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Abstract: Non-alcoholic fatty liver disease (NAFLD) is a globally prevalent chronic liver disease with a complex 
pathogenesis, driven by an intricate interplay of metabolic disorders, oxidative stress, inflammatory, and gut microbiota 
imbalance. With changes in lifestyle and dietary habits, in recent years, the incidence of NAFLD has significantly risen, 
becoming an important public health issue. The traditional Chinese medicine (TCM) diagnostic and therapeutic system has 
shown unique advantages in the prevention and treatment of NAFLD, especially the use of lotus leaf, which has attracted 
attention due to its multi-target and multi-pathway regulatory effects. This review examines the pathogenesis of NAFLD, 
explores the application of TCM in NAFLD, and focuses on the pharmacological effects of lotus leaf and its potential 
therapeutic value, providing a theoretical basis for the comprehensive prevention and treatment of NAFLD.
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1. Introduction
Non-alcoholic fatty liver disease (NAFLD) is increasingly becoming a major health burden in China, making it the 
most common liver disease in the country[1–3]. This poses a significant economic burden on society. Lotus leaf, as a 
traditional Chinese medicine, offers new directions for the treatment of NAFLD due to its lipid-lowering and anti-
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inflammatory properties [4]. Although recent studies have identified the therapeutic effects of lotus leaf in treating 
NAFLD, the specific mechanisms underlying these effects remain unclear. This article analyzes the current 
research on the use of lotus leaf in the treatment of NAFLD and explores the mechanisms involved.

NAFLD is a chronic liver disease closely related to metabolic disorders, with its global prevalence increasing 
annually, posing a significant public health challenge [5–8]. In China, the burden of NAFLD is growing, with a 
prevalence rate of 15% to 30%, making it the leading liver disease in the country [1]. NAFLD contributes to a 
considerable economic burden on society. The disease spectrum of NAFLD ranges from simple hepatic steatosis 
to non-alcoholic steatohepatitis (NASH), and may even progress to liver fibrosis, cirrhosis, and hepatocellular 
carcinoma [9–11]. Although its pathogenesis has not been fully elucidated, insulin resistance, lipid metabolism 
disorders, oxidative stress, and chronic inflammation are considered core pathophysiological mechanisms. Insulin 
resistance leads to the excessive accumulation of free fatty acids in the liver, while mitochondrial dysfunction and 
the accumulation of reactive oxygen species (ROS) further aggravate hepatocyte injury [12–17]. The release of pro-
inflammatory cytokines such as TNF-α and IL-6 drives inflammation and fibrosis [18–22].

Traditional Chinese medicine (TCM) categorizes NAFLD as conditions such as “costal pain,” “accumulation,” 
or “phlegm-dampness,” and considers its pathogenesis to be related to liver Qi stagnation, spleen dysfunction, 
and the interrelationship of phlegm and blood stasis [23, 24]. TCM diagnostic and therapeutic principles emphasize 
an overall approach to treatment, regulating metabolic balance by soothing the liver, strengthening the spleen, 
transforming phlegm, and removing blood stasis. In recent years, lotus leaf (Nelumbo nucifera) has attracted 
attention for its effects in clearing heat, promoting diuresis, activating blood circulation, and lowering lipids [4, 25]. 
Modern pharmacological studies have shown that active compounds in lotus leaf, such as alkaloids, flavonoids, 
and polysaccharides, can intervene in NAFLD through multiple pathways, including regulating lipid synthesis and 
breakdown, improving insulin sensitivity, and inhibiting oxidative stress and inflammation. For example, lotus leaf 
alkaloids can downregulate the expression of fatty acid synthase (FAS), while flavonoid components can activate 
the AMPK signaling pathway to promote fatty acid oxidation [26]. 

This paper systematically reviews the molecular mechanisms of NAFLD and the understanding of its 
pathogenesis in TCM, with a focus on the potential roles of lotus leaf and its active components in the intervention 
of NAFLD. The goal is to provide theoretical support and new strategies for integrating Chinese and Western 
medicine in the prevention and treatment of NAFLD. Future research should further clarify the active constituents 
and molecular targets of lotus leaf and validate its efficacy and safety through high-quality clinical trials.

2. Review
2.1. Epidemiology and clinical features of non-alcoholic fatty liver disease (NAFLD)
2.1.1. Global trends and risk factors
Non-alcoholic fatty liver disease (NAFLD) has become the most common chronic liver disease globally, with 
its prevalence closely mirroring the rising trend of obesity, particularly in developed countries. Epidemiological 
studies show that the global prevalence of NAFLD is approximately 25%, with non-alcoholic steatohepatitis 
(NASH) accounting for 15–20% [2, 3]. Major risk factors include obesity, insulin resistance, type 2 diabetes, and 
metabolic syndrome, all of which contribute to disease progression by promoting hepatic lipid accumulation 
and inflammation. It is noteworthy that the pathogenesis of NAFLD is multifactorial, involving gut microbiota 
dysbiosis, abnormal bile acid metabolism, immune cell polarization, and epigenetic regulation disorders [27, 28]. 
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Recent studies have also found that sex differences play an important role in the progression of NAFLD, with men 
being more prone to developing NASH and liver fibrosis, potentially due to the regulation of lipid metabolism by 
sex hormones [29–32].

2.1.2. Disease spectrum and clinical classification of NAFLD
The disease spectrum of NAFLD ranges from simple hepatic steatosis (NAFL) to non-alcoholic steatohepatitis 
(NASH), liver fibrosis, cirrhosis, and even hepatocellular carcinoma (HCC) [33, 34]. NAFL is characterized by 
lipid accumulation in hepatocytes without significant inflammation or liver injury, while NASH is associated 
with hepatocellular ballooning, lobular inflammation, and fibrosis, representing a key turning point in disease 
progression. Histologically, NAFLD can be divided into NAFL and NASH subtypes, with the latter having a higher 
risk of cirrhosis and HCC [35]. Recent findings have confirmed that extracellular vesicle-mediated intercellular 
communication and microRNA (miRNA) regulation play roles in the pathogenesis of NASH, providing new insights 
into the molecular classification of NAFLD [36–38]. Furthermore, the interaction between adipose tissue and the liver 
significantly affects the clinical phenotype of NAFLD by modulating macrophage function.

2.1.3. Association of NAFLD with other metabolic diseases
NAFLD is bidirectional associated with various metabolic diseases, especially type 2 diabetes and cardiovascular 
diseases [39–44]. Insulin resistance serves as the central mechanism linking these diseases, accelerating NAFLD 
progression by promoting hepatic lipid synthesis and oxidative stress. Studies have found that dysfunction of 
farnesoid X receptor (FXR) in NAFLD patients exacerbates bile acid metabolism disorders and lipid metabolism 
imbalance, creating a vicious cycle [45-47]. NAFLD is closely related to obesity-related low-grade chronic 
inflammation, with metabolic reprogramming and polarization of macrophages being key driving factors. 
Epigenetic studies have also revealed that abnormal DNA methylation and RNA modification play a role in 
NAFLD pathogenesis and may explain its high comorbidity with metabolic syndrome [48, 49]. These findings 
suggest that network regulation strategies targeting multi-organ interactions may be important directions for future 
NAFLD treatment.

2.2. Progress in the pathogenesis of NAFLD
2.2.1. Core role of Insulin Resistance (IR) and lipid metabolism disorders
IR is considered one of the core mechanisms in the development of NAFLD [12]. In an insulin-resistant state, 
liver sensitivity to insulin is reduced, leading to increased hepatic gluconeogenesis and impaired inhibition of 
lipolysis, which promotes the excessive delivery of free fatty acids (FFAs) from adipose tissue to the liver [50]. 
Meanwhile, β-oxidation of fatty acids in the liver decreases, and triglyceride (TG) synthesis increases, resulting 
in lipid accumulation within hepatocytes [51]. Furthermore, insulin resistance activates transcription factors 
such as sterol regulatory element-binding protein-1c (SREBP-1c) and carbohydrate response element-binding 
protein (ChREBP), which further promote the expression of genes involved in lipogenesis, exacerbating lipid 
deposition in the liver [52]. These metabolic disorders not only directly promote the formation of fatty liver but also 
lay the foundation for subsequent inflammation and fibrosis.

2.2.2. Role of oxidative stress and mitochondrial dysfunction
Oxidative stress plays a crucial role in the progression of NAFLD. Excessive lipid accumulation within 



94 Volume 9; Issue 7

hepatocytes leads to mitochondrial dysfunction, including reduced efficiency of the electron transport chain 
and increased production of reactive oxygen species (ROS). The excessive accumulation of ROS induces lipid 
peroxidation, damaging cell membranes, proteins, and DNA, further aggravating hepatocyte injury. Moreover, 
oxidative stress activates pro-inflammatory signaling pathways such as nuclear factor-kappa B (NF-κB) and c-Jun 
N-terminal kinase (JNK), promoting the release of inflammatory factors. Mitochondrial dysfunction also leads 
to energy metabolism abnormalities, further exacerbating the metabolic stress on hepatocytes, forming a vicious 
cycle that drives the progression of NAFLD to non-alcoholic steatohepatitis (NASH) and liver fibrosis.

2.2.3. Molecular mechanisms of inflammation and fibrosis
Inflammatory responses are key drivers in the progression of NAFLD to NASH and liver fibrosis [53, 54]. Under the 
stimulation of hepatocyte injury and oxidative stress, hepatic Kupffer cells and infiltrating immune cells (such as 
macrophages and neutrophils) are activated, releasing a large number of pro-inflammatory cytokines (such as TNF-α, 
IL-6, and IL-1β) [55]. These cytokines amplify the inflammatory response by activating signaling pathways like NF-
κB and JNK. At the same time, hepatic stellate cells (HSCs) are activated by inflammatory cytokines and transform 
into myofibroblasts, secreting large amounts of extracellular matrix (ECM) proteins (such as collagen), leading to 
liver fibrosis. Additionally, the activation of the TGF-β/Smad signaling pathway plays a critical role in fibrosis [55].

2.2.4. Gut microbiota dysbiosis and the gut-liver axis
In recent years, the relationship between gut microbiota dysbiosis and NAFLD has gained widespread attention [57, 58]. 
The gut microbiota communicates bidirectionally with the liver through the gut-liver axis. Dysbiosis disrupts 
the intestinal barrier, increasing intestinal permeability, allowing endotoxins (such as lipopolysaccharides, LPS) 
and bacterial metabolites (such as short-chain fatty acids and bile acids) to enter the liver via the portal vein. LPS 
promotes hepatic inflammation and fibrosis by activating Toll-like receptor 4 (TLR4) signaling [59]. Furthermore, 
short-chain fatty acids (such as acetate, propionate, and butyrate) and secondary bile acids produced by gut 
microbiota metabolism can influence the progression of NAFLD by regulating host metabolism and immune 
responses. For example, butyrate has anti-inflammatory effects and protects the intestinal barrier, while certain 
bile acids can regulate lipid metabolism and inflammation by activating farnesoid X receptor (FXR) and G-protein 
coupled bile acid receptor (TGR5). Therefore, gut microbiota dysbiosis is considered an important environmental 
factor in the development and progression of NAFLD.

2.3. Traditional Chinese medicine (TCM) understanding and treatment system for NAFLD
2.3.1. TCM pathogenesis theory: Liver Qi stagnation, spleen deficiency, and phlegm-blood stasis
Clinical practices over the past 30 years have shown that the TCM diagnostic and treatment system for NAFLD 
has developed a core pathogenesis theory framework of “spleen deficiency as the root and phlegm-blood stasis as 
the manifestation.” Its clinical value is reflected in the following dimensions: First, it has significant advantages in 
improving clinical symptoms, particularly in regulating gastrointestinal symptoms and physical condition. Second, 
laboratory indicators show improvements by regulating lipid metabolism and reducing serum transaminase levels, 
achieving liver protection effects. Furthermore, long-term standardized treatment may promote pathological 
reversal of liver steatosis. The core competitiveness of TCM treatment lies in its comprehensive adjustment model 
guided by an overall view, achieving multi-target interventions through multi-dimensional mechanisms, with 
significant safety advantages of the drugs. TCM emphasizes that “phlegm-blood stasis” is both a pathological 
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product and a pathogenic factor, which resonates with the modern medical mechanisms of lipotoxicity, oxidative 
stress, and inflammatory responses that collectively drive disease progression [23, 60].

2.3.2. TCM syndrome differentiation and personalized treatment strategies
TCM syndrome differentiation for NAFLD is primarily based on the characteristic of “deficiency as the root and 
excess as the manifestation.” Common syndromes include liver Qi stagnation and spleen deficiency, phlegm-
dampness obstructing the middle, damp-heat accumulation, and Qi stagnation and blood stasis. For liver Qi stagnation 
and spleen deficiency syndrome, treatment involves soothing the liver and strengthening the spleen, with herbal 
prescriptions such as Chaihu Shugan Powder combined with Si Jun Zi Tang. For phlegm-dampness obstructing the 
middle, methods to resolve phlegm and eliminate dampness are used, with formulas like Er Chen Tang and Pingwei 
San. Modern studies indicate that this individualized treatment strategy may work through multi-target mechanisms, 
such as regulating the balance of gut microbiota (e.g., increasing short-chain fatty acid-producing bacteria) and 
improving insulin sensitivity. Notably, for patients with Qi stagnation and blood stasis syndrome who have progressed 
to the NASH stage, blood-activating and stasis-removing herbs such as Salvia and Panax notoginseng have been 
confirmed to inhibit hepatic stellate cell activation and reduce liver inflammation and fibrosis.

2.3.3. Application of external TCM therapies in NAFLD (e.g., Acupuncture, Tuina, and Thread-
Embedding Therapy)
Acupuncture for NAFLD primarily targeted points like the liver Shu, spleen Shu, and Zusanli, adjusting the 
autonomic nervous system and hypothalamic-pituitary-adrenal axis to improve hepatic lipid metabolism. 
Clinical studies have shown that electroacupuncture can significantly reduce serum ALT and AST levels, and 
its mechanism may involve upregulating PPAR-α expression and promoting fatty acid β-oxidation [61]. Tuina 
therapy, mainly abdominal massage, improves portal venous blood flow and promotes hepatic microcirculation 
through mechanical stimulation. Recent studies have found that specific Tuina techniques can regulate the 
secretion of adipokines (such as reducing leptin resistance), aligning with the “liver-gut axis” and “liver-fat 
tissue axis” theories proposed by modern medicine [62]. It is important to note that these external therapies, when 
used in conjunction with internal TCM medicine, can produce a synergistic effect, providing new ideas for the 
comprehensive management of NAFLD. As representative external TCM therapies, acupuncture and thread-
embedding therapy have shown unique clinical value in metabolic disease interventions. Current research shows 
that these two therapies have accumulated high-level evidence in the treatment of NAFLD, and their mechanisms 
involve regulating lipid metabolism, improving insulin resistance, and other biological effects. In acupuncture 
treatment plans, the core point group usually includes Fenglong, Zusanli, and Yanglingquan, where the pairing of 
Fenglong for resolving phlegm and dampness and Zusanli for strengthening the spleen and stomach embodies the 
core concept of “treatment from the spleen.” 

Based on the specific syndrome characteristics of the patient, a dynamic acupuncture point strategy is 
often implemented: for Qi stagnation and blood stasis syndrome, points like Xuehai and Diji are selected with 
reducing techniques to enhance liver Qi smoothing, blood activation, and stasis removal; for phlegm-dampness 
accumulation syndrome, points like Zhongwan and Yinlingquan are used. This “fixed main point + dynamic 
adjustment of auxiliary points” treatment model fully demonstrates the advantages of individualized TCM therapy. 
Thread-embedding therapy, as an extension of acupuncture, achieves sustained stimulation of acupuncture points 
by implanting biodegradable materials. Clinical randomized controlled trials have shown that this therapy alone 
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can significantly reduce serum ALT and AST levels in NAFLD patients, and when combined with classic formulas 
like Yinchenhao Decoction, it can produce a synergistic effect [63]. Commonly used thread-embedding points 
are often focused on liver and spleen-related acupoints, such as liver Shu-spleen Shu, which regulate liver and 
gallbladder function, and Zhongwan-Tianshu combinations that improve the Qi mechanism of the middle Jiao, 
while combining Zusanli-Fenglong for systematic regulation of lipid metabolism pathways.

2.4. Pharmacological effects of lotus leaf and its application in NAFLD treatment
2.4.1. Main active ingredients of lotus leaf and their pharmacological properties
Lotus leaf is the dry leaf of the Nymphaeaceae family plant, which mainly grows in Central Asia, Western Asia, 
North America, and subtropical and temperate regions such as India, China, and Japan. Lotus leaf (Nelumbo nucifera 
Gaertn.) is a traditional Chinese medicine that contains various bioactive compounds, including flavonoids (such as 
quercetin and kaempferol), alkaloids (such as lotusine), polysaccharides, and polyphenolic substances [64, 65]. These 
compounds give lotus leaf broad pharmacological activities, such as antioxidant, anti-inflammatory, lipid-lowering, 
and metabolic regulation effects. Studies have shown that lotus leaf extracts significantly inhibit lipid accumulation 
in the liver and improve insulin resistance, thus showing potential application value in the treatment of non-alcoholic 
fatty liver disease (NAFLD) [66]. Additionally, the active ingredients in lotus leaf regulate the expression of lipid 
metabolism-related genes through various pathways, providing a molecular basis for NAFLD intervention.

2.4.2. Mechanisms of lotus leaf in regulating lipid metabolism
As research on the lipid-lowering and weight-reducing effects of lotus leaf has advanced, it has been found that the 
main active ingredients responsible for lipid regulation are alkaloids and flavonoids extracted from lotus leaf [67]. 
Researchers have established a hyperlipidemia rat model and used lotus leaf aqueous decoction to explore the 
effects on blood lipids, serum total cholesterol (TC), blood rheology, and triglyceride (TG) levels [68]. The results 
showed that lotus leaf aqueous decoction significantly reduced TC and TG levels in hyperlipidemic rats, and 
with the reduction of TC and TG, there was a significant decrease in low-density lipoprotein (LDL) components, 
thereby improving whole blood viscosity, hematocrit, and blood flow resistance, indicating a significant lipid-
lowering effect. Other studies using C57 mice found that lotusine could significantly improve hyperlipidemia 
in mice, possibly related to increased lipase activity, reduced oxidative stress, and regulation of lipid synthesis 
and oxidative metabolism [69]. Lotusine has been shown to protect against fatty liver, liver injury, visceral fat 
accumulation, and dyslipidemia in male golden hamsters induced by high-fat diets [70]. Results indicated that 
high-fat diets significantly upregulated fatty acid synthesis gene expression, increased free fatty acid infiltration, 
downregulated fat degradation gene expression and LDL-C, while lotusine treatment significantly suppressed 
the upregulation of these lipid metabolism-related genes. These findings suggest that lotusine can control the 
expression of lipid metabolism-related genes and reduce blood lipids. 

2.4.3. Experimental evidence of lotus leaf’s anti-inflammatory and antioxidant effects
Studies have shown that lotus leaf extract has the ability to scavenge various free radicals, demonstrating 
significant antioxidant activity. The antioxidant capacity of lotus leaf mainly derives from flavonoid compounds, 
and polyphenols also exhibit strong antioxidant activity [71]. Chemical structure studies of various antioxidants in 
lotus leaf suggest that phenolic hydroxyl groups may be the key functional groups affecting antioxidant activity [72]. 
Studies have found that the flavonoid compounds in lotus leaf are one of the key components responsible for its 
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significant antioxidant effects. Alkaloids regulate oxidative stress markers, effectively reducing malondialdehyde 
(MDA) levels and significantly enhancing superoxide dismutase (SOD) activity. In terms of anti-inflammatory 
effects, alkaloids exert their effects through dual regulatory mechanisms: on one hand, they inhibit the gene 
expression of inflammatory mediators such as IL-6, IL-1β, and TNF-α in adipose tissue; on the other hand, they 
reduce the concentration of corresponding inflammatory factors in the peripheral blood of obese model mice. 
Alkaloids activate the Nrf2/HO-1 signaling axis, enhancing antioxidant enzyme activity and alleviating oxidative 
stress damage.

2.4.4. Regulation of gut microbiota by lotus leaf
Recent studies have shown that lotus leaf can improve lipid metabolism by regulating the gut microbiota. The 
effect of lotusine on treating obesity may be related to its improvement of gut microbiota, reducing intestinal 
permeability, and alleviating intestinal inflammation, thus also achieving weight loss effects [73]. One study found 
that lotus leaf polysaccharides (LLP) can regulate the gut microbiota to improve lipid metabolism disorders [74]. 
Experiments showed that LLP intervention significantly altered the gut microbiota composition of high-fat diet-
induced metabolic abnormality mice, promoting the proliferation of beneficial bacteria, such as Lactobacillaceae 
and Akkermansia, inhibiting pro-inflammatory bacteria, such as Desulfovibrio, and increasing short-chain fatty 
acids (SCFAs), especially butyrate, in the gut [75].

2.4.5. Summary of lotus leaf’s mechanisms in NAFLD intervention
Recent studies have shown that lotus leaf alkaloids intervene in the pathological progression of NAFLD through 
multiple pathways: (1) regulating lipid metabolism-related genes (such as PPARα, SREBP-1c), inhibiting hepatic 
lipid synthesis and promoting fatty acid β-oxidation; (2) inhibiting the NF-κB/NLRP3 pathway, reducing the 
release of pro-inflammatory factors such as IL-1β and TNF-α; (3) activating the Nrf2/HO-1 signaling axis, 
enhancing antioxidant enzyme activity, and alleviating oxidative stress damage (Figure 1).

Figure 1. Potential mechanism of lotus leaf in treating NAFLD; Peroxisome Proliferator-Activated Receptor α (PPARα); 
Sterol Regulatory Element-Binding Protein-1c (SREBP-1c); Nuclear Factor kappa B (NF-κB); Interleukin-1β (IL-1β); 
Tumor Necrosis Factor-α (TNF-α); Nucleotide-binding Oligomerization Domain-like Receptor Protein 3 (NLRP3); 
Lipopolysaccharide (LPS); Toll-like Receptor 4 (TLR4)
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In various cell and animal models, it has been found that lotus leaf alkaloids effectively reduce the secretion 
of inflammatory factors and alleviate pathological inflammatory damage in organs such as the liver, lungs, 
kidneys, and mammary glands. Lotus leaf alkaloids can also lower the levels of serum inflammatory factors 
such as Interleukin-6 (IL-6), Interleukin-1β (IL-1β), and Tumor Necrosis Factor-α (TNF-α). Through research 
on NAFLD patients and healthy individuals, it was discovered that serum levels of the fat factor Chemerin were 
significantly elevated in NAFLD patients, which was closely related to IL-1β and IL-8. Chemerin, IL-1β, and 
IL-8 may participate in the onset and progression of NAFLD. Further studies on serum from NAFLD patients 
showed that serum levels of Chemerin, TNF-α, and IL-6 were significantly higher than those in the control group, 
with positive correlations between Chemerin, TNF-α, and IL-6. This suggests that the abnormal expression of 
Chemerin, TNF-α, and IL-6 may be associated with the development of NAFLD. 

Additionally, lotus leaf alkaloids can activate the NLRP3 inflammasome, as well as the Nrf2/HO-1 pathway, 
producing anti-inflammatory effects. The peroxisome proliferator-activated receptor (PPAR) signaling pathway 
is one of the important pathways involved. PPARs control glucose and lipid metabolism to maintain metabolic 
homeostasis. PPARγ is primarily expressed in adipocytes and can downregulate the levels of genes related to lipid 
synthesis. PPARα is associated with fat absorption, fat metabolism, fatty acid oxidation, and gluconeogenesis. 
Therefore, it is speculated that the potential mechanism by which lotus leaf treats non-alcoholic fatty liver disease 
(NAFLD) is that lotus leaf alkaloids effectively reduce the secretion of inflammatory factors, and the regulation of 
these inflammatory factors may be related to Chemerin. However, the specific regulation and its correlation with 
other signaling pathways have not been studied yet.

3. Conclusion
The onset of NAFLD is associated with multiple factors, including environmental factors, obesity, changes in the 
microbiome, and genetic susceptibility variations, involving various pathological mechanisms, with inflammation 
playing a key role throughout the entire disease process. Lotus leaf has significant lipid-lowering effects, capable 
of reducing total cholesterol and triglyceride levels and improving blood rheological parameters. Additionally, 
lotus leaf possesses antioxidant properties, capable of scavenging free radicals and resisting oxidative stress. Lotus 
leaf can alleviate fatty liver and non-alcoholic fatty liver disease and has a protective effect against hepatocyte 
damage. It is speculated that lotus leaf alkaloids may effectively reduce the secretion of inflammatory factors, and 
the regulation of these inflammatory factors may be associated with Chemerin.

However, there is currently insufficient clinical evidence regarding the role of lotus leaf granules in the 
treatment of non-alcoholic fatty liver disease, and further research is needed to verify its efficacy. Future studies 
should focus on multi-center clinical trials to validate the therapeutic effects of lotus leaf preparations and utilize 
technologies such as metabolomics and single-cell sequencing to further elucidate its molecular mechanisms.
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