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Rehmannia

Zhong et al.: Rehmannia glutinosa in the Treatment of Liver Diseases

Rehmannia glutinosa extracts have profound medicinal value in the treatment of liver diseases. It contains
micro ribonucleic acid molecules that have an average of 21 nucleotides. These micro ribonucleic acids are
responsible for gene regulation and expression during the treatment of liver diseases. The study's main objective
is to screen for active ingredients in Rehmannia glutinosa and its mechanism of action in treating liver diseases.
Our study used the gene expression omnibus database to obtain datasets associated with liver diseases. The
GSE167308 dataset consisted of 19 samples of ribonucleic acid profiles of micro dissected hepatocytes from
the human liver in 3 groups (alcoholic hepatitis (n=7), alcoholic cirrhosis (n=7) and controls (n=5)). The
GSE54350 dataset involving CD14+ cells from diabetic and non-diabetic samples. We used the GEO2R tool,
ShinyGO, R software, STRING, and Network Analyst tools to analyze differentially expressed genes. We
obtained 25 significantly expressed genes with an adjusted p-value of 0.05 and log(Fold Change) of -1.0. Also,
we obtained seven active ingredients of Rehmannia glutinosa, their descriptions and target proteins. The
differentially expressed genes were enriched in various Kyoto Encyclopedia of Genes and Genomes pathways
such as nuclear factor-kB, Mitogen-activated protein kinases, glycolysis, Protein kinase B-serine/threonine
kinase 1 signaling, regulation of autophagy, or Transforming growth factor-beta signaling pathways. The
protein-protein interaction networks revealed 9 hub genes (Interleukin 6, Superoxide dismutase 1, Catalase,
tumor necrosis factor, toll-like receptor 4, Proliferator-Activated Receptor Gamma, Nuclear Factor Kappa B
Subunit 1, NOD-Like Receptor family Pyrin domain containing 3 and prostaglandin-endoperoxide synthase
2) that were significant in liver diseases. Rehmannia glutinosa exerts its anti-inflammatory response through
active ingredients such as catalpol, Rehmannioside A, B, C, and Shanzhiside. These ingredients are mainly
iridoid glycosides that activates the Nuclear factor kappa B and mitogen-activated protein kinase signaling
pathways and reduces the production of pro-inflammatory cytokines. Rehmannia glutinosa contains several
active components (for example, Catalpol, Rehmannioside A and Shanzhiside) that are crucial in regulating
pro-inflammatory cytokines and hub genes associated with liver diseases.
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glutinosa belongs to the

treatment of liver diseases. The sequences of

Scrophulariaceae family and its extracts have
profound medicinal value in treating liver
diseases!!l. It is a traditional Chinese medicine,
mainly produced in the Huai region and Henan
provinces of mainland Chinal®. Rehmannia
glutinosa contains micro Ribonucleic Acid
(miRNA) molecules that have an average of
21 nucleotides. These miRNAs are responsible
for gene regulation and expression during the
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miRNAs are conserved within the eukaryotes
and operate through complementary stretches
of mRNA sequences associated with expression
levels of various genes.
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The network pharmacology of Rehmannia
glutinosa involves analyzing the wunderlying
molecular mechanisms linked to its therapeutic
effects. Li et al.’) observed that the network
pharmacology of Rehmannia glutinosa consists
of 200 active compounds including iridoids,
glycosides and phenols. These active compounds
target processes such as inflammation and
oxidative stress. According to Bone et al.!,
Rehmannia glutinosa is an adrenaline tonic that
is associated with autoimmune diseases in anti-
inflammatory infections. It enhances the functions
of adrenocortical system. Bai et al.l’) showed
that Rehmannia glutinosa has anti-aging effects
by ensuring a constant quiescence and lowering
senescence associated with hematopoietic stem
cells. Furthermore, it is capable of treating
numerous  diabetic  infections, improving
metabolism in bone osteoporosis and eliminating
liver fibrosis and inflammations.

Rehmannia glutinosa has been implicated in
neuroprotection, anti-fatigue and anti-depressant
actions. The herb has significant effects on the blood
system, nervous, cardiovascular and endocrine
systemsB!. It exhibits a robust immuno-improved
effect which forms its experimental basis in the
treatment of liver diseases. Wu et al.! showed that
Rehmannia glutinosa is rich in polysaccharides
and has significant effects in reducing the effects
liver-related injuries and chronic liver infections
such as liver cirrhosis and hepatitis B virus. These
infections are significant precursors and risk factors
for Hepatocellular Carcinoma (HCC). Rehmannia
glutinosa has active ingredients such as Catalpols,
Rehmannioside A, B, C, Leonurine, Cornin and
Shanzhiside. Most of these active ingredients
are iridoid glycosides, alkaloids or phenolic
compounds that have significant therapeutic
effects such as anti-inflammations, antioxidants,
hepatoprotection, immunomodulation and anti-
oxidation!”®,

These active compounds have a synergistic effect on
the target tissues which increases their therapeutic
effects. For instance, certain compounds target
specific proteins associated with inflammatory
cytokines.  Additionally, these compounds
target various signaling pathways such as the
Phosphatidylinositol 3-Kinase/Protein Kinase B
(PI3K-Akt), Nuclear Factor kappa B (NF-«xB), and
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the Mitogen-Activated Protein Kinase (MAPK).
Also, it regulates biological processes such as cell
growth, differentiation and survival. Our study
adopted network pharmacology to examine the
complex interactions associated with therapeutic
action of Rehmannia glutinosa® ',

We will use bioinformatics tools to analyse
transcriptomic data and identify differentially
expressed genes related to various factors such
as synthesis of alkaloids, salt and heat stresses.
These analyses would provide significant insights
into the molecular and biological mechanisms
of Rehmannia glutinosa. Our main objective is
to screen for active ingredients in Rehmannia
glutinosa and its mechanism of action in the
treatment of liver diseases.

MATERIALS AND METHODS
Gene Expression Omnibus (GEO) datasets:

To identify datasets associated with liver diseases,
our study utilized the GEO database, which is
accessible at https://www.ncbi.nlm.nih.gov/geo/.
We identified the GSE167308 dataset based on the
GPL20301 platform (Illumina HiSeq 4000 (Homo
sapiens)). The dataset consisted of 19 samples of
RNA profiles of micro dissected hepatocytes from
human liver in 3 groups (alcoholic hepatitis (n=7),
alcoholic cirrhosis (n=7), and controls (n=5)). Also,
we identified the GSE54350 based on the GPL10558
platform (Illumina HumanHT-12 V4.0 expression
beadchip). The dataset consisted of 12 samples of two
groups (diabetic (n=6) and non-diabetic (n=6)). In all
datasets, we converted the probes into homologous
gene symbols.

Identification and analysis
Expressed Genes (DEGs):

of Differentially

To screen for DEGs related to liver diseases, we
employed R software, which can be accessed at
https://www.r-project.org/. We adopted distinct
experimental groups and eliminates genes without
symbols and genes with multiple probes. We adopted
an adjusted p-value (p<0.05) to distinguish between
statistically significant and non-significant DEGs at
a log2 (Fold Change) (log2 (FC)) of greater or equal
to 1. Moreover, we obtained Venn diagrams (https://
www.ncbi.nlm.nih.gov/geo/geo2r/) to examine the
overlapping DEGs before producing volcano plots
and heat maps of the up and down-regulated DEGs.
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Screening of active ingredients:

The compounds in Rehmannia glutinosa were
obtained from the Traditional Chinese Medicine
Systems Pharmacology database (TCMSP) and
analysis platform (https://tcmspe.com/tcmspsearch.
php) consisting of pharmacological properties of
every compound. We set the parameter of oral
bioavailability to above 30 %, with a drug-likeness
score of 0.18 and a CACO-2 permeability of greater
than 0.4. Our study used specialized analogous
techniques in the bioinformatics analysis tool for
molecular mechanism of traditional chinese medicine
to extract potential targets of the compounds in
Rehmannia glutinosa. During drug screening and
evaluation, we obtained information from the
DisGeNET Gene database (https://www.disgenet.
org/) on the active ingredients in Rehmannia
glutinosa. After which, we standardized the names
of these compounds using PubChem CIDs (https://
pubchem.ncbi.nlm.nih.gov/). All the extracted
targets of Rehmannia glutinosa were subjected to
the UniProt database (https://www.uniprot.org/) to
verify the genes.

Identification of targets of Rehmannia glutinosa in
liver diseases:

Our study used an integrated technique to determine
the target proteins in the active ingredients of
Rehmannia glutinosa in TCMSP (https://tcmsp-e.
com/tcmsp.php) and SymMap (http://www.symmap.
org/) databases. We acquired the Comparative
Toxicogenomics Database (TCD) (https://ctdbase.
org/) to establish genes associated with liver
diseases. The inference score was set to less than
30 and the targets of the desired genes were then
transformed into unique gene symbols using the
UniProt knowledge database (https://www.uniprot.
org/help/uniprotkb).

Once we identified the active ingredients in
Rehmannia glutinosa, we used the DrugBank
database (https://www.drugbank.ca/) and searched
for each active ingredient. On the targets section, we
listed the known target proteins associated with each
active ingredient. The list of target proteins were
then used to create a network of interactions using
tools such as Cytoscape (https://cytoscape.org/), and
NetworkX (https://networkx.github.io/).

We also used the Search Tool for the Retrieval of
Interacting Genes/Proteins (STRING) database and
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set the species as “Homo sapiens” with a confidence
score of greater or equal to 0.7 (https://string-db.
org/cgi/about). The Protein Protein Interaction
(PPI) networks were then extracted and exported to
Cytoscape (https://cytoscape.org/). The subsequent
PPI networks were merged based on the interaction
score to generate a single network of various degrees
based on the biological functions of various nodes.
Lastly, we applied the Markov Clustering Algorithm
(MCL) and set the inflation parameter to 3 with the
solid lines denoting the edges.

Pathway enrichment analysis:

Our study used ShinyGO version 0.76 (http://
bioinformatics.sdstate.edu/go/) and the
ClusterProfiler package in R software (https://
bioconductor.org/packages/release/bioc/html/
clusterProfiler.html) to identify the biological
pathways of the genes associated with Rehmannia
glutinosa in liver diseases. In ShinyGO we set our
parameters such as the minimum pathway size to
two and the maximum size as 2000. We removed
redundancies and set the False Discovery Rate (FDR)
to a cut-off value of 0.05. The Kyoto Encyclopedia of
Genes and Genomes (KEGQG) database (https://www.
genome.jp/kegg/) was utilized in identifying the
biological pathways of core targets. A p-value of less
than 0.05 was considered statistically significant.

RESULTS AND DISCUSSION

Our study acquired two datasets from the GEO
database. The GSE167308 consisted of 19 samples
of RNA profiles of micro dissected hepatocytes from
human liver in 3 groups (alcoholic hepatitis (n=7),
alcoholic cirrhosis (n=7), and controls (n=5)). The
GSE54350 dataset consisted of 12 samples of diabetic
(n=6) and non-diabetic groups (n=6). The data was
normalized by applying a log2 transformation and
adjusting for batch effects on various gene profiles.
All the samples were analysed using GEO2R tool,
R software and Network Analyst to identify the
differentially expressed genes. We obtained 25
significantly expressed genes which were all up-
regulated. We adjusted the p-value to 0.05 and log
FC to -1.0. The boxplots (fig. 1 and fig. 2) show
that our gene expression profiles were successfully
normalized. The median-centered points show an
effective normalisation and possibility of performing
cross-comparisons. The samples were plotted on the
x-axis while gene expression profiles were plotted on
the y-axis.
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According to Table 1, we identified 7 active
ingredients of Rehmannia  glutinosa, their
descriptions and target proteins. According to fig. 3,
the differentially expressed genes are produced based
adjusted p-values (y-axis) against the log2(FC)
(representing the quantity of change). We defined
log2(FC) as the ratio of transcript expressed values
and the log of genes. In the plot, every point represents
an annotated gene. Blue genes are down-regulated
and the red genes are up-regulated. The horizontal
dashed line represents the statistical significance
depending on the adjusted p-value. We observed
that up-regulated genes were overexpressed in liver
diseases such as diabetes or alcoholic liver diseases.
In contrast, the expression levels of down-regulated
genes were limited in liver diseases.

According to fig. 4, the mean difference plot
represents the average log 10 (mean of normalized
counts) against the log2(FC). All points on the
mean difference plot represent gene annotations.
The representation of up-regulated genes in red and
down-regulated genes in blue is observed in the
figure. Unsignificant genes are represented in black.
The graph is a contrast of alcoholic liver cells and
control cells. Extreme values on either side of the
graph denote DEGs of higher expression levels. A
greater fold change is obtained in DEGs with lower
expression profiles compared to genes of a higher
expression profiles. The fanning effect is observed
because the differentially expressed genes moves
from the right to the left.

According to fig. 5, the heatmap is a representation of
various expression levels of differentially expressed
genes. The figure illustrates that genes with lower
expression levels are denoted in green and light
green, while those with higher expression levels
are indicated in red. The black regions represent
unsignificant genes. In the heatmap, the intersections
denote genes that are annotated on both x and y axis
with the third intersection producing an intensity of
different color.

Our study established that the PPI network (fig.
6) consists of 12 nodes and 34 edges. The average
node degree was 5.67, with an average clustering
coefficient of 0.864. The analysis of PPI yielded an
enrichment value of 6.64e-10, indicating a significant
number of interactions within the network. This
suggests that the proteins are biologically connected
to each other, as a group, beyond what would be
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expected in a random set of proteins of the same size
and degree distribution drawn from the genome. The
PPI networks revealed 9 hub genes (Interleukin 6 (IL-
6), Superoxide Dismutase (SOD-1), Catalase (CAT),
Tumor Necrosis Factor (TNF), Toll-like receptor 4
(TLR4), Peroxisome Proliferator-Activated Receptor
Gamma (PPARG), NFKBI1, NOD-Like Receptor
family, Pyrin domain containing 3 (NLRP3) and
Prostaglandin-Endoperoxide Synthase 2 (PTGS2))
that were significant in liver diseases.

Our study established that the DEGs were enriched
in various KEGG pathways such as NF-kB, MAPK,
glycolysis, P13K-Akt signaling, regulation of
autophagy or TGF-beta signaling pathways. The P13-
Akt signaling pathway is an intracellular pathway
that is known to be involved in various physiological
processes, including cellular proliferation and cell
metabolism. The NF-kB pathway was associated
with the regulation of immune responses and
inflammation. It is activated by pro-inflammatory
cytokines, bacterial and viral pathogens, and physical
and chemical stressors. The MAPK pathway was
associated with cell growth and apoptosis. It is
activated by growth factors, cytokines, stress signals
and regulates the expression genes. We revealed that
cellular pathways were enriched in mitochondrial
membrane spaces, peroxisomes, IL-6 receptor
complexes, organelle envelope lumen and receptor
complexes. In the representation of genes, the color
red indicates a higher number, while blue indicates
a lower number. According to molecular function,
the molecular functions were enriched in identical
protein binding, anti-oxidation, actinin binding,
peroxidase enzyme, and oxidoreductase actions.

According to fig. 7, the significant genes were
enriched in biological pathways such as regulation of
inflammatory response, positive regulation of DNA-
binding transcription factor activity, production of
cytokines, response to organic cyclic compounds,
response to lipids and organonitrogen compounds.
Our study established that Rehimannia glutinosa in
liver diseases was associated with 9 hub genes (IL-6,
SOD1, CAT, TNF, TLR4, PPARG, NFKB1, NLRP3
and PTGS2). We established that these hub genes
were enriched in numerous biological pathways
such as regulation of inflammatory response,
positive regulation of DNA-binding transcription
factor activity, production of cytokines, response to
organic cyclic compounds, lipids and organonitrogen
compounds.
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Fig. 1: Normalized Gene Expression profiles for GSE54350 in diabetic and non-diabetic samples
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Fig. 2:Normalized gene expression profiles for GSE167308 samples

TABLE 1: LIST OF IDENTIFIED ACTIVE INGREDIENTS IN Rehmannia glutinosa, DESCRIPTIONS AND
TARGET PROTEINS

Active Ingredient Description Target Protein

Acetylcholinesterase (AChE), Nuclear factor erythroid
An iridoid glycoside that has anti- 2-related factor (Nrf2), Glycogen Synthase Kinase 3
inflammatory and neuroprotective effects = Beta (GSK-3B8), and Peroxisome Proliferator-Activated
Receptor Gamma (PPAR-y)

Catalpol

An iridoid glycoside with anti-inflammatory Cyclooxygenase 2 (COX-2), Tumor Necrosis Factor Alpha

Rehmannioside A and immunomodulatory effects (TNF-a), Nuclear Factor Kappa B (NF-kB) and IL-18

An iridoid glycoside with antioxidant and  Cyclooxygenase 2 (COX-2), Tumour Necrosis Factor Alpha

Rehmannioside B anti-inflammatory effects (TNF-a), Nuclear Factor Kappa B (NF-kB) and IL-18

An iridoid glycoside that has
Rehmannioside C hepatoprotective and anti-inflammatory
effects

Transforming growth factor beta (TGF-B8), Nrf2, IL-18B,
TNF-a, and Smad signaling pathways

Solute carrier family 12 member 1 (SLC12A1), Carbonic

An alkaloid that has antihypertensive and anhydrase 1, 2, 4, 7, 9, 12 (CA1, 2, 4, 7, 9, 12), Sodium/

Leonurine . : potassium-transporting ATPase subunit alpha-1 (ATP1A1),
cardiovascular protective effects . : - .
Calcium-activated potassium channel subunit alpha-1
(KCNMAT)
Shanzhiside . An iridoid glycoside that ha§ anti- B-cell lymphoma 2(Bcl-2), nitric oxide synthase, Nrf2
inflammatory and neuroprotective effects
Cornin A phenolic compound with antioxidant and Angiotensin-converting enzyme (ACE), B1 bradykinin

anti-inflammatory effects receptor (BDKRB1)
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Fig. 6:PPI network analysis of hub genes
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Fig. 7: Biological enrichment pathways

The molecular functions were enriched in identical
protein binding, antioxidants, actinin binding,
peroxidase activity, prostaglandin-endoperoxidase
synthase activity. We revealed that cellular pathways
were enriched in mitochondrial membrane spaces,
peroxisomes, IL-6 receptor complexes, organelle
envelope lumen, and receptor complexes.

Our study proposed that the major biological pathway
of Rehmannia glutinosa in liver diseases was
regulation of inflammatory response. We suggest that
Rehmannia glutinosa exerts its anti-inflammatory
response through active ingredients such as
Catalpol, Rehmannioside A, B, C and Shanzhiside.
For instance, Catalpol is an iridoid glycoside that
is capable of activating both the NF-kB and MAPK
signaling pathways, while simultaneously reducing
the production of pro-inflammatory cytokines such
as IL-6, IL-1beta, and TNF-alphal'”, We suggest
that inhibiting the NF-kB pathway is essential
in regulating tissue damage and infections!''?.
Activation of the NF-kB pathway leads to an increase
in the rate of translocation from the cytoplasm to the
nucleus, where it binds to specific DNA sequences
and enhances the transcription of target genes that
are known to be associated with pro-inflammatory
cytokines.

We established those active ingredients such as
Catalpol inhibits the activity of the NF-kB pathway
by preventing the reduction and degradation of
inhibitory components such as nuclear factor of
kappa light polypeptide gene enhancer in B-cells
inhibitor, alpha (IkB-alpha)!'”. IkB-alpha acts
as an inhibitor of the translocation of NF-kB to
the nucleus by binding to it in the cytoplasm!™.
However, once the NF-kB pathway is activated, IkB-
alpha undergoes phosphorylation and subsequent
degradation, allowing translocation of NF-kB to
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the nucleus. Our proposal is that Catalpol prevents
the phosphorylation and subsequent degradation of
IkB alpha, leading to the inhibition of translocation
of NF-kB to the nucleus and thereby reducing the
expression of inflammatory cytokines.

Our study proposed that the MAPK pathway plays
a crucial role in regulating the expression levels
of pro-inflammatory cytokines. Activation of this
pathway occurs in response to the binding of specific
receptors on the cell surface by inflammatory
cytokines, growth factors, or stress signals. This
leads to the activation of a downstream signaling
cascade!'¥. The kinases within the MAPK pathway
undergo phosphorylation and activation sequentially,
activating Activator Protein 1 (AP-1) or NF-kB.
AP-1 is a dimeric protein derived from Jun and Fos
families that regulates various genes associated with
inflammatory responses!'*. Catalpol has been found
to inhibit the activation of the MAPK pathway by
preventing the phosphorylation of MAPK proteins,
including AP-1, c-Jun N-terminal kinases and
extracellular signal-regulated kinases. By doing
so, it reduces the expression of pro-inflammatory
cytokines associated with liver diseases!!?.

We propose that Rehmannioside A, an iridoid
glycoside found in Rehmannia glutinosa, contributes
to its immunomodulatory and anti-inflammatory
effects by inhibiting the production of IL-6 and TNF-
alpha. This inhibitory effect is achieved by blocking
the activation of NF-kB, a critical transcription
factor that regulates genes associated with
inflammatory and immune responses. Hence, when
hepatocytes are exposed to inflammatory stimuli
like bacterial infections, Rehmannioside A may help
prevent the excessive production of IL-6 and TNF-
alpha and potentially mitigate the inflammatory
response. NF-kB is activated and translocated to
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the nucleus, where it enhances the expression of
pro-inflammatory cytokines!'*'%. Rehmannioside
A, hinders the activation of NF-kB by inhibiting
the phosphorylation and subsequent degradation of
IkB-alpha. This leads to the retention of NF-kB in
the cytoplasm, preventing its translocation to the
nucleus.

Moreover, we propose that Rehmannioside A controls
the balance between anti-inflammatory and pro-
inflammatory cytokines. For instance, it increases
the expression levels of IL-10 while lowering the
expression levels of TNF-alpha and IL-6; therefore,
it has an overall effect of anti-inflammatory response.

Our findings propose that the active ingredient
Rehmannioside B is an iridoid glycoside with
antioxidant and anti-inflammatory responses. It has a
similar effect to Catalpol by hindering the activation
of MAPK and NF-kB signaling pathways!'”'®.
Moreover, it is a powerful antioxidant that eliminates
the effects of free radicals which can increase
damage to hepatocytes and lead to liver diseases!'.
We suggest that it attains its antioxidant mechanism
by scavenging on free radicals (Reactive Oxygen
Species (ROS) or Reactive Nitrogen Species (RNS))
and occluding them from destroying the hepatocytes.
Also, it increases the up-regulation of antioxidant
enzymes that have an overall effect of neutralizing
free radicals. Conversely, it inhibits the activity of
enzymes such as NADPH oxidase and NO synthase
that increases the production of free radicals.

Rehmannioside B has a robust effect of lowering
inflammation and oxidative stress which has a
beneficial effect of increasing insulin sensitivity and
reducing the prevalence of diabetes and other liver
diseases!'7?% Also, it increases glucose metabolism
and could be used as a significant biomarker in
treating and diagnosing diabetes.

Our study suggests that Rehmannioside C is an active
ingredient of Rehmannia glutinosa associated with
protection of hepatocytes and anti-inflammatory
responses. It is an iridoid glycoside that prevents the
release of TNF-alpha, while lowering the levels of
oxidative stress markers in the liver!'”. The action
of Rehmannioside C is achieved through various
mechanisms, for instance, it blocks NF-kB and
MAPK. Once, these signaling pathways are blocked,
the activation of macrophages is inhibited resulting
to a decrease in ROS and RNS. Therefore, in the
liver, the levels of expression of both inflammatory
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cytokines and oxidative stress markers are decreased.
Furthermore, Rehmannioside C is associated with
elevating antioxidant enzymes such as SOD and GPx
which neutralizes the effect of free radicals and offers
protection to the hepatocytes from oxidative stress.

Shanzhiside was an iridoid glycoside and active
ingredient in Rehmannia glutinosa associated with
neuroprotection and anti-inflammatory responses.
Shanzhiside reduces the production of IL-6, IL-1beta,
and TNF-alpha by inhibiting the translocation of NF-
kB to the nucleus®. These inflammatory cytokines
are manufactured by the dendritic cells, monocytes
and macrophages when the liver tissues are exposed
to infections, injuries or chronic inflammations.
We suggest that Shanzhiside prevents the release
of transcription factors (for example, NF-kB) that
plays a significant role in controlling the expression
levels of pro-inflammatory cytokines. Therefore,
Shanzhiside ensures an effective balance between
anti-inflammatory and pro-inflammatory cytokines.

Shanzhiside ensures neuroprotection by scavenging
for ROS and RNS released by pro-inflammatory
cytokines and is associated with destroying the
neurons??l, Moreover, it can regulate the gene
expression levels associated with the survival and
repair of neurons. Our study established that the
action of Rehmannia glutinosa was enriched in
KEGG pathways such as NF-kB, MAPK, glycolysis,
P13K-Akt signaling, regulation of autophagy
or transforming growth factor-beta (TGF-Beta)
signaling pathway. The glycolysis pathway is
associated with the break down of glucose to release
ATP?. The process is regulated by active ingredients
in Rehmannia glutinosa that controls the levels of
glucose metabolism and is significant in treating liver
diseases. A study by Bao et al.*¥ found that extracts
of Rehmannia glutinosa were essential in improving
glucose tolerance and resistance to insulin in mice
models with Non-Alcoholic Fatty Liver Disease
(NAFLD). Particularly, it increased the activity of
glycolytic kinases (hexokinase or pyruvate kinase)
and reduced the activity of gluconeogenic kinases
(for example, phosphoenolpyruvate carboxykinase)
in the liver. Wu et al.* established that extracts of
Rehmannia glutinosa protect against hepatic fibrosis
by preventing the overexpression of glycolytic
enzymes and lowering the buildup of lactate in the
liver tissues. The P13-Akt signaling pathway is an
intracellular pathway linked with physiological
processes such as cellular proliferation. An aberrant

March-April 2023



www.ijpsonline.com

activation of this pathway increases liver cancer,
diabetes, and cardiovascular infections. Wu et al.[>
suggested that extracts of Rehmannia glutinosa and
its active ingredients such as Catalpol regulates cell
proliferation and increases chances of survival in
liver diseases. In contrast, Rahman et al.?** suggested
that extracts of Rehmannia glutinosa are capable
of inhibiting the P13-Akt pathway and inducing
apoptosis in liver cancer cells. Rehmannioside A has
been reported to suppress the PI3K-Akt signaling
pathway in chondrocytes and osteoclasts, leading to
the inhibition of bone resorption and the prevention
of osteoporosis.

The PPI networks revealed 9 hub genes (IL-6,
SODI1, CAT, TNF, TLR4, PPARG, NFKB1, NLRP3
and PTGS2) that were associated with Rehimannia
glutinosa in liver diseases. We established that IL-6
was an essential cytokine regulating inflammation
and immune responses. In liver infections,
IL-6 undergoes upregulation and enhances the
pathogenesis of various infections such as cancer,
diabetes, or hepatitis. Rehmannia glutinosa modulates
IL-6 and inhibits its expression in the liver. Several
studies?-*1 have proposed that active ingredients of
Rehmannia glutinosa lower the levels of IL-6. For
example, administration of Catalpol in a rat model of
liver fibrosis resulted in a significant reduction in the
levels of IL-6. Likewise, in a mouse model of acute
liver injury, treatment with Rehmannioside A led to a
decrease in IL-6 levels.

SODI1 is an antioxidant enzyme that protects the
liver from oxidative damage caused by ROSBY,
Rehmannia glutinosa and its active compounds, such
as Catalpol and Rehmannioside B, can increase the
expression and activity of SOD1 in the liver. This
upregulation of SOD1 can help to reduce oxidative
stress and protect liver cells from damage.

CAT is an antioxidant enzyme in the liver. It catalyzes
the breakdown of hydrogen peroxide (H202)
into water and oxygen, thus protecting liver cells
from ROSBY. Rehmannia glutinosa and its active
compounds can up-regulate CAT gene expression
in liver cells and improve the antioxidant defense
system. For example, Sun et al.*? found that treatment
with Rehmannia glutinosa extract increased the
expression of CAT in rats with liver injury induced
by carbon tetrachloride (CCl4). Catalpol increased
the expression of CAT and other antioxidant enzymes
in liver cells exposed to oxidative stress.
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TNF is a cytokine with pro-inflammatory properties
that has been implicated in the pathogenesis of
various liver diseases, including, alcoholic liver
disease, non-alcoholic fatty liver disease, and viral
hepatitisi®**. TNF activates immune cells, including
Kupffer cells, which release pro-inflammatory
cytokines, leading to liver inflammation and injury.

Rehmannia glutinosa possess anti-inflammatory
effects, including the inhibition of TNF production,
which can help alleviate liver inflammation and
injury. Some studies have shown that treatment with
Rehmannia glutinosa can reduce serum TNF levels
in animal models of liver injury®*%l. Additionally,
Catalpol and Rehmannioside B, have been shown to
inhibit the activation of NF-«kB, associated with TNF
and other pro-inflammatory cytokines.

The inhibition of TNF production, suggest that it
may have potential therapeutic benefits for liver
diseases characterized by inflammation and immune
cell activation. More research is required to fully
understand the mechanisms underlying the effects of
Rehmannia glutinosa as a potential treatment for liver
diseases. Additionally, optimal dosage and treatment
durationalsoneed to be determined. TLR4 are proteins
associated with immune responses and enhance the
development of liver infections such as NAFLD,
Alcoholic Liver Disease (ALD), and hepatitis?¢l.
The activation of TLR4 with corresponding ligands
increases the levels of pro-inflammatory cytokines
which increases the damage to liver cells. Rehmannia
glutinosa possess anti-inflammatory effects and may
therefore has a protective effect against liver diseases
that involve TLR4-mediated inflammation.

We propose that treatment with Rehmannia glutinosa
can reduce TLR4 expression in the liver and decrease
the production of pro-inflammatory cytokines,
including TNF-a and IL-6. Rehmannia glutinosa
has been shown to have hepatoprotective effects
in animal models of liver injury induced by TLR4
ligands such as Lipopolysaccharide (LPS).

Our study established that the PPARG is a gene that
encodes a transcription factor critical in regulating
lipid metabolism and glucose homeostasisi”.
PPARG is expressed in various tissues, including
the liver, regulating lipid storage and glucose
metabolismAberrations in PPARG signaling have
been associated with the emergence of metabolic
disorders such as NAFLD and type 2 diabetes.
Treatment with Rehmannia glutinosa extract can
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increase the expression of PPARG in liver cells,
leading to improved lipid metabolism and glucose
homeostasis.

In a study on Rehmannia glutinosa on NAFLD, it
was found that treatment with Rehmannia glutinosa
extract improved lipid metabolism and reduced fat
accumulation in the liver, in part through upregulation
of PPARG expression®®. Another study showed
that Rehmannia glutinosa extract improved insulin
sensitivity and glucose metabolism in obese rats by
up-regulating PPARG expression in liver cells.

Our study established that NLRP3 is a gene that
encodes a protein involved in the activation of
the inflammasome complex, and release of IL-
1B and IL-18. Dysregulation of NLRP3 has been
implicated in the pathogenesis NAFLD, ALD, and
liver fibrosisP. Catalpol hinders the activation of
NLRP3 inflammasome and reduces the release of IL-
1B in a mouse model of ALD. Similarly, Rehmannia
polysaccharide attenuates liver injury and fibrosis in
a mouse model of NAFLD by inhibiting the action of
NLRP3 inflammasome.

We established that the PTGS2 hub gene encodes
for the COX-2 enzyme, and has been implicated
in inflammatory response. COX-2 produces
prostaglandins, which are potent mediators of
inflammation*", Rehmannia glutinosa downregulates
the levels of PTGS2/COX-2 in liver cells and
animal models of liver injury™®*!. This suggests
that Rehmannia glutinosa may exert its protective
effects on the liver, at least in part, by inhibiting
the COX-2-mediated inflammatory response. The
hepatoprotective effects of Rehmannia glutinosa
against liver fibrosis, hepatitis, and HCC may also
involve the inhibition of COX-2.

Our study established that Rehmannia glutinosa
contains several active components (for example,
Catalpol, Rehmannioside A, and Shanzhiside)
crucial in regulating pro-inflammatory cytokines
and hub genes associated with liver diseases. We
established 9 hub genes (IL-6, SOD1, CAT, TNF,
TLR4, PPARG, NFKBI1, NLRP3 and PTGS2) that
were associated with Rehimannia glutinosa and could
be used as significant biomarkers in the diagnosis
and treatment of liver diseases. Our study revealed
that Rehmannia glutinosa targets several biological
pathways involved in the regulation of inflammatory
response, DNA-binding transcription factor activity,
and cellular response to chemical stress. Additionally,
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KEGG pathway analysis demonstrated that
Rehmannia glutinosa modulates pathways such as
NF-kB, MAPK, glycolysis, and p13K-Akt signaling,
which are essential in liver diseases. Overall, our
findings suggest that Rehmannia glutinosa exerts its
hepatoprotective effects by inhibiting the release of
inflammatory cytokines.
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