 460.82 29.69 0.77

3648 Inermin 284.28 65.83 0.54 5288 20-(S)-Ginsenoside-Rg3_qt 460.82 29.69 0.77

5364 Malonylginsenoside Rd_qt 460.82 29.69 0.77 5292 3-O-beta-D-Glucuronopyranosyl gypsogenin_qt 470.76 23.72 0.75

3902 Methyl (Z)-icos-11-enoate 324.61 29.49 0.23 5301 6’-Malonylginsenoside Rd1_qt1 460.82 29.69 0.77

5302 7-(beta-Xylosyl) 
cephalomannine

962.15 27.33 0.17 5396 cis-Widdrol alpha-epoxide 238.41 69.04 0.15

5305 Nepetin 316.28 26.75 0.31 5319 Ditertbutyl phthalate 278.38 43.67 0.13

5308 Aposiopolamine 271.34 66.65 0.22 5320 arachidonate 304.52 45.57 0.20

5314 Celabenzine 379.55 101.88 0.49 5321 Frutinone A 264.24 65.90 0.34

5317 Deoxyharringtonine 515.66 39.27 0.81 5327 Gypnoside V_qt 460.82 29.69 0.77

5343 Ginsenoside-Rg3_qt 460.82 29.69 0.77 5353 Ginsenoyne C 276.41 43.38 0.13

5344 Ginsenoside rh2 622.98 36.32 0.56 5355 Ginsenoyne E 258.39 36.53 0.13

5348 Ginsenoside-Rh4_qt 458.80 31.11 0.78 5356 Girinimbin 263.36 61.22 0.31

5351 Ginsenoyne A 258.39 66.22 0.13 5357 Gomisin B 514.62 31.99 0.83

5352 Ginsenoyne B 294.85 39.79 0.13 5360 malkangunin 432.56 57.71 0.63

5376 Panaxadiol 460.82 33.09 0.79 5373 notoginsenoside R2_qt 476.82 20.13 0.78

3845 Folinic acid 473.50 23.60 0.74 5362 Malonylginsenoside Rc_qt1 460.82 29.69 0.77

5366 Malvic acid 280.50 30.99 0.15 5401 ginsenoside Rg5_qt 442.80 39.56 0.79

5378 Panaxytriol 278.43 33.76 0.13 628 darutoside 574.93 21.32 0.63

5384 Suchilactone 368.41 57.52 0.56 66 alloaromadedrene 204.39 53.46 0.10

5386 Vulgarin 264.35 29.21 0.20 676 DBP 278.38 64.54 0.13

749 Linoleic 280.50 41.90 0.14 1312 9-Hexadecenoic acid 254.46 35.78 0.10

5398 Alexandrine 576.95 20.63 0.63 787 Fumarine 353.40 59.26 0.83

5399 Alexandrin_qt 414.79 36.91 0.75 935 Hepanal 204.39 53.83 0.10

Mol Wt, molecular weight; OB, oral bioavailaity; DL, drug likeliness; ID, identity document
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including activation, inhibition, binding, catalysis, post-
translational modification, and their role in the regulation 
of transcription.

3.3. GO and pathway enrichment analysis

The output of the network analysis was assessed through 
Cytoscape software with ClueGO plugin, demonstrating 
terms that are associated with its therapeutic action. The 
biological action of P. ginseng belonged to 91 GO terms, 
which were then categorized into four subgroups. These 
subgroups were associated with positive regulation of 
JUN kinase activity, chaperone-mediated protein folding, 
nucleotide-binding oligomerization domain-containing 
signaling pathway, and MyD88-dependent toll-like 
receptor signaling pathway (Table 3 and Figure 3). These 
findings are significant in elucidating the mode of action 
of P. ginseng.

3.4. Docking study

Docking analyses revealed that compounds such as 
gensinside, panaxydol, panaxynol, and panaxytriol 
exhibited low binding affinities (−4.37–−8), especially 
between gensinside and MAPK8, thereby indicating good 
binding efficiency between them. The quantity of H bonds 
of these respective four compounds with GSTP1, HSP90, 
and MAPK8 is given in Tables 4 and 5 and Figure 4.

4. Discussion
The presence and role of various compounds found in 
P.  ginseng, such as stigmasterol, beta-sitosterol, inermin, 
nepetin, aposiopolamine, celabenzine, panaxadiol, 
panaxytriol, suchilactone, vulgarin, linoleic acid, alexandrin, 
kaempferol, girinimbine, and ginsenoside, have been 
associated with the bioactivity of the herb, as reported 
by various studies over the years. The protective ability 
of stigmasterol against cellular apoptosis, generation 
of ROS, and the Ca2+ levels in the mitochondria and 
cytosol in neuronal damage cells was studied, where it 
was demonstrated that the compound was effective in 
inhibiting the formation of malignant cells, along with 
the decrease of the aforementioned activities on cellular 
level. Moreover, stigmasterol plays a role in stimulating 
apoptosis through the activation of the estrogen receptor 
axis in the mitochondria. The migration of malignant 
cells was also stalled by the activity of stigmasterol[27]. 
Another study showed that stigmasterol led to a decrease 
in nuclear factor-erythroid factor 2-related factor 2 (Nrf2) 
expression in neurodegenerative cells, and increases 
the sensitivity of these cells to chemotherapy and potent 
neurotherapeutics[28]. The protective action of beta-
sitosterol in neuronal cells has been demonstrated by 
various cell line studies[29-32]. This protective ability has 
piqued the interest of many researchers that are now 
investigating the neuroprotective role of sterol compounds 
isolated from plants[33]. For instance, a study reported 
the effective potential of beta-sitosterol in inhibiting 
the neurodegenerative action in neuronal cells after its 
oral administration in cancer-induced rat models[34]. 
Hispidulin and nepetin were observed to decrease the 
expression of the CD8 cell which was inversely relative 
to the apoptotic cell death, and inflammation in neuronal 
cells[35]. Linoleic acid has been reported to demonstrate 
a somewhat “see-saw” approach to neurodegenerative 
activity, stimulating proliferation at the cellular level in 
various neurodegenerative cell lines[36], promoting the 
growth of neurodegenerative cells in animal models[37], 
while also exhibiting anti-tumor effects in studies, which 
contribute to its role as a therapeutic agent in neuronal 
damage[38]. Conjugated linoleic acid demonstrated potent 
therapeutic effects in neuronal damage cells. However, cell 

Table 2. Functional enrichments in PPIN network (KEGG 
Pathways)

Pathway 
ID

Pathway description Count in 
gene set

False 
discovery rate

00980 Metabolism of xenobiotics 
by cytochrome P450

3 0.000824

00982 Drug metabolism – 
cytochrome P450

3 0.000824

05204 Chemical carcinogenesis 3 0.000824

00480 Glutathione metabolism 2 0.0262

Figure 2. Action view of the protein network of Panax ginseng targets. 
Action type is represented by colored edges, as described here: Activation 
(•-•), inhibition (•-•), binding (•-•), catalysis (•-•), phenotype (•-•), 
post-translational modification (•-•), reaction (•-•), and transcriptional 
regulation (•-•). Action effects are shown by following signs: Positive 
(•-•), negative (•-•), and unspecified (•-•). Abbreviations: CYP1A2, 
cytochrome P450, family 1, subfamily A, polypeptide 2; GSTP1, 
glutathione S-transferase pi 1; MAPK8, mitogen-activated protein kinase 
8; GSTT1, and glutathione S-transferase theta 1.
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apoptosis was not observed but LC3-II levels were found 
to be elevated[39].

In PPIN, the main protein hubs were found to be 
CYP1A2, GSTP1, MAPK8, and GSTT1, which have 
already been reported to be involved in the development, 
and regulation (positive or negative) of neuronal 
damage. The role of the cytochrome family P450 has 
been well-reported, as it is primarily involved in major 
cell functions, particularly in the transportation of 
electrons[40]. The CYP1 family includes three fundamental 

proteins, namely, 1A1, 1A2, and 1B1, which reside in 
human tissues and serve a key role in the development of 
neurodegeneration and the growth of neurodegeneratice 
cells[41]. Much of the expression of the CYP1 family is 
mediated by the AhR signaling pathway, which can 
result in the dysfunction of the estrogen homeostasis, 
leading to neurodegeneration[42,43]. CYP1A2 is one of 
the important CYP proteins, which is attributable to the 
action of carcinogens. It was previously believed that the 
expression of the CYP1A2 gene largely existed in the liver 
and was inducible by major environmental stimuli[44]. 

Table 3. Retrieval of GO terms and their related genes through ClueGO

GO ID GO term Term P value (¤) Group P value (¤) Associated genes 

43507 Positive regulation of JUN kinase 
activity

3.38×10−11 (3.71×10−10) 3.38×10−11 (1.01×10−10) AGER, BIRC7, MAP3K2, MAP3K5, 
MAP3K7, PTPN1, TNF, TRAF6

61077 Chaperone-mediated protein folding 1.10×10−3 (1.10×10−3) 1.10×10−3 (1.10×10−03) CD74, DNAJB2, FKBP6

70423 Nucleotide-binding oligomerization 
domain containing signaling pathway

3.99×10−18 (5.98×10−17) 1.62×10−19 (6.47×10−19) BIRC3, IKBKB, IKBKG, MAP3K7, TAB1, 
TLR4, TRAF6, UBE2N, UBE2V1, XIAP

2755 MyD88-dependent toll-like receptor 
signaling pathway

9.18×10−8 (8.26×10−7) 4.33×10−7 (8.67×10−7) MAP3K7, MYD88, TAB1, TLR4, TRAF6

Corrected with Bonferroni correction using a step-down procedure

Figure 3. Retrieval of functionally grouped networks for the candidate targets of Panax ginseng, obtained through ClueGO, with terms as nodes associated. 
Each group is represented by only the label of the most significant term. The node size indicates the term enrichment significance. Functionally associated 
groups partially overlap.
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Nevertheless, the latter part remains to be confirmed, 
while the former has been subject to refutation. 
Polymorphisms in the encoding gene have been heavily 
associated with the manifestation of several forms and 
types of neurodegenerative cells[45,46]. This function of the 
protein/enzyme has revealed a metabolic pathway that 
was observed to cause neurodegeneration, with various 
members of the CYP protein family playing a significant 
part in the activation of different carcinogenic compounds, 
which can then contribute to the polymorphisms in the 
genes, resulting in neurodegenerative cells[47]. Elevated 
levels of CYP1A2 have been reported to be associated with 
increased risk for many types of neurodegenerations[48], 
with its gene polymorphisms altering its expression that 
subsequently influence the activation and suppression of 
signaling pathways[49]. GSTP1 is a protein that has been 
reported to play an important role in the proliferation 
of cells by the action of inhibiting JNK activity, which is 
observed to be inversely associated with GSTP1 activity, 
thus linking it significantly with the development of 
neurodegenerative cells in tissues. In patients with 
neuronal damage, the production of GSTP1 is increased. 
GSTP1 reportedly targets its production, thereby acting 
as a GSTP1 target gene, associating the activity of GSTP1 
in neurodegenerative as well as healthy cells in vitro[50,51].

Figure  4. Docking-generated complexes of proteins mitogen-activated 
protein kinases-8 bonded to gensinside.

Table 4. Docking scores of various compounds with 
disease‑related proteins.

Receptor Ligand Docking 
score

H‑bonds H‑bonds

GSTP1 Gensinside −7.63 5 GLU97, GLN64, 
GLY50, LYS44, and 
GLN50

Panaxydol −6.10 2 ASN204 and 
TYR108

Panaxynol −5.78 1 PRO53

Panaxytriol −6.12 3 LEU52, TYR7, and 
PRO53

HSP90 Gensinside −7.15 2 GLN212 and LYS208

Panaxydol −7.45 2 TRP162 and GLY135

Panaxynol −7.79 1 GLY35

Panaxytriol −7.21 3 GLY135, PHE138, 
and LEU103

MAPK8 Gensinside −8.00 4 ARG72, ILE148, 
GLY146, and 
PRO335

Panaxydol −4.76 3 ILE304, ASP305, and 
LYS308

Panaxynol −4.93 1 GLN117

Panaxytriol −4.37 2 MET111 and SER34

Table 5. Docking outcomes of various compounds with 
disease‑related proteins.

Receptor Ligand

GSTP1

Gensinside Panaxydol

Panaxynol Panaxytriol

HSP90

Gensinside Panaxydol

Panaxynol Panaxytriol

MAPK8

Gensinside Panaxydol

Panaxynol Panaxytriol



Advanced Neurology Role of Panax ginseng in neuronal complications 

Volume 1 Issue 2 (2022) 8 https://doi.org/10.36922/an.v1i2.44

MAPKs are well-reported and well-characterized 
members of the family of Ser/Thr kinases, which actively 
mediate and regulate various cellular signaling pathways 
and external stimuli. The activation of the signaling cascade 
of MAPK is regulated by the help of two disparate types of 
cell receptors, namely, the RTKs and GCPRs, respectively. 
This cascade can effectively aid in the cell intermediate 
which is involved in cell proliferation, differentiation, and 
survival. The heterogeneous members of the MAPK family 
are known to serve various biological functions, such as 
the p-42 and p-44, which are responsive to mitogenic 
stimuli, whereas the JNK and p-38 MAPK are responsive 
to external stress stimuli[52,53]. In neurodegenerative 
cells, various agents and hormonal factors, such as 
gonadotropin-releasing hormone (GnRH), can lead to the 
activation of MAPKs, which is indicative of the significant 
role they tend to serve in the proliferative, apoptotic, and 
regulatory action of cells in neuronal damage. Several 
cellular agents, such as ATP, have been reported to be 
affiliated with G-protein-coupled receptors in neuronal 
damage cells, where ATP has been found to induce cell 
growth and elevate calcium levels in neuronal damage[54].

The present study has proposed the pharmacological 
mechanisms of action that P. ginseng fosters for its therapeutic/
protective potential neuronal damage. The various biological 
pathways, as well as the proteins involved in its mechanistic 
action, shed light on the protective effects P. ginseng exerts on 
human against neuronal damage. Furthermore, the docking 
analysis shows the efficacious binding of its compounds with 
the target protein, corroborating the use of P. ginseng as a 
therapeutic agent against neuronal damage.

5. Conclusion
The present study reveals a protective role of P. ginseng 
against neuronal damage through multiple mechanisms. 
The important biological processes which are involved 
in the therapeutic action of P. ginseng are likely mediated 
through the positive regulation of JUN kinase activity and 
MyD88-dependent toll-like receptor signaling pathway. 
According to the docking analysis, MAPK8 is a potential 
target site for the action of P. ginseng active ingredients in 
the treatment of neuronal damage.
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