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Spleen deficiency is an important immune and digestive system change.

Ergosterone (ER) is bioactive steroid; however, to date, no relevant studies

have explored its potential e�cacy in treating spleen deficiency. The aim of

the present study was to investigate the therapeutic e�ects and mechanism of

action of ER on spleen deficiency syndrome induced by Rhei Radix et Rhizoma

(RRR). RRR was used to induce the development of a spleen deficiency rat

model to observe changes in body weight and pathological changes in organ

tissues. Additionally, the levels of relevant immune factors and gastrointestinal

hormones were measured, as well as the expression of intestinal tight junction

proteins and the P38MAPK signaling pathway. Changes in intestinal microbiota

andmetabolites weremeasured, and the e�ect of ER on the RRR-induced spleen

deficiency rat model was evaluated. ER notably alleviated the symptoms of

RRR-induced spleen deficiency induced in rats and o�ered protection against

organ damage. Ergosterone can increase the expression of immunoglobulins,

inhibits the increase in inflammatory factors, improve gastrointestinal hormone

disorders, protect the intestinal mucosa, and repair intestinal barrier damage.

The ER-treated group exhibited substantial upregulation of claudin and occludin

mRNA and protein expression levels in the colonic tissue. Additionally, ER

inhibited the P38MAPKsignaling pathway, thereby improving RRR induced spleen

deficiency syndrome in rats. ER also influences the metabolic pathways of

protein digestion and absorption, biosynthesis of unsaturated fatty acids, and

arachidonic acid metabolism. In addition, ER can regulate and enhance the

composition of intestinal flora in rats with spleen deficiency, increase the diversity

of dominant flora, and inhibit the proliferation of harmful bacteria. ER can

treat spleen deficiency syndrome by enhancing immune function, improving

gastrointestinal function, repairing the intestinal barrier, and regulating intestinal

flora and intestinal metabolites.
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1 Introduction

Spleen deficiency is a common clinical syndrome characterized by symptoms, such
as loose stool, loss of appetite, and mental fatigue, which are a combination of declining
functions, including gastrointestinal digestion, nutrient absorption, energy metabolism,
and the immune system (Zheng et al., 2020; Wang et al., 2020). The number of diseases
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FIGURE 6

The metabolic pathways with potential markers a�ected by ER–H in treating spleen deficiency syndrome. (A) Relative abundance of key metabolites

significantly a�ected by ER–H at the metabolic pathways. *P < 0.05, vs. control group; **P < 0.01, vs. control group; #P < 0.05, vs. model group;
##

P < 0.01, vs. model group. (B) The key metabolic pathways significantly a�ected by ER–H. The metabolites that are marked in red demonstrate a

notable increase in expression levels as a result of the treatment with ER–H. In contrast, the metabolites that are identified in green show a significant

decrease in their expression.
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FIGURE 7

Results of gut microbiota data analysis (n = 8). (A) Rank abundance. (B) Shannon curve. (C) Simpson curve. (D) Analysis of gut microbiota using PCA

was conducted on the OUT data from each sample across the three groups. (E) The relative abundance of phylum. (F) Species significantly

influenced by ER–H at the phylum taxonomic level in spleen deficiency rats. *P < 0.05, vs. control group; **P < 0.01, vs. control group; #P < 0.05, vs.

model group; ##
P < 0.01, vs. model group.

Lachnospiraceae_NK4A136_group, Phascolarctobacterium and
Lactobacillus (Figure 8B). Implementation of the intervention
resulted in a notable change in the relative abundance of
several bacterial taxa compared to the model group. Notably,
there were a significant increases in the relative abundances of
Romboutsia, Akkermansia, Lachnospiraceae_NK4A136_group,
and Phascolarctobacterium, whereas the relative abundances of
Prevotella and Lactobacillus experienced notable decreases in
the intestinal microbiota profile of rats suffering from spleen
deficiency and diarrhea. It reduced the levels of Prevotella
to some degree while boosting the relative abundance of
beneficial probiotics such as Romboutsia, Akkermansia, and
Lachnospiraceae_NK4A136_group, and improved the disorder
of Lactobacillus. Consequently, ER–H is capable of restoring the
intestinal microenvironment in rats with spleen deficiency while
modulating the imbalance of intestinal flora.

3.8.3 Significant di�erences between samples
Figure 8C illustrates the species that exhibited LDA

scores exceeding 3 (P < 0.05), indicating that the difference
was significant for these biomarkers. The figure shows the
species with significant differences in abundance among
different groups, and the length of the histogram represents
the size of the significantly different species. The relative
abundances of Romboutsia, Akkermansia, NKA4A214_group,

Clostridium_sensu_stricto_1, Monoglobus, Incertae_Sedis,
Enterorhabdus, Enterococcus, Erysipelatoclostridium, and
Corynebacterium were higher in the control group. However, the
model group showed higher relative abundances of Prevotellaceae,
Prevotellaceae_NK3B31_group, and Lachnoclostridium.
Additionally, in the ER–H group, UCG_005, Blautia,
Lachnospiraceae_NK4A136_group, Phascolarctobacterium,
Prevotellaceae_UCG_001, Rikenellaceae_RC9_gut_group,
Anaerotruncus, Alloprevotella, and GCA_900066575 were the
most abundant.

4 Discussion

Spleen deficiency diarrhea is a prevalent gastrointestinal
syndrome in clinical practice (Wang C. X. et al., 2024; Wang K.
et al., 2024; Wang X. S. et al., 2024). Many modern gastrointestinal
diseases, such as gastric ulcers, irritable bowel syndrome and
functional diarrhea, fall under the spleen deficiency category in
TCM (Li et al., 2019) Spleen deficiency syndrome is a complex
condition caused by multiple factors and characterized by clinical
manifestations such as fatigue, weight loss, and diarrhea. The
pathogenesis of this syndrome is primarily associated with an
imbalance in intestinal flora, inflammation, abnormal secretion of
gastrointestinal hormones, and damage to the intestinal barrier
(Wang et al., 2022; Xie et al., 2021). Severe spleen deficiency
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FIGURE 8

E�ects of ER–H on the composition of gut microbiota at the genus level in rats with spleen deficiency. (A) Bar graph illustrating the relative

abundance of species at the genus taxonomic level. (B) The relative abundance of key genus. *P < 0.05, vs. control group; **P < 0.01, vs. control

group; #P < 0.05, vs. model group; ##
P < 0.01, vs. model group. (C) LEfSe analysis of dominant biomarker groups among di�erent groups.

syndrome can also induce damage to other organs and the
occurrence of diseases, such as colitis (Wang C. X. et al., 2024;
Wang K. et al., 2024; Wang X. S. et al., 2024), immune disorders
(Zhao et al., 2023), and water metabolism and circulation disorders
(Chen et al., 2023). Common drugs currently used to treat
spleen deficiency exhibit side effects. As TCM compound, the
main ingredients of Sijunzi Heji are Ginseng Radix et Rhizoma,

Atractylodes Macrocephalae Rhizoma, Poria and Glycyrrhizae
Radix et Rhizoma Praeparata CumMelle. It had no adverse effects;
therefore, we chose it as a positive control. The spleen invigorating
effects of ER as a compound with multiple medicinal activities
has not yet been reported. Therefore, we selected the natural
product ER to treat spleen deficiency induced by RRR and study
its mechanism of action.
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Many rats with spleen deficiency experience diarrhea and
weight loss (Dong et al., 2023). ER interventions can significantly
improve such conditions and exert a therapeutic effects. In response
to the low immune function condition of spleen deficiency
syndrome rats, ER enhanced the immune activity of the body by
increasing the contents of IgA, IgM, IFN-γ, and IL-2 in the mucosal
immune system, which are key immune molecules of the body,
and at the same time decreased the content of IL-6 inflammatory
cytokine secretion caused by spleen deficiency. ER can treat the
symptoms of spleen deficiency induced by RRR decoction in rats
by regulating gastrointestinal hormones and repairing intestinal
damage. Additionally, ER can increase the content of pancreatic
enzymes, which help in repair pathological damage to pancreatic
tissue. This finding aligns with previous conjectures, suggesting
a connection between spleen deficiency and pancreatic damage.
Notably, in diabetes, glycated hemoglobin and α-glucosidase are
key indicators of blood sugar levels. Abnormally high values of
these indicators indicate an increase in blood glucose concentration
(Xue et al., 2023). The ER plays a crucial role in maintaining a
stable blood sugar concentration by reducing the concentration
of glycated hemoglobin and α-glucosidase, thereby preventing
diabetes induced by spleen deficiency. Patients with liver injury
exhibit short-term gastrointestinal symptoms such as elevated
serum ALT, AST, and bilirubin levels and acute liver failure, and
various serious complications can occur when the disease course is
aggravated (Wang C. X. et al., 2024; Wang K. et al., 2024; Wang
X. S. et al., 2024). There was a significant reduction in ALT levels
and the repair of damaged liver tissue following ER administration.
The intestinal epithelium is the main barrier between the body’s
immune system and external environment. Spleen deficiency affects
colon permeability, leads to diarrhea and pathological damage.
Studies have shown that the expression of claudin and occludin
proteins in rats with spleen deficiency syndrome is significantly
reduced (Tu et al., 2020), wherease ER treatment significantly
increases the expression of claudin and occludin proteins and
mRNA, indicating that ER could effectively alleviate diarrhea
caused by colonic absorption disorders induced by the aqueous
decoction of RRR.

Spleen deficiency can impact the expression of P38 in the
MAPK signaling pathway (Deng et al., 2018). Activation of
the P38MAPK signaling pathway can promote the secretion of
cytokines such as IL-6 and TNF-α, causing intestinal mucosal
inflammatory response. At the same time, activation of the P38
MAPK signaling pathway can inhibit the expression of ZO-1,
Occludin and other proteins, leading to the destruction of the
intestinal tight junction structure (Chang et al., 2020). P53 and
NF-κB proteins are downstream transcription factors of P38. By
inhibiting the expression of P38MAPK protein, the contents of P53
and NF-κB protein can be reduced to reduce intestinal oxidative
stimulation damage and inflammatory response (Li et al., 2017;
Ma et al., 2022). The consumption of ER has been shown to
reduce the expression of P38, P53, andNF-κB, inhibit inflammatory
factors, and enhance the expression of tight junction proteins,
thereby effectively inhibiting the occurrence of inflammatory
responses. The present study showed that the combined use of
P38MAPK inhibitors and ER significantly enhanced and improved
the decrease in body weight and organ index in rats with spleen

deficiency, reduced the release of inflammatory factors, regulated
gastrointestinal hormone disorders, reduced the expression of
P38MAPK protein in the spleen, and enhanced immunity and
digestive function, thus providing new strategies and treatment
methods for spleen deficiency syndrome.

Through analysis of metabolites in the colon, we identified
the relationship between ER spleen invigorating mechanism and
intestinal metabolism, as well as the key regulatory substances
of intestinal metabolites that are involved in the mechanism.
The substances are primarily involved in protein digestion and
absorption, unsaturated fatty acid metabolism, arachidonic acid
metabolism, and the TCA cycle. Modern pharmacological research
has indicated that such signaling pathways are associated with the
genesis and progression of spleen invigoration and replenishtion
qi effects (Ng et al., 2024; Zhan et al., 2024; Zhang et al.,
2021). Metabolomic analyses revealed that the pathways were
significantly regulated in rats following ER treatment. Such
regulation results in changes in the circulation of TCA energy
and ultimately alleviates the metabolic disorders caused by spleen
deficiency. Protein digestion and absorption are critical for the
utilization of proteins by tissues and affect amino acids metabolism.
This involves amino acids and proteases that participate in
the synthesis and catabolism of nutrients, with a dual function
in terms of nutrition and immune regulation. The functions
improve the intestinal mucosal barrier and maintain intestinal
health (Yang et al., 2021). ER administration and treatment
substantially increased L-arginine metabolism, thereby enhancing
T cell function. It also decreases L-histidine metabolism, leading
to increased α-oxo-glutarate synthesis and promotion of TCA
circulation for energy production. Unsaturated fatty acids play a
crucial role in maintaining normal physiological functions cells.
The abnormal metabolism of unsaturated fatty acids is closely
linked to inflammation, as it can activate inflammatory factors
(Chen et al., 2022). Compared with themodel group administration
resulted in an increase in the levels of alpha-linolenic acid, whereas
the levels of arachidonic acid, and 11Z-eicosenoic acid decreased.
Arachidonic acid and its metabolites are disease biomarkers in the
arachidonic acid metabolic pathway (Li et al., 2015). Arachidonic
acid enhances inflammatory responses by recruiting and activating
T cells and antigen-presenting cells. Notably, ER treatment inhibits
the inflammatory response by reducing arachidonic acid content,
while increasing the levels of its metabolites, prostaglandin I2 and
6-keto-prostaglandin F1a, through the action of cyclooxygenase. 6-
keto-PGF1α acts as a metabolite of prostaglandin I2, both of which
have the ability to dilate blood vessels and increase blood flow. This
helps address the issue of insufficient blood volume caused by the
reduced production of qi and blood in cases of spleen deficiency.

The composition of the intestinal flora in rats exhibiting
spleen deficiency changed significantly when compared with
that in the control group, based on an analysis of their intestinal
microbiota. ER substantially regulates the composition and
diversity of intestinal flora in spleen deficiency rats and improves
spleen deficiency associated with Firmicutes, Bacteroidetes,
and Verrucomycetes. Abnormal alterations in the numbers of
Prevotella and Lactobacillus in the intestines of spleen deficiency
rats can lead to intestinal flora disorders, and in turn, enteritis
and diarrhea (Zhang et al., 2023; El-Salhy et al., 2019), which
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FIGURE 9

To explore the invigorating the spleen e�ect and mechanism of ergosterone in rats with spleen deficiency through gut microbiota-gut metabolites

(By Figdraw).

are the main causes of diarrhea in spleen deficient rats, a
finding that is also consistent with our results. Probiotics have
anti-inflammatory effects and can partially prevent intestinal
colonization by pathogenic bacteria (Wu et al., 2020; do Carmo
et al., 2018). In the present study, ER intervention substantially
mediated the imbalance in Lactobacillus levels, enhanced the
release of IgA, and consequently, activated B lymphocyte and T
cell function. After treating rats with spleen deficiency and ER, the
abundance of Akkermansia increased substantially. The increase
inhibits the secretion of the inflammatory factor IL-6 and leads
to higher expression of occludin and claudin, which help repair
the damaged intestinal barrier. The ER can increase probiotics,
inhibit pathogenic bacteria, stabilize the intestinal environment,
and restore homeostasis of the mucosal immune system. It can also

regulate the immune response, maintain metabolic balance, and
promote the proliferation and differentiation of intestinal epithelial
cells to invigorate the spleen and replenish qi. Although the present
study confirmed the effects of ER on the composition and diversity
of intestinal microbiota, further systematic studies are required to
understand the biological mechanisms of ER.

In summary, the present study used RRR-induced splenic
deficiency rats as an experimental model and it explored
the underlying mechanisms of ER efficacy in treating spleen
deficiency based on metabolomics and gut microbiota analysis.
The mechanism by which the ER invigorates the spleen
involves improvement of gastrointestinal absorption, regulation of
gastrointestinal hormone disorders, repair of intestinal mucosal
damage, and increase of the release of digestive enzyme.
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In addition, it can invigorate the spleen by repairing organ
damage, improving humoral immune function and inhibiting the
P38MAPK signaling pathway. ER treatment substantially improved
intestinal endophyte disorders and metabolic abnormalities in
spleen deficient rats. We intend to further explore the role of
ER in treating spleen deficiency to gain a more comprehensive
understanding of the mechanism of the spleen invigorating effects
(Figure 9). The spleen is the largest immune organ in the human
body, accounting for 1/4 of the lymphoid tissue in the body. It
contains a large number of lymphocytes and it is the hub of
the body’s cellular immunity and humoral immunity. However,
the effects of ER on splenic lymphocytes have not been reported.
We will further study the mechanism of action of ER on
splenic lymphocytes.

5 Conclusions

Overall, the results of this study indicated that ER significantly
ameliorated the symptoms of immune and digestive disorder
symptoms in RRR-induced spleen deficiency rats. The therapeutic
mechanism of ER in spleen deficient rats was closely related to
the modulation of intestinal metabolites and intestinal flora as
well as the P38MAPK pathway. This study provides new insight
into the role of ER as a unique potential prebiotic, demonstrating
its therapeutic effects from the perspective of the intestinal
metabolites and intestinal flora, which may help develop health
products and provide more effective treatment strategies for spleen
deficiency syndrome.
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