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Abstract

Purpose: The aim of this study was to construct a reference system for preclinical evidence and drug superiority characterization

of the anti-inflammatory effects of icariin glycosides and their derivatives through meta-analysis combined with machine learning,

and to excavate the biological mechanisms behind them. Methods: The data were obtained from databases of PubMed,

Embase, Cochrane Library, and Web of Science. STATA software was used for meta-analysis of indicators, and subgroup

analysis was conducted based on animal species, gender, type of disease, drug dosage, and course to obtain more particulars.

Furthermore, model construction were performed using R software to explore influential features on drug efficacy. In addition,

the pharmacological mechanisms of icariin and its derivatives in anti-inflammation were summarized based on a comprehensive

understanding of relevant literature. Results: After searching and screeningThe results showed that icariin and its derivatives

significantly inhibit inflammation indicators such as TNF-α and IL-1β. Besides, machine learning with TNF-α as the output

variable showed that icariin and its derivatives had stronger anti-inflammatory effects when the type of disease was respiratory,

urological, neurological, and digestive, and when the dose and duration of Icariin were greater than 27.52 mg/kg/day and

31.22 days, respectively. Conclusion: Icariin and its derivatives demonstrate strong anti-inflammatory effects, particularly for

respiratory, urinary, neurological, and digestive disorders. When given at doses of 27.52 mg/kg/day or more, with treatment

lasting 31.22 days or beyond, these compounds hold significant potential as drugs for inflammation inhibition across multiple

dis

1 Introduction

As a paramount fundamental pathological mechanism, inflammation exerts a pivotal influence on the patho-
genesis of numerous diseases, and its timely attenuation is imperative to prevent potential deleterious con-
sequences on the organism.(Kong et al., 2022). The mechanism of the inflammatory response is intricate,
involving a range of cytokines like TNF-α and IL-1β, as well as significant signaling pathways like NF-κB
and P38 MAPK. Inhibiting these inflammatory processes presents a promising avenue for effectively treating
associated diseases.

Icariin (PubChem CID: 5318997), as a flavonol glycoside compound purified from the traditional Chinese
medicine Epimedium, which is also known as ”Yin Yang Huo”, has variety of bioactive components(M. Wang,
Gao, Li, & Wu, 2020). It has been studied extensively and being considered as a potential therapeutic
medicine for many diseases, and demonstrated to exert anti-inflammation(G. Wang et al., 2022), anti-
oxidative(J. Jin et al., 2019), anti-apoptotic effect(L. Hu et al., 2019) and anti-tumor(Gao, Wang, & Gao,
2022). Increasing evidence has shown that icariin plays a key role in prevention and treatment of many
diseases by mitigating inflammatory response. Therefore, it is of great significance to study the effect of
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icariin on anti-inflammation and to explore the underlying mechanism. The research roadmap is as follow
(Figure1).

Accumulating evidence from a large number experiments is essential to draw definitive conclusions about
potential therapies. However, currentin vivo studies often report inconsistent results and excessive animal
testing raises ethical concerns(Ioannidis et al., 2014; Locker, 2004). Statistical synthesis of data from mul-
tiple in vivo studies will help address these issues by providing a more precise and objective assessment
with fewer experiments. In particular, systematic reviews of data have the potential to accelerate drug
translation. In recent years, this approach has been applied to several interventions, such as melatonin for
myocardial ischemia-reperfusion injury and quercetin for liver fibrosis(X. Guo et al., 2022; Mao, Lin, Xiao,
Huang, & Chen, 2020). Careful consideration of drug dosage and regimen is crucial, as they can impact
animal model results. Advancements in machine learning now allow tapping into drug efficacy for differ-
ent disease categories, guiding preclinical and early clinical study design, including ideal dose intervals and
durations(Greener, Kandathil, Moffat, & Jones, 2022). In conclusion, systematic evaluation combined with
machine learning enhances the effectiveness and translational value of preclinical studies. It also provides
valuable reference for subsequent animal experiments, improving experimental efficacy.

2 METHOD

2.1 Meta analysis

2.1.1 Search strategy

A comprehensive search was performed on the major databases, namely PubMed, Embase, Cochrane Library,
and Web of Science, covering all publications since their establishment up to March 2023, without any
publication restrictions. To ensure a comprehensive search, the appropriate search term ”treatment combined
with disease” was selected for identifying relevant studies on icariin’s efficacy in inhibiting inflammation.
Keywords related to icariin, Epimedium, Yin Yang Huo, inflammation, and inflammatory disease were
searched in the databases (Supplementary Form 1).

2.1.2 Inclusion criteria

The included studies met the following conditions: (1) Inflammatory disease animal models are induced
through methods such as physical ligation or chemical induction. (2) Animal model species, gender, age,
weight, and sample size were not restricted. (3) The treatment group received only icariin or its derivatives,
while the control group received either vehicle treatment or no treatment. Main inflammatory markers were
Tumor Necrosis Factor-alpha (TNF-α), Interleukin-1 beta (IL-1β). Secondary inflammatory markers were
Interleukin-6 (IL-6), Interferon gamma (IFN-γ), Transforming Growth Factor beta-1 (TGF-β1), Inhibitor
kappa B α (IkB-α), Nuclear factor NF-kappa-B (NF-κB) p65 subunit, and Nucleotide-binding oligomer-
ization domain (NLRP3). The anti-inflammatory/transcriptional regulators were Peroxisome Proliferator-
Activated Receptor alpha (PPARα), Peroxisome Proliferator-Activated Receptor gamma (PPARγ) Anti-
oxidative stress indicators were Superoxide Dismutase (SOD) and Malondialdehyde (MDA). The apoptosis
regulators are B-cell lymphoma-2 (BCL-2) and Bcl-2 Assaciated X, protein (Bax).

2.1.3 Exclusion citeria

The following types of documents are excluded: (1) Comments, reviews, conference reports, in vitro studies,
and clinical studies. (2) Diseases that are not in inflammatory or non-inflammatory pathological phase. (3)
Literature that has not been published. (4) Duplicate publications.

2.1.4 Data extraction

Two researchers independently extracted the following information from the literature: (1) The author’s
name and publication year. (2) Details of the animal model used in the study, including the type, gender,
and sample size. (3) The method used to induce inflammation in the model. (4) The method used to induce
anesthesia. (5) Details of the treatment drugs used in the intervention group, including the name, dose and
timing of treatment. (6) Details of the treatment drugs used in the model group, including the name, dose

2
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and timing of treatment. For included drug doses, the highest dose was recorded. If the data were presented
in graphical form, the original author was contacted to obtain the data. If the original data could not be
obtained, digital ruler software was used to measure the data from the image.

2.1.5 Risk of bias assessment

To evaluate the quality of literature on the use of icariin for treating inflammatory diseases, a risk of
bias Assessment was conducted using the SYRCLE list proposed by Hooijmans.et al (Hooijmans et al.,
2014). The assessment consisted of 10 items, including: (1) Sequence generation; (2) Baseline characteristics;
(3) Allocation concealment; (4) Random housing; (5) Blinding of performance bias; (6) Random outcome
assessment; (7) Blinding detection bias; (8) Incomplete outcome data; (9) Selective outcome reporting; (10)
Other sources of bias. Each study was given a total score of ten points, with each item worth one point. The
Risk of Bias Assessment was performed independently by two researchers, and in case of any discrepancies,
the results were reviewed by a third researcher for arbitration.

2.1.6 Statistical analysis

In this study, since the outcome indicators were continuous variables, the effect sizes were combined using the
standardized mean difference (SMD) with 95% confidence intervals and the random effects model was used
to pool effect size. A significant difference between the experimental and control groups was indicated by
a P-value < 0.05. To evaluate heterogeneity, the I-square (I2) was used, and values of I2 [?] 50% indicated
that the included studies were homogeneous. If I2> 50%, it indicated that the included studies existed
heterogeneity, and subgroup analyses were conducted to explore the sources of heterogeneity. The combined
effect sizes were then combined using random effects models.

2.2 Machine Learning

2.2.1 Research object and variable selection

The data source used in this study is the literature included in the Meta-analysis, and its inclusion and
exclusion criteria are the same as those of the Meta-analysis. However, it is important to note that data
from different studies with different sample sizes may introduce potential weighting factors leading to interfere
with results in machine learning. We collected samples for all doses and durations in each literature. The
relevant sample data of each document is interpolated with the average value of the corresponding index
of the document. The sample data consisted of independent variables such as dose and treatment time.
The dependent variable is a continuous variable, and we use TNF-α improvement rate ((Mean of control
group-Mean of experimental group)/Mean of control group) as an index to evaluate the effectiveness of
inflammation treatment.

2.2.2 Data processing

The data set contains a total of 260 samples, and the relevant data is highly discrete, while data standard-
ization (convert the mean of the sample to 0 and the mean to 1) has the advantages of making the data
distribution more concentrated, eliminating the impact of dimensional differences between data, and increas-
ing the interpretability of the machine learning model(De Livera et al., 2015). Therefore, data normalization
was performed on our dataset to improve the data structure.

2.2.3 Construction and evaluation of predictive models

In this study, Stacking Ensemble Learning was used to predict the level of TNF-α. The 4 basic models
included in the stacking ensemble learning are as follows: Random Forest (RF), Extreme Gradient Boosting
(XGBoost) model, Least Absolute Shrinkage and Selection Operator (Lasso), Single Hidden Layer Neural
Network (SHLNN). We use data standardization to optimize the data, and use v-fold for 5-fold cross-
validation (v =5), and each fold performs 10 random divisions (break =10) as a resampling method. Finally,
set up the model and use the grid search method to optimize the hyperparameters of the corresponding model,
and use cross-validation to evaluate the model performance of the corresponding parameters. Afterwards,
the constructed model is added to the Stacking Ensemble Model as a meta-feature, and lasso regression is

3
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used to fit the meta-model features to obtain a better model, and then the model is used to predict and
evaluate the training set and the test set respectively. At the same time, use Root Mean Squared Error
(RMSE), R-squared (R²) and Mean Absolute Error (MAE) as evaluation indicators to evaluate the Stacking
Ensemble Model.

2.2.4 Model interpretation

Machine learning models can be difficult to interpret, but the SHapley Additive explanations (SHAP) me-
thod, which is based on game theory and was proposed by Lundberg, et al.(Lundberg & Lee, 2017), can help
to overcome this challenge by providing accurate explanations of the model’s output. The SHAP method
ranks the importance of each feature in the input data based on its SHAP value, where a higher SHAP value
indicates a greater positive impact on the machine learning model, while a lower SHAP value indicates a
smaller impact or even a negative impact.

2.3 Analysis software and version

The software used in this study includes: STATA (version 15.0), R (version 4.2.3) and Python (version
3.11.3).

3 RESULTS

During the initial literature search, 942 articles were found. After removing duplicates, 550 articles remained.
Next, 201 articles were selected for full-text review after reviewing the titles and abstracts. Finally, 19 articles
were included in the analysis after a thorough reading of the full text (Y. Deng et al., 2016; Fu et al., 2018;
J. Guo et al., 2010; Y. Hu et al., 2016; H. Li et al., 2018; L. Li et al., 2014; P. Ma, Zhang, Su, Qiu, & Wu,
2015; Shao et al., 2015; Su et al., 2018; Tao et al., 2013; Wei et al., 2015; Wu et al., 2011; Xie et al., 2018;
Xiong et al., 2016; C. Q. Xu et al., 2010; F. Zhang et al., 2015; L. Zhang, Wang, Li, Zhang, & Hao, 2017; X.
Zhang et al., 2018; J. Zhou et al., 2011)(Figure 2 ).

3.1 Characteristics of the included studies

The 19 included literatures are all in English, and a total of 370 animals were included, including 180 animals
in the experimental group and 190 animals in the control group (Figure 3) . Animal species include Sprague-
Dawley rats(SD rats)(Y. Deng et al., 2016; J. Guo et al., 2010; Xiong et al., 2016; F. Zhang et al., 2015; L.
Zhang et al., 2017), C57BL mice(H. Li et al., 2018; Shao et al., 2015; Tao et al., 2013; Wu et al., 2011; Xie
et al., 2018; C. Q. Xu et al., 2010), BALB/c mice(L. Li et al., 2014; P. Ma et al., 2015; Wei et al., 2015;
J. Zhou et al., 2011), Wistar rats(Fu et al., 2018; Y. Hu et al., 2016), MRL/lpr mice(Su et al., 2018) and
Minipigs(X. Zhang et al., 2018). Inflammatory diseases studied include local inflammation(L. Li et al., 2014;
Wu et al., 2011; X. Zhang et al., 2018), circulatory system inflammation(Fu et al., 2018; Y. Hu et al., 2016),
urinary system inflammation(P. Ma et al., 2015; Su et al., 2018; Xie et al., 2018; L. Zhang et al., 2017),
nervous system inflammation(Y. Deng et al., 2016; J. Guo et al., 2010; H. Li et al., 2018; Xiong et al., 2016),
respiratory system inflammation(Wei et al., 2015; C. Q. Xu et al., 2010), Digestive system inflammation(Tao
et al., 2013; F. Zhang et al., 2015), Motion system inflammation(Shao et al., 2015) and tumor-associated
inflammation(J. Zhou et al., 2011) (Table 1).

According to the inclusion and exclusion criteria, all animal models were models of inflammation-related
diseases. The experimental group received monotherapy with icariin or its derivatives, and the control group
received only normal saline or distilled water. In order to evaluate the effect of icariin and its derivatives on
the treatment of inflammatory diseases, 12 literatures reported the level of TNF-α(Fu et al., 2018; J. Guo
et al., 2010; Y. Hu et al., 2016; H. Li et al., 2018; L. Li et al., 2014; Shao et al., 2015; Su et al., 2018; Tao
et al., 2013; Wu et al., 2011; Xie et al., 2018; C. Q. Xu et al., 2010; F. Zhang et al., 2015), 10 literatures
reported the level of IL-1β(Y. Deng et al., 2016; Fu et al., 2018; J. Guo et al., 2010; H. Li et al., 2018; Shao
et al., 2015; Su et al., 2018; Xie et al., 2018; Xiong et al., 2016; L. Zhang et al., 2017; X. Zhang et al., 2018),
and 6 literatures reported the level of IL-6(Fu et al., 2018; Y. Hu et al., 2016; Shao et al., 2015; Wei et al.,
2015; Xie et al., 2018; F. Zhang et al., 2015), 5 literatures reported the level of TGF-β1(Y. Deng et al., 2016;
Fu et al., 2018; Wei et al., 2015; Xiong et al., 2016; L. Zhang et al., 2017), 5 literatures reported the level
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of SOD(Y. Hu et al., 2016; H. Li et al., 2018; P. Ma et al., 2015; Xie et al., 2018; F. Zhang et al., 2015), 4
literatures reported the level of MDA(Y. Hu et al., 2016; H. Li et al., 2018; P. Ma et al., 2015; Xie et al.,
2018), 5 literatures reported the level of IκBα(Y. Deng et al., 2016; Fu et al., 2018; L. Li et al., 2014; Xiong
et al., 2016; L. Zhang et al., 2017), 4 literatures reported the level of Bcl-2 Level(H. Li et al., 2018; P. Ma et
al., 2015; Xie et al., 2018; F. Zhang et al., 2015), 3 literatures reported the level of IFN-γ(Tao et al., 2013;
X. Zhang et al., 2018; J. Zhou et al., 2011), 2 literatures reported the level of Bax-2(H. Li et al., 2018; Xie
et al., 2018), 2 literatures reported the level of Caspase-1(Su et al., 2018; L. Zhang et al., 2017), 2 literatures
reported the level of PPARα(Y. Deng et al., 2016; Xiong et al., 2016), and 2 literatures reported the level of
PPARγ(Y. Deng et al., 2016; Xiong et al., 2016), 2 literatures reported the level of NLRP3(Su et al., 2018;
L. Zhang et al., 2017), and 2 literatures reported the level of p65 NF-κB(Y. Deng et al., 2016; L. Zhang et
al., 2017).

3.2 Study quality

Among the 19 articles included in the study, all articles describe methods for randomizing animals into
experimental and control groups. 6 articles described possible prognostic features and animal factors, 16
articles described methods of concealing the order of allocation, all studies described random allocation of
animal rooms, and 16 articles reported blinding of trial participants, 12 articles described random selection
of animals for outcome assessment, 15 articles blinded outcome assessment, and 8 articles reported the
information of experimental attrition and sample exclusion, and 10 articles reported the completeness of the
data, and no other sources of bias and selective reporting were found in these 19 articles(Figure 4).

3.2 Effectiveness and mechanism of meta-analysis

3.2.1 Main indicators of inflammation

ΤΝΦ-α

12 studies included showed that icariin and its derivatives significantly decreased the level of TNF-α [n =
238, SMD=-6.326, 95%CI (-7.860, -4.791), p = 0.000] (Figurer 5A ). Furthermore, given the significant
heterogeneity among studies (I2 = 83.4%, p = 0.000), subgroup analyzes were performed based on dose,
duration of treatment, type of disease, animal species and animal sex. Among them, the heterogeneity of
the ”0-5 days” subgroup categorized by treatment duration and the ”Local inflammation” and ”Nervous
system” subgroups categorized by disease type improved significantly, indicating that treatment duration
and disease type are important sources of heterogeneity. Heterogeneity was significantly improved in the
”0-5 days” subgroup based on treatment duration and the ”Local inflammation” and ”Nervous system”
subgroups based on disease type, suggesting that treatment duration and disease type are important sources
of heterogeneity in this index (Table 2) .

ΙΛ-1β

Icariin and its derivatives significantly reduced the level of IL-1β in the 10 studies included [n = 204, SMD =-
5.698, 95%CI (-7.307, -4.089), p = 0.000] (Figure 5B ). Given the significant heterogeneity observed across
studies (I2 = 84.1%, p = 0.000), subgroup analysis was performed to explore the sources of heterogeneity.
In the subgroup analysis by species, the heterogeneity of the ”mice” group was significantly improved. In
addition, the heterogeneity of the ”0-5 days” subgroup categorized by treatment duration was also signifi-
cantly improved. This suggests that species and treatment duration are important sources of heterogeneity
in the meta-analysis of IL-1β (Table 3) .

3.2.2 Secondary indicators of inflammation

Icariin and its derivatives showed good therapeutic effects on the relevant secondary inflammatory indices,
specific information is shown in the table (Table 4) . Among them, icariin and its derivatives can effectively
inhibit the levels of IL-6 (p = 0.000), IFN-γ (p = 0.031) and TGF-β1 (p = 0.000), and at the same time
significantly increase the levels of IkB-α (p = 0.000), NF-κB p65 (p = 0.000) and NLRP3 (p = 0.000),
thereby achieving anti-inflammatory effects.

5
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3.2.3 Anti-inflammatory/transcriptional regulators

Icariin also had an ameliorative effect on anti-inflammatory/transcriptional regulators (Table 4) , signifi-
cantly increasing PPARα levels (p = 0.000), and it is worth noting that the low heterogeneity of this indicator
has a positive effect on the accuracy of the results, see table for more details.

3.2.4 Anti-oxidative stress indicators

The efficacy of Icariin and its derivatives in anti-oxidative stress indicators is also excellent (Table 4) ,
which can not only significantly up-regulate the SOD level (p = 0.000) under low heterogeneity (I2 = 0.0%,
p = 0.047), but also can inhibit the MDA activity (p = 0.000), so as to achieve the effect of anti-oxidative
stress, and then inhibit the process of inflammation, details are shown in table.

3.2.5 Apoptosis regulators

Icariin and its derivatives have also shown significant efficacy in the regulation of Apoptosis regulators
(Table 4) . It significantly up-regulated BCL-2 (p = 0.000) while also exhibiting a potent inhibitory
effect on caspase-1 (p = 0.000). Reassuringly, the meta-analysis of the efficacy of icariin on caspase-1 also
demonstrated low heterogeneity (I2 = 7.9%, p = 0.297).

3.2.6 Publication bias

The results of the publication bias detection based on the main indicators of the meta-analysis are as follows.
The result of Egger’s test for TNF-α was t = -4.59 (Figure 6A), and its absolute value was greater than 0.05,
indicating that there was no publication bias. The result of the egger’s test for IL-1β was t= - 4.21(Figure
6B), and the absolute value of the t value was greater than 0.05, so it was considered that there was no
publication bias.

3.3 Machine learning

3.3.1 Sample characteristics and correlation analysis

The study included a total of 260 samples. The dose range of icariin and derivatives was 3-300mg/kg/day,
and the treatment period was 0.25-90 days. The time-dose-efficacy distribution is shown in the figure (Figure
7). Meanwhile, Kendall analysis was used for correlation analysis of categorical variables (Figure 8A), and
Pearson analysis was used for correlation analysis of continuous variables (Figure 8B). The analysis results
show that the absolute value of the correlation between each feature is less than 0.35, suggesting that the
risk of collinearity is low.

3.3.2 Model Development and Evaluation

In this study, four machine learning algorithms were used to establish the meta-model, and the features
of the four meta-models were fitted by using the Stacking algorithm. After hyperparameter optimization,
the RMSE values of the obtained four meta-models are all lower than 0.32, and the prediction ability of
the models is good. This study uses four machine learning algorithms to establish the basic model, and
uses the Stacking algorithm to fit the characteristics of these four basic models. After optimization of
hyperparameters, the RMSE values of the four models were all lower than 0.43, and the prediction ability of
the models was good (Figure 9A). These models are then fitted using the stacking model and regularized.
The results show that when thepenalty parameter is 0.0173, the mixture value is 1, that is, the meta-model
is completely used for prediction under thispenalty parameter value, and the corresponding RMSE is 0.208,
and R2 is 0.954, indicating that the model prediction performance is good (Figure 9B). At the same time,
theRMSE values of the meta-model in the training set and test set are 0.193 and 0.289, the R2 is 0.962 and
0,928, and the MAE is 0.068 and 0.116, respectively, and the model performance is good (Figure 9C, Figure
9D).

3.3.3 Model interpretation

6
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Construct the S HAP value variable importance map (Figure 9A) of the prediction model, which includes a
total of 5 features, sorted according to their influence on the level of TNF-α, the higher the absolute value
of SHAP value, the greater the effect on TNF-α powerful. The results showed that the characteristics of
”Type of disease”, ”Animal species” and ”Dose” had a higher contribution to the improvement of TNF-α
level (Figure 10). In the constructed SHAP value summary graph, the higher the SHAP value corresponding
to a feature, the greater the risk of increasing TNF-α improvement level, and vice versa. In addition, the
color of the point represents the improvement rate of TNF-α, and the darker the color, the better the effect.
The results showed that, among the categorical variables, for respiratory, urinary, neurological and digestive
diseases included in the ”type of disease” feature, icariin and its derivatives had a more positive effect on the
TNF-α efficacy of these systemic diseases compared with the baseline values. Meanwhile, ”Wister mice” and
”BALB/c mice”, as species in the ”Animal species” characterization, contributed more to the TNF-α efficacy
compared with the baseline values. And ”female” as a variable in the ”sex” characteristic was also beneficial
in improving the efficacy. (Figure 10B). As for continuous variables, when the ”course” was greater than
31.22 days or the ”dose” was greater than 27.52 mg/kg/day, icariin and its derivatives contributed more
positively to the rate of improvement in TNF-alpha compared to baseline values (Figure 10C).

4 Discussion

4.1 Summary of the evidence

This investigation comprised the primary meta-analysis of icariin and its derivatives in the management of
inflammation, accompanied by a machine learning analysis on the sample dataset. In total, 19 studies were
incorporated, with 370 animals included in the meta-analysis and 260 animals analyzed through machine
learning techniques. The results demonstrated that icariin and its derivatives possess the potential to treat
many diseases by decreasing levels of cytokines via regulating related pathways.

4.2 Possible mechanism

Inflammation, as a complex and comprehensive process, plays key role in the emergence and development
of variety diseases, such as cancer(Diakos, Charles, McMillan, & Clarke, 2014), acute kidney injury(Poston
& Koyner, 2019), AS(Wolf & Ley, 2019), stroke(Lambertsen, Finsen, & Clausen, 2019), etc. Multiple cells,
cytokines and pathways are involved in the process of inflammation. The pivotal step in the inflammatory
response is the infiltration of immune cells, like macrophage, neutrophil. Activated immune cells secret
various cytokines such as IL-1 and TNF-α, and facilitate the activation, proliferation and differentiation
of T cells, B cells(Opal & DePalo, 2000). Simultaneously, the release of chemokines by macrophages also
directs the movement of monocytes and neutrophils towards the site of inflammation, thereby amplifying
the inflammatory response (Figure 11).

Research has indicated a strong correlation between inflammation and the onset of AS. The formation of
foam cells in the arterial wall is a crucial aspect of AS, and it is closely linked to macrophages’ phagocytosis
and accumulation of cholesterol(Ding et al., 2021; D. Wang et al., 2019). SR-BI (Scavenger Receptor Class
B Type I), a high-density lipoprotein transport protein(Yesilaltay, Kocher, Rigotti, & Krieger, 2005), can
facilitate the uptake of HDL and enhance the reverse transport of cholesterol, thereby inhibiting foam cell
formation(Chistiakov, Melnichenko, Myasoedova, Grechko, & Orekhov, 2017; Y. Xu et al., 2021). Notably,
icariin has been shown to increase the expression of SR-BI protein, promoting HDL uptake and cholesterol
reverse transport, which in turn suppresses macrophage cholesterol accumulation and foam cell formation,
ultimately leading to therapeutic benefits for AS(H. Yang et al., 2015). And Cluster of Differentiation 36
(CD36), as a membrane receptor, can also mediate the transport of cholesterol and oxidize low-density
lipoprotein, so it is involved in the occurrence and development of AS(Maréchal et al., 2018; Tian, Xu,
Sahebkar, & Xu, 2020; R. Yang, Liu, & Zhang, 2022). At the same time, P38 mitogen-activated protein
kinase pathway (P38 MAPK) can promote the activation of CD36(Maimaitiyiming, Zhou, & Wang, 2016).
Icariin derivatives can block P38 MAPK and then inhibit CD36 activity, thereby inhibiting the process of
AS Icariin machine derivatives can block P38 MAPK and then inhibit CD36 activity, thereby inhibiting
the process of AS Icariin machine derivatives can block P38 MAPK and then inhibit CD36 activity, thereby
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inhibiting the process of AS Icariin machine derivatives can block P38 MAPK and then inhibit CD36 activity,
thereby inhibiting the process of AS Icariin machine derivatives can block P38 MAPK and then inhibit
CD36 activity, thereby inhibiting the process of AS Icariin machine derivatives can block P38 MAPK and
then inhibit CD36 activity, thereby inhibiting the process of AS Icariin machine derivatives can block P38
MAPK and then inhibit CD36 activity, thereby inhibiting the process of AS machine derivatives can block
P38 MAPK and then inhibit CD36 activity, thereby inhibiting the process of AS derivatives can block
P38 MAPK and then inhibit CD36 activity, thereby inhibiting the process of AS(H. Yang et al., 2015).
As an inflammatory disease, myocarditis is regulated by various pathway mechanisms, and NF-κB is an
important inflammatory signal transduction factor, which plays an important role in the occurrence and
development of myocarditis(Yao et al., 2022). However, some studies have shown that Sirtuin 6 (SIRT6)
down-regulates the expression of NF-κB and reduce myocardial inflammation by inhibiting the activation
and nuclear translocation of NF-κB(Z. Jin et al., 2023; Song et al., 2020). Icariin up-regulate the level of
SIRT6 to inhibit the activity of NF-κB and down-regulate the levels of IL-2, IL-6, TNF-α, ICAM-1 and other
inflammatory factors to reduce myocardial inflammation(Y. Chen et al., 2015). The JNK pathway plays
an important role in many biological processes including inflammation(H. Zhu et al., 2022). As the main
transcriptional component of JNK, c-Jun, plays a role in both apoptosis and inflammation(H. Guo et al.,
2020). However, it is worth noting that NF-κB can enhance the activity of c-Jun, thereby promoting the
inflammatory process(Blonska & Lin, 2009). However, some studies have found that icariin can inhibit the
activity of c-Jun by inhibiting the activation and release of NF-κB, thereby alleviating inflammation(H. Zhou
et al., 2015). The study suggests that TGF-β can promote the transformation of cardiac fibroblasts into
myofibroblasts and the synthesis of collagen by activating Samd2 phosphorylation in the heart.(Z.-G. Ma,
Yuan, Wu, Zhang, & Tang, 2018). Icariin and its derivatives can down-regulate the level of TGF-β factor and
inhibit the activity of Samd2, thereby inhibiting collagen synthesis and blocking the nuclear translocation
and expression of NF-κB. It is worth noting that the nuclear translocation and expression of NF-κB can also
be achieved through the inhibition of IκB phosphorylation by ICS II(Fu et al., 2018). Ultimately achieve
the purpose of treating myocardial inflammation.

Inflammatory processes are also present in many urological diseases. Nucleotide-binding domain and Leucine-
rich Repeat containing family, Pyrin domain-containing 3 (NLRP3), as a component of inflammasome, can
regulate the level of downstream inflammatory factors, and NLRP3 is also regulated by NF-κB(de Carvalho
Ribeiro & Szabo, 2022; Sharma & Kanneganti, 2021; Q. Wang et al., 2020). In lupus nephritis (LN) and IgA
nephropathy (IgAN), icariin can down-regulate the level of NLRP3 by inhibiting the activation of NF-κB,
thereby reducing the levels inflammatory factors(Su et al., 2018; L. Zhang et al., 2017). Apoptosis-associated
speck-like protein containing a CARD (ASC) is also an inflammasome that promotes the conversion of pro-
caspase-1 to caspase-1 in IgAN to increase the level of inflammatory factors such as IL-1β(Hornung et al.,
2009; Huang, Xu, & Zhou, 2021). Icariin and its derivatives can inhibit the activity of ASC, and then block
the conversion process of pro-Caspase-1 to Caspase-1, then improve the level of inflammatory factors and
treat inflammation(L. Zhang et al., 2017). As a protein kinase, IKKβ can phosphorylate IκBα to release
NF-κB and promote the production of inflammatory factors(Antonia, Hagan, & Baldwin, 2021; X. Dong et
al., 2022). However, it is worth noting that icariin can delay this process by inhibiting the activity of IKKβ,
so as to reduce the damage of IgAN to the kidney. At the same time, icariin can also treat IgAN by reducing
the deposition of immunoglobulin A (IgA) and the expansion of mesangial matrix(L. Zhang et al., 2017). In
nephrotoxicity and acute kidney injury, NF-κB is often inhibited by icariin as a key node, thereby improving
the levels of downstream inflammatory factors such as TNF-α and inducible nitric oxide synthase (iNOS)(P.
Ma et al., 2015; Xie et al., 2018).

In neurological diseases, inflammatory mechanisms assume an important role. In cerebral ischemia-
reperfusion injury, studies have shown that PPARα and PPARγ can down-regulate NF-κB inflammatory
pathways by inhibiting IκBα phosphorylation(Collino et al., 2006; Q. Li et al., 2019), while icariin deriva-
tives (IRS and ICS II) can increase High PPARα and PPARγ levels further inhibit related inflammatory
pathways to achieve anti-inflammatory effects(Y. Deng et al., 2016; Xiong et al., 2016). As a transcription
factor, Nrf2 can increase the level of superoxide dismutase (SOD) and reduce the generation of reactive oxy-
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gen species (ROS) in neurodegenerative diseases (ND), thereby inhibiting NF-κB and MAPK inflammatory
pathways activation(Ge et al., 2021; Jia, Zhang, Xu, Yao, & Wei, 2021; Kobayashi et al., 2016; L. Xu et al.,
2018). And icariin can up-regulate Nrf2 level and reduce inflammatory response(L. Zhu et al., 2019). Ex-
periments have shown that Phosphatidylinositol 3-kinase/Protein kinase B pathway (PI3-K/Akt pathway)
can promote the release of inflammatory factors such as IL-1 and TNF-α in the process of nerve injury(C.
Li, Zhao, Lin, Gong, & An, 2019). And existing studies have found that icariin can block the inflammatory
process by inhibiting the PI3-K/Akt pathway(G. Q. Wang et al., 2017; H. Zhang et al., 2012).

In respiratory diseases, iNOS and Cyclooxygenase-2 (Cox-2), as two enzymes related to inflammatory re-
sponse, can respectively promote the production of NO and Prostaglandin E2 (PGE2) when the body is
stimulated by stimuli such as bacteria and viruses, and then inflammation is involved through a variety of
inflammatory pathways(T. Li, Xu, Zhao, Gao, & Xie, 2022; Stiller & Hjemdahl, 2022). Studies have shown
that icariin inhibits the activity of iNOS and Cox-2, thereby inhibiting the synthesis of related inflammatory
mediators(C. Q. Xu et al., 2010). As for asthma, airway inflammation plays a pivotal role in its pathophysio-
logical symptoms, which is mainly manifested in the infiltration of neutrophils and eosinophils(L. Dong et al.,
2021). This process is regulated by various inflammatory factors including Interleukin-17 (IL-17)(Ritzmann,
Lunding, Bals, Wegmann, & Beisswenger, 2022). And studies have shown that icariin significantly reduces
airway inflammation via reducing the level of IL-17(Wei et al., 2015). Excessive secretion of mucus by mu-
cous gland cells can also exacerbate airway inflammation, and icariin can also reduce this process(Jaramillo,
Azzegagh, Tuvim, & Dickey, 2018). As an immune regulator, Forkhead box P3 (Foxp3) plays a key role
in regulating the generation and differentiation of Regulatory T cells (Treg cells)(Y. Dong, Yang, & Pan,
2021). Interestingly, Retinoic acid receptor-related orphan receptor gamma t (RORγt) acts as a transcrip-
tional Factors can bind to Foxp3 and reduce its activity, thereby inhibiting the development and function of
Treg cells and relieving inflammation(W. Zhang et al., 2021). And icariin can just up-regulate the level of
RORγt to inhibit the promoting effect of Foxp3 on the differentiation of Treg cells(Wei et al., 2015).

In inflammatory diseases of the digestive system, icariin and its derivatives exhibit multi-channel and multi-
target characteristics in fighting inflammation. In colitis, Signal Transducer and Activator of Transcription
1 (STAT1) and Signal Transducer and Activator of Transcription 3 (STAT3) are two transcription factors
present in Cluster of Differentiation 4 positive T lymphocytes (CD4+ T cells), which phosphorylation can
promote the differentiation of CD4+ T cells into Th1 and Th17 cells, and then secrete inflammatory factors
such as IFN-γ and IL-17 to promote inflammation(Celada et al., 2018; Kang, Biswas, Field, & Snapper, 2019;
Kappel et al., 2009; Luz-Crawford et al., 2013). Icariin can inhibit the production of Th1 and Th17 cells
by inhibiting the phosphorylation of STAT1 and STAT3, thereby alleviating the inflammatory effect(Tao et
al., 2013). Furthermore, Cluster of Differentiation 25 (CD25) and Cluster of Differentiation 69 (CD69) are
two molecules used to identify the state of T cell activation and proliferation(Shevach, McHugh, Piccirillo, &
Thornton, 2001; Wiggins et al., 2022), among which CD25 can up-regulate the affinity of Interleukin-2 (IL-2)
receptor(Codarri Deak et al., 2022), thereby guarantee the smooth flow of IL-2 pathway and promote the
differentiation of T cells, while CD69 can increase the activity of T cells, prompt them to secrete inflammatory
factors, and enhance cell membrane adhesion and other functions. Icariin inhibits the activity of CD25 and
CD69 firstly, then inhibit the differentiation and function of T cells(Tao et al., 2013).

In diseases of the motor system, the occurrence of inflammation is also widely reflected. For osteolytic dis-
eases, Receptor Activator of Nuclear Factor Kappa-B Ligand (RANKL) can interact with Receptor Activator
of Nuclear Factor Kappa-B (RANK) to promote the activation of osteoclasts and lead to osteolysis(Ikebuchi
et al., 2018). Icariin can down-regulate the level of RANKL and inhibit the combination with RANK, thereby
reducing the occurrence of osteolysis(Shao et al., 2015). As an enzyme, Cox-2 can promote the transforma-
tion of arachidonic acid into PGE2, and PGE2 can also promote the differentiation of osteoclasts(Zheng et
al., 2019). Therefore, icariin prevents this transformation by inhibiting the activity of Cox-2 and reduces
the differentiation of osteoclasts(Hsieh, Sheu, Sun, & Chen, 2011). It is worth noting that NF-κB pathway,
P38 MAPK pathway, and JNK pathway can all stimulate the formation of osteoclasts and lead to osteoly-
sis(An et al., 2019; Yin et al., 2019). And icariin can inhibit this process(Hsieh et al., 2011; J. Liu et al.,
2016). In the related diseases of intervertebral disc degeneration, the P13K/AKT pathway can promote the
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formation of bone matrix(D. Wang et al., 2022). Icariin does exactly that to intensify this process(X. Deng
et al., 2017). Second, for osteitis and chondrocyte inflammation, elevated TNF-α levels can upregulate Ma-
trix Metalloproteinase-1(MMP1), Matrix Metalloproteinase-1(MMP3), Matrix Metalloproteinase-1(MMP9),
Matrix Metalloproteinase-1(MMP13), ROS levels, while promoting the degradation of IκBα and the nuclear
translocation of NF-κB P65, resulting in inflammation(X. Chen et al., 2021; Kong et al., 2019; L. Liu &
Kang, 2022). Icariin can inhibit the level of TNF-α to alleviate this process(M. H. Liu, Sun, Tsai, Sheu, &
Chen, 2010; Mi et al., 2018; Pan, Zhang, Chen, & Yang, 2017).

According to research, tumor progression associated with chronic inflammation closely(Manjili, Isbell,
Ghochaghi, Perkinson, & Manjili, 2022). Myeloid-derived suppressor cells (MDSCs) can prevent the ac-
tivation of adaptive immunity to help tumor growth, and MDSCs are affected by chronic inflammation,
specifically by upregulating Toll-like receptor 4 (TLR4) and MRP8/14 induced increased activity of MD-
SCs(H. Liu et al., 2021; Y. Wang, Ding, Guo, & Wang, 2019). Interestingly, ICA and ICT can downregulate
the levels of TLR4 and MRP8/14 to inhibit the activation of MDSCs, thereby delaying tumor progression(J.
Zhou et al., 2011).

4.3 Implications

Inflammation is a pathological stage of many diseases. Inflammation manifests in a variety of disease forms,
and the currently selected therapeutic drugs are mainly non-steroidal anti-inflammatory drugs, glucocorti-
coids and other drugs. However, the application of anti-inflammatory effects of plant monomers is relatively
limited. In addition, animal experiments to study the anti-inflammatory effect of monomers lack the results
of effective clinical transformation, and there is also a lack of corresponding preclinical data collection. This
article comprehensively utilizes the research on the treatment of inflammation with icariin, conducts meta-
analysis based on its outcome index data to explore the curative effect, machine learning was then used to
mine for more effective doses and courses of Icariin and its derivatives for the treatment of inflammation,
and the types of inflammatory diseases for which they have an efficacy advantage. The results showed that
icariin and its derivatives could improve TNF-α, IL-1β, IL-6, IFN-γ, TGF-β1, IkB-α, NF-κB p65, NLRP3,
PPARα, SOD, MDA, BCL -2 and caspase-1 levels. And icariin and its derivatives have more favorable effect
of inhibiting inflammation in respiratory, urinary, neurological and digestive diseases and at a dose of 27.52
mg/kg/day or more and a course of treatment of 31.22 days or more.

Animal experiments have always been an integral part of basic medical research, but laboratory animal
research has always been subjected to ethical tests(Meier & Stocker, 1989). With the increase in the number
of animal experiments and the expansion of the scale of a single experiment, the ethical review of the use
of animals in experiments has become more stringent(Gruber & Hartung, 2004). How to efficiently select
appropriate experimental animal models, treatment regimens and dosages of reagents, and make better use
of animal experimental results, has gradually become an important issue(Loeb, Hendee, Smith, & Schwartz,
1989). Meta-analysis of animals can integrate published experimental results, save experimental resources,
and obtain higher-level and more accurate preclinical evidence. At the same time, machine learning can
be used to screen out features that are more important for drug treatment of diseases, so as to provide a
reference for the selection of sample features for more in-depth animal experiments.

According to research, many drugs have shown good curative effects in the laboratory for treating diseases,
but their clinical transformation rate is still low(van der Worp & Sandercock, 2012). Although there are
many common mechanisms discovered in the laboratory, there are still differences in the organ structure
between animals and humans, which cannot be ignored. Therefore, it is necessary to use machine learning
to mine key features and select an appropriate animal model thereby increasing the clinical translation rate.

4.4 Limitations

(1) A total of 19 literatures were included in this study, all of which were in English, and only Su et al., Li
et al., Xu et al., Tao et al., Guo et al., Wei et al. performed baseline Feature description. Xu et al., Shao
et al., Deng et al. did not describe the blinding of performance bias. And the vast majority of literature,
including Hu et al., reported on the existence of incomplete outcome data. (2) In the Egger’s test for the
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main indicators, although the results did not report the existence of publication bias, many hidden results
will still affect the results of meta-analysis. (3) There is heterogeneity in the results of meta-analysis. After
exploring the heterogeneity by means of subgroup analysis, the heterogeneity of some subgroups has been
improved, but the rest of the subgroups still show some heterogeneity. The sources of these heterogeneities
are very extensive, including but not limited to the experimental habits of researchers, laboratory light
temperature environment, geographical latitude and magnetic field, etc. (4) Although the interpretability of
the machine learning model has reached a high quality, the lack of sample data may still cause some trouble
to the feature screening results.

5 Conclusion

Icariin and its derivatives have shown a significant improvement effect on inflammation-related diseases, and
there is more favorable effect of inhibiting inflammation in respiratory, urinary, neurological and digestive
diseases as well as when the dose is more than 27.52 mg/kg/day and course is more than 31.22 days. It has
multiple therapeutic mechanisms including NF-κB pathway, P38 MAPK pathway, and PI3K/Akt pathway
in different inflammatory diseases. Icariin and its derivatives may be a promising drug in the treatment of
many diseases via inhibiting inflammation.

Funding

This research was financially supported by the National Natural Science Foundation of China (No. 82104662,
No. 81973822), Foundation of Department of Science and Technology of Henan Province (No. 222102310141),
Key scientific research project for universities of Henan Province (No. 22A360007).

Authors’ contributions

Xiaochuan Guo and Yanqin Qin are the main contributors to this manuscript. Xiaochuan Guo performed
the comprehensive summary and collation work. Yanqin Qin performed the literature search. Zhenzhen
Feng, Haibo Li and Jingfan Yang and Caiyu Hu collected and organized graphical data. Sihan Hu and
Junlin Li provided optimization suggestions for the article. Jiansheng Li (corresponding authors) conceived
and coordinated the review. All authors read and approved the final manuscript.

Acknowledgements

The authors would like to thank the reviewers and also the authors of all references. The reviewer’s advice
really makes the great improvement of this article.

Reference

An, Y., Zhang, H., Wang, C., Jiao, F., Xu, H., Wang, X., . . . Yu, L. (2019). Activation of ROS/MAPKs/NF-
κB/NLRP3 and inhibition of efferocytosis in osteoclast-mediated diabetic osteoporosis. Faseb j, 33 (11),
12515-12527. doi:10.1096/fj.201802805RR

Antonia, R. J., Hagan, R. S., & Baldwin, A. S. (2021). Expanding the View of IKK: New Substrates and
New Biology. Trends In Cell Biology, 31 (3), 166-178. doi:10.1016/j.tcb.2020.12.003

Blonska, M., & Lin, X. (2009). CARMA1-mediated NF-kappaB and JNK activation in lymphocytes. Im-
munological Reviews, 228 (1), 199-211. doi:10.1111/j.1600-065X.2008.00749.x

Celada, L. J., Kropski, J. A., Herazo-Maya, J. D., Luo, W., Creecy, A., Abad, A. T., . . . Drake, W. P.
(2018). PD-1 up-regulation on CD4+ T cells promotes pulmonary fibrosis through STAT3-mediated IL-17A
and TGF-β1 production. Science Translational Medicine, 10 (460). doi:10.1126/scitranslmed.aar8356

Chen, X., Lin, H., Chen, J., Wu, L., Zhu, J., Ye, Y., . . . Li, J. (2021). Paclitaxel Inhibits Synoviocyte
Migration and Inflammatory Mediator Production in Rheumatoid Arthritis. Frontiers In Pharmacology, 12
, 714566. doi:10.3389/fphar.2021.714566

Chen, Y., Sun, T., Wu, J., Kalionis, B., Zhang, C., Yuan, D., . . . Xia, S. (2015). Icariin intervenes
in cardiac inflammaging through upregulation of SIRT6 enzyme activity and inhibition of the NF-kappa B

11



P
os

te
d

on
11

A
u
g

20
23

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
69

17
34

37
.7

16
11

08
8/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

pathway. Biomed Res Int, 2015 , 895976. doi:10.1155/2015/895976

Chistiakov, D. A., Melnichenko, A. A., Myasoedova, V. A., Grechko, A. V., & Orekhov, A. N. (2017).
Mechanisms of foam cell formation in atherosclerosis. Journal of Molecular Medicine (Berlin, Germany), 95
(11), 1153-1165. doi:10.1007/s00109-017-1575-8

Codarri Deak, L., Nicolini, V., Hashimoto, M., Karagianni, M., Schwalie, P. C., Lauener, L., . . . Umaña,
P. (2022). PD-1-cis IL-2R agonism yields better effectors from stem-like CD8+ T cells. Nature, 610 (7930),
161-172. doi:10.1038/s41586-022-05192-0

Collino, M., Aragno, M., Mastrocola, R., Benetti, E., Gallicchio, M., Dianzani, C., . . . Fantozzi, R. (2006).
Oxidative stress and inflammatory response evoked by transient cerebral ischemia/reperfusion: effects of the
PPAR-alpha agonist WY14643. Free Radical Biology & Medicine, 41 (4), 579-589.

de Carvalho Ribeiro, M., & Szabo, G. (2022). Role of the Inflammasome in Liver Disease. Annual Review of
Pathology, 17 , 345-365. doi:10.1146/annurev-pathmechdis-032521-102529

De Livera, A. M., Sysi-Aho, M., Jacob, L., Gagnon-Bartsch, J. A., Castillo, S., Simpson, J. A., & Speed, T.
P. (2015). Statistical methods for handling unwanted variation in metabolomics data.Analytical Chemistry,
87 (7), 3606-3615. doi:10.1021/ac502439y

Deng, X., Wu, W., Liang, H., Huang, D., Jing, D., Zheng, D., & Shao, Z. (2017). Icariin Prevents IL-
1β-Induced Apoptosis in Human Nucleus Pulposus via the PI3K/AKT Pathway. Evid Based Complement
Alternat Med, 2017 , 2198323. doi:10.1155/2017/2198323

Deng, Y., Xiong, D., Yin, C., Liu, B., Shi, J., & Gong, Q. (2016). Icariside II protects against cerebral
ischemia-reperfusion injury in rats via nuclear factor-κB inhibition and peroxisome proliferator-activated
receptor up-regulation. Neurochem Int, 96 , 56-61. doi:10.1016/j.neuint.2016.02.015

Diakos, C. I., Charles, K. A., McMillan, D. C., & Clarke, S. J. (2014). Cancer-related inflammation and
treatment effectiveness. The Lancet. Oncology, 15 (11), e493-e503. doi:10.1016/S1470-2045(14)70263-3

Ding, Y., Gong, W., Zhang, S., Shen, J., Liu, X., Wang, Y., . . . Meng, G. (2021). Protective role of sirtuin3
against oxidative stress and NLRP3 inflammasome in cholesterol accumulation and foam cell formation of
macrophages with ox-LDL-stimulation. Biochem Pharmacol, 192 , 114665. doi:10.1016/j.bcp.2021.114665

Dong, L., Wang, Y., Zheng, T., Pu, Y., Ma, Y., Qi, X., . . . Mao, C. (2021). Hypoxic hUCMSC-
derived extracellular vesicles attenuate allergic airway inflammation and airway remodeling in chronic asthma
mice.Stem Cell Research & Therapy, 12 (1), 4. doi:10.1186/s13287-020-02072-0

Dong, X., Jiang, J., Lin, Z., Wen, R., Zou, L., Luo, T., . . . Chen, Z. (2022). Nuanxinkang protects against
ischemia/reperfusion-induced heart failure through regulating IKKβ/IκBα/NF-κB-mediated macrophage po-
larization. Phytomedicine : International Journal of Phytotherapy and Phytopharmacology, 101 , 154093.
doi:10.1016/j.phymed.2022.154093

Dong, Y., Yang, C., & Pan, F. (2021). Post-Translational Regulations of Foxp3 in Treg Cells and Their
Therapeutic Applications. Front Immunol, 12 , 626172. doi:10.3389/fimmu.2021.626172

Fu, S., Li, Y. L., Wu, Y. T., Yue, Y., Qian, Z. Q., & Yang, D. L. (2018). Icariside II attenuates myocar-
dial fibrosis by inhibiting nuclear factor-κB and the TGF-β1/Smad2 signalling pathway in spontaneously
hypertensive rats. Biomed Pharmacother, 100 , 64-71. doi:10.1016/j.biopha.2018.01.138

Gao, X., Wang, W., & Gao, M. (2022). Preparation of Novel ICT-CMC-CD59sp Drug-Loaded Microspheres
and Targeting Anti-Tumor Effect on Oral Squamous Cell Carcinoma. Frontiers In Bioengineering and
Biotechnology, 10 , 878456. doi:10.3389/fbioe.2022.878456

Ge, M.-H., Tian, H., Mao, L., Li, D.-Y., Lin, J.-Q., Hu, H.-S., . . . Mei, X.-F. (2021). Zinc attenuates
ferroptosis and promotes functional recovery in contusion spinal cord injury by activating Nrf2/GPX4 defense
pathway. CNS Neuroscience & Therapeutics, 27 (9), 1023-1040. doi:10.1111/cns.13657

12



P
os

te
d

on
11

A
u
g

20
23

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
69

17
34

37
.7

16
11

08
8/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

Greener, J. G., Kandathil, S. M., Moffat, L., & Jones, D. T. (2022). A guide to machine learning for
biologists. Nature Reviews. Molecular Cell Biology, 23 (1), 40-55. doi:10.1038/s41580-021-00407-0

Gruber, F. P., & Hartung, T. (2004). Alternatives to animal experimentation in basic research. ALTEX, 21
Suppl 1 .

Guo, H., Lei, H., Zhang, B.-G., Xu, Z.-C., Dong, C., & Hao, Y.-Q. (2020). c-Jun NH2-terminal ki-
nase (JNK)/stress-activated protein kinase-associated protein 1 is a critical regulator for arthritis pro-
gression by meditating inflammation in mice model.International Immunopharmacology, 81 , 106272.
doi:10.1016/j.intimp.2020.106272

Guo, J., Li, F., Wu, Q., Gong, Q., Lu, Y., & Shi, J. (2010). Protective effects of icariin on brain dys-
function induced by lipopolysaccharide in rats. Phytomedicine : International Journal of Phytotherapy and
Phytopharmacology, 17 (12), 950-955. doi:10.1016/j.phymed.2010.03.007

Guo, X., Li, Y., Wang, W., Wang, L., Hu, S., Xiao, X., . . . Zeng, J. (2022). The construction
of preclinical evidence for the treatment of liver fibrosis with quercetin: A systematic review and meta-
analysis.Phytotherapy Research : PTR, 36 (10), 3774-3791. doi:10.1002/ptr.7569

Hooijmans, C. R., Rovers, M. M., de Vries, R. B. M., Leenaars, M., Ritskes-Hoitinga, M., & Langendam,
M. W. (2014). SYRCLE’s risk of bias tool for animal studies. BMC Medical Research Methodology, 14 , 43.
doi:10.1186/1471-2288-14-43

Hornung, V., Ablasser, A., Charrel-Dennis, M., Bauernfeind, F., Horvath, G., Caffrey, D. R., . . . Fitzger-
ald, K. A. (2009). AIM2 recognizes cytosolic dsDNA and forms a caspase-1-activating inflammasome with
ASC.Nature, 458 (7237), 514-518. doi:10.1038/nature07725

Hsieh, T. P., Sheu, S. Y., Sun, J. S., & Chen, M. H. (2011). Icariin inhibits osteoclast differen-
tiation and bone resorption by suppression of MAPKs/NF-κB regulated HIF-1α and PGE(2) synthe-
sis.Phytomedicine : International Journal of Phytotherapy and Phytopharmacology, 18 (2-3), 176-185.
doi:10.1016/j.phymed.2010.04.003

Hu, L., Li, L., Zhang, H., Li, Q., Jiang, S., Qiu, J., . . . Dong, J. (2019). Inhibition of airway remodeling
and inflammatory response by Icariin in asthma. BMC Complementary and Alternative Medicine, 19 (1),
316. doi:10.1186/s12906-019-2743-x

Hu, Y., Sun, B., Liu, K., Yan, M., Zhang, Y., Miao, C., & Ren, L. (2016). Icariin Attenuates High-
cholesterol Diet Induced Atherosclerosis in Rats by Inhibition of Inflammatory Response and p38 MAPK
Signaling Pathway. Inflammation, 39 (1), 228-236. doi:10.1007/s10753-015-0242-x

Huang, Y., Xu, W., & Zhou, R. (2021). NLRP3 inflammasome activation and cell death. Cellular &
Molecular Immunology, 18 (9), 2114-2127. doi:10.1038/s41423-021-00740-6

Ikebuchi, Y., Aoki, S., Honma, M., Hayashi, M., Sugamori, Y., Khan, M., . . . Suzuki, H. (2018).
Coupling of bone resorption and formation by RANKL reverse signalling. Nature, 561 (7722), 195-200.
doi:10.1038/s41586-018-0482-7

Ioannidis, J. P. A., Greenland, S., Hlatky, M. A., Khoury, M. J., Macleod, M. R., Moher, D., . . . Tibshirani,
R. (2014). Increasing value and reducing waste in research design, conduct, and analysis.Lancet (London,
England), 383 (9912), 166-175. doi:10.1016/S0140-6736(13)62227-8

Jaramillo, A. M., Azzegagh, Z., Tuvim, M. J., & Dickey, B. F. (2018). Airway Mucin Secretion. Annals of
the American Thoracic Society, 15 (Suppl 3), S164-S170. doi:10.1513/AnnalsATS.201806-371AW

Jia, X.-B., Zhang, Q., Xu, L., Yao, W.-J., & Wei, L. (2021). Lotus leaf flavonoids induce apoptosis of
human lung cancer A549 cells through the ROS/p38 MAPK pathway. Biological Research, 54 (1), 7.
doi:10.1186/s40659-021-00330-w

13



P
os

te
d

on
11

A
u
g

20
23

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
69

17
34

37
.7

16
11

08
8/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

Jin, J., Wang, H., Hua, X., Chen, D., Huang, C., & Chen, Z. (2019). An outline for the phar-
macological effect of icariin in the nervous system.European Journal of Pharmacology, 842 , 20-32.
doi:10.1016/j.ejphar.2018.10.006

Jin, Z., Wang, B., Ren, L., Yang, J., Zheng, Z., Yao, F., . . . Lin, R. (2023). 20-Hydroxyecdysone inhibits
inflammation via SIRT6-mediated NF-κB signaling in endothelial cells. Biochimica Et Biophysica Acta.
Molecular Cell Research, 1870 (5), 119460. doi:10.1016/j.bbamcr.2023.119460

Kang, Y. H., Biswas, A., Field, M., & Snapper, S. B. (2019). STAT1 signaling shields T cells from NK
cell-mediated cytotoxicity.Nature Communications, 10 (1), 912. doi:10.1038/s41467-019-08743-8

Kappel, L. W., Goldberg, G. L., King, C. G., Suh, D. Y., Smith, O. M., Ligh, C., . . . van den Brink,
M. R. M. (2009). IL-17 contributes to CD4-mediated graft-versus-host disease. Blood, 113 (4), 945-952.
doi:10.1182/blood-2008-08-172155

Kobayashi, E. H., Suzuki, T., Funayama, R., Nagashima, T., Hayashi, M., Sekine, H., . . . Yamamoto,
M. (2016). Nrf2 suppresses macrophage inflammatory response by blocking proinflammatory cytokine tran-
scription. Nature Communications, 7 , 11624. doi:10.1038/ncomms11624

Kong, P., Cui, Z.-Y., Huang, X.-F., Zhang, D.-D., Guo, R.-J., & Han, M. (2022). Inflammation and
atherosclerosis: signaling pathways and therapeutic intervention. Signal Transduction and Targeted Therapy,
7 (1), 131. doi:10.1038/s41392-022-00955-7

Kong, P., Yu, Y., Wang, L., Dou, Y.-Q., Zhang, X.-H., Cui, Y., . . . Han, M. (2019). circ-Sirt1 controls
NF-κB activation via sequence-specific interaction and enhancement of SIRT1 expression by binding to miR-
132/212 in vascular smooth muscle cells. Nucleic Acids Research, 47 (7), 3580-3593. doi:10.1093/nar/gkz141

Lambertsen, K. L., Finsen, B., & Clausen, B. H. (2019). Post-stroke inflammation-target or tool for therapy?
Acta Neuropathologica, 137 (5), 693-714. doi:10.1007/s00401-018-1930-z

Li, C., Zhao, B., Lin, C., Gong, Z., & An, X. (2019). TREM2 inhibits inflammatory responses in
mouse microglia by suppressing the PI3K/NF-κB signaling. Cell Biology International, 43 (4), 360-372.
doi:10.1002/cbin.10975

Li, H., Zhang, X., Zhu, X., Qi, X., Lin, K., & Cheng, L. (2018). The Effects of Icariin on Enhancing Motor
Recovery Through Attenuating Pro-inflammatory Factors and Oxidative Stress via Mitochondrial Apoptotic
Pathway in the Mice Model of Spinal Cord Injury. Front Physiol, 9 , 1617. doi:10.3389/fphys.2018.01617

Li, L., Sun, J., Xu, C., Zhang, H., Wu, J., Liu, B., & Dong, J. (2014). Icariin ameliorates cigarette smoke
induced inflammatory responses via suppression of NF-κB and modulation of GR in vivo and in vitro.PloS
One, 9 (8), e102345. doi:10.1371/journal.pone.0102345

Li, Q., Tian, Z., Wang, M., Kou, J., Wang, C., Rong, X., . . . Pang, X. (2019). Luteoloside attenuates
neuroinflammation in focal cerebral ischemia in rats via regulation of the PPARγ/Nrf2/NF-κB signaling
pathway. International Immunopharmacology, 66 , 309-316. doi:10.1016/j.intimp.2018.11.044

Li, T., Xu, T., Zhao, J., Gao, H., & Xie, W. (2022). Depletion of iNOS-positive inflammatory cells decelerates
neuronal degeneration and alleviates cerebral ischemic damage by suppressing the inflammatory response.
Free Radical Biology & Medicine, 181 , 209-220. doi:10.1016/j.freeradbiomed.2022.02.008

Liu, H., Ling, C. C., Yeung, W. H. O., Pang, L., Liu, J., Zhou, J., . . . Man, K. (2021). Monocytic MDSC
mobilization promotes tumor recurrence after liver transplantation via CXCL10/TLR4/MMP14 signaling.
Cell Death Dis, 12 (5), 489. doi:10.1038/s41419-021-03788-4

Liu, J., Li, D., Sun, X., Wang, Y., Xiao, Q., & Chen, A. (2016). Icariine Restores LPS-Induced Bone Loss
by Downregulating miR-34c Level.Inflammation, 39 (5), 1764-1770. doi:10.1007/s10753-016-0411-6

Liu, L., & Kang, X.-X. (2022). ACSL4 is overexpressed in psoriasis and enhances inflammatory responses
by activating ferroptosis. Biochem Biophys Res Commun, 623 , 1-8. doi:10.1016/j.bbrc.2022.07.041

14



P
os

te
d

on
11

A
u
g

20
23

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
69

17
34

37
.7

16
11

08
8/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

Liu, M. H., Sun, J. S., Tsai, S. W., Sheu, S. Y., & Chen, M. H. (2010). Icariin protects murine chondrocytes
from lipopolysaccharide-induced inflammatory responses and extracellular matrix degradation. Nutr Res,
30 (1), 57-65. doi:10.1016/j.nutres.2009.10.020

Locker, A. (2004). [Animal testing ethics and human testing. Thoughts on our conduct with and our
relationship to animals]. ALTEX, 21 (4), 221-226.

Loeb, J. M., Hendee, W. R., Smith, S. J., & Schwartz, M. R. (1989). Human vs animal rights. In defense of
animal research. JAMA, 262 (19), 2716-2720.

Lundberg, S. M., & Lee, S.-I. (2017). A unified approach to interpreting model predictions . Paper presented
at the Proceedings of the 31st International Conference on Neural Information Processing Systems, Long
Beach, California, USA.
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by inhibition of nuclear factor kappa b/Nlrp3 pathway. FEBS Open Bio, 7 (1), 54-63. doi:10.1002/2211-
5463.12161

Zhang, W., Liu, X., Zhu, Y., Liu, X., Gu, Y., Dai, X., & Li, B. (2021). Transcriptional and posttranslational
regulation of Th17/Treg balance in health and disease. European Journal of Immunology, 51 (9), 2137-2150.
doi:10.1002/eji.202048794

Zhang, X., Han, N., Li, G., Yang, H., Cao, Y., Fan, Z., & Zhang, F. (2018). Local icariin application enhanced
periodontal tissue regeneration and relieved local inflammation in a minipig model of periodontitis. Int J
Oral Sci, 10 (2), 19. doi:10.1038/s41368-018-0020-3

Zheng, C., Qu, Y. X., Wang, B., Shen, P. F., Xu, J. D., & Chen, Y. X. (2019). COX-2/PGE2 facilitates
fracture healing by activating the Wnt/β-catenin signaling pathway. European Review For Medical and
Pharmacological Sciences, 23 (22), 9721-9728. doi:10.26355/eurrev 201911 19534

Zhou, H., Yuan, Y., Liu, Y., Ni, J., Deng, W., Bian, Z. Y., . . . Tang, Q. Z. (2015). Icariin pro-
tects H9c2 cardiomyocytes from lipopolysaccharide-induced injury via inhibition of the reactive oxygen
species-dependent c-Jun N-terminal kinases/nuclear factor-κB pathway.Mol Med Rep, 11 (6), 4327-4332.
doi:10.3892/mmr.2015.3289

Zhou, J., Wu, J., Chen, X., Fortenbery, N., Eksioglu, E., Kodumudi, K. N., . . . Wei, S. (2011). Icariin and its
derivative, ICT, exert anti-inflammatory, anti-tumor effects, and modulate myeloid derived suppressive cells
(MDSCs) functions. International Immunopharmacology, 11 (7), 890-898. doi:10.1016/j.intimp.2011.01.007

Zhu, H., Zhang, L., Jia, H., Xu, L., Cao, Y., Zhai, M., . . . Duan, W. (2022). Tetrahydrocurcumin
improves lipopolysaccharide-induced myocardial dysfunction by inhibiting oxidative stress and inflammation
via JNK/ERK signaling pathway regulation. Phytomedicine : International Journal of Phytotherapy and
Phytopharmacology, 104 , 154283. doi:10.1016/j.phymed.2022.154283
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Table 1 The basic characteristics of the included literature

Study(year)

Disease

Species (sex, n = experimental

group for meta-analysis/model group, age, weight)

Model (method)

Treatment group

(drug, administration, dose, duration)

Model group

(administration, duration)

Outcome index

Wu et al. (2011)

Inflammation

C57BL mice (Female, 4/4, 8-10 weeks)
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LPS((1mg/kg)

Gavage, ICT, 25/50/100mg/kg/d, 3 days

Gavage, H2O, 3 days

Li et al. (2014)

Inflammation

BALB/c mice (Male, 10/10, 6 weeks)

Cigarettes (15 mg nicotine and 195 mg tar, 3 month)

Gavage, ICA,25/50/100mg/kg/d, 90 days

No procedures

Hu et al. (2016)

Atherosclerosis (AS)

Wistar rats (Male, 7/7, 180-220 g)

High-cholesterol diet (HCD, 83.8 % normal diet, 3.5 % cholesterol, 10 % animal oil, 0.2 % propylthiouracil,
0.5 % sodium cholate, and 5 % refined sugar, 9 weeks)

Gavage, ICA,30/60mg/kg/d, 28 days

No mention

Fu et al. (2018)

Myocardial fibrosis

Spontaneously hypertensive rats:SHRs(Male, 10/20, 13 weeks)

Spontaneously hypertensive rats

Gavage, ICS II, 4/8/16mg/kg/d, 84 days

Gavage, distilled water, 84 days

Su et al. (2018)

Lupus nephritis (LN)

MRL/lpr mice (10/10, 10 weeks)

MRL/lpr mice

Gavage, ICA, 10mg/kg/d, 56 days

Gavage, saline, 56 days

Zhang et al. (2017)

IgA nephropathy

SD rats (Male, 15/15, 6 weeks, 180-200 g)

0.1% BGG (8 weeks)

Gavage, ICA, 10mg/kg/d, 42 days

Gavage, saline, 42 days

Ma et al. (2015)
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Acute renal injury

BALB/c mice (Male, 10/10, 20-22 g)

Cisplatin (15 mg/kg)

Gavage, ICA, 30/60mg/kg/d, 5 days

Gavage, saline, 5 days

Guo et al. (2010)

Brain dysfunction

SD rats (Male, 14/14, 10-14 weeks, 250-300 g)

LPS (10μl)

Gavage, ICA, 30/60/120mg/kg/d, 17 days

Gavage, distilled water, 17 days

Xiong et al. (2016)

Cerebral I/R

SD rats (Male, 5/5, 16 weeks, 250-280 g)

Reperfusion after MACO (24h)

Gavage, ICA, 10/30mg/kg/d, 3 days

Gavage, saline, 3 days

Deng et al. (2016)

Cerebral I/R

SD rats (Male, 5/5, 250-280 g)

Reperfusion after MACO (24h)

Gavage, ICS II, 10/30mg/kg/d, 3 days

Gavage, saline, 3 days

Li et al. (2018)

SCI

C57BL mice (Male, 6/6, 8 weeks)

Spinal cord after laminectomy

Gavage, ICA, 13.53/33.84mg/kg/d, 3 days

Gavage, saline, 3 days

Xu et al. (2010)

Acute lung inflammatory

C57BL mice (Male, 8/8, 11-12 weeks, 22-24 g)

LPS (5 mg/ kg)

Intraperitoneal injection, ICA, 20mg/kg/d, 0.25 days
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Intraperitoneal injection, PBS (Phosphate Buffered Saline), 0.25 days

Wei et al. (2015)

Asthma

BALB/c mice (Female, 20/20,12-16 g)

3% OVA ovalbumin (21 days)

Gavage, ICA, 20/50/100mg/kg/d, 56 days

Gavage, saline, 56 days

Xie et al. (2018)

Acute kidney injury

C57BL mice (Male, 10/10, 38-44 weeks)

cecal ligation and perforation (CLP)

Intraperitoneal injection, ICA, 30/60mg/kg/d, 3 days

No mention

Zhang et al. (2015)

Intestinal I/R

SD rats (Male, 8/8, 180-220 g)

ischemiaereperfusion (I/R)

Gavage, ICA, 30/60mg/kg/d, 3 days

Gavage, 0.1% DMSO, 3 days

Shao et al. (2015)

Osteolysis

C57BL mice (Male, 21/21, 7-8 weeks)

20 mg Ti particle

Gavage, ICA,100/300mg/kg/d, 14 days

Gavage, saline, 14 days

Tao et al. (2013)

Colitis

C57BL mice (Female, 6/6, 8 weeks, 19-20 weeks)

2.5% dextran sulfate sodium DSS (7 days)

Gavage, ICA,3/10mg/kg/d, 10 days,

Gavage, drinking water, 10 days

Zhang et al. (2018)

Periodontitis

Mini pig (Female, 6/6)
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Alveolar bone defects

Local injection, ICA,0.1 μg/mL, 84 days

Local injection, saline, 84 days

Zhou et al. (2011)

Tumor

BALB/c mice (Female, 5/5, 6-8 weeks)

Tumor inoculation

Intraperitoneal injection, ICA, 100mg/kg/d

No mention

Note:TNF-α IL-1β IL-6 TGF-β1 IkB-α PPARα PPARγ NF-κB p65 NLRP3 SOD MDA IFN-γ caspase-1
BCL-2 Bax

Ταβλε 2 Ρεσυλτς οφ ΤΝΦ-α συβγρουπ αναλψσις

Outcome parameters Individuals (n) SMD (95%CI) P-value Heterogeneit(I2)

(1) Subgroup analysis based on dose intervals (1) Subgroup analysis based on dose intervals (1) Subgroup analysis based on dose intervals (1) Subgroup analysis based on dose intervals (1) Subgroup analysis based on dose intervals
0-10mg/kg/day n = 32 -3.393 (-5.130, -1.656) p = 0.000 I2 = 56.6%
11-20mg/kg/day n = 36 -8.817 (-16.983, -0.650) p = 0.034 I2 = 93.8%
30-50mg/kg/day n = 12 -6.745 (-9.910, -3.580) p = 0.000 -
51-100mg/kg/day n = 78 -7.013 (-9.389, -4.636) p = 0.000 I2 = 70.8%
above 100mg/kg/day n = 70 -6.159 (-11.487, -0.832) p = 0.023 I2 = 93.4%
(2) Subgroup analysis based on animal species (2) Subgroup analysis based on animal species (2) Subgroup analysis based on animal species (2) Subgroup analysis based on animal species (2) Subgroup analysis based on animal species
Rats n = 88 -8.198 (-12.134, -4.262) p = 0.000 I2 = 88.9%
Mice n = 150 -5.314 (-6.765, -3.864) p = 0.000 I2 = 74.2%
(3) Subgroup analysis based on drug duration (3) Subgroup analysis based on drug duration (3) Subgroup analysis based on drug duration (3) Subgroup analysis based on drug duration (3) Subgroup analysis based on drug duration
0-5 days n = 72 -6.471 (-7.806, -5.136) p = 0.000 I2 = 10.5%
5-10 days n = 12 -2.524 (-4.107, -0.942) p = 0.002 -
11-20 days n = 70 -6.159 (-11.487, -0.832) p = 0.023 I2 = 93.4%
20-50days n = 14 -3.679 (-5.485, -1.872) p = 0.000 -
above 50 days n = 70 -8.725 (-14.100, -3.350) p = 0.001 I2 = 91.4%
(4) Subgroup analysis based on sex (4) Subgroup analysis based on sex (4) Subgroup analysis based on sex (4) Subgroup analysis based on sex (4) Subgroup analysis based on sex
Male n = 198 -6.968 (-8.891, -5.044) p = 0.000 I2 = 85.1%
Female n = 20 -5.171 (-11.265, 0.923) p = 0.096 I2 = 80.7%
NA n = 20 -4.297 (-5.952, -2.642) p = 0.096 -
(5) Subgroup analysis based on type of diseases (5) Subgroup analysis based on type of diseases (5) Subgroup analysis based on type of diseases (5) Subgroup analysis based on type of diseases (5) Subgroup analysis based on type of diseases
Local inflammation n = 28 -9.152 (-11.846, -6.458) p = 0.884 I2 = 0.0%
Circulatory system n = 44 -8.271 (-17.515, -0.973) p = 0.000 I2 = 95.4%
Digestive system n = 28 -4.923 (-9.936, -0.091) p = 0.003 I2 = 88.6%
Urinary system n = 40 -5.616 (-8.498, -2.733) p = 0.055 I2 = 72.9%
Nervous system n = 40 -8.078 (-10.268, -5.889) p = 0.275 I2 = 16.2%
Respiratory system n = 16 -4.777 (-6.800, -2.755) p = 0.000 -
Motion system n = 20 -3.571 (-4.560, -2.582) p = 0.000 -

Ταβλε 3 Ρεσυλτς οφ ΙΛ-1β συβγρουπ αναλψσις
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Outcome parameters Individuals (n) SMD (95%CI) P-value Heterogeneity(I2)

(1) Subgroup analysis based on dose intervals (1) Subgroup analysis based on dose intervals (1) Subgroup analysis based on dose intervals (1) Subgroup analysis based on dose intervals (1) Subgroup analysis based on dose intervals
0-10mg/kg/day n = 50 -4.652 (-6.685, -2.619) p = 0.000 I2 = 65.0%
10-20mg/kg/d n = 20 -12.362 (-16.494, -8.230) p = 0.043 -
21-30mg/kg/day n = 20 -17.880 (-35.162, -0.598) p = 0.043 I2 = 82.3%
31-50mg/kg/day n = 12 -3.861 (-5.896, -1.825) p = 0.000 -
51-100mg/kg/day n = 20 -3.775 (-5.288, -2.262) p = 0.000 -
above 100mg/kg/day n = 70 -6.362 (-11.205, -1.518) p = 0.010 I2 = 91.9%
NA n = 12 -2.093(-3.549, -0.636) p = 0.005 -
(2) Subgroup analysis based on animal species (2) Subgroup analysis based on animal species (2) Subgroup analysis based on animal species (2) Subgroup analysis based on animal species (2) Subgroup analysis based on animal species
Rats n = 98 -10.156 (-14.869, -5.443) p = 0.000 I2 = 89.7%
Mice n = 94 -4.177 (-4.928, -3.427) p = 0.000 I2 = 0%
(3) Subgroup analysis based on duration of treatment (3) Subgroup analysis based on duration of treatment (3) Subgroup analysis based on duration of treatment (3) Subgroup analysis based on duration of treatment (3) Subgroup analysis based on duration of treatment
0-5 days n = 52 -6.793 (-10.595, -2.992) p = 0.000 I2 = 10.5%
11-20 days n = 70 -6.362 (-11.205, -1.518) p = 0.010 I2 = 91.9%
20-50days n = 30 -3.783 (-5.005, -2.560) p = 0.000 -
above 50 days n = 40 -8.872 (-15.195, -2.549) p = 0.006 I2 = 86.6%
NA n = 12 -2.093 (-3.549, -0.636) p = 0.005
(4) Subgroup analysis based on sex (4) Subgroup analysis based on sex (4) Subgroup analysis based on sex (4) Subgroup analysis based on sex (4) Subgroup analysis based on sex
Male n = 172 -6.354 (-8.283, -4.426) p = 0.000 I2 = 84.4%
Female n = 12 -2.093 (-3.549, -0.636) p = 0.005 -
NA n = 20 -5.889 (-8.283, -4.426) p = 0.000 -
(5) Subgroup analysis based on type of diseases (5) Subgroup analysis based on type of diseases (5) Subgroup analysis based on type of diseases (5) Subgroup analysis based on type of diseases (5) Subgroup analysis based on type of diseases
Local inflammation n = 12 -2.093 (-3.549, -0.636) p = 0.005 -
Circulatory system n = 50 -7.836 (-16.230,0.559) p = 0.067 I2 = 93.4%
Urinary system n = 40 -4.698 (-6.753, -2.643) p = 0.000 I2 = 60.6%
Nervous system n = 60 -9.456 (-14.526, -4.386) p = 0.000 I2 = 86%
Motion system n = 42 -4.027 (-5.097, -2.958) p = 0.000 -

Table 4 Table of effects of Icariin and its derivatives on secondary indicators of inflammation,
anti-inflammatory/transcriptional regulators, anti-oxidative stress indicators and apoptosis
regulators

Outcome parameters Experiments(n) Individuals (n) SMD 95% (CI ) P-value Heterogeneity (I2, P-value)

(1) Secondary indicators of inflammation (1) Secondary indicators of inflammation (1) Secondary indicators of inflammation (1) Secondary indicators of inflammation (1) Secondary indicators of inflammation (1) Secondary indicators of inflammation
IL-6 n = 6 n =162 -6.419 (-9.101, -3.738) p = 0.000 I2 = 94.4%, p = 0.000
IFN-γ n = 3 n = 34 -2.173 (-4.146, -0.200) p = 0.031 I2 = 77.9%, p = 0.011
TGF-β1 n = 5 n = 120 -6.212 (-8.363, -4062) p = 0.000 I2 = 80.4%, p = 0.000
IkB-α n = 5 n = 100 16.793 (8.302, 25.284) p = 0.000 I2 = 90.6%, p = 0.000
NF-κB p65 n = 2 n = 40 3.830 (2.747,4.914) p = 0.000 I2 = 0.0%, p = 0.425
NLRP3 n = 2 n = 50 5.822 (2.921,8.723) p = 0.000 I2 = 0.0%, p = 0.047
(2) Anti-inflammatory/transcriptional regulators (2) Anti-inflammatory/transcriptional regulators (2) Anti-inflammatory/transcriptional regulators (2) Anti-inflammatory/transcriptional regulators (2) Anti-inflammatory/transcriptional regulators (2) Anti-inflammatory/transcriptional regulators
PPARα n = 2 n = 20 3.129 (1.674,4.584) p = 0.000 I2 = 4.7%, p = 0.047
PPARγ n = 2 n = 20 3.220 (-0.429,6.868) p = 0.084 I2 = 80.7%, p = 0.023
(3) Anti-oxidative stress indicators (3) Anti-oxidative stress indicators (3) Anti-oxidative stress indicators (3) Anti-oxidative stress indicators (3) Anti-oxidative stress indicators (3) Anti-oxidative stress indicators
SOD n = 5 n = 82 3.623 (1.871,5.375) p = 0.000 I2 = 0.0%, p = 0.047
MDA n = 4 n = 66 -6.695 (-9.167, -3.773) p = 0.000 I2 = 82.5%, p = 0.000
(4) Apoptosis regulators (4) Apoptosis regulators (4) Apoptosis regulators (4) Apoptosis regulators (4) Apoptosis regulators (4) Apoptosis regulators
BCL-2 n = 4 n = 68 10.439 (4.977,15.901) p = 0.000 I2 = 90.1%, p = 0.000
caspase-1 n = 2 n = 50 -6.474 (-7.995, -4.953) p = 0.000 I2 = 7.9%, p = 0.297
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Outcome parameters Experiments(n) Individuals (n) SMD 95% (CI ) P-value Heterogeneity (I2, P-value)

Bax n = 2 n = 32 -14.153 (-40.657, 12.351) p = 0.295 I2 = 94.4%, p = 0.000

Figure1 Research roadmap
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Figure 2 Flow diagram of the systematic review

Figure 3 The basic characteristics of the included literature

(1. The variables represented by the network feature map from outer to inner are as follows: study, type
of disease, outcome measures, dosage, duration of treatment, and species of experimental animals. 2. The
size of the point represents the number of connected nodes, the greater the number of connected nodes, the
larger the point.)
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Figure 4 Risk of bias of included studies
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Φιγυρε 5 Εφφεςτς οφ Ιςαριιν ον ινηιβιτινγ τηε ΤΝΦ-α, ΙΛ-1β (A)TNF-α (B)IL-1β
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Φιγυρε 6 Πυβλιςατιον βιας βασεδ ον ΤΝΦ-α ανδ ΙΛ-1β (A) TNF-α· (B) IL-1β
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Φιγυρε 7 Τιμε-δοσε-εφφιςαςψ ιντερvαλ διστριβυτιον ωιτη ΤΝΦ-α ας ςυρατιvε εφφεςτ

στανδαρδ

Figure 8 Correlation Between Independent Variables (A) Correlation Between Categorical Indepen-
dent Variables. (B) Correlation between continuous independent variables.
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Figure 9 The performance of base models, regularization of the Stacking ensemble model, and
the accuracy of the model on the dataset(A) The performance of base models. (B) Regularization of
the Stacking ensemble model.

(C) Accuracy of the model on the dataset.

Figure 10 SHAP variable importance and SHAP contribution plots based on variable types
(A) SHAP value variable importance map. (B) SHAP contribution plot based on categorical variables. (C)
SHAP contribution plot based on continuous variable.
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Figure 11 Icariin’s potential anti-inflammatory mechanism
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