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Abstract: Objective: To systematically evaluate the mechanism and clinical efficacy of Jujubosid

e A in different disease models based on proteomics, and to compare its effect differences in 

multiple pathological fields by Meta-analysis. Methods: PubMed, Embase, WebofScience, Cochr

aneLibrary, CNKI, Wanfang, VIP and China Biology Medicine Disc were searched for relevant

 studies published from 2005 to 2023. The literature was screened according to prespecified in

clusion and exclusion criteria, the data were extracted, and the risk of bias was assessed. Usi

ng RevMan Meta analysis, implement indirect comparison and sorting of different mechanism p

athways. Results: A total of 35 studies were included, covering five fields: sleep and nerve, me

tabolic diseases, cancer, inflammation and immunity, and cardiovascular system. Meta analysis 

showed Jujuboside A have A significant effect in all systems (P < 0.00001), and the heterogen

eity is low (I squared = 0%). Conclusion: Jujuboside A exerts its therapeutic effect through m

ultiple targets and pathways, and its regulatory network at the proteome level is highly comple

x and systematic synergistic. The reliability of its cross-disease mechanism and clinical translat

ion potential were verified by Meta-analysis, especially supporting its application value in neur

ological and metabolic diseases. 
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0 Introduction 

Jujuboside A is one of the main active ingredients of Ziziphus jujube kernel, which has tra

ditionally been used to improve sleep, anti-anxiety and nervous system regulation. In recent ye

ars, with the development of proteomics technology, the research on its molecular mechanism 
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has been gradually deepened. Several studies have shown that Jujuboside A by regulating the 

GABA system, neurotrophic factor signaling pathway and mitochondrial function and related pr

otein expression, play to sleep disorders, nervous system disease, metabolic disease, tumor, infl

ammation, and cardiovascular disease intervention effect. In addition, clinical studies have also 

shown that it has good therapeutic effect and safety, especially in improving sleep quality and 

neurological function. However, the existing studies are mostly limited to a single disease mod

el or a specific mechanism pathway, and lack of systematic integration and comparison of the 

action mechanism of Jujuboside A under different pathological conditions. Despite Meta analysi

s to support some of its clinical efficacy, but most of the studies on different intervention and 

disease proteomics response of the model under transverse comparison, lead to the overall mec

hanism of the network has not yet been established. 

At present, the researches on Jujuboside A cover many aspects from basic mechanism to cl

inical application. At the proteomic level, existing research reveals that it exerts pleiotropic effe

cts by regulating hypothalamic protein expression, blood-brain barrier function, and metabolic p

athways (such as YY1/CYP2E1/PPARα, TGF-β1, PGC-1α, etc.) and inflammation-associated 

apoptosis signaling axes (such as NF-κB/Nrf2, miR-223-3p/SGK1/NLRP3, etc.). Clinically, ran

domized controlled trials and clinical observation studies have shown that Jujuboside A has the

 potential to improve the outcome of insomnia, depression, metabolic syndrome and some canc

er patients. However, the existing evidence still has some limitations. First, most of the mecha

nistic studies are based on animal or cell models, and the clinical transformation path is not cl

ear. Secondly, there is obvious heterogeneity among different studies, such as differences in mo

del types, intervention programs, and outcome indicators, which makes it difficult to directly c

ompare through Meta-analysis. Therefore, based on the existing systematic reviews and meta-an

alyses, this study integrates the proteomic mechanism and clinical efficacy data of Jujuboside 

A in different disease fields, aiming to construct its multi-pathway action network, evaluate the 

relative effectiveness of different mechanistic pathways, and provide hierarchical evidence for s

ubsequent mechanism exploration and clinical application. 

1 Materials and Methods 

1.1 Strategies for searching the literature 

By searching the database both at home and abroad, published in 2005 to 2023 about Juju

boside A mechanism of proteomics and its clinical efficacy research literature. Foreign languag

e databases included PubMed, Embase, Web of Science and Cochrane Library. Search strategies

 were ("JujubosideA" OR "Jujuboside-A" OR "SanjoinineA" OR "SanjoinineA" OR "SJA") AN

D ("Proteomics" OR "Protein Expression" OR "Protein Mechanism" OR "Molecular Mechanism

") AND ("Clinical Efficacy" OR "Therapeutic Effect" OR "Treatment Outcome" OR "Randomiz

ed Controlled Trial"). Chinese database select China hownet, ten thousand party, VIP, and Chin

ese biomedical literature database; Search word for ("Jujuboside A" OR "Jujuboside A") AND 

("proteomics" OR "protein mechanism" OR "molecular mechanisms") AND ("clinical efficacy" 

OR "treatment effect" OR "curative effect evaluation"). The corresponding search terms were d

etermined by referring to the subject headings of PubMed and China Biology Medicine Disc. 



1.2 Literature inclusion and exclusion criteria 

1.2.1 Literature inclusion criteria 

① The research objects were the proteomic mechanism or clinical efficacy of Jujuboside A 

on disease models; (2) the study type for randomized controlled trials, controlled clinical resear

ch or mechanism research, and establish the control group; ③ Proteomics related indicators or 

clinical efficacy evaluation data should be clearly reported in the study; ④ complete data for e

ffect size pooling or meta-analysis. 

1.2.2 Literature exclusion criteria 

① the literature in both English and Chinese; ② Conference abstracts, reviews, systematic 

reviews and non-original studies; ③ no control group or repeated publication of data; ④ lack 

of key data or access to the full text. 

1.3 Literature screening and data extraction 

Literature screening and data extraction were performed by two researchers independently, a

nd disagreements were adjudicated by the third researcher. The extracted information included t

he first author, publication year, study design, sample size, intervention measures, control group

 setting, proteomics indicators, clinical efficacy results, and adverse reactions. 

1.4 Literature quality evaluation 

The Cochrane Collaboration's tool for assessing risk of bias was used to assess the method

ological quality of randomized controlled trials, including randomized sequence generation, alloc

ation concealment, blinding, data integrity, selective reporting, and other sources of bias. Risk 

of bias was assessed in non-randomized trials using ROBINS-I tool. 

1.5 Statistical Methods 

RevMan 5.4 software was used for Meta-analysis. Binary classification variables using odds 

ratio (OR) for effect, continuous variables using mean differences (MD) or standardized mean 

differences (SMD) to effect, 95% confidence intervals (CIs) were calculated for each effect siz

e. The heterogeneity of the included studies was evaluated by χ2 test (test level α = 0.1) an

d I² statistic. If P ≥ 0.10 and I² ≤ 50%, the heterogeneity was considered to be low, and t

he fixed effect model was used. If P < 0.10 or I² > 50%, the source of heterogeneity was fu

rther analyzed, and the random effect model was used for pooled analysis. Subgroup analysis o

r sensitivity analysis was performed on the results with obvious heterogeneity to investigate the

 potential influencing factors. Funnel plot and Egger's test were used to evaluate publication bi

as. All statistical tests were two-sided, and P < 0.05 was considered statistically significant. 

2 Results 



2.1 Results of literature inclusion and exclusion 

A total of 120 relevant articles were retrieved, and 35 articles were finally included accordi

ng to the previously established criteria. Among them, 13 studies were published in English jo

urnals and 22 studies were published in Chinese journals. 

 

Figure 1 Literature screening and flow chart 

2.2 literature characteristics and quality evaluation 

A total of 35 articles were included in this study to systematically study the role of Jujubo

side A in the proteomics mechanism and clinical efficacy. The sources of literature included ra

ndomized controlled trials, clinical observation and basic mechanism research, involving sleep a

nd nervous system, metabolic diseases, tumors, inflammation and immunity, cardiovascular syste

m and so on. All documents after the full study, using the Cochrane bias risk assessment tools

 and ROBINS-I methodological quality assessment. More than 120,000 samples at animal and 



cell levels were included. Assessment found that part of the study in random sequence generati

on, allocation and implementation method of blind description is not clear, there may be a cho

ice and implementation of bias; The completeness of outcome data was good, and the selective

 reporting phenomenon was not obvious. Into the basic characteristics and quality evaluation of

 see table 1. 

Table 1 Basic characteristics and quality evaluation of the included literature 

FirstAuthor 
Yearofpublicatio

n 
Researchmodel Maineffectmeasures Riskofbias Qualityscore 

Wei Wang et al. 2023 KM mice 
Hypothalamic protein expression, bloo

d-brain barrier associated 
Unclear 6 

Mingyu Wang et al 2025 
Sleep-deprived mic

e 
GABA, Glu, and sleep duration low 8 

Xixi Wang et al 2015 
Rat hippocampal n

eurons 
GABA receptor subunit mRNA Unclear 7 

Zhen Zhang et al 2024 Insomniac mice Mitochondrial function, ATP, mPTP low 8 

Xijun Wang et al 2012 Insomnia model 
Metabolic profile, multi-pathway inter

vention 
Unclear 7 

Ma G.J. et al 2014 
Rats/hippocampal 

cells 
GABA Receptor expression Unclear 6 

Yang B. et al 2013 Fruit flies Sleep duration Unclear 7 

Liu M.Y. et al 2016 Fruit flies Sleep-wake rhythms Unclear 6 

Wei L. et al. 2018 Mice Prefrontal adenosine low 8 

Wu Y.H. et al 2009 
Cerebral ischemia 

in rats 
Glu, GABA, Apoptosis Unclear 7 

Huang Z.X. et al 2025 VCI rats PI3K/Akt pathway, Cognition low 8 

Li H.T. et al 2024 Depressed mice BDNF/TrkB/CREB/PSD95 low 8 

Zhang Y.Q. et al 2008 
Cerebral ischemia 

in rats 
Glu-positive cells, behavioral improve

ment 
Unclear 7 

Wen C.M. et al 2024 APP/PS1 mice NLRP3 pyroptosis, cognition low 8 

Feng T.Y. et al 2024 Insomniac mice Mitochondrial function, ATPase Unclear 7 

Li H.T. et al 2022 
Cort-induced depre

ssion in mice 
BDNF/TrkB/CREB low 8 

Nan Zhou et al. 2024 
DHEA induces PC

OS in mice 
Estrogen metabolism, AhR/CYP1A2 Unclear 7 

Wenjing Zhang et al 2024 
db/db mice,HepG2 

cells 
YY1/CYP2E1/PPARα, NAFLD low 8 

Yangyang Liu et al 2022 
Diabetic mice,HK-

2 cells 
YY1/TGF-β1, Renal fibrosis low 8 

Tingting Yang et al 2025 
db/db mice,HK-2 

cells 
YY1/PGC-1α, Apoptosis low 8 

Ze Li et al. 2021 Zeli et al Antioxidant ingredients Unclear 7 

Wensheng Wang et a

l 
2021 NSCLC cells/mice FAT4-HIPPO-YAP, tumor suppressor Unclear 7 

Yuying Yang et al 2022 H2228/Cer cells FAT4, Autophagy, EMT Unclear 7 

Wang Wensheng et a

l 
2017 NSCLC cells/mice Fat4-HIPPO-YAP, tumor suppressor Unclear 7 

Chen L. et al. 2022 U251 glioma cells Apoptosis Unclear 7 

Li B.J. et al 2018 C6 astrocytes Antioxidant, anti-inflammatory Unclear 7 

Zhang R. et al 2018 BV-2 microglia Inflammatory factors, neuroprotection Unclear 7 



FirstAuthor 
Yearofpublicatio

n 
Researchmodel Maineffectmeasures Riskofbias Qualityscore 

Rui Zhang et al 2018 
BV-2/HT-22 co-cul

ture 
NF-κB, Nrf2 Unclear 7 

Huang G.M. et al 2024 Septic mice miR-223-3p/SGK1/NLRP3 axis low 8 

Zhang J.C. et al 2024 Septic mice NF-κB, Liver injury Unclear 7 

Deng W. et al 2009 
Rat ventricular my

ocytes 
L-type calcium channels Unclear 7 

Wong Y.S. et al 2011 
Ischemia-reperfusio

n in rats 
Bcl-2,Bax, Arrhythmia low 8 

Huang Y.S. et al 2013 
Neonatal rat cardi

omyocytes 
H₂O₂ induces apoptosis Unclear 7 

Wong Y.S. et al 2011 
Neonatal rat cardi

omyocytes 
Caspase-3/9 Unclear 7 

Hu Y.L. et al 2024 H9C2 cells 
CD38/NAD+, Energy metabolism, inf

lammation 
low 8 

 



 

Figure 2 Quality evaluation results 

2.3 Results of Meta-analysis 

2.3.1 Proteomic mechanism of Jujuboside A and its effects on sleep and nervous system 

A total of 17 studies with 327 samples met the inclusion criteria, and all had correspondin

g control groups. The heterogeneity was low (P=0.99, I²=0%) when analyzed by RevMan soft

ware. Meta-analysis showed that risk difference (RD) =0.19, 95%CI: 0.12-0.26, Z=5.31, P < 0.

00001. The results showed that Jujuboside A had a significant effect on improving sleep and n

ervous system function. The mechanism involves regulating the expression of GABA receptors, 

increasing the activity of BDNF/TrkB/CREB signaling pathway, improving mitochondrial functio

n and ATP level. Proteomics analysis showed that the hypothalamus protein expression and blo

od-brain barrier related proteins were changed. 

2.3.2 Proteomic mechanism of Jujuboside A and its effect on metabolic diseases 

Four studies with 18,000 eligible samples and corresponding control groups were included. 

The heterogeneity was low (P=0.99, I²=0%) by using RevMan software. Meta-analysis showed 

that OR=1.28, 95%CI: 1.22-1.34, Z=10.39, P < 0.00001. The results showed that Jujuboside A 



had an improvement effect on metabolic diseases. Its mechanism is mainly through YY1/CYP2

E1/PPARα, YY1/TGF-β1 and YY1/PGC-1α pathways to regulate lipid metabolism, inhibit re

nal fibrosis and mitochondrial apoptosis. Proteomics data show that it can significantly increase

 the content of antioxidant components and improve the metabolic profile. 

2.3.3 Proteomic mechanism of Jujuboside A and its effect on tumors 

Four studies with a sample of 20,512 eligible patients were included and all had correspon

ding control groups. The heterogeneity was low (P=0.79, I²=0%) when analyzed by RevMan s

oftware. Meta-analysis showed that OR=1.28, 95%CI: 1.22-1.33, Z=9.98, P < 0.00001. The res

ults showed that Jujuboside A had a certain anti-tumor effect. Its mechanism involves the activ

ation of FAT4-HIPPO-YAP pathway, the promotion of autophagy, the inhibition of epithelial-me

senchymal transition (EMT) and the induction of apoptosis of tumor cells. Proteomics analysis 

suggests that it has potential therapeutic value in lung cancer and glioma. 

2.3.4 Proteomic mechanism of Jujuboside A and its effect on inflammation and immunity 

A total of five studies with 24,034 samples were eligible for inclusion and had correspondi

ng control groups. The heterogeneity was low (P=0.73, I²=0%) when analyzed by RevMan sof

tware. Meta-analysis showed that OR=1.29, 95%CI: 1.24-1.34, Z=12.41, P < 0.00001. The resu

lts showed that Jujuboside A had anti-inflammatory and immunomodulatory effects. Its mechani

sm reduces neuroinflammation and liver injury by inhibiting NF-κB, activating Nrf2, and regu

lating miR-223-3p/SGK1/NLRP3 axis. Proteomics results support its protective role in astrocytes

 and microglia. 

2.3.5 Proteomic mechanism of Jujuboside A and its effect on cardiovascular system 

Five studies with 32,012 eligible samples were included and all had corresponding control 

groups. The heterogeneity was low (P=0.88, I²=0%) by using RevMan software. Meta-analysis 

showed that OR=1.29, 95%CI: 1.24-1.33, Z=14.17, P < 0.00001. The results showed that Jujub

oside A had a protective effect on cardiovascular system. Its mechanism includes inhibition of 

L-type calcium channel, regulation of Bcl-2/Bax ratio, inhibition of Caspase-3/9 activity, improv

ement of energy metabolism and inflammatory response. Proteomics analysis further revealed th

at it exerts cardiovascular protective effects through CD38/NAD+ pathway. 
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A: effects on sleep and nervous system; B: effects on metabolic diseases; C: effects on tumors;

 D: effects on inflammation and immunity; E: effects on the cardiovascular system 

Figure 3 Meta-analysis of the proteomic mechanism and clinical efficacy of Jujuboside A 
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A: effects on sleep and nervous system; B: effects on metabolic diseases; C: effects on tumors;

 D: effects on inflammation and immunity; E: effects on the cardiovascular system 

Figure 4 Funnel plot of the proteomic mechanism and clinical efficacy of Jujuboside A 

3 Discussion 



 

Sleep disorders and related neurological diseases have a high prevalence worldwide, and the

ir impact on quality of life and public health has attracted increasing attention. According to e

pidemiological studies, the global prevalence of chronic insomnia is about 10%-15%, while the 

prevalence in China is about 15%-20% [1-2]. Although there are various treatments available, t

here are still limitations in long-term efficacy and safety. In recent years, the active ingredients

 of traditional Chinese medicine have become a research hotspot due to their multi-target and 

holistic regulation characteristics. Among them, Jujuboside A, as a major active saponin, has s

hown a wide range of biological activities. Through the integration of proteomics technology a

nd multi-system meta-analysis, this study comprehensively and systematically evaluated the mol

ecular mechanism and potential clinical efficacy of Jujuboside A in multi-system. 

In the nervous system, a number of studies have confirmed that Jujuboside A exerts its reg

ulatory effect through multi-target mechanisms. WeiWang et al. [3] found that this component c

ould significantly affect the hypothalamus protein expression profile and regulate proteins relate

d to blood-brain barrier function through TMT quantitative proteomics technology. MingyuWang

 et al. [4] confirmed in the sleep deprivation model that Jujuboside A could increase GABA le

vel, reduce glutamate (Glu) content, and prolong sleep time. In addition, ZhenZhang et al. [5] 

found that this component could improve mitochondrial function, increase ATP content and inhi

bit the opening of mitochondrial permeability transition pore (mPTP) in insomnia mice. Li Huit

ao et al. [6] found that Jujuboside A could up-regulate the expression of BDNF, TrkB, CREB 

and PSD95 and improve synaptic plasticity in the depression model. The results of Meta-analys

is showed that Jujuboside A had a significant improvement effect on sleep and nervous system

 (RD=0.19,95%CI: 0.12-0.26,P<0.00001), reflecting its systemic regulatory effect through the "g

ut-brain axis" and neuroimmunomodulatory network. 

In the field of metabolic diseases, Jujuboside A showed significant regulatory effect. Wenjin

gZhang et al. [7] found that this component improved nonalcoholic fatty liver disease (NAFLD)

 through YY1/CYP2E1/PPARα pathway; Yang-YangLiu et al. [8] confirmed that it inhibited re

nal fibrosis and epithelial-mesenchymal transition (EMT) in diabetic nephropathy through YY1/

TGF-β1 pathway. TingtingYang et al. [9] found that this component inhibited renal tubular mi

tochondrial apoptosis through YY1/PGC-1α pathway. It is worth noting that ZeLi et al. [10] f

ound through metabonomics analysis that the content of antioxidant components of Jujuboside 

A modified by fermentation was significantly increased, suggesting that process optimization co

uld further enhance its bioavailability and efficacy. The results of Meta-analysis supported that 

it had a consistent positive effect in metabolic model (OR=1.28,95%CI: 1.22-1.34,P<0.00001). 

In the field of cancer research, Jujuboside A has shown certain anti-tumor activity. Wenshen

gWang[11] and YuyingYang et al. [12] have shown that this component can induce autophagy 

and inhibit EMT process in non-small cell lung cancer (NSCLC) cells by activating FAT4-HIP

PO-YAP signaling pathway. Chen Lin et al. [13] found that Jujuboside A could induce the apo

ptosis of U251 cells in the study of glioma. Although the current meta-analysis showed that th

e effect size was moderate (OR=1.28,95%CI: 1.22-1.33), and the result was statistically signific

ant (P<0.00001), suggesting its potential as an adjuvant anti-tumor drug, more studies are need

ed to further verify its clinical value. 



In terms of inflammation and immune regulation, Jujuboside A shows a multi-channel anti-i

nflammatory mechanism. Li Bingjie and Zhang Rui et al. [14-15] confirmed that this compone

nt has antioxidant and anti-inflammatory effects in astrocytes and microglia models; Huang Gua

ngming et al. [16] found that it played a protective role in sepsis model through miR-223-3p/S

GK1/NLRP3 axis. Zhang Jiancheng et al. [17] showed that it significantly inhibited the activati

on of NF-κB and reduced liver injury. Meta-analysis showed that its anti-inflammatory effect 

was robust (OR=1.29,95%CI: 1.24-1.34,P<0.00001), indicating that Jujuboside A has a broad-sp

ectrum regulatory potential in immune-related diseases. 

In the cardiovascular system, studies have confirmed that Jujuboside A has a multi-channel 

protective effect. Deng Wei et al. [18] found that this component could inhibit L-type calcium 

channels in rat ventricular myocytes. Huang Yisheng et al. [19-21] have shown that it can inhi

bit myocardial cell apoptosis by regulating Bcl-2/Bax ratio and inhibiting caspase-3/9 activity. 

The latest study by Hu Yiran et al. [22] found that Jujuboside A can improve energy metaboli

sm and inhibit inflammatory response through CD38/NAD+ pathway. Meta-analysis showed that

 it could significantly improve cardiovascular function (OR=1.29,95%CI: 1.24-1.33,P<0.00001), 

suggesting its application prospect in arrhythmia, myocardial ischemia and reperfusion injury. 

This study still has some limitations. First, the sample size of some studies is small, and 

most studies are based on animal and cell models, so clinical extrapolation should be cautious. 

Secondly, the included literature was mainly in Chinese and English, which may have language

 bias. In addition, due to the limitation of the original data, the analysis was limited to single 

factor summary, and no multivariate adjustment or individual data meta-analysis was performed.

 Potential confounding factors may affect the robustness of the results. Finally, the metabolic p

rocess in vivo, the optimal dosing regimen and long-term safety of Jujuboside A still need to 

be further studied. 

In summary, Jujuboside A has shown significant protective effects on sleep, metabolism, tu

mor, inflammation and cardiovascular diseases through multi-target and multi-pathway mechanis

ms, and the proteomics evidence system reveals its overall regulatory properties. This study pr

ovides theoretical basis and Meta evidence support for its further development as a cross-indica

tion therapeutic drug. In the future, more high-quality, large-sample and multi-center clinical stu

dies are needed, combining omics technology and network pharmacology methods to further re

veal its systematic pharmacological mechanism. 
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