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Abstract
Acute kidney injury is a common complication that can arise from improper medication
use, mechanical injury, and other underlying conditions, potentially leading to
life-threatening situations in severe cases. Ginsenoside Rg1, a major protopanaxatriol
saponin, exhibits pharmacological activities such as antioxidant, anti-inflammatory, and
anti-tumor effects, demonstrating significant nephroprotective properties in various
renal injury models. This article reviews the mechanisms and recent research
advancements of ginsenoside Rg1 in preventing acute kidney injury, focusing on five key
areas: antioxidant, anti-inflammatory, anti-apoptotic, anti-podocyte autophagy, and
anti-fibrotic activities. These insights provide a valuable foundation for its further
development and application.
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Background

Acute kidney injury (AKI) is a common clinical complication
characterized by a rapid decline in kidney function. This decline is
typically marked by a reduction in the estimated glomerular filtration
rate, alongside the accumulation of serum creatinine and urea
nitrogen [1]. Various risk factors contribute to the onset of AKI,
including drug-induced nephrotoxicity, infections,
ischemia-reperfusion injury, and other tissue damage [2–5]. Research
has identified several core mechanisms underlying AKI, including
oxidative stress, inflammation, mitochondrial damage, autophagy
disorder, and immune dysfunction [6–10]. Recent studies have also
highlighted the crucial role of gut microbiota in the development and
progression of AKI. For instance, AKI has been shown to disrupt gut
microbiota balance, leading to significant increases in Bifidobacterium
and Bacteroides, while Escherichia coli and Streptococcus levels decrease
[11]. This microbial imbalance results in a reduction of probiotics,
particularly Bifidobacterium, which in turn lowers the expression of
tight junction proteins such as zonula occludens-1 and occludin,
increasing intestinal permeability [12, 13]. The disrupted gut
microbiota further exacerbates AKI by promoting the excessive

secretion of uremic toxins like indoxyl sulfate and p-cresol sulfate,
which damage renal tubular cells [14]. Additionally, the loss of
beneficial short-chain fatty acids, normally produced by a healthy gut
microbiota, accelerates the deterioration of kidney function [15]. The
incidence of AKI continues to rise each year, increasing the risk of
chronic kidney disease and potentially leading to end-stage renal
disease if not promptly addressed. This progression poses a significant
threat to patients’ lives [16–18].
Ginseng (Panax ginseng C.A. Meyer), often referred to as the “king of
all herbs,” is a renowned perennial plant in the Araliaceae family,
prized for its medicinal properties primarily due to its active
compounds, ginsenosides [19]. Ginsenosides possess a wide range of
pharmacological effects, including neuroprotective, anti-aging,
antioxidant, anti-inflammatory and anti-cancer properties [20–24].
Significant progress has been made in the research and development
of ginsenosides, particularly in the extraction, isolation, and industrial
preparation of individual monomers [25]. Ginsenosides have been
investigated in numerous clinical studies, including trials for cancer,
diabetes, chronic kidney disease, hypertension, and acute ischemic
stroke [26–32]. Among these, G-Rg1 is one of the most abundant and
potent saponins [33]. Research has demonstrated that G-Rg1 offers
strong protective effects against various types of kidney injuries
[34–36]. Given these promising results, G-Rg1 is emerging as a
potential treatment for kidney injury. Therefore, it is crucial to
summarize the protective effects and underlying molecular
mechanisms of G-Rg1 in different forms of kidney injury.
Most current studies focus primarily on the therapeutic effects of
G-Rg1 in in vivo and in vitro models of renal injury. In contrast, this
review offers a comprehensive summary of the pharmacology of
G-Rg1, the latest research on its molecular mechanisms in combating
kidney damage, and relevant clinical studies. By consolidating this
information, the review aims to inspire further research and provide a
solid scientific foundation for the clinical application of G-Rg1 in
medicine.

Pharmacological properties

G-Rg1, serving as a key quantitative measure of ginseng efficacy, is
one of the major monomer saponins of ginsenosides, which can also be
identified by its aglycone structure, protopanaxatriol [37]. The
molecular formula of G-Rg1 is C42H72O14 and the structure is presented
in Figure 1. G-Rg1 presents as a white powder with high solubility in
water, methanol, and ethanol, while remaining insoluble in ether and
benzene [38].

Figure 1 The chemical structure of G-Rg1

Highlights
1. Ginsenoside Rg1 (G-Rg1) demonstrated remarkable protective
effects across various kidney injury models.
2. This review explored the potential of G-Rg1 in managing kidney
injury through five critical mechanisms.
3. We also summarized the relevant signaling pathways through
which G-Rg1 exerts its protective effects.

Medical history of objective
G-Rg1 is primarily derived from the dried roots of Panax ginseng
C.A. Meyer, a plant documented in the Chinese book Shennong’s
Classic of Materia Medica (Shennong, 200 C.E. and 250 C.E.).
Ginseng has long been valued in traditional medicine for its ability
to replenish vitality and improving strength. The active
compounds known as ginsenosides are the key contributors to its
therapeutic effects. Among them, G-Rg1 is one of the most
abundant and potent components, demonstrating a wide range of
beneficial effects, including boosting immunity, combating aging,
and protecting blood vessels.
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Previous studies have found that G-Rg1 shows a wide range of
pharmacological effects on various diseases, including hepatic
diseases, cardiovascular diseases, neurological diseases, diabetes, lung
diseases, digestive system disorders, cancer, and other diseases
[39–85]. We briefly introduce the protective effects of G-Rg1 on
various diseases in Figure 2.
Recent evidence indicates that G-Rg1 plays a significant role in

protecting against renal injuries. It helps mitigate maladaptive kidney
repair and slows the progression from AKI to chronic kidney disease
through its antioxidative, anti-apoptotic, anti-inflammatory, and
anti-fibrotic effects, as well as angiogenesis [34–36, 86–93]. G-Rg1
has been shown to reduce renal fibrosis in mice with diabetic
nephropathy and inhibit renal interstitial fibrosis in a rat model of
unilateral ureteral obstruction (UUO) [92, 93]. Additionally, it
significantly improves renal injury induced by cyclosporine A in rats
and D-galactose in mice [89, 94]. A summary of G-Rg1’s
nephroprotective effects across various renal injury models is
provided in Table 1 [34–36, 59, 86, 87, 89, 91, 95–100].

Pharmacokinetics

G-Rg1 is primarily absorbed in the intestine and is significantly
influenced by gastric juice, intestinal flora, and liver activity [101,
102]. These factors can affect the gastric acid pH, liver enzymes, and
intestinal transporters, leading to lower bioavailability of G-Rg1
[103]. Pharmacokinetic studies in rats have shown that G-Rg1 follows
a two-compartment model, characterized by rapid absorption and
relatively fast elimination [104]. It is reported that G-Rg1 can be
further decomposed into ginsenosides Rh1 and F1 under the influence
of gut microbiota, and finally metabolically converted into
20(S)-protopanaxatriol, which exhibits enhanced biological activity in
vivo [105–107]. Although the concentration of G-Rg1 in the blood is
relatively low, its slow metabolism means it can still be detected in the
bloodstream up to 24 h after gavage administration.
Compared to gavage administration, the mean residence times for

G-Rg1, Rh1, and F1 following intravenous administration are 1.92,
5.99, and 7.13 h, respectively. This indicates that G-Rg1 is eliminated
from the body relatively quickly, whereas its metabolites persist for a

longer duration. The area under the concentration-time curve reveals
that a larger proportion of G-Rg1 remains in its original form after
intravenous administration, with a relatively smaller proportion being
metabolized [108]. Overall, whether administered orally or
intravenously, G-Rg1’s metabolites are widely distributed throughout
the body, maintain high concentration levels, and are eliminated more
slowly.

Molecular mechanisms of G-Rg1 against kidney injury

Anti-free radical damage and lipid peroxidation
Oxidative stress is central to the pathogenesis of kidney injury [109].
When the kidney is exposed to harmful stimuli, such as certain drugs,
it produces a significant amount of reactive oxygen species (ROS) and
reactive nitrogen species. This imbalance between oxidation and
antioxidation leads to damage of lipids, proteins, and DNA, ultimately
triggering apoptosis and renal injury [110]. Markers of oxidative
stress can help assess the extent of damage. For instance, elevated
levels of malondialdehyde (MDA), a byproduct of lipid peroxidation,
indicate the onset of renal injury. Additionally, decreased activity of
key antioxidant enzymes such as superoxide dismutase (SOD),
catalase, and glutathione peroxidase (GSH-Px) exacerbates oxidative
stress [22]. The Nuclear factor erythroid 2-related factor 2
(Nrf2)/antioxidant response element signaling pathway plays a crucial
role in managing oxidative stress. Activation of this pathway leads to
the expression of protective genes like heme oxygenase-1 (HO-1) and
nicotinamide adenine dinucleotide phosphate hydride (NAD(P)H)
quinone oxidoreductase 1, which help counteract oxidative damage
[111, 112]. Research shows that G-Rg1 can alleviate renal injury
caused by D-galactose in mice by improving renal function and
reducing tissue senescence. This effect is associated with increased
activities of SOD and GSH-Px and reduced MDA levels [89].
Additionally, G-Rg1 has been found to protect against
rhabdomyolysis-induced AKI by suppressing ROS and MDA
accumulation in serum and renal tissue. The protective mechanism
may involve the activation of Nrf2 and its target HO-1, as well as the
retention of Nrf2 in the nucleus [86].

Figure 2 Overview of the potential therapeutic role of G-Rg1 across different organ systems

https://orcid.org/0000-0001-9929-2768


REVIEW
Traditional Medicine Research 2025;10(6):35. https://doi.org/10.53388/TMR20240704002

4Submit a manuscript: https://www.tmrjournals.com/tmr

Table 1 Nephroprotective activity of G-Rg1 in vivo and in vitro
Disease or disorder Model Treatment Outcome References

Chronic renal injury Lipopolysaccharide
(LPS)-induced in mice

1, 5 and 10 mg/kg G-Rg1
intragastrically

Ameliorate LPS-induced chronic kidney
injury and renal fibrosis

[34]

Obstructive
nephropathy

UUO-induced in rats 50 mg/kg G-Rg1
intraperitoneally

Reverse UUO-induced renal fibrosis [35]

Diabetic nephropathy
Streptozotocin-induced
in rats

50 mg/kg G-Rg1
intragastrically

Alleviate oxidative damage and renal
fibrosis

[36]

Diabetic nephropathy
High-fat diet and
streptozotocin-induced in
mice

1, 5 and 10 mg/kg G-Rg1
intragastrically

Ameliorate renal lipid accumulation,
pathological damage and glomerular
fibrosis in type 2 diabetes mellitus mice

[59]

Rhabdomyolysis-indu
ced AKI

Glycerol-induced in rats;
H2O2-induced in human
embryonic kidney-293
cells

10 and 20 mg/kg G-Rg1
orally; 20 and 40 µM G-Rg1
exposed to human
embryonic kidney-293 cells

Mitigate the renal dysfunction, tubular
necrosis and apoptotic cell death

[86]

Aldosterone-induced
injury

Aldosterone-induced in
mouse podocyte clone-5
(MPC5) cell line

80 ng/mL G-Rg1
Relieve oxidative damage and inhibit
podocyte autophagy

[87]

Subacute murine renal
damage

D-galactose-induced in
mice

20 mg/kg G-Rg1
intraperitoneally

Antagonise D-galactose-induced renal
damage and aging state [89]

Kidney aging-related
glomerular fibrosis

Senescence accelerated
mouse prone 8 mice

5 and 10 mg/kg G-Rg1
intragastrically

Delay kidney aging and inhibit
aging-related glomerular fibrosis

[91]

Anti-glomerular
basement membrane
(GBM) glomerular
nephritis (GN)

IL-1β treated podocytes;
anti-GBM GN mice model

80 ng/mL exposed to
podocytes

Attenuate IL-1β-induced inflammation and
apoptosis in podocytes and improve
anti-GBM GN injury in vivo

[95]

Sepsis-associated AKI LPS-induced in mice
200 mg/kg G-Rg1
intraperitoneally

Ameliorate LPS-induced AKI and suppress
renal inflammation, apoptosis, and
oxidative stress in mice

[96]

Chronic kidney
disease

Angiotensin II-induced in
MPC5 cell line

80 ng/mL G-Rg1
Relieve Ang II-induced autophagy in
podocyte

[97]

Membranous
nephropathy

Zymosan-activated
mouse serum-induced in
MPC5 cell line

40 ng/mL G-Rg1
Protect foot processes of podocytes, inhibit
the damage of F-actin and decrease ROS
level

[98]

Hypertension Spontaneously
hypertensive rats

5, 10 and 20 mg/kg G-Rg1
intraperitoneally

Reduce the thickening of the GBM and
protect the ultra-structure integrity of
kidney

[99]

Aldosterone-induced
injury

Aldosterone-induced in
normal rat kidney-52E
cell line

80 ng/mL G-Rg1 Relieve oxidative damage and abnormal
autophagy in renal tubular cells

[100]

AKI, acute kidney injury; GBM, glomerular basement membrane; LPS, lipopolysaccharide; GN, glomerular nephritis; IL, interleukin; ROS, reactive
oxygen species; UUO, unilateral ureteric obstruction; G-Rg1, ginsenoside Rg1; MPC5, mouse podocyte clone-5.

Ferroptosis is a distinct form of iron-dependent programmed cell
death, characterized by iron overload, accumulation of reactive ROS,
lipid peroxidation, and mitochondrial contraction [113]. It is
regulated by various molecular mechanisms, including antioxidant
signaling pathways [114]. Research has shown that ferroptosis is
linked to the progression of several renal diseases, such as diabetic
nephropathy and hypertensive nephropathy [115, 116]. In ferroptosis,
Fe2+ loading triggers the process, while oxidative stress and lipid
peroxidation drive the progression of renal injury. Glutathione
peroxidase 4 (GPX4) is crucial in ferroptosis, acting as a key reductase
to counteract lipid peroxidation and playing a role in oxidative stress,
inflammation and autophagy [117–119].
Ferroptosis-suppressor-protein 1 (FSP1) inhibits ferroptosis inhibitor
by reducing coenzyme Q (CoQ) to CoQH2, which neutralizes excess
ROS and prevents lipid peroxidation [120]. Guo et al. found that
G-Rg1 significantly alleviates sepsis-induced kidney injury by
reducing iron and MDA levels while increasing lipid ROS, GSH, GPX4,
and FSP1 levels. These effects are likely linked to the activation of the
FSP1-CoQ10-NAD(P)H signaling pathway [88, 121].

Anti-inflammatory responses
In response to certain noxious stimuli to renal tissue, inflammatory

factors such as tumor necrosis factor (TNF), interleukin-1 (IL-1) and
IL-6 are released in excess. Neutrophils and macrophages are recruited
to the damaged areas, leading to the upregulation of adhesion
molecules on renal endothelial cells and increased vascular
permeability. Additionally, Toll-like receptors and complement
binding increase, causing damage to renal parenchymal cells and a
rapid decline in kidney function [7, 122]. Studies have shown that the
nuclear factor-κB (NF-κB) pathway is involved in the induction of
inflammatory responses in kidney injury. When activated, NF-κB
signaling leads to the degradation of IκBα, leading to the
phosphorylation of p65 and the subsequent synthesis and
accumulation of pro-inflammatory cytokines [123, 124]. G-Rg1 has
been shown to significantly reduce levels of inflammatory factors such
as IL-6, IL-1β and TNF-α in serum. It upregulates the expression of
SIRT1 and IκBα while downregulating the expression of p-NF-κB
p65/NF-κB p65 in experimental models of sepsis-induced AKI. These
findings suggest that G-Rg1 may alleviate sepsis-induced kidney injury
through the SIRT1/NF-κB signaling pathway [96]. Furthermore,
oxidative stress can also activate inflammatory responses by releasing
inflammatory factors and promoting the deposition of inflammatory
cells in renal tissue [36, 100]. Guo et al. demonstrated that G-Rg1
could attenuate inflammation and apoptosis induced by IL-1β in
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podocytes. This effect can be reversed by the Nrf2 inhibitor ML385,
indicating that G-Rg1 may improve GN by activating the Nrf2
signaling pathway [95].
Additionally, studies have shown that the activation of

inflammasomes can also induce pyroptosis, which is partly responsible
for the progression of kidney injury [125]. Unlike apoptosis, which is
regulated by genetic programs, pyroptosis is a specific form of
programmed necrotic cell death only in response to external stimuli
and is characterized by cell swelling, membrane rupture and the
release of pro-inflammatory cytokines, ultimately leading to
inflammatory responses [126]. Wang et al. found that G-Rg1 could
inhibit the generation of NOD-like receptor family protein 3 (NLRP3)
inflammasomes in podocytes. This inhibition significantly reduces
pyroptosis in podocytes under hyperlipidemic conditions and in
diabetic nephropathy rats. The protective effect of G-Rg1 may be
mediated through the downregulation of the mTOR/NF-κB signaling
pathway [127].

Anti-apoptosis
Apoptosis, a genetically regulated process of cell death, is pivotal in
renal injuries. This process primarily involves the death receptor
pathway, the mitochondrial pathway, and the endoplasmic reticulum
(ER) pathway [128–131]. G-Rg1 has been shown to mitigate apoptosis
by addressing mitochondrial dysfunction and ER stress. The Bcl-2
family of proteins regulates mitochondrial permeability, leading to
mitochondrial swelling, membrane rupture, and the release of
cytochrome c. This process results in the formation of apoptotic bodies
and the activation of caspases [132, 133]. ER stress, characterized by
protein misfolding and prolonged unfolded protein responses, can also
trigger apoptotic caspases and induce cell death. Chang et al.
demonstrated that G-Rg1 reduces the expression of ER stress-related
proteins such as C/EBP-homologous protein (CHOP), 78-kDa
glucose-regulated protein (GRP78), and X-box binding protein-1
(XBP1), as well as apoptosis-related proteins including Bax, Bcl-2,
cytochrome c, caspase 3, and caspase 9, along with nuclear p53. These
findings suggest that G-Rg1 may alleviate glycerol-induced renal
injury by inhibiting ER stress and apoptosis [86].

Anti-podocyte autophagy
Podocytes are highly specialized epithelial cells crucial for the
glomerular filtration barrier, forming a key component of the GBM
[134]. Autophagy, a lysosomal degradation pathway, plays a vital role
in maintaining podocyte homeostasis by eliminating misfolded
proteins and damaged organelles. However, dysfunction in autophagy
can lead to podocyte injury and death, significantly contributing to
the progression of nephropathies such as AKI, diabetic nephropathy,
and polycystic kidney disease [9, 135]. Podocyte injury is associated
with various kidney diseases, including focal segmental
glomerulosclerosis and minimal change disease [136]. During such
injuries, autophagosomes form and express autophagy-related
proteins like microtubule-associated protein 1 light chain 3 I (LC3-I),
LC3-II, and Beclin-1. These autophagosomes fuse with lysosomes to
degrade oxidized proteins and damaged organelles, potentially
leading to nephrotoxicity [97]. Autophagy is regulated by
AMP-activated protein kinase (AMPK) and mammalian target of
rapamycin (mTOR). AMPK, a key regulator of cellular energy
metabolism, positively influences autophagy, whereas mTOR, which
regulates cell growth and proliferation, inhibits it. Thus, the
AMPK/mTOR axis mediates autophagy through a mutually
antagonistic mechanism [137–139]. Research has shown that G-Rg1
significantly reduces the conversion of LC3-I to LC3-II and the
production of autophagosomes in MPC5 mouse podocytes treated with
aldosterone, indicating its potential to alleviate aldosterone-induced
podocyte autophagy [87]. Additionally, G-Rg1 inhibits
autophagosome formation and reduces the expression of
autophagy-related proteins LC3-I, LC3-II, and Beclin-1, as well as
p-AMPK/AMPK, p-GSK-3β/GSK-3β, and p-P70S6K/P70S6K in
damaged podocytes. These findings suggest that G-Rg1 can effectively
mitigate angiotensin II-induced podocyte autophagy, likely through

regulation of the AMPK/mTOR/PI3K signaling pathway [97].

Anti-fibrotic effect
Renal fibrosis is a common pathological process of maladaptive repair
following various kidney injuries. It is characterized by the infiltration
of inflammatory cells, excessive accumulation of extracellular matrix
proteins, and the proliferation and activation of myofibroblasts. One
mechanism involved in renal fibrosis is epithelial-mesenchymal
transition, which is primarily initiated by transforming growth
factor-β1 (TGF-β1) [140, 141]. Activated TGF-β1 binds to its receptors
transforming growth factor β receptor I (TβR-I) and TβR-II on the cell
membrane, which then activates and phosphorylates downstream
receptors such as Smad2 and Smad3. This signaling cascade results in
decreased expression of E-cadherin in epithelial cells and increased
expression of fibroblast-specific protein 1 and α-smooth muscle actin
(α-SMA), leading to kidney damage and fibrosis [142–145]. Li et al.
demonstrated that G-Rg1 alleviates renal fibrosis induced by UUO in
rats. G-Rg1 regulates the overexpression of TGF-β1 and α-SMA and
reverses the inhibition of E-cadherin on the cell membrane through
the Klotho/TGF-β1/Smad signaling pathway [35]. Similarly, Han et
al. found that G-Rg1 reduces renal damage, lipid deposition, and
glomerular fibrosis in type 2 diabetes mellitus mice. This effect is
associated with the downregulation of TGF-β/Smad2/3 signaling,
mediated through the inhibition of the TRPC6/NFAT2 pathway [59].
Hypertension is a well-established risk factor for renal vascular
diseases. It can cause thickening of the GBM and mesangium, as well
as disrupt the arrangement of podocytes, ultimately leading to renal
fibrosis. Chen et al. found that G-Rg1 helps facilitate renal vascular
remodeling in cases of spontaneous hypertension, thereby preserving
the renal vascular structure and function [99].

Clinical applications

G-Rg1 is often used as an adjuvant in various traditional Chinese
medicine formulas, particularly in conjunction with chemotherapy
drugs [146–148]. Despite the growing understanding of G-Rg1’s
mechanisms of action against kidney damage at the animal and
cellular levels, clinical data remains limited, which hampers the
development of related renoprotective therapies. Aidi injection, which
contains extracts from Mylabris, Panax ginseng C.A. Meyer, Astragalus
membranaceus (Fisch.) Bge. var. mongholicus (Bge.) Hsiao, and
Eleutherococcus senticosus, is commonly used for treating malignant
tumors. Its main active ingredients include cantharidin, ginsenoside,
astragaloside, and eleutheroside E. [149]. Reports indicate that Aidi
injection can significantly enhance chemotherapy efficacy in patients
with advanced non-small cell lung cancer while also reducing its toxic
effects, including those on renal function [150].

Safety evaluation

G-Rg1, a principal active component of ginseng – a traditional Chinese
herb celebrated for its tonic effects – is generally considered safe for
medical use. Although clinical studies are relatively sparse, preclinical
research has consistently demonstrated G-Rg1’s safety. In animal
studies, doses up to 200 mg/kg have been administered without
causing noticeable weight loss or significant organ toxicity [151, 152].

Discussion

The renal protective effects of G-Rg1 are associated with several
potential mechanisms of action (Figure 3): the activation of
Nrf2/HO-1 signaling pathway to ameliorate oxidative stress; the
upregulation of FSP1-CoQ10-NAD(P)H signaling pathway to reduce
lipid peroxidation and ferroptosis; the regulation of SIRT1/NF-κB and
mTOR/NF-κB pathway to mitigate inflammation; the inhibition of
GRP78/PERK/CHOP pathway to attenuate ER stress and apoptosis;
the regulation of AMPK/mTOR/PI3K signaling pathway to alleviate
podocyte autophagy; the inhibition of TRPC6/NFAT2 signaling
pathway to alleviate renal fibrosis [59, 86, 88, 90, 96, 97, 121, 127].
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Figure 3 Functional mechanisms and targets of G-Rg1 against kidney injury. AMPK, AMP-activated protein kinase; ASC, apoptosis-associated
speck-like protein containing CARD; CD36, cluster of differentiation 36; CHOP, C/EBP-homologous protein; CN, calcium-regulated
neurophosphatase; DAG, diacyl glycerol; GRP78, 78-kDa glucose-regulated protein; GSK-3β, glycogen synthase kinase 3β; IκB, inhibitor of NF-κB;
IL, interleukin; IP3, inositol triphosphate; IRE1, inositol-requiring enzyme 1; mTOR, mammalian target of rapamycin; NFAT2, nuclear factor of
activated T cells 2; NF-κB, nuclear factor κB; NLRP3, NOD-like receptor family protein 3; Nrf2, nuclear factor erythroid 2-related factor 2; P70S6K,
70 kDa ribosomal S6 kinase; PERK, protein kinase RNA-like endoplasmic reticulum kinase; PLC, phospholipase C; PI3K, phosphatidylinositol
3-kinase; ROS, reactive oxygen species; SIRT1, Sirtuin 1; TGF-β, transforming growth factor-β; TNF, tumor necrosis factor; TRPC6, transient
receptor potential cation channel 6; CoQ, coenzyme Q; FSP1, ferroptosis-suppressor-protein 1; XBP1, X-box binding protein-1; NAD(P)H,
nicotinamide adenine dinucleotide phosphate hydride; ATF4, activating transcription factor 4.

G-Rg1 stands as a promising candidate for preventing kidney injury,
yet there remain some problems in the application and research
limitations. As one of the most bioactive constituents extracted from
ginseng, G-Rg1 is a natural source that has been extensively studied
for their renal protection potential. This review highlights the
protective effect of G-Rg1 in various kidney injury models. Natural
extracts and their bioactive compounds exhibit multi-targeted
mechanisms of action with minimal side effects, making them
advantageous for renal protection. However, despite their promising
preclinical results, the poor bioavailability of natural products often
impede their clinical translation [153]. The research limitations refer
to obsolescence of the detected signaling pathways, lack of
multicenter large-sample clinical trials and G-Rg1 target screening
based on high-throughput methods. Future research on G-Rg1 and
kidney injury should focus on the following areas.
(Ⅰ) Conduct in-depth research into the key molecular targets of

G-Rg1 renoprotective effects.
(Ⅱ) Explore alternative methods of administration to enhance

bioavailability and consider drug absorption rates and potential side
effects.
(Ⅲ) Develop and conduct clinical trials to establish the optimal

timing and dosage for effective treatment, moving from basic research
to practical clinical applications.

Conclusion

In summary, growing evidence highlights G-Rg1 as having significant
renoprotective effects in animal and cell models. Recent research has
elucidated its multitarget and multipathway mechanisms of action,

providing new insights into its potential for treating and preventing
kidney injury.

References

1. Almazmomi MA, Esmat A, Naeem A. Acute Kidney Injury:
Definition, Management, and Promising Therapeutic Target.
Cureus. 2023;15(2):e51228. Available at:
http://doi.org/10.7759/cureus.51228

2. Morales-Alvarez MC. Nephrotoxicity of Antimicrobials and
Antibiotics. Adv Chronic Kidney Dis. 2020;27(1):31–37.
Available at:
http://doi.org/10.1053/j.ackd.2019.08.001

3. Ozrazgat-Baslanti T, Loftus TJ, Mohandas R, et al. Clinical
Trajectories of Acute Kidney Injury in Surgical Sepsis: A
Prospective Observational Study. Ann Surg.
2022;275(6):1184–1193. Available at:
https://doi.org/10.1097/SLA.0000000000004360

4. Watchorn J, Huang D, Bramham K, Hutchings S. Decreased
renal cortical perfusion, independent of changes in renal blood
flow and sublingual microcirculatory impairment, is associated
with the severity of acute kidney injury in patients with septic
shock. Crit Care. 2022;26(1):261. Available at:
https://doi.org/10.1186/s13054-022-04134-6

5. Messerer DAC, Halbgebauer R, Nilsson B, Pavenstädt H,
Radermacher P, Huber-Lang M. Immunopathophysiology of
trauma-related acute kidney injury. Nat Rev Nephrol.
2021;17(2):91–111. Available at:
https://doi.org/10.1038/s41581-020-00344-9

https://orcid.org/0000-0001-9929-2768
http://doi.org/10.7759/cureus.51228
http://doi.org/10.1053/j.ackd.2019.08.001
https://doi.org/10.1097/SLA.0000000000004360
https://doi.org/10.1186/s13054-022-04134-6
https://doi.org/10.1038/s41581-020-00344-9


REVIEW
Traditional Medicine Research 2025;10(6):35. https://doi.org/10.53388/TMR20240704002

7Submit a manuscript: https://www.tmrjournals.com/tmr

6. Thomas K, Zondler L, Ludwig N, et al. Glutamine prevents acute
kidney injury by modulating oxidative stress and apoptosis in
tubular epithelial cells. JCI Insight. 2022;7(21):e163161.
Available at:
http://doi.org/10.1172/jci.insight.163161

7. Rabb H, Griffin MD, McKay DB, et al. Inflammation in AKI:
Current Understanding, Key Questions, and Knowledge Gaps. J
Am Soc Nephrol. 2016;27(2):371–379. Available at:
http://doi.org/10.1681/asn.2015030261

8. Liu X, Wu J, Wang J, et al. Mitochondrial dysfunction is
involved in aristolochic acid I-induced apoptosis in renal
proximal tubular epithelial cells. Hum Exp Toxicol.
2020;39(5):673–682. Available at:
http://doi.org/10.1177/0960327119897099

9. Tang CY, Livingston MJ, Liu ZW, Dong Z. Autophagy in kidney
homeostasis and disease. Nat Rev Nephrol. 2020;16(9):489–508.
Available at:
http://doi.org/10.1038/s41581-020-0309-2

10. Yang JY, Kim CJ, Go YS, et al. Intestinal microbiota control
acute kidney injury severity by immune modulation. Kidney Int.
2020;98(4):932–946. Available at:
http://doi.org/10.1016/j.kint.2020.04.048

11. Zhang R, Zhang H. Study on the relationship between serum
KLF8 and CXCL8 levels and intestinal flora in patients with
acute renal injury. J Pathog Biol. 2023;18(6):713–716. (Chinese)
Available at:
https://kns.cnki.net/kcms2/article/abstract?v=r_P-ES8duRpJ6
u20ffWZ14VAX4QAzp_BXEcoJT6bDRXxTutuIWM--hyDsMsuDt
hMHVLqF5bIniIJfSzgIxEwvjN1aJ0zu2ENOEqCsxpxdHDbzmKX
SgbQWsPdOne34PtIJp4aXu59PeABATSz1b58Y2mGuaRDnrdh3
RkrOLvpzBH8C9QqvPU0GA==&uniplatform=NZKPT&langu
ag

12. Yang JY, Ji GE, Park MS, et al. Probiotics partially attenuate the
severity of acute kidney injury through an immunomodulatory
effect. Kidney Res Clin Pract. 2021;40(4):620–633. Available at:
http://doi.org/10.23876/j.krcp.20.265

13. Kim MG, Cho WY, Chung SM, et al. Altered gut microbiome
plays an important role in AKI to CKD transition in aged mice.
Front Med (Lausanne). 2023;10:1238960. Available at:
http://doi.org/10.3389/fmed.2023.1238960

14. Nakano T, Watanabe H, Imafuku T, et al. Indoxyl Sulfate
Contributes to mTORC1-Induced Renal Fibrosis via The
OAT/NADPH Oxidase/ROS Pathway. Toxins (Basel).
2021;13(12):909. Available at:
http://doi.org/10.3390/toxins13120909

15. Gong J, Noel S, Pluznick JL, Hamad ARA, Rabb H. Gut
Microbiota-Kidney Cross-Talk in Acute Kidney Injury. Semin
Nephrol. 2019;39(1):107–116. Available at:
http://doi.org/10.1016/j.semnephrol.2018.10.009

16. Bucaloiu ID, Kirchner HL, Norfolk ER, Hartle JE, Perkins RM.
Increased risk of death and de novo chronic kidney disease
following reversible acute kidney injury. Kidney Int.
2012;81(5):477–485. Available at:
http://doi.org/10.1038/ki.2011.405

17. Lo LJ, Go AS, Chertow GM, et al. Dialysis-requiring acute renal
failure increases the risk of progressive chronic kidney disease.
Kidney Int. 2009;76(8):893–899. Available at:
http://doi.org/10.1038/ki.2009.289

18. Chawla LS, Eggers PW, Star RA, Kimmel PL. Acute Kidney
Injury and Chronic Kidney Disease as Interconnected
Syndromes. N Engl J Med. 2014;371(1):58–66. Available at:
http://doi.org/10.1056/NEJMra1214243

19. Song XP, Wang L, Fan DD. Insights into Recent Studies on
Biotransformation and Pharmacological Activities of
Ginsenoside Rd. Biomolecules. 2022;12(4):512. Available at:
http://doi.org/10.3390/biom12040512

20. Zhu T, Wang L, Wang LP, Wan Q. Therapeutic targets of
neuroprotection and neurorestoration in ischemic stroke:
Applications for natural compounds from medicinal herbs.

Biomed Pharmacother. 2022;148:112719. Available at:
http://doi.org/10.1016/j.biopha.2022.112719

21. Cheng Y, Shen LH, Zhang JT. Anti-amnestic and anti-aging
effects of ginsenoside Rg1 and Rb1 and its mechanism of action.
Acta Pharmacol Sin. 2005;26(2):143–149. Available at:
http://doi.org/10.1111/j.1745-7254.2005.00034.x

22. He B, Chen DY, Zhang XC, et al. Oxidative Stress and
Ginsenosides: An Update on the Molecular Mechanisms. Oxid
Med Cell Longev. 2022;2022:9299574. Available at:
http://doi.org/10.1155/2022/9299574

23. Im DS. Pro-Resolving Effect of Ginsenosides as an
Anti-Inflammatory Mechanism of Panax ginseng. Biomolecules.
2020;10(3):444. Available at:
http://doi.org/10.3390/biom10030444

24. Chen XJ, Zhang XJ, Shui YM, Wan JB, Gao JL. Anticancer
Activities of Protopanaxadiol- and Protopanaxatriol-Type
Ginsenosides and Their Metabolites. Evid Based Complement
Alternat Med. 2016;2016:5738694. Available at:
http://doi.org/10.1155/2016/5738694

25. Liu W, Liu YB, Wang Z, Li W. Research Progress of Chemical
Composition of Ginseng and Its Transformation Mechanism. J
Jilin Agri Univ. 2023;45(6):664–673. (Chinese) Available at:
https://kns.cnki.net/kcms2/article/abstract?v=QnUIp1GSfy74
K_SFiaRBXn7PsHjc780aFaLrmMawEYdn-CSgDYjNymxLkZN-B8
OyUHLxz5WpiFExKBKF8eisUcNDnRchNlLLcYxOSfHEuwLuiJrJ
V1SinphIP-JuceZOVEbZzR0O3pNwEIdRCC_HofwSAjqm2MWvd
DOJ_C_jlAFBn0r-tlCaRw==&uniplatform=NZKPT&languag

26. Lu P, Su W, Miao ZH, Niu HR, Liu J, Hua QL. Effect and
mechanism of ginsenoside Rg3 on postoperative life span of
patients with non-small cell lung cancer. Chin J Integr Med.
2008;14(1):33–36. Available at:
http://doi.org/10.1007/s11655-007-9002-6

27. Huang JY, Sun Y, Fan QX, Zhang YQ. Efficacy of Shenyi Capsule
combined with gemcitabine plus cisplatin in treatment of
advanced esophageal cancer: a randomized controlled trial.
Zhong Xi Yi Jie He Xue Bao. 2009;7(11):1047–1051. (Chinese)
Available at:
https://pubmed.ncbi.nlm.nih.gov/19912736/

28. Yoon JW, Kang SM, Vassy JL, et al. Efficacy and safety of
ginsam, a vinegar extract from Panax ginseng, in type 2 diabetic
patients: Results of a double‐blind, placebo‐controlled study. J
Diabetes Investig. 2011;3(3):309–317. Available at:
http://doi.org/10.1111/j.2040-1124.2011.00185.x

29. Park SH, Oh MR, Choi EK, et al. An 8-wk, randomized,
double-blind, placebo-controlled clinical trial for the
antidiabetic effects of hydrolyzed ginseng extract. J Ginseng Res.
2014;38(4):239–243. Available at:
http://doi.org/10.1016/j.jgr.2014.05.006

30. Xu XF, Lu QD, Wu JY, Li YX, Sun JZ. Impact of extended
ginsenoside Rb1 on early chronic kidney disease: a randomized,
placebo-controlled study. Inflammopharmacology.
2017;25(1):33–40. Available at:
http://doi.org/10.1007/s10787-016-0296-x

31. Jovanovski E, Bateman EA, Bhardwaj J, et al. Effect of
Rg3-enriched Korean red ginseng (Panax ginseng) on arterial
stiffness and blood pressure in healthy individuals: a
randomized controlled trial. J Am Soc Hypertens.
2014;8(8):537–541. Available at:
http://doi.org/10.1016/j.jash.2014.04.004

32. Liu X, Wang L, Wen A, et al. Ginsenoside‐Rd improves outcome
of acute ischaemic stroke – a randomized, double‐blind,
placebo‐controlled, multicenter trial. Euro J Neurol.
2012;19(6):855–863. Available at:
https://doi.org/10.1111/j.1468-1331.2011.03634.x

33. Tang YY, Guo WX, Lu ZF, Cheng MH, Shen YX, Zhang YZ.
Ginsenoside Rg1 Promotes the Migration of Olfactory
Ensheathing Cells via the PI3K/Akt Pathway to Repair Rat
Spinal Cord Injury. Bio Pharm Bull. 2017;40(10):1630–1637.
Available at:

https://orcid.org/0000-0001-9929-2768
http://doi.org/10.1172/jci.insight.163161
http://doi.org/10.1681/asn.2015030261
http://doi.org/10.1177/0960327119897099
http://doi.org/10.1038/s41581-020-0309-2
http://doi.org/10.1016/j.kint.2020.04.048
https://kns.cnki.net/kcms2/article/abstract?v=r_P-ES8duRpJ6u20ffWZ14VAX4QAzp_BXEcoJT6bDRXxTutuIWM--hyDsMsuDthMHVLqF5bIniIJfSzgIxEwvjN1aJ0zu2ENOEqCsxpxdHDbzmKXSgbQWsPdOne34PtIJp4aXu59PeABATSz1b58Y2mGuaRDnrdh3RkrOLvpzBH8C9QqvPU0GA==&uniplatform=NZKPT&languag
https://kns.cnki.net/kcms2/article/abstract?v=r_P-ES8duRpJ6u20ffWZ14VAX4QAzp_BXEcoJT6bDRXxTutuIWM--hyDsMsuDthMHVLqF5bIniIJfSzgIxEwvjN1aJ0zu2ENOEqCsxpxdHDbzmKXSgbQWsPdOne34PtIJp4aXu59PeABATSz1b58Y2mGuaRDnrdh3RkrOLvpzBH8C9QqvPU0GA==&uniplatform=NZKPT&languag
https://kns.cnki.net/kcms2/article/abstract?v=r_P-ES8duRpJ6u20ffWZ14VAX4QAzp_BXEcoJT6bDRXxTutuIWM--hyDsMsuDthMHVLqF5bIniIJfSzgIxEwvjN1aJ0zu2ENOEqCsxpxdHDbzmKXSgbQWsPdOne34PtIJp4aXu59PeABATSz1b58Y2mGuaRDnrdh3RkrOLvpzBH8C9QqvPU0GA==&uniplatform=NZKPT&languag
https://kns.cnki.net/kcms2/article/abstract?v=r_P-ES8duRpJ6u20ffWZ14VAX4QAzp_BXEcoJT6bDRXxTutuIWM--hyDsMsuDthMHVLqF5bIniIJfSzgIxEwvjN1aJ0zu2ENOEqCsxpxdHDbzmKXSgbQWsPdOne34PtIJp4aXu59PeABATSz1b58Y2mGuaRDnrdh3RkrOLvpzBH8C9QqvPU0GA==&uniplatform=NZKPT&languag
https://kns.cnki.net/kcms2/article/abstract?v=r_P-ES8duRpJ6u20ffWZ14VAX4QAzp_BXEcoJT6bDRXxTutuIWM--hyDsMsuDthMHVLqF5bIniIJfSzgIxEwvjN1aJ0zu2ENOEqCsxpxdHDbzmKXSgbQWsPdOne34PtIJp4aXu59PeABATSz1b58Y2mGuaRDnrdh3RkrOLvpzBH8C9QqvPU0GA==&uniplatform=NZKPT&languag
https://kns.cnki.net/kcms2/article/abstract?v=r_P-ES8duRpJ6u20ffWZ14VAX4QAzp_BXEcoJT6bDRXxTutuIWM--hyDsMsuDthMHVLqF5bIniIJfSzgIxEwvjN1aJ0zu2ENOEqCsxpxdHDbzmKXSgbQWsPdOne34PtIJp4aXu59PeABATSz1b58Y2mGuaRDnrdh3RkrOLvpzBH8C9QqvPU0GA==&uniplatform=NZKPT&languag
http://doi.org/10.23876/j.krcp.20.265
http://doi.org/10.3389/fmed.2023.1238960
http://doi.org/10.3390/toxins13120909
http://doi.org/10.1016/j.semnephrol.2018.10.009
http://doi.org/10.1038/ki.2011.405
http://doi.org/10.1038/ki.2009.289
http://doi.org/10.1056/NEJMra1214243
http://doi.org/10.3390/biom12040512
http://doi.org/10.1016/j.biopha.2022.112719
http://doi.org/10.1111/j.1745-7254.2005.00034.x
http://doi.org/10.1155/2022/9299574
http://doi.org/10.3390/biom10030444
http://doi.org/10.1155/2016/5738694
https://kns.cnki.net/kcms2/article/abstract?v=QnUIp1GSfy74K_SFiaRBXn7PsHjc780aFaLrmMawEYdn-CSgDYjNymxLkZN-B8OyUHLxz5WpiFExKBKF8eisUcNDnRchNlLLcYxOSfHEuwLuiJrJV1SinphIP-JuceZOVEbZzR0O3pNwEIdRCC_HofwSAjqm2MWvdDOJ_C_jlAFBn0r-tlCaRw==&uniplatform=NZKPT&languag
https://kns.cnki.net/kcms2/article/abstract?v=QnUIp1GSfy74K_SFiaRBXn7PsHjc780aFaLrmMawEYdn-CSgDYjNymxLkZN-B8OyUHLxz5WpiFExKBKF8eisUcNDnRchNlLLcYxOSfHEuwLuiJrJV1SinphIP-JuceZOVEbZzR0O3pNwEIdRCC_HofwSAjqm2MWvdDOJ_C_jlAFBn0r-tlCaRw==&uniplatform=NZKPT&languag
https://kns.cnki.net/kcms2/article/abstract?v=QnUIp1GSfy74K_SFiaRBXn7PsHjc780aFaLrmMawEYdn-CSgDYjNymxLkZN-B8OyUHLxz5WpiFExKBKF8eisUcNDnRchNlLLcYxOSfHEuwLuiJrJV1SinphIP-JuceZOVEbZzR0O3pNwEIdRCC_HofwSAjqm2MWvdDOJ_C_jlAFBn0r-tlCaRw==&uniplatform=NZKPT&languag
https://kns.cnki.net/kcms2/article/abstract?v=QnUIp1GSfy74K_SFiaRBXn7PsHjc780aFaLrmMawEYdn-CSgDYjNymxLkZN-B8OyUHLxz5WpiFExKBKF8eisUcNDnRchNlLLcYxOSfHEuwLuiJrJV1SinphIP-JuceZOVEbZzR0O3pNwEIdRCC_HofwSAjqm2MWvdDOJ_C_jlAFBn0r-tlCaRw==&uniplatform=NZKPT&languag
https://kns.cnki.net/kcms2/article/abstract?v=QnUIp1GSfy74K_SFiaRBXn7PsHjc780aFaLrmMawEYdn-CSgDYjNymxLkZN-B8OyUHLxz5WpiFExKBKF8eisUcNDnRchNlLLcYxOSfHEuwLuiJrJV1SinphIP-JuceZOVEbZzR0O3pNwEIdRCC_HofwSAjqm2MWvdDOJ_C_jlAFBn0r-tlCaRw==&uniplatform=NZKPT&languag
http://doi.org/10.1007/s11655-007-9002-6
https://pubmed.ncbi.nlm.nih.gov/19912736/
http://doi.org/10.1111/j.2040-1124.2011.00185.x
http://doi.org/10.1016/j.jgr.2014.05.006
http://doi.org/10.1007/s10787-016-0296-x
http://doi.org/10.1016/j.jash.2014.04.004
https://doi.org/10.1111/j.1468-1331.2011.03634.x


REVIEW
Traditional Medicine Research 2025;10(6):35. https://doi.org/10.53388/TMR20240704002

8Submit a manuscript: https://www.tmrjournals.com/tmr

http://doi.org/10.1248/bpb.b16-00896
34. Zhang DD, Ji PM, Sun R, et al. Ginsenoside Rg1 attenuates

LPS-induced chronic renal injury by inhibiting NOX4-NLRP3
signaling in mice. Biomed Pharmacother. 2022;150:112936.
Available at:
http://doi.org/10.1016/j.biopha.2022.112936

35. Li SS, He AL, Deng ZY, Liu QF. Ginsenoside-Rg1 Protects against
Renal Fibrosis by Regulating the Klotho/TGF-β1/Smad
Signaling Pathway in Rats with Obstructive Nephropathy. Bio
Pharm Bull. 2018;41(4):585–591. Available at:
http://doi.org/10.1248/bpb.b17-00934

36. Du N, Xu ZP, Gao MY, Liu P, Sun B, Cao X. Combination of
Ginsenoside Rg1 and Astragaloside IV reduces oxidative stress
and inhibits TGF-β1/Smads signaling cascade on renal fibrosis
in rats with diabetic nephropathy. Drug Des Devel Ther.
2018;12:3517–3524. Available at:
http://doi.org/10.2147/dddt.S171286

37. Hou MQ, Wang RF, Zhao SJ, Wang ZT. Ginsenosides in Panax
genus and their biosynthesis. Acta Pharm Sin B.
2021;11(7):1813–1834. Available at:
http://doi.org/10.1016/j.apsb.2020.12.017

38. Choi WY, Lim HW, Lim CJ. Anti-inflammatory, antioxidative
and matrix metalloproteinase inhibitory properties of
20(R)-ginsenoside Rh2 in cultured macrophages and
keratinocytes. J Pharm Pharmacol. 2013;65(2):310–316.
Available at:
http://doi.org/10.1111/j.2042-7158.2012.01598.x

39. Zhou HM, Liu Y, Su Y, et al. Ginsenoside Rg1 attenuates
lipopolysaccharide-induced chronic liver damage by activating
Nrf2 signaling and inhibiting inflammasomes in hepatic cells. J
Ethnopharmacol. 2024;324:117794. Available at:
http://doi.org/10.1016/j.jep.2024.117794

40. Gao QY, Li GD, Zu Y, et al. Ginsenoside Rg1 alleviates
ANIT-induced cholestatic liver injury by inhibiting hepatic
inflammation and oxidative stress via SIRT1 activation. J
Ethnopharmacol. 2024;319:117089. Available at:
http://doi.org/10.1016/j.jep.2023.117089

41. Bi YF, Li QY, Tao WM, Tang JX, You GF, Yu L. Ginsenoside Rg1
and ginsenoside Rh1 prevent liver injury induced by
acetaminophen in mice. J Food Biochem. 2021;45(8):e13816.
Available at:
http://doi.org/10.1111/jfbc.13816

42. Lin J, Qing Z, Huang HF, Yang SK, Zeng Z. Ginsenoside Rg1
Alleviates Rat Liver Ischemia-Reperfusion Ischemia Through
Mitochondrial Autophagy Pathway. Altern Ther Health Med.
2023;29(3):16–25. Available at:
https://pubmed.ncbi.nlm.nih.gov/36580671

43. Gao Y, Chu SF, Zhang Z, et al. Ginsenoside Rg1 prevents
acetaminophen-induced oxidative stress and apoptosis via
Nrf2/ARE signaling pathway. J Asian Nat Prod Res.
2019;21(8):782–797. Available at:
http://doi.org/10.1080/10286020.2018.1504024

44. Zhang RR, Li XM, Gao YX, et al. Ginsenoside Rg1 Epigenetically
Modulates Smad7 Expression in Liver Fibrosis via
MicroRNA-152. J Ginseng Res. 2023;47(4):534–542. Available
at:
http://doi.org/10.1016/j.jgr.2022.12.005

45. Xia T, Fang B, Kang CY, et al. Hepatoprotective Mechanism of
Ginsenoside Rg1 against Alcoholic Liver Damage Based on Gut
Microbiota and Network Pharmacology. Oxid Med Cell Longev.
2022;2022:5025237. Available at:
http://doi.org/10.1155/2022/5025237

46. Zhu HM, Yan CY, Yao P, Li P, Li Y, Yang H. Ginsenoside Rg1
protects cardiac mitochondrial function via targeting GSTP1 to
block S-glutathionylation of optic atrophy 1. Free Radic Biol Med.
2023;204:54–67. Available at:
http://doi.org/10.1016/j.freeradbiomed.2023.04.015

47. Guan SB, Xin YF, Ding YG, Zhang QL, Han W. Ginsenoside Rg1
Protects against Cardiac Remodeling in Heart Failure via

SIRT1/PINK1/Parkin‐Mediated Mitophagy. Chem Biodivers.
2023;20(2):e202200730. Available at:
http://doi.org/10.1002/cbdv.202200730

48. Xu ZM, Li CB, Liu QL, Li P, Yang H. Ginsenoside Rg1 Prevents
Doxorubicin-Induced Cardiotoxicity through the Inhibition of
Autophagy and Endoplasmic Reticulum Stress in Mice. Int J Mol
Sci. 2018;19(11):3658. Available at:
http://doi.org/10.3390/ijms19113658

49. Yang C, Jiang GP, Xing Y. Protective Effect of Ginsenosides Rg1
on Ischemic Injury of Cardiomyocytes After Acute Myocardial
Infarction. Cardiovasc Toxicol. 2022;22(10–11):910–915.
Available at:
http://doi.org/10.1007/s12012-022-09767-1

50. Lyu TJ, Zhang ZX, Chen J, Liu ZJ. Ginsenoside Rg1 ameliorates
apoptosis, senescence and oxidative stress in ox‑LDL‑induced
vascular endothelial cells via the AMPK/SIRT3/p53 signaling
pathway. Exp Ther Med. 2022;24(3):545. Available at:
http://doi.org/10.3892/etm.2022.11482

51. Chu SF, Zhang Z, Zhou X, et al. Ginsenoside Rg1 protects
against ischemic/reperfusion-induced neuronal injury through
miR-144/Nrf2/ARE pathway. Acta Pharmacol Sin.
2019;40(1):13–25. Available at:
http://doi.org/10.1038/s41401-018-0154-z

52. Fu Y, Xing RR, Wang LL, Yang L, Jiang BH. Neurovascular
protection of salvianolic acid B and ginsenoside Rg1
combination against acute ischemic stroke in rats. Neuroreport.
2021;32(13):1140–1146. Available at:
http://doi.org/10.1097/wnr.0000000000001706

53. Wang HQ, Yang YT, Yang SW, et al. Ginsenoside Rg1
Ameliorates Neuroinflammation via Suppression of Connexin43
Ubiquitination to Attenuate Depression. Front Pharmacol.
2021;12:709019. Available at:
http://doi.org/10.3389/fphar.2021.709019

54. Huang Y, Yang HL, Yang BY, et al. Ginsenoside-Rg1 combined
with a conditioned medium from induced neuron-like hUCMSCs
alleviated the apoptosis in a cell model of ALS through
regulating the NF-κB/Bcl-2 pathway. Chin J Nat Med.
2023;21(7):540–550. Available at:
http://doi.org/10.1016/s1875-5364(23)60445-5

55. He YB, Liu YL, Yang ZD, et al. Effect of ginsenoside‑Rg1 on
experimental Parkinson’s disease: A systematic review and
meta‑analysis of animal studies. Exp Ther Med. 2021;21(6):552.
Available at:
http://doi.org/10.3892/etm.2021.9984

56. Liu JQ, Zhao M, Zhang Z, et al. Rg1 improves LPS-induced
Parkinsonian symptoms in mice via inhibition of NF-κB
signaling and modulation of M1/M2 polarization. Acta
Pharmacol Sin. 2020;41(4):523–534. Available at:
http://doi.org/10.1038/s41401-020-0358-x

57. Yang Y, Wang LM, Zhang CJ, et al. Ginsenoside Rg1 improves
Alzheimer’s disease by regulating oxidative stress, apoptosis,
and neuroinflammation through Wnt/GSK‐3β/β‐catenin
signaling pathway. Chem Biol Drug Des. 2022;99(6):884–896.
Available at:
http://doi.org/10.1111/cbdd.14041

58. Lu ML, Zhao F, Ran CY, Xu Y, Zhang JL, Wang HX. Ginsenoside
Rg1 attenuates diabetic vascular endothelial dysfunction by
inhibiting the calpain-1/ROS/PKC-β axis. Life Sci.
2023;329:121972. Available at:
http://doi.org/10.1016/j.lfs.2023.121972

59. Han YL, Su Y, Han M, et al. Ginsenoside Rg1 attenuates
glomerular fibrosis by inhibiting CD36/TRPC6/NFAT2
signaling in type 2 diabetes mellitus mice. J Ethnopharmacol.
2023;302:115923. Available at:
http://doi.org/10.1016/j.jep.2022.115923

60. Dong XN, Kong LL, Huang L, et al. Ginsenoside Rg1 treatment
protects against cognitive dysfunction via inhibiting
PLC–CN–NFAT1 signaling in T2DM mice. J Ginseng Res.
2023;47(3):458–468. Available at:

https://orcid.org/0000-0001-9929-2768
http://doi.org/10.1248/bpb.b16-00896
http://doi.org/10.1016/j.biopha.2022.112936
http://doi.org/10.1248/bpb.b17-00934
http://doi.org/10.2147/dddt.S171286
http://doi.org/10.1016/j.apsb.2020.12.017
http://doi.org/10.1111/j.2042-7158.2012.01598.x
http://doi.org/10.1016/j.jep.2024.117794
http://doi.org/10.1016/j.jep.2023.117089
http://doi.org/10.1111/jfbc.13816
https://pubmed.ncbi.nlm.nih.gov/36580671
http://doi.org/10.1080/10286020.2018.1504024
http://doi.org/10.1016/j.jgr.2022.12.005
http://doi.org/10.1155/2022/5025237
http://doi.org/10.1016/j.freeradbiomed.2023.04.015
http://doi.org/10.1002/cbdv.202200730
http://doi.org/10.3390/ijms19113658
http://doi.org/10.1007/s12012-022-09767-1
http://doi.org/10.3892/etm.2022.11482
http://doi.org/10.1038/s41401-018-0154-z
http://doi.org/10.1097/wnr.0000000000001706
http://doi.org/10.3389/fphar.2021.709019
http://doi.org/10.1016/s1875-5364(23)60445-5
http://doi.org/10.3892/etm.2021.9984
http://doi.org/10.1038/s41401-020-0358-x
http://doi.org/10.1111/cbdd.14041
http://doi.org/10.1016/j.lfs.2023.121972
http://doi.org/10.1016/j.jep.2022.115923


REVIEW
Traditional Medicine Research 2025;10(6):35. https://doi.org/10.53388/TMR20240704002

9Submit a manuscript: https://www.tmrjournals.com/tmr

http://doi.org/10.1016/j.jgr.2022.12.006
61. Chen WH, Jin XY, Wang T, et al. Ginsenoside Rg1 interferes

with the progression of diabetic osteoporosis by promoting type
H angiogenesis modulating vasculogenic and osteogenic
coupling. Front Pharmacol. 2022;13:1010937. Available at:
http://doi.org/10.3389/fphar.2022.1010937

62. Huang L, Cai HA, Zhang MS, Liao RY, Huang X, Hu FD.
Ginsenoside Rg1 promoted the wound healing in diabetic foot
ulcers via miR-489–3p/Sirt1 axis. J Pharmacol Sci.
2021;147(3):271–283. Available at:
http://doi.org/10.1016/j.jphs.2021.07.008

63. Liu R, Wang Q, Li Y, et al. Ginsenoside Rg1 Alleviates
Sepsis-Induced Acute Lung Injury by Reducing FBXO3 Stability
in an m6A-Dependent Manner to Activate PGC-1α/Nrf2
Signaling Pathway. AAPS J. 2024;26(3):47. Available at:
http://doi.org/10.1208/s12248-024-00919-5

64. Huang CB, Xue X, Gong NK, Jiang JH. Ginsenoside Rg1
suppresses paraquat-induced epithelial cell senescence by
enhancing autophagy in an ATG12-dependent manner. Environ
Toxicol. 2022;37(9):2302–2313. Available at:
http://doi.org/10.1002/tox.23597

65. Guan SB, Yu P, Cao JH, et al. Ginsenoside Rg1 protects against
cigarette smoke-induced airway remodeling by suppressing the
TGF-β1/Smad3 signaling pathway. Am J Transl Res.
2020;12(2):493–506. Available at:
https://pubmed.ncbi.nlm.nih.gov/32194898

66. Ye YZ, Shan YL, Bao CY, Hu Y, Wang LR. Ginsenoside Rg1
protects against hind-limb ischemia reperfusion induced lung
injury via NF-κB/COX-2 signaling pathway. Int
Immunopharmacol. 2018;60:96–103. Available at:
http://doi.org/10.1016/j.intimp.2018.04.040

67. Yu J, Mao LJ, Guan L, Zhang YL, Zhao JY. Ginsenoside Rg1
enhances lymphatic transport of intrapulmonary silica via
VEGF-C/VEGFR-3 signaling in silicotic rats. Biochem Biophys Res
Commun. 2016;472(1):182–188. Available at:
http://doi.org/10.1016/j.bbrc.2016.02.091

68. Cheng H, Liu J, Zhang DD, et al. Ginsenoside Rg1 Alleviates
Acute Ulcerative Colitis by Modulating Gut Microbiota and
Microbial Tryptophan Metabolism. Front Immunol.
2022;13:817600. Available at:
http://doi.org/10.3389/fimmu.2022.817600

69. Qu Q, Li SP, Dong Q, et al. Transcriptome profiling Revealed the
potential mechanisms of Shen Lin Bai Zhu San n-butanol extract
on DSS induced Colitis in Mice and LC-MS analysis.
Phytomedicine. 2023;110:154645. Available at:
http://doi.org/10.1016/j.phymed.2023.154645

70. Li C, Lin YB, Lin RK, et al. Host miR-129-5p reverses effects of
ginsenoside Rg1 on morphine reward possibly mediated by
changes in B. vulgatus and serotonin metabolism in
hippocampus. Gut Microbes. 2023;15(2):2254946. Available at:
http://doi.org/10.1080/19490976.2023.2254946

71. Liu H, Deng R, Zhu CW, et al. Rosmarinic acid in combination
with ginsenoside Rg1 suppresses colon cancer metastasis via
co-inhition of COX-2 and PD1/PD-L1 signaling axis. Acta
Pharmacol Sin. 2024;45(1):193–208. Available at:
http://doi.org/10.1038/s41401-023-01158-8

72. Liu RQ, Zhang B, Zou ST, Cui L, Lin L, Li LC. Ginsenoside Rg1
Induces Autophagy in Colorectal Cancer through Inhibition of
the Akt/mTOR/p70S6K Pathway. J Microbiol Biotechnol.
2024;34(4):774–782. Available at:
http://doi.org/10.4014/jmb.2310.10043

73. Liu Y, An LN, Yang CF, Wang XQ, Huang RH, Zhang X.
Ginsenoside Rg1 improves anti-tumor efficacy of adoptive cell
therapy by enhancing T cell effector functions. Blood Sci.
2023;5(3):170–179. Available at:
http://doi.org/10.1097/bs9.0000000000000165

74. Hong J, Gwon D, Jang CY. Ginsenoside Rg1 suppresses cancer
cell proliferation through perturbing mitotic progression. J
Ginseng Res. 2022;46(3):481–488. Available at:

http://doi.org/10.1016/j.jgr.2021.11.004
75. Huang YM, Wu DY, Fan WM. Protection of ginsenoside Rg1 on

chondrocyte from IL-1β-induced mitochondria-activated
apoptosis through PI3K/Akt signaling. Mol Cell Biochem.
2014;392(1–2):249–257. Available at:
http://doi.org/10.1007/s11010-014-2035-1

76. Zhang GW, Zhang M, Yu JF, Kang LH, Guan HJ. Ginsenoside
Rg1 Prevents H2O2-induced Lens Opacity. Curr Eye Res.
2021;46(8):1159–1165. Available at:
http://doi.org/10.1080/02713683.2020.1869266

77. Mao JY, Ma X, Zhu J, Zhang HM. Ginsenoside Rg1 ameliorates
psoriasis‐like skin lesions by suppressing proliferation and
NLRP3 inflammasomes in keratinocytes. J Food Biochem.
2022;46(5):e14053. Available at:
http://doi.org/10.1111/jfbc.14053

78. Xu XL, Qu ZT, Qian HH, et al. Ginsenoside Rg1 ameliorates
reproductive function injury in C57BL/6J mice induced by
di-N-butyl-phthalate. Environ Toxicol. 2021;36(5):789–799.
Available at:
http://doi.org/10.1002/tox.23081

79. Li M, Xiao YB, Wei L, Liu Q, Liu PY, Yao JF. Beneficial Effects of
Traditional Chinese Medicine in the Treatment of Premature
Ovarian Failure. Evid Based Complement Alternat Med.
2022;2022:5413504. Available at:
http://doi.org/10.1155/2022/5413504

80. Wang Zl, Chen LB, Qiu Z, et al. Ginsenoside Rg1 ameliorates
testicular senescence changes in D‑gal‑induced aging mice via
anti‑inflammatory and antioxidative mechanisms. Mol Med Rep.
2018;17(5):6269–6276. Available at:
http://doi.org/10.3892/mmr.2018.8659

81. Yu L, Hao YJ, Ren ZN, et al. Ginsenoside Rg1 relieves rat
intervertebral disc degeneration and inhibits IL-1β-induced
nucleus pulposus cell apoptosis and inflammation via NF-κB
signaling pathway. In Vitro Cell Dev Biol Anim.
2024;60(3):287–299. Available at:
http://doi.org/10.1007/s11626-024-00883-6

82. Jiang ZJ, Deng LH, Li MJ, Alonge E, Wang Y, Wang Y.
Ginsenoside Rg1 modulates PI3K/AKT pathway for enhanced
osteogenesis via GPER. Phytomedicine. 2024;124:155284.
Available at:
http://doi.org/10.1016/j.phymed.2023.155284

83. Gu YQ, Zhou JC, Wang Q, Fan WM, Yin GY. Ginsenoside Rg1
promotes osteogenic differentiation of rBMSCs and healing of
rat tibial fractures through regulation of GR-dependent
BMP-2/SMAD signaling. Sci Rep. 2016;6:25282. Available at:
http://doi.org/10.1038/srep25282

84. Li J, Liu D, Wu JF, et al. Ginsenoside Rg1 attenuates ultraviolet
B-induced glucocortisides resistance in keratinocytes via
Nrf2/HDAC2 signalling. Sci Rep. 2016;6:39336. Available at:
http://doi.org/10.1038/srep39336

85. Wang YR, Sun X, Xie YM, et al. Panax notoginseng saponins
alleviate diabetic retinopathy by inhibiting retinal
inflammation: Association with the NF-κB signaling pathway. J
Ethnopharmacol. 2024;319:117135. Available at:
http://doi.org/10.1016/j.jep.2023.117135

86. Chang SN, Park JG, Kang SC. Therapeutic propensity of
ginsenosides Rg1 and Rg3 in rhabdomyolysis-induced acute
kidney injury and renohepatic crosstalk in rats. Int
Immunopharmacol. 2023;115:109602. Available at:
http://doi.org/10.1016/j.intimp.2022.109602

87. Mao N, Cheng Y, Shi XL, et al. Ginsenoside Rg1 protects mouse
podocytes from aldosterone-induced injury in vitro. Acta
Pharmacol Sin. 2014;35(4):513–522. Available at:
http://doi.org/10.1038/aps.2013.187

88. Guo J, Wang R, Min F. Ginsenoside Rg1 ameliorates
sepsis-induced acute kidney injury by inhibiting ferroptosis in
renal tubular epithelial cells. J Leukoc Biol.
2022;112(5):1065–1077. Available at:
http://doi.org/10.1002/jlb.1a0422-211r

https://orcid.org/0000-0001-9929-2768
http://doi.org/10.1016/j.jgr.2022.12.006
http://doi.org/10.3389/fphar.2022.1010937
http://doi.org/10.1016/j.jphs.2021.07.008
http://doi.org/10.1208/s12248-024-00919-5
http://doi.org/10.1002/tox.23597
https://pubmed.ncbi.nlm.nih.gov/32194898
http://doi.org/10.1016/j.intimp.2018.04.040
http://doi.org/10.1016/j.bbrc.2016.02.091
http://doi.org/10.3389/fimmu.2022.817600
http://doi.org/10.1016/j.phymed.2023.154645
http://doi.org/10.1080/19490976.2023.2254946
http://doi.org/10.1038/s41401-023-01158-8
http://doi.org/10.4014/jmb.2310.10043
http://doi.org/10.1097/bs9.0000000000000165
http://doi.org/10.1016/j.jgr.2021.11.004
http://doi.org/10.1007/s11010-014-2035-1
http://doi.org/10.1080/02713683.2020.1869266
http://doi.org/10.1111/jfbc.14053
http://doi.org/10.1002/tox.23081
http://doi.org/10.1155/2022/5413504
http://doi.org/10.3892/mmr.2018.8659
http://doi.org/10.1007/s11626-024-00883-6
http://doi.org/10.1016/j.phymed.2023.155284
http://doi.org/10.1038/srep25282
http://doi.org/10.1038/srep39336
http://doi.org/10.1016/j.jep.2023.117135
http://doi.org/10.1016/j.intimp.2022.109602
http://doi.org/10.1038/aps.2013.187
http://doi.org/10.1002/jlb.1a0422-211r


REVIEW
Traditional Medicine Research 2025;10(6):35. https://doi.org/10.53388/TMR20240704002

10Submit a manuscript: https://www.tmrjournals.com/tmr

89. Fan YL, Xia JY, Jia DY, et al. Mechanism of ginsenoside Rg1
renal protection in a mouse model of d-galactose-induced
subacute damage. Pharm Biol. 2016;54(9):1815–1821.
Available at:
http://doi.org/10.3109/13880209.2015.1129543

90. Li SS, Ye JM, Deng ZY, Yu LX, Gu XX, Liu QF. Ginsenoside-Rg1
inhibits endoplasmic reticulum stress-induced apoptosis after
unilateral ureteral obstruction in rats. Ren Fail.
2015;37(5):890–895. Available at:
http://doi.org/10.3109/0886022x.2015.1015427

91. Shen XY, Dong XN, Han YL, et al. Ginsenoside Rg1 ameliorates
glomerular fibrosis during kidney aging by inhibiting NOX4 and
NLRP3 inflammasome activation in SAMP8 mice. Int
Immunopharmacol. 2020;82:106339. Available at:
http://doi.org/10.1016/j.intimp.2020.106339

92. Ji PM, Shi QF, Liu Y, et al. Ginsenoside Rg1 treatment alleviates
renal fibrosis by inhibiting the NOX4-MAPK pathway in T2DM
mice. Ren Fail. 2023;45(1):2197075. Available at:
http://doi.org/10.1080/0886022x.2023.2197075

93. Xie XS, Liu HC, Wang FP, et al. Ginsenoside Rg1 modulation on
thrombospondin‐1 and vascular endothelial growth factor
expression in early renal fibrogenesis in unilateral obstruction.
Phytother Res. 2010;24(11):1581–1587. Available at:
http://doi.org/10.1002/ptr.3190

94. Liu QF, Deng ZY, Ye JM, He AL, Li SS. Ginsenoside Rg1 Protects
Chronic Cyclosporin A Nephropathy From Tubular Cell
Apoptosis by Inhibiting Endoplasmic Reticulum Stress in Rats.
Transplant Proc. 2015;47(2):566–569. Available at:
http://doi.org/10.1016/j.transproceed.2014.10.047

95. Guo XJ, Zhang JY, Liu M, Zhao GC. Protective effect of
ginsenoside Rg1 on attenuating anti-GBM glomerular nephritis
by activating NRF2 signalling. Artif Cells Nanomed Biotechnol.
2019;47(1):2972–2979. Available at:
http://doi.org/10.1080/21691401.2019.1640712

96. Hu YD, Xiang C, Zhang D, Zhou F, Zhang DD. Nephroprotective
effect of Ginsenoside Rg1 in lipopolysaccharide-induced sepsis
in mice through the SIRT1/NF-κB signaling. Folia Histochem
Cytobiol. 2024;62(1):13–24. Available at:
http://doi.org/10.5603/fhc.97140

97. Mao N, Tan RZ, Wang SQ, et al. Ginsenoside Rg1 inhibits
angiotensin II‐induced podocyte autophagy via
AMPK/mTOR/PI3K pathway. Cell Biol Int. 2016;40(8):917–925.
Available at:
http://doi.org/10.1002/cbin.10634

98. Zhang MH, Fan JM, Xie XS, et al. Ginsenoside-Rg1 protects
podocytes from complement mediated injury. J Ethnopharmacol.
2011;137(1):99–107. Available at:
http://doi.org/10.1016/j.jep.2011.04.045

99. Chen H, Yin J, Deng YP, et al. The protective effects of
ginsenoside Rg1 against hypertension target-organ damage in
spontaneously hypertensive rats. BMC Complement Altern Med.
2012;12:53. Available at:
http://doi.org/10.1186/1472-6882-12-53

100. Wang L, Mao N, Tan RZ, et al. Ginsenoside Rg1 reduces
aldosterone-induced autophagy via the AMPK/mTOR pathway
in NRK-52E cells. Int J Mol Med. 2015;36(2):518–526. Available
at:
http://doi.org/10.3892/ijmm.2015.2242

101. Liang F, Hua JX. Absorption profiles of sanchinoside R1 and
ginsenoside Rg1 in the rat intestine. Eur J Drug Metab
Pharmacokinet. 2005;30(4):261–268. Available at:
http://doi.org/10.1007/bf03190630

102. Han M, Han LM, Wang QS, Bai ZH, Fang XL. Mechanism of oral
absorption of panaxnotoginseng saponins. Yao Xue Xue Bao.
2006;41(6):498–505. (Chinese) Available at:
https://pubmed.ncbi.nlm.nih.gov/16927822

103. Odani T, Tanizawa H, Takino Y. Studies on the absorption,
distribution, excretion and metabolism of ginseng saponins. III.
The absorption, distribution and excretion of ginsenoside Rb1 in

the rat. Chem Pharm Bull (Tokyo). 1983;31(3):1059–1066.
Available at:
http://doi.org/10.1248/cpb.31.1059

104. Xu QF, Fang XL, Chen DF. Pharmacokinetics and bioavailability
of ginsenoside Rb1 and Rg1 from Panax notoginseng in rats. J
Ethnopharmacol. 2003;84(2–3):187–192. Available at:
http://doi.org/10.1016/s0378-8741(02)00317-3

105. Kim JH, Baek EJ, Lee EJ, et al. Ginsenoside F1 attenuates
hyperpigmentation in B16F10 melanoma cells by inducing
dendrite retraction and activating Rho signalling. Exp Dermatol.
2015;24(2):150–152. Available at:
http://doi.org/10.1111/exd.12586

106. Bae EA, Shin JE, Kim DH. Metabolism of Ginsenoside Re by
Human Intestinal Microflora and Its Estrogenic Effect. Bio
Pharm Bull. 2005;28(10):1903–1908. Available at:
http://doi.org/10.1248/bpb.28.1903

107. Lee SY, Jeong JJ, Eun SH, Kim DH. Anti-inflammatory effects of
ginsenoside Rg1 and its metabolites ginsenoside Rh1 and
20(S)-protopanaxatriol in mice with TNBS-induced colitis. Eur J
Pharmacol. 2015;762:333–343. Available at:
http://doi.org/10.1016/j.ejphar.2015.06.011

108. Feng L, Hu CJ, Yu LY. Pharmacokinetics of ginsenosides Rg1
and its metabolites in rats. Yao Xue Xue Bao.
2010;45(5):636–640. (Chinese) Available at:
https://pubmed.ncbi.nlm.nih.gov/20931768

109. Daenen K, Andries A, Mekahli D, Van Schepdael A, Jouret F,
Bammens B. Oxidative stress in chronic kidney disease. Pediatr
Nephrol. 2019;34(6):975–991. Available at:
http://doi.org/10.1007/s00467-018-4005-4

110. Manda P, Srinivasa Rao PVLN, Bitla AR, et al. Study of
contrast-induced oxidative stress in nondiabetic patients
undergoing coronary angiography. Saudi J Kidney Dis Transpl.
2019;30(1):45–52. Available at:
https://pubmed.ncbi.nlm.nih.gov/30804266

111. Kundu JK, Surh YJ. Nrf2-Keap1 Signaling as a Potential Target
for Chemoprevention of Inflammation-Associated
Carcinogenesis. Pharm Res. 2010;27(6):999–1013. Available at:
http://doi.org/10.1007/s11095-010-0096-8

112. Li LR, Dong H, Song EQ, Xu XY, Liu LC, Song Y. Nrf2/ARE
pathway activation, HO-1 and NQO1 induction by
polychlorinated biphenyl quinone is associated with reactive
oxygen species and PI3K/AKT signaling. Chem Biol Interact.
2014;209:56–67. Available at:
http://doi.org/10.1016/j.cbi.2013.12.005

113. Hirschhorn T, Stockwell BR. The development of the concept of
ferroptosis. Free Radic Biol Med. 2019;133:130–143. Available
at:
http://doi.org/10.1016/j.freeradbiomed.2018.09.043

114. Jiang XJ, Stockwell BR, Conrad M. Ferroptosis: mechanisms,
biology and role in disease. Nat Rev Mol Cell Biol.
2021;22(4):266–282. Available at:
http://doi.org/10.1038/s41580-020-00324-8

115. Li SW, Zheng LS, Zhang J, Liu XJ, Wu ZM. Inhibition of
ferroptosis by up-regulating Nrf2 delayed the progression of
diabetic nephropathy. Free Radical Biol Med. 2021;162:435–449.
Available at:
http://doi.org/10.1016/j.freeradbiomed.2020.10.323

116. Xie T, Bai ZY, Chen ZD, et al. Inhibition of ferroptosis
ameliorates hypertensive nephropathy through p53/Nrf2/p21
pathway by Taohongsiwu decoction: Based on network
pharmacology and experimental validation. J Ethnopharmacol.
2023;312:116506. Available at:
http://doi.org/10.1016/j.jep.2023.116506

117. Seibt TM, Proneth B, Conrad M. Role of GPX4 in ferroptosis and
its pharmacological implication. Free Radic Biol Med.
2019;133:144–152. Available at:
http://doi.org/10.1016/j.freeradbiomed.2018.09.014

118. Xie YC, Kang R, Klionsky DJ, Tang DL. GPX4 in cell death,
autophagy, and disease. Autophagy. 2023;19(10):2621–2638.

https://orcid.org/0000-0001-9929-2768
http://doi.org/10.3109/13880209.2015.1129543
http://doi.org/10.3109/0886022x.2015.1015427
http://doi.org/10.1016/j.intimp.2020.106339
http://doi.org/10.1080/0886022x.2023.2197075
http://doi.org/10.1002/ptr.3190
http://doi.org/10.1016/j.transproceed.2014.10.047
http://doi.org/10.1080/21691401.2019.1640712
http://doi.org/10.5603/fhc.97140
http://doi.org/10.1002/cbin.10634
http://doi.org/10.1016/j.jep.2011.04.045
http://doi.org/10.1186/1472-6882-12-53
http://doi.org/10.3892/ijmm.2015.2242
http://doi.org/10.1007/bf03190630
https://pubmed.ncbi.nlm.nih.gov/16927822
http://doi.org/10.1248/cpb.31.1059
http://doi.org/10.1016/s0378-8741(02)00317-3
http://doi.org/10.1111/exd.12586
http://doi.org/10.1248/bpb.28.1903
http://doi.org/10.1016/j.ejphar.2015.06.011
https://pubmed.ncbi.nlm.nih.gov/20931768
http://doi.org/10.1007/s00467-018-4005-4
https://pubmed.ncbi.nlm.nih.gov/30804266
http://doi.org/10.1007/s11095-010-0096-8
http://doi.org/10.1016/j.cbi.2013.12.005
http://doi.org/10.1016/j.freeradbiomed.2018.09.043
http://doi.org/10.1038/s41580-020-00324-8
http://doi.org/10.1016/j.freeradbiomed.2020.10.323
http://doi.org/10.1016/j.jep.2023.116506
http://doi.org/10.1016/j.freeradbiomed.2018.09.014


REVIEW
Traditional Medicine Research 2025;10(6):35. https://doi.org/10.53388/TMR20240704002

11Submit a manuscript: https://www.tmrjournals.com/tmr

Available at:
http://doi.org/10.1080/15548627.2023.2218764

119. Zeng L, Jin XL, Xiao QA, et al. Ferroptosis: action and
mechanism of chemical/drug-induced liver injury. Drug Chem
Toxicol. 2023;47(6):1300–1311. Available at:
http://doi.org/10.1080/01480545.2023.2295230

120. Li WT, Liang L, Liu SY, Yi H, Zhou YH. FSP1: a key regulator of
ferroptosis. Trends Mol Med. 2023;29(9):753–764. Available at:
http://doi.org/10.1016/j.molmed.2023.05.013

121. Guo J, Chen L, Ma M. Ginsenoside Rg1 Suppresses Ferroptosis
of Renal Tubular Epithelial Cells in Sepsis-induced Acute
Kidney Injury via the FSP1-CoQ10-NAD(P)H Pathway. Curr Med
Chem. 2024;31(15):2119–2132. Available at:
http://doi.org/10.2174/0929867330666230607125054

122. Singbartl K, Formeck CL, Kellum JA. Kidney-Immune System
Crosstalk in AKI. Semin Nephrol. 2019;39(1):96–106. Available
at:
http://doi.org/10.1016/j.semnephrol.2018.10.007

123. Lawrence T. The Nuclear Factor NF-κB Pathway in
Inflammation. Cold Spring Harb Perspect Biol.
2009;1(6):a001651. Available at:
http://doi.org/10.1101/cshperspect.a001651

124. Oeckinghaus A, Hayden MS, Ghosh S. Crosstalk in NF-κB
signaling pathways. Nat Immunol. 2011;12(8):695–708.
Available at:
http://doi.org/10.1038/ni.2065

125. Priante G, Gianesello L, Ceol M, Del Prete D, Anglani F. Cell
Death in the Kidney. Int J Mol Sci. 2019;20(14):3598. Available
at:
http://doi.org/10.3390/ijms20143598

126. Galluzzi L, Vitale I, Aaronson SA, et al. Molecular mechanisms
of cell death: recommendations of the Nomenclature Committee
on Cell Death 2018. Cell Death Differ. 2018;25(3):486–541.
Available at:
http://doi.org/10.1038/s41418-017-0012-4

127. Wang T, Gao YB, Yue RC, et al. Ginsenoside Rg1 Alleviates
Podocyte Injury Induced by Hyperlipidemia via Targeting the
mTOR/NF-κB/NLRP3 Axis. Evid Based Complement Alternat Med.
2020;2020:2735714. Available at:
http://doi.org/10.1155/2020/2735714

128. Tsuruya K, Ninomiya T, Tokumoto M, et al. Direct involvement
of the receptor-mediated apoptotic pathways in
cisplatin-induced renal tubular cell death. Kidney Int.
2003;63(1):72–82. Available at:
http://doi.org/10.1046/j.1523-1755.2003.00709.x

129. Mather M, Rottenberg H. Polycations induce the release of
soluble intermembrane mitochondrial proteins. Biochim Biophys
Acta. 2001;1503(3):357–368. Available at:
http://doi.org/10.1016/s0005-2728(00)00231-0

130. Horibe T, Matsui H, Tanaka M, et al. Gentamicin binds to the
lectin site of calreticulin and inhibits its chaperone activity.
Biochem Biophys Res Commun. 2004;323(1):281–287. Available
at:
http://doi.org/10.1016/j.bbrc.2004.08.099

131. Miyazaki T, Sagawa R, Honma T, et al. 73-kDa Molecular
Chaperone HSP73 Is a Direct Target of Antibiotic Gentamicin. J
Biol Chem. 2004;279(17):17295–17300. Available at:
http://doi.org/10.1074/jbc.M312217200

132. Fan TJ, Han LH, Cong RS, Liang J. Caspase Family Proteases
and Apoptosis. Acta Biochim Biophys Sin (Shanghai).
2005;37(11):719–727. Available at:
http://doi.org/10.1111/j.1745-7270.2005.00108.x

133. Aubrey BJ, Kelly GL, Janic A, Herold MJ, Strasser A. How does
p53 induce apoptosis and how does this relate to p53-mediated
tumour suppression? Cell Death Differ. 2018;25(1):104–113.
Available at:
http://doi.org/10.1038/cdd.2017.169

134. Dressler GR. The Cellular Basis of Kidney Development. Annu
Rev Cell Dev Biol. 2006;22(1):509–529. Available at:

http://doi.org/10.1146/annurev.cellbio.22.010305.104340
135. Fujimura R, Yamamoto T, Takabatake Y, et al. Autophagy

protects kidney from phosphate-induced mitochondrial injury.
Biochem Biophys Res Commun. 2020;524(3):636–642. Available
at:
http://doi.org/10.1016/j.bbrc.2020.01.137

136. Barisoni L, Schnaper HW, Kopp JB. Advances in the Biology and
Genetics of the Podocytopathies: Implications for Diagnosis and
Therapy. Arch Pathol Lab Med. 2009;133(2):201–216. Available
at:
http://doi.org/10.5858/133.2.201

137. Inoki K, Kim J, Guan KL. AMPK and mTOR in Cellular Energy
Homeostasis and Drug Targets. Annu Rev Pharmacol Toxicol.
2012;52:381–400. Available at:
http://doi.org/10.1146/annurev-pharmtox-010611-134537

138. Kim J, Kundu M, Viollet B, Guan KL. AMPK and mTOR regulate
autophagy through direct phosphorylation of Ulk1. Nat Cell Biol.
2011;13(2):132–141. Available at:
http://doi.org/10.1038/ncb2152

139. Tamargo-Gómez I, Mariño G. AMPK: Regulation of Metabolic
Dynamics in the Context of Autophagy. Int J Mol Sci.
2018;19(12):3812. Available at:
http://doi.org/10.3390/ijms19123812

140. Zou XZ, Liu T, Gong ZC, Hu CP, Zhang Z. MicroRNAs-mediated
epithelial-mesenchymal transition in fibrotic diseases. Eur J
Pharmacol. 2017;796:190–206. Available at:
http://doi.org/10.1016/j.ejphar.2016.12.003

141. Iwano M, Plieth D, Danoff TM, Xue C, Okada H, Neilson EG.
Evidence that fibroblasts derive from epithelium during tissue
fibrosis. J Clin Invest. 2002;110(3):341–350. Available at:
http://doi.org/10.1172/jci15518

142. Gifford CC, Tang JQ, Costello A, et al. Negative regulators of
TGF-β1 signaling in renal fibrosis; pathological mechanisms and
novel therapeutic opportunities. Clin Sci (Lond).
2021;135(2):275–303. Available at:
http://doi.org/10.1042/cs20201213

143. Ma TT, Meng XM. TGF-β/Smad and Renal Fibrosis. Adv Exp Med
Biol. 2019;1165:347–364. Available at:
http://doi.org/10.1007/978-981-13-8871-2_16

144. Huang SB, Chen BJ, Humeres C, Alex L, Hanna A, Frangogiannis
NG. The role of Smad2 and Smad3 in regulating homeostatic
functions of fibroblasts in vitro and in adult mice. Biochim
Biophys Acta Mol Cell Res. 2020;1867(7):118703. Available at:
http://doi.org/10.1016/j.bbamcr.2020.118703

145. Chen L, Yang T, Lu DW, et al. Central role of dysregulation of
TGF-β/Smad in CKD progression and potential targets of its
treatment. Biomed Pharmacother. 2018;101:670–681. Available
at:
http://doi.org/10.1016/j.biopha.2018.02.090

146. Zhou Z, Shen WX, Yu LL, Xu C, Wu QB. A Chinese patent
medicine, Shexiang Baoxin Pill, for Non-ST-elevation acute
coronary syndromes: A systematic review. J Ethnopharmacol.
2016;194:1130–1139. Available at:
http://doi.org/10.1016/j.jep.2016.11.024

147. Wang J, Li GC, Yu LL, Mo TT, Wu QB, Zhou Z. Aidi injection
plus platinum-based chemotherapy for stage IIIB/IV non-small
cell lung cancer: A meta-analysis of 42 RCTs following the
PRISMA guidelines. J Ethnopharmacol. 2018;221:137–150.
Available at:
http://doi.org/10.1016/j.jep.2018.04.013

148. Xiao Z, Wang CQ, Zhou MH, et al. Clinical efficacy and safety of
Aidi injection plus paclitaxel-based chemotherapy for advanced
non-small cell lung cancer: A meta-analysis of 31 randomized
controlled trials following the PRISMA guidelines. J
Ethnopharmacol. 2019;228:110–122. Available at:
http://doi.org/10.1016/j.jep.2018.09.024

149. Zeng YB, Liu XL, Li CJ, et al. Chemical constituents from
Mylabris phalerata and their cytotoxic activity in vitro.
Zhongguo Zhong Yao Za Zhi. 2016;41(5):859–863. (Chinese)

https://orcid.org/0000-0001-9929-2768
http://doi.org/10.1080/15548627.2023.2218764
http://doi.org/10.1080/01480545.2023.2295230
http://doi.org/10.1016/j.molmed.2023.05.013
http://doi.org/10.2174/0929867330666230607125054
http://doi.org/10.1016/j.semnephrol.2018.10.007
http://doi.org/10.1101/cshperspect.a001651
http://doi.org/10.1038/ni.2065
http://doi.org/10.3390/ijms20143598
http://doi.org/10.1038/s41418-017-0012-4
http://doi.org/10.1155/2020/2735714
http://doi.org/10.1046/j.1523-1755.2003.00709.x
http://doi.org/10.1016/s0005-2728(00)00231-0
http://doi.org/10.1016/j.bbrc.2004.08.099
http://doi.org/10.1074/jbc.M312217200
http://doi.org/10.1111/j.1745-7270.2005.00108.x
http://doi.org/10.1038/cdd.2017.169
http://doi.org/10.1146/annurev.cellbio.22.010305.104340
http://doi.org/10.1016/j.bbrc.2020.01.137
http://doi.org/10.5858/133.2.201
http://doi.org/10.1146/annurev-pharmtox-010611-134537
http://doi.org/10.1038/ncb2152
http://doi.org/10.3390/ijms19123812
http://doi.org/10.1016/j.ejphar.2016.12.003
http://doi.org/10.1172/jci15518
http://doi.org/10.1042/cs20201213
http://doi.org/10.1007/978-981-13-8871-2_16
http://doi.org/10.1016/j.bbamcr.2020.118703
http://doi.org/10.1016/j.biopha.2018.02.090
http://doi.org/10.1016/j.jep.2016.11.024
http://doi.org/10.1016/j.jep.2018.04.013
http://doi.org/10.1016/j.jep.2018.09.024


REVIEW
Traditional Medicine Research 2025;10(6):35. https://doi.org/10.53388/TMR20240704002

12Submit a manuscript: https://www.tmrjournals.com/tmr

Available at:
https://pubmed.ncbi.nlm.nih.gov/28875639/

150. Xiong XF, Sun DB. Synergistic and toxigenic effects of Aidi
Injection on chemotherapy in advanced non-small cell lung
cancer effects on serum VEGF and T lymphocyte subsets. Chin
Arch Tradit Chin Med. 2021;39(11):217–220. (Chinese)
Available at:
https://kns.cnki.net/kcms2/article/abstract?v=QnUIp1GSfy62
6ExZWX9RJeOhad_Azhy-V_NSZG4hww02KZJUiaexplFj_fIa3Lhe
t51gfRwd77T9HOhWpn_BCK0IuJqWjwMUBpYlrZpwMf3i9DkpI
Lo_iqcfQeoPrlk_CSvIyN_jmC4jjOAMdY9nwETEls0oCcBkjAe5QN
ZinQD1D7xg0Va69g==&uniplatform=NZKPT&languag

151. Long J, Kang ZP, Zhong YB, et al. Ginsenoside Rg1 regulates cell
balance of Treg/Th9 in mice with DSS-induced colitis. Tradit
Chin Drug Res Clin Pharmacol. 2022;33(1):20–26. (Chinese)
Available at:

https://kns.cnki.net/kcms2/article/abstract?v=QnUIp1GSfy7s
c3c2R2NYaP5nz19Xppxa2KpRH7CC7Ed2yYCAWuajqZUQdWA
JLTexopNP9nmC7Zfrwm-Hnw6OOruDopkaF5L_-At9girweGWr
W4YBE0w_3ZNt9w0Aj0xB6nlx_uzLnNiZKPZr8sceOiZkO6mMZT
e5NO4MQgx77-az7KXL2r8L9Q==&uniplatform=NZKPT&lan
guag

152. Bao SH, Zou Y, Wang B, et al. Ginsenoside Rg1 improves
lipopolysaccharide-induced acute lung injury by inhibiting
inflammatory responses and modulating infiltration of M2
macrophages. Int Immunopharmacol. 2015;28(1):429–434.
Available at:
http://doi.org/10.1016/j.intimp.2015.06.022

153. Xiong J, Sun MJ, Guo JX, et al. Enhancement by adrenaline of
ginsenoside Rg1 transport in Caco-2 cells and oral absorption in
rats. J Pharm Pharmacol. 2009;61(3):347–352. Available at:
http://doi.org/10.1211/jpp/61.03.0009

https://orcid.org/0000-0001-9929-2768
https://pubmed.ncbi.nlm.nih.gov/28875639/
https://kns.cnki.net/kcms2/article/abstract?v=QnUIp1GSfy626ExZWX9RJeOhad_Azhy-V_NSZG4hww02KZJUiaexplFj_fIa3Lhet51gfRwd77T9HOhWpn_BCK0IuJqWjwMUBpYlrZpwMf3i9DkpILo_iqcfQeoPrlk_CSvIyN_jmC4jjOAMdY9nwETEls0oCcBkjAe5QNZinQD1D7xg0Va69g==&uniplatform=NZKPT&languag
https://kns.cnki.net/kcms2/article/abstract?v=QnUIp1GSfy626ExZWX9RJeOhad_Azhy-V_NSZG4hww02KZJUiaexplFj_fIa3Lhet51gfRwd77T9HOhWpn_BCK0IuJqWjwMUBpYlrZpwMf3i9DkpILo_iqcfQeoPrlk_CSvIyN_jmC4jjOAMdY9nwETEls0oCcBkjAe5QNZinQD1D7xg0Va69g==&uniplatform=NZKPT&languag
https://kns.cnki.net/kcms2/article/abstract?v=QnUIp1GSfy626ExZWX9RJeOhad_Azhy-V_NSZG4hww02KZJUiaexplFj_fIa3Lhet51gfRwd77T9HOhWpn_BCK0IuJqWjwMUBpYlrZpwMf3i9DkpILo_iqcfQeoPrlk_CSvIyN_jmC4jjOAMdY9nwETEls0oCcBkjAe5QNZinQD1D7xg0Va69g==&uniplatform=NZKPT&languag
https://kns.cnki.net/kcms2/article/abstract?v=QnUIp1GSfy626ExZWX9RJeOhad_Azhy-V_NSZG4hww02KZJUiaexplFj_fIa3Lhet51gfRwd77T9HOhWpn_BCK0IuJqWjwMUBpYlrZpwMf3i9DkpILo_iqcfQeoPrlk_CSvIyN_jmC4jjOAMdY9nwETEls0oCcBkjAe5QNZinQD1D7xg0Va69g==&uniplatform=NZKPT&languag
https://kns.cnki.net/kcms2/article/abstract?v=QnUIp1GSfy626ExZWX9RJeOhad_Azhy-V_NSZG4hww02KZJUiaexplFj_fIa3Lhet51gfRwd77T9HOhWpn_BCK0IuJqWjwMUBpYlrZpwMf3i9DkpILo_iqcfQeoPrlk_CSvIyN_jmC4jjOAMdY9nwETEls0oCcBkjAe5QNZinQD1D7xg0Va69g==&uniplatform=NZKPT&languag
https://kns.cnki.net/kcms2/article/abstract?v=QnUIp1GSfy7sc3c2R2NYaP5nz19Xppxa2KpRH7CC7Ed2yYCAWuajqZUQdWAJLTexopNP9nmC7Zfrwm-Hnw6OOruDopkaF5L_-At9girweGWrW4YBE0w_3ZNt9w0Aj0xB6nlx_uzLnNiZKPZr8sceOiZkO6mMZTe5NO4MQgx77-az7KXL2r8L9Q==&uniplatform=NZKPT&languag
https://kns.cnki.net/kcms2/article/abstract?v=QnUIp1GSfy7sc3c2R2NYaP5nz19Xppxa2KpRH7CC7Ed2yYCAWuajqZUQdWAJLTexopNP9nmC7Zfrwm-Hnw6OOruDopkaF5L_-At9girweGWrW4YBE0w_3ZNt9w0Aj0xB6nlx_uzLnNiZKPZr8sceOiZkO6mMZTe5NO4MQgx77-az7KXL2r8L9Q==&uniplatform=NZKPT&languag
https://kns.cnki.net/kcms2/article/abstract?v=QnUIp1GSfy7sc3c2R2NYaP5nz19Xppxa2KpRH7CC7Ed2yYCAWuajqZUQdWAJLTexopNP9nmC7Zfrwm-Hnw6OOruDopkaF5L_-At9girweGWrW4YBE0w_3ZNt9w0Aj0xB6nlx_uzLnNiZKPZr8sceOiZkO6mMZTe5NO4MQgx77-az7KXL2r8L9Q==&uniplatform=NZKPT&languag
https://kns.cnki.net/kcms2/article/abstract?v=QnUIp1GSfy7sc3c2R2NYaP5nz19Xppxa2KpRH7CC7Ed2yYCAWuajqZUQdWAJLTexopNP9nmC7Zfrwm-Hnw6OOruDopkaF5L_-At9girweGWrW4YBE0w_3ZNt9w0Aj0xB6nlx_uzLnNiZKPZr8sceOiZkO6mMZTe5NO4MQgx77-az7KXL2r8L9Q==&uniplatform=NZKPT&languag
https://kns.cnki.net/kcms2/article/abstract?v=QnUIp1GSfy7sc3c2R2NYaP5nz19Xppxa2KpRH7CC7Ed2yYCAWuajqZUQdWAJLTexopNP9nmC7Zfrwm-Hnw6OOruDopkaF5L_-At9girweGWrW4YBE0w_3ZNt9w0Aj0xB6nlx_uzLnNiZKPZr8sceOiZkO6mMZTe5NO4MQgx77-az7KXL2r8L9Q==&uniplatform=NZKPT&languag
https://kns.cnki.net/kcms2/article/abstract?v=QnUIp1GSfy7sc3c2R2NYaP5nz19Xppxa2KpRH7CC7Ed2yYCAWuajqZUQdWAJLTexopNP9nmC7Zfrwm-Hnw6OOruDopkaF5L_-At9girweGWrW4YBE0w_3ZNt9w0Aj0xB6nlx_uzLnNiZKPZr8sceOiZkO6mMZTe5NO4MQgx77-az7KXL2r8L9Q==&uniplatform=NZKPT&languag
http://doi.org/10.1016/j.intimp.2015.06.022
http://doi.org/10.1211/jpp/61.03.0009

	Background
	Acute kidney injury (AKI) is a common clinical com
	Ginseng (Panax ginseng C.A. Meyer), often referred
	Most current studies focus primarily on the therap
	Pharmacological properties
	G-Rg1, serving as a key quantitative measure of gi
	Figure 1 The chemical structure of G-Rg1
	Previous studies have found that G-Rg1 shows a wid
	Recent evidence indicates that G-Rg1 plays a signi
	Pharmacokinetics
	G-Rg1 is primarily absorbed in the intestine and i
	Compared to gavage administration, the mean reside
	Molecular mechanisms of G-Rg1 against kidney injur
	Anti-free radical damage and lipid peroxidation
	Oxidative stress is central to the pathogenesis of
	Figure 2 Overview of the 
	Table 1 Nephroprotective a
	AKI, acute kidney injury; GBM, glomerular basement
	Ferroptosis is a distinct form of iron-dependent p
	Anti-inflammatory responses
	In response to certain noxious stimuli to renal ti
	Additionally, studies have shown that the activati
	Anti-apoptosis
	Apoptosis, a genetically regulated process of cell
	Anti-podocyte autophagy
	Podocytes are highly specialized epithelial cells 
	Anti-fibrotic effect
	Renal fibrosis is a common pathological process of
	Hypertension is a well-established risk factor for
	Clinical applications
	G-Rg1 is often used as an adjuvant in various trad
	Safety evaluation
	G-Rg1, a principal active component of ginseng – a
	Discussion
	The renal protective effects of G-Rg1 are associat
	Figure 3 Functional mecha
	G-Rg1 stands as a promising candidate for preventi
	(Ⅰ) Conduct in-depth research into the key molecul
	(Ⅱ) Explore alternative methods of administration 
	(Ⅲ) Develop and conduct clinical trials to establi
	Conclusion
	In summary, growing evidence highlights G-Rg1 as h
	References

