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Abstract
BACKGROUND 
Aplastic anemia (AA) presents a significant clinical challenge as a life-threatening 
condition due to failure to produce essential blood cells, with the current the-
rapeutic options being notably limited.

AIM 
To assess the therapeutic potential of ginsenoside Rg1 on AA, specifically its 
protective effects, while elucidating the mechanism at play.

METHODS 
We employed a model of myelosuppression induced by cyclophosphamide (CTX) 
in C57 mice, followed by administration of ginsenoside Rg1 over 13 d. The invest-
igation included examining the bone marrow, thymus and spleen for pathological 
changes via hematoxylin-eosin staining. Moreover, orbital blood of mice was 
collected for blood routine examinations. Flow cytometry was employed to 
identify the impact of ginsenoside Rg1 on cell apoptosis and cycle in the bone 
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marrow of AA mice. Additionally, the study further evaluated cytokine levels with enzyme-linked immunosorbent 
assay and analyzed the expression of key proteins in the MAPK signaling pathway via western blot.

RESULTS 
Administration of CTX led to significant damage to the bone marrow’s structural integrity and a reduction in 
hematopoietic cells, establishing a model of AA. Ginsenoside Rg1 successfully reversed hematopoietic dysfunction 
in AA mice. In comparison to the AA group, ginsenoside Rg1 provided relief by reducing the induction of cell 
apoptosis and inflammation factors caused by CTX. Furthermore, it helped alleviate the blockade in the cell cycle. 
Treatment with ginsenoside Rg1 significantly alleviated myelosuppression in mice by inhibiting the MAPK 
signaling pathway.

CONCLUSION 
This study suggested that ginsenoside Rg1 addresses AA by alleviating myelosuppression, primarily through 
modulating the MAPK signaling pathway, which paves the way for a novel therapeutic strategy in treating AA, 
highlighting the potential of ginsenoside Rg1 as a beneficial intervention.

Key Words: Aplastic anemia; Ginsenoside Rg1; Myelosuppression; MAPK signaling pathway; Bone marrow; Hematopoietic 
stem cells

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study evaluated ginsenoside Rg1’s efficacy in aplastic anemia (AA) treatment, focusing on its impact on bone 
marrow pathology, hematopoiesis, and inflammation in a cyclophosphamide-induced myelosuppression C57 mice model. It 
demonstrated that ginsenoside Rg1 not only reduces cell apoptosis and inflammation but also promotes hematopoietic 
recovery by inhibiting the MAPK signaling pathway, offering a potential therapeutic strategy for AA.

Citation: Wang JB, Du MW, Zheng Y. Effect of ginsenoside Rg1 on hematopoietic stem cells in treating aplastic anemia in mice via 
MAPK pathway. World J Stem Cells 2024; 16(5): 591-603
URL: https://www.wjgnet.com/1948-0210/full/v16/i5/591.htm
DOI: https://dx.doi.org/10.4252/wjsc.v16.i5.591

INTRODUCTION
Aplastic anemia (AA) is an abnormality of primary or secondary bone marrow hematopoietic stem cells (HSCs) and/or 
hematopoietic microenvironment caused by physical, chemical and biological factors[1]. AA affects individuals across all 
age groups, primarily presenting as pancytopenia, a condition that significantly increases the risk of severe infections, 
anemia, and bleeding complications[2]. The primary cause of AA is the abnormal activation and overuse of T lym-
phocytes, which leads to an immune imbalance between regulatory T cells and helper T type 17 cells[3,4]. For newly 
diagnosed severe AA, bone marrow transplantation is a treatment option for all patients. Elderly patients and those 
without a matched donor were typically treated with immunosuppressive therapy, which includes anti-thymocyte 
globulin and cyclosporine A as first-line treatment[5,6]. With the development of immunosuppressive therapy and HSC 
transplantation, the prognosis of AA has been dramatically improved[6,7]. However, immunosuppressants are still 
ineffective in some patients due to the heterogeneity of patients.

Ginseng (Panax ginseng C. A. Meyer) is a perennial herb of the Araliaceae family and is a traditional Chinese medicine 
that has the functions of invigorating vitality, invigorating body fluid and solidifying hair, invigorating the spleen and 
benefiting the lungs, and soothing the nerves[8]. Ginsenosides, as the main active components of ginseng, are mainly 
classified into dammarane-type tetracyclic triterpene saponins, ocotillol-type tetracyclic triterpenoid saponins, and 
oleanolic acid-type saponins[9]. Recent research has revealed that ginsenosides possess a broad spectrum of pharmaco-
logical benefits, encompassing myocardial protection, modulation of glucose and lipid metabolism, antioxidative 
properties, anti-tumor activity, and therapeutic effects on hematological disorders[10-13]. Ginsenosides can promote the 
proliferation and differentiation of erythroid, granulosa monoline, and megakaryocyte cell lines, which may be related to 
its effect on hematopoietic growth factors[14]. Moreover, research has demonstrated that total saponins of Panax ginseng 
enhance the production of erythropoietin (EPO), granulocyte-macrophage colony-stimulating factor (CSF), interleukin-3 
(IL-3), IL-6 and receptors EPOR and GM-CSFRα[15]. Furthermore, ginsenosides have been shown to promote the upregu-
lation of GATA-2 mRNA expression and protein synthesis in hematopoietic progenitor cells. This increase in GATA-2 
activity not only enhanced its DNA binding affinity but also regulated the expression of genes related to proliferation, 
thereby stimulating the proliferation of blood cells[16].

The growth, development, division, and death of cells, as well as the recognition, transmission, and amplification of 
various biochemical reaction signals within cells, are all related to the MAPK signaling pathway[17,18]. Studies have 
found that ginsenoside Rg1 inhibited the expression of inflammatory factors (IL-1β and IL-6) through the MAPK 
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pathway, and reduced the nerve injury of ischemia-reperfusion[19]. Ginsenoside Rg1 can also promote the proliferation 
of bone marrow endothelial progenitor cells through the MAPK pathway[20].

In this study, a C57 mice model of bone marrow suppression was established by cyclophosphamide (CTX), and the 
pathological changes of the bone marrow were observed by hematoxylin-eosin (HE) staining, which proved that the 
model was successful. Orbital blood was taken from the mice to examine the composition of cells in the blood. The 
cellular components and protein expression changes of the MAPK signaling pathway in bone marrow were detected to 
verify whether ginsenoside Rg1 can alleviate myelosuppression in mice through the MAPK signaling pathway, and 
provide a new theoretical basis for clinical treatment of AA.

MATERIALS AND METHODS
Animal model preparation
A total of 25 male C57BL/6 mice of specific pathogen free grade (6-8 wk old) were selected and freely ingested water and 
food. Room temperature was maintained at 20-24 °C and relative humidity at 40%-60%. The mice were purchased from 
Servicebio Technology Co., Ltd (Wuhan Optics Valley Biolake, Hubei, China). For the CTX group, 200 mg of powder was 
dissolved in 20 mL 0.9% saline water according to previous article[21]. The mice were randomly divided into five groups: 
Control group, Control + Rg1 (15 mg/kg) group, CTX + saline group, CTX + Rg1 (10 mg/kg) group, and CTX + Rg1 (15 
mg/kg) group, with 5 mice in each group, in which the CTX and ginsenoside Rg1 were purchased from Sigma (St Louis, 
MO, United States).

Blood test
Blood was extracted from the orbit when the mice in each group were under anesthetic sedation according to IACUC 
procedure. Blood routine examination, including white blood cells, red blood cells, hemoglobin, platelets, neutrophil, and 
lymphocytes, was performed using the whole blood by a routine blood test instrument[22] (RJ-0C107223; Mindray, 
Nanshan, Shenzhen, China).

HE staining
According to the protocol of HE Staining Kit (Solarbio, Beijing, China), the sections (4-μm-thick) from bone marrow, 
thymus, and spleen slices of each group of mice were stained with HE for 1 min and differentiated in the acidic liquid 
alcohol for 30 s. Following the staining periods, sections were dehydrated by 95% ethanol for 50 s. Finally, sections were 
cleared in xylene and mounted[23]. Images were obtained by Ci-L microscope (Nikon, Tokyo, Japan), and analyzed by 
the Image J software (La Jolla, CA, United States).

Flow cytometry
Bone marrow cells were collected for flow cytometric analysis[24]. Bone marrow cells were then seeded into six-well 
plates at a density of 105 cells per well in 2 mL of medium supplemented with 10% fetal bovine serum (Gibco, 
ThermoFisher Scientific, Waltham, MA, United States). After incubation for different time intervals, cells were harvested 
and washed twice by phosphate-buffered saline (PBS) and trypsinized by 0.25% trypsin. Then, harvested cells were 
centrifuged at 1500 rpm for 5 min. After resuspension in 5 mL of PBS, the cells were analyzed by flow cytometry (Attune 
Cytometry; BD Biosciences, Franklin Lakes, NJ, United States).

Western blot
We prepared the bone marrow or cell lysates for western blot[25]. For this, we utilized Radio Immunoprecipitation Assay 
cell lysis buffer and acquired the supernatant by centrifuging at 12000 rpm for 15 min at 4 °C. The Bicinchoninic Acid 
Assay Kit (Beyotime, Jiangsu, China) was employed to measure the total protein content. From the supernatant samples, 
20 μg were separated using sodium dodecyl sulfate-polyacrylamide gel electrophoresis and subsequently transferred 
onto a polyvinylidene fluoride membrane. Following this, the membrane was blocked at room temperature in TBS-T for 2 
h and then washed three times with PBS. To conduct the immunoblot, the primary antibody was incubated overnight at 4 
°C. Protein samples were incubated with Caspase3 (1:2000; Proteintech, Wuhan, China), Caspase9 (1:2000; Proteintech), 
Bcl2 (1:2000; Proteintech), Bax (1:2000; Proteintech), IL-6 (1:2000; Proteintech), CCL2 (1:2000; Proteintech), IL-1β (1:2000; 
Proteintech), P38 (1:2000; Abcam, Cambridge, United Kingdom), p-P38 (1:1000; Abcam), JNK (1:1500; Abcam), p-JNK 
(1:1000; Abcam), ERK (1:1000; Abcam), p-ERK (1:1000; Abcam). After incubation with the secondary antibody at room 
temperature for 2 h, the membrane was washed again and detected using electrochemiluminescence. The sizes of the 
bands were measured using Scion Image 4.0 software (Scion Corporation, Frederick, MD, United States). The sample 
loading amount was adjusted to a reference standard of GAPDH (1:8000; Proteintech) or β-actin (1:10000; Abclonal, 
Woburn, MA, United States).

Primary culture of bone marrow HSCs
To perform primary culture of bone marrow HSCs, bone marrow was obtained from control group mice (normal group) 
and mice injected with CTX (AA group)[26]. The bone marrow was then filtered using 100-mesh steel and aspirated and 
blown with a Pasteur pipette several times to create a suspension of single cells. This suspension was then placed in a 10 
cm culture dish at a concentration of 1 × 106 cells/mL using the whole bone marrow culture method. Each dish was filled 
with 8 mL of culture medium, which includes 100 U/mL penicillin (Procell Life Science & Technology, China), 100 μg/
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mL streptomycin (Procell Life Science & Technology), 15% fetal bovine serum (Gibco), and regular low-sugar Dulbecco’s 
Modified Eagle’s Medium (Gibco). The culture dishes were then placed in a humidified incubator at 37 °C and 5% CO2 for 
primary culture. Then, to investigate the therapeutic effects of Rg1 on cellular sources of AA in vitro, add various concen-
trations of Rg1 (5 μM, 10 μM, and 15 μM) with different AA groups.

Enzyme-linked immunosorbent assay
We quantified the levels of IL-10, IL-6, IL-1β, and tumor necrosis factor-alpha (TNF-α) levels in serum and cell culture 
supernatant were conducted using enzyme-linked immunosorbent assay (ELISA) kits (Beyotime). The assays were 
meticulously performed in strict accordance with the protocol specified by the manufacturer’s instructions, ensuring 
accurate and reliable measurement of these cytokines[27].

Statistical analysis
SPSS 24.0 software was used for statistical analysis of experimental data, measurement data were expressed as mean ± 
SD, and t-test (comparison between two groups) or LSD analysis of variance was used when normal distribution and 
homogeneity of variance were satisfied (comparison between multiple groups). Dunnett’s-T3 was used to compare 
uneven variance, and P < 0.05 was considered statistically significant.

RESULTS
Ginsenoside Rg1 alleviated CTX-induced myelosuppression
To investigate the inhibitory effect of ginsenoside Rg1 on CTX model mice, we injected different doses of ginsenoside Rg1 
based on the CTX model (Figure 1A and B). Notably, mice in the CTX group exhibited a reduction in body weight 
compared to the control group after 7 and 13 d of treatment; however, there was no significant difference of body weight 
in the CTX + Rg1 (15 mg/kg) group (Figure 1C). Additionally, the number of bone marrow cells, along with the thymus 
and spleen indices, significantly decreased in mice following CTX injection. This decline was effectively mitigated by the 
administration injection of Rg1 (15 mg/kg), as depicted in Figure 1D-F, indicating that Rg1 may ameliorate CTX-induced 
myelosuppression. Furthermore, we investigated the effect of ginsenoside Rg1 on the bone marrow hematopoietic 
function of CTX mice. Without a doubt, the counts of white blood cells (WBC), neutrophil, lymphocytes, red blood cells 
(RBC), hemoglobin (HGB), and platelets (PLT) were significantly decreased in the CTX group mice compared to the 
control group. In contrast to the CTX group, the counts of WBC, neutrophil, lymphocytes, RBC, and HGB in mice of CTX 
+ Rg1 (15 mg/kg) group were markedly increased, but not PLT count (Figure 1G). These outcomes suggest that 
ginsenoside Rg1 can partially reverse the hematopoietic dysfunction induced by CTX in mice.

Effect of ginsenoside Rg1 on HSCs self-renewal in AA mice
Next, we investigated the potential influence of ginsenoside Rg1 on the self-renewal of HSCs in AA mice. The alterations 
in the cell cycle and apoptosis of HSCs were evaluated individually among various treatment groups. The results showed 
that CTX significantly increased the number of G0/G1 and decreased the number of S and G2/M phase cells, which 
indicates that CTX significantly suppressed cell growth. However, these changes were remarkably reversed by 
ginsenoside Rg1 (15 mg/kg) treatment (Figure 2A). Furthermore, flow cytometry showed that CTX significantly 
increased apoptosis of HSCs compared with the control group. However, ginsenoside Rg1 (10 mg/kg and 15 mg/kg) 
partially reversed apoptosis of HSCs (Figure 2B and C). The expression of the classic apoptotic markers (Caspase3, 
Caspase9, and Bax) were significantly increased in CTX group when compared to the control group, while the expression 
of the anti-apoptotic molecule Bcl2 was inhibited. Interestingly, the administration of ginsenoside Rg1 had a significant 
reversing effect on this phenomenon (Figure 2D).

Effects of ginsenoside Rg1 on inflammatory cytokines of AA mice
In order to evaluate the effect of ginsenoside Rg1 on the regulation of bone marrow microenvironment, we performed 
ELISA to measure the inflammatory cytokines (IL-10, IL-6, TNF-α, and IL-1β) in the bone marrow. As shown in Figure 3A
-D, the expression of IL-6, TNF-α, and IL-1β induced by CTX was suppressed in the ginsenoside Rg1 group, while the 
expression of IL-10 was promoted by ginsenoside Rg1. Meanwhile, western blot analysis also showed the same trend of 
these cytokines in the bone marrow (Figure 3E).

Ginsenoside Rg1 can inhibit apoptosis of HSCs from AA mice in vitro
Next, we investigated the effects of ginsenoside Rg1 on the in vitro growth, proliferation, and apoptosis of HSCs from AA 
mice. Compared with HSCs cells from the control group mice, HSCs cells from AA mice showed a significant increase in 
apoptosis ability, including early apoptosis, late apoptosis, and total apoptosis rate (Figure 4A and B). However, the 
addition of different concentrations of ginsenoside Rg1 could suppress the apoptosis of HSCs cells from AA mice 
(Figure 4A and B). The expression of Caspase3, Caspase9, and Bax in HSCs cells from AA mice was significantly 
increased, while the expression of the anti-apoptotic molecule Bcl2 was inhibited. Undoubtedly, the addition of 
ginsenoside Rg1 rescued the apoptosis of HSCs cells from AA mice (Figure 4C).

Ginsenoside Rg1 can inhibit inflammation of HSCs from AA mice in vitro
To evaluate the effects of ginsenoside Rg1 on inflammation regulation in HSCs from AA mice, the levels of IL-10, IL-6, 
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Figure 1 Ginsenoside Rg1 prevents myelosuppression. A: Chemical structure of ginsenoside Rg1; B: Flowchart of experiments; C: Body weight plot of 
mice; D: Hematoxylin-eosin (HE) staining of marrow sample; E: HE staining of thymus; F: HE staining of spleen; G: Rg1 increased cell numbers in the peripheral 
blood of mice with myelosuppression. For all the statistical graphs: n = 5 mice per group. aP < 0.05, bP < 0.01, compared to the control group; cP < 0.05, dP < 0.01, 
compared to the cyclophosphamide (CTX) group. HGB: Hemoglobin; PLT: Platelets; RBC: Red blood cells; WBC: White blood cells.
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Figure 2 Impact of ginsenoside Rg1 on the cell cycle and apoptosis of hematopoietic stem cells in mice with aplastic anemia. A: 
Representative flow cytometry results; B: Representative flow cytometry results; C: Statistical figure of flow cytometry; D: Using western blot detects the expression of 
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Caspase3, Caspase9, Bcl2 and Bax. The endogenous control used was GAPDH. aP < 0.05, bP < 0.01, compared to the control group; cP < 0.05, dP < 0.01, compared 
to the cyclophosphamide (CTX) group.

Figure 3 Impact of ginsenoside Rg1 on inflammatory cytokines in mice with aplastic anemia in the bone marrow was examined. A: 
Interleukin (IL)-10; B: IL-6; C: Tumor necrosis factor (TNF)-α; D: IL-1β; E: Western blot assay of IL-6, CCL2 and IL-1β in different group, the endogenous control used 
was GAPDH. bP < 0.01, compared to the control group; cP < 0.05, dP < 0.01, compared to the cyclophosphamide (CTX) group.

TNF-α, and IL-1β in the supernatant were quantified. As indicated in Figure 5A-D, the ginsenoside Rg1 group exhibited 
reduced expression of IL-6, TNF-α, and IL-1β, while the expression of IL-10 was increased by ginsenoside Rg1. 
Additionally, the western blot analysis of these cytokines in the HSCs from AA mice also showed the same pattern 
(Figure 5E).

Effect of ginsenoside Rg1 on MAPK pathway in vivo and in vitro
Western blot was used to determine the protein levels of p-p38, p38, p-JNK, JNK, p-ERK, and ERK, respectively. 
Compared with the control group, the protein expressions of p-p38, p38, p-JNK, JNK, and p-ERK, ERK were significantly 
increased in the CTX group. However, Rg1 (15 mg/kg) reduced the expression level of p-p38, p38, p-JNK, JNK, and p-
ERK, ERK is compared with the CTX group (Figure 6A and B). Additionally, the ginsenoside Rg1 has the same effects in 
vitro, ginsenosides Rg1 can significantly inhibit the CTX-induced increase in p-p38/p38, p-JNK/JNK, and p-ERK/ERK 
(Figure 6C and D). From above, we suggested that ginsenoside Rg1 alleviates CTX-induced myelosuppression by 
inhibiting the MAPK signaling pathway in vivo and in vitro.

DISCUSSION
AA is recognized as a prevalent, intractable blood disorder affecting childhood. Those diagnosed with AA suffer from 
anemia due to the dysfunction of body marrow HSCs and/or bone marrow hematopoietic microenvironment[28]. This 
impairment leads to the substitution of the hematopoietic red pulp with adipose tissue, culminating in a diminished 
blood cell count[28]. In Chinese traditional medicine, AA is considered to be attributed to “acute consumptive disease” 
and “bone marrow deficiency”[29]. Increasingly, studies have revealed the effectiveness of traditional Chinese herbal 
medicine in treating AA[30-32].

This study successfully established a myelosuppressive C57 mice model via injection with CTX. CTX is a commonly 
used chemotherapeutic agent, which inhibits bone marrow hematopoiesis to induce AA[33]. We observed significant 
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Figure 4 Ginsenoside Rg1 can inhibit apoptosis of hematopoietic stem cells from aplastic anemia mice in vitro. A: This figure shows 
representative results from flow cytometry analysis; B: Statistical figure of flow cytometry; C: The expression of Caspase3, Caspase9, Bcl2, and Bax was detected 
using western blot. GAPDH was used as the endogenous control. bP < 0.01, compared to the normal group; cP < 0.05, dP < 0.01, compared to the aplastic anemia 
(AA) group.

weight loss in mice after 7 and 13 d of CTX administration. In addition, CTX has also decreased the bone marrow cell 
number, as well as thymus and spleen indices. Routine blood analyses revealed marked decreases in the levels of WBC, 
lymphocytes, RBC, HGB, and PLT in the CTX group. Ginsenoside Rg1 has been utilized for many years in the treatment 
of AA and bone marrow damage. It has demonstrated efficacy in mitigating hematopoietic deficiencies and delaying the 
senescence of hematopoietic stem/progenitor cells, actions attributed to modulation of the SIRT6/nuclear factor-kappaB 
signaling pathway[34,35], sustains HSC and regulates HSC proliferation in the bone marrow to prevent HSC senescence 
and recovery of the hematopoietic cells by regulating the SIRT1-forkhead box O3 and SIRT3-superoxide dismutase-2 
signaling pathways[36,37]. In this study, ginsenoside Rg1, especially the injection with 15 mg/kg, significantly alleviated 
CTX-induced myelosuppression in mice. Additionally, ginsenoside Rg1 can significantly alleviate the apoptosis blockade 
induced by CTX and promote HSCs self-renewal, both in vivo and in vitro. Taken together, these results suggested that 
ginsenoside Rg1 can ameliorate AA (Figure 7).

HSCs have been shown to play an essential role in hematopoiesis. The homeostasis of HSCs determines the fate of 
various hematopoietic/blood cells. In mice, HSCs are broadly defined by the Lin - Sca-1 + c-Kit + immunophenotype and 
divided into two types: Long-term HSC and short-term HSC[38]. The primitive HSCs give rise to committed progenitors, 
which further differentiate into mature blood cells. In the present study, we observed that CTX significantly affected bone 
marrow cells by flow cytometry, decreasing the numbers of common myeloid progenitor, granulocyte-macrophage 
progenitor, megakaryocyte-erythroid progenitor and common lymphoid progenitor. In addition, CTX also increased the 
apoptosis of HSCs, which was consistent with previous studies. Rg1 ameliorated hematopoietic dysfunction in mice by 
reversing CTX-induced bone marrow cell damage. According to previous reports, alterations in the ratio of M1/M2 
macrophages and levels of interferon-γ and TNF-α can result in the development of AA[39]. Toll-like receptors are 
responsible for the identification of M1 macrophages, which then release pro-inflammatory cytokines like IL-6, IL-12, and 
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Figure 5 Ginsenoside Rg1 have the ability to inhibit inflammation of hematopoietic stem cells from aplastic anemia mice in vitro. A: The 
content of interleukin (IL)-10; B: The content of IL-6; C: The content of tumor necrosis factor (TNF)-α; D: The content of IL-1β; E: Western blot assay of IL-6, CCL2, 
and IL-1β in different group, the endogenous control used was GAPDH. bP < 0.01, compared to the normal group; cP < 0.05, dP < 0.01, compared to the aplastic 
anemia (AA) group.

TNF-α, ultimately contributing to the progression of inflammation[40]. During our investigation, a notable reduction in 
IL-10 expression was observed following CTX treatment, alongside an elevation in the levels of IL-6, TNF-α, and IL-1β. 
These observations were consistent with previously discussed theories. Remarkably, the introduction of ginsenoside Rg1 
led to the reversal of these changes, underscoring its potential efficacy as a therapeutic agent for AA.

When GTP was bound to Ras, Ras was activated and recruited Raf from the cytoplasm to the cell membrane, which 
ultimately activated MAPK. After MAPK was activated, it transduced into the nucleus and activated transcription factors. 
Studies have shown that G-CSF combined with GCSFR can promote neutrophil production and differentiation of bone 
marrow precursor cells into granulocytes through the Ras/MEK/ERK signaling pathway[41,42]. The results of animal 
experiments showed that G-CSF mediated proliferation of bone marrow cells could be inhibited by MEK kinase inhibitor 
UO126[43]. In contrast, MAPK activation enhanced the proliferation of G-CSF stimulated state-negative myeloid cells. 
P38-MAPK was one of the subclasses of MAPK, which can directly participate in cell apoptosis, cytokine production, 
cytoskeleton recognition and transcriptional regulation[44]. Previous studies have shown that cytoskeletal proteins can 
directly participate in the regulation of the p38 pathway, play an important role in cell differentiation, migration, prolif-
eration and apoptosis, increase the expression level of tyrosinase genes, and play an important role in bone marrow 
suppression[45,46]. In this study, we observed a significant upregulation in the ratios of phosphorylated to total forms of 
p38, JNK, and ERK proteins in the CTX-treated group. Interestingly, treatment with ginsenoside Rg1 markedly reversed 
the expression levels of these signaling proteins, highlighting its potential in modulating key pathways involved in the 
stress response and inflammation.

Our research indicated that ginsenoside Rg1 has the potential to become an effective drug for treating AA; however, 
our research also has certain limitations. Additional in vitro and in vivo studies were needed to clarify the specific effects 
of ginsenoside Rg1 on the treatment of AA and the target population. Furthermore, drug development is a lengthy and 
intricate process. While we have shown a certain therapeutic effect of ginsenoside Rg1 on AA model mice, more human 
clinical trials are still necessary to confirm the efficacy of ginsenoside Rg1.

CONCLUSION
This research proposed that ginsenoside Rg1 mitigates myelosuppression in mice by targeting and inhibiting the MAPK 
signaling pathway. This mechanism offers a theoretical foundation for the clinical application of ginsenoside Rg1 in the 
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Figure 6 Ginsenoside Rg1 alleviated myelosuppression in mice by inhibiting MAPK signaling pathway in vivo and in vitro. A: Western blot 
was used to detect the expression of p-p38, p38, p-JNK, JNK, p-ERK, and ERK in different groups in vivo, the endogenous control used was β-actin; B: Quantification 
of western blot images, aP < 0.05, bP < 0.01, compared to the control group; cP < 0.05, dP < 0.01, compared to the cyclophosphamide (CTX) group; C: Western blot 
was used to detect the expression of p-p38, p38, p-JNK, JNK, p-ERK, and ERK in different groups in vitro, the endogenous control used was β-Actin; D: 
Quantification of western blot images, bP < 0.01, compared to the normal group; cP < 0.05, dP < 0.01, compared to the aplastic anemia (AA) group.

Figure 7 Effect of ginsenoside Rg1 on hematopoietic stem cells in the treatment of aplastic anemia in mice through the MAPK pathway. 
The bone marrow, thymus, and spleen suffered severe damage from cyclophosphamide (CTX), leading to a decrease in hematopoietic cell count. Ginsenoside Rg1 
effectively countered the hematopoietic issues in mice, showing superior results compared to the aplastic anemia control group. It reduced cell apoptosis, 
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inflammation factors, and cell cycle disruption caused by CTX. By inhibiting the MAPK signaling pathway, ginsenoside Rg1 greatly improved myelosuppression in 
mice.

treatment of AA, paving the way for future research and development in this area.
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