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Objective: To evaluate the efficacy of the fruits of the medicinal plant Forsythia
suspensa (Thunb.) Vahl (FS), in treating inflammation-associated diseases through
a meta-analysis of animal models, and also probe deeply into the signaling
pathways underlying the progression of inflammation.

Materials and methods: All data analyses were performed using Review Manager
5.3 and the results are presented as flow diagrams, risk-of-bias summaries, forest
plots, and funnel plots. Summary estimates were calculated using a random- or
fixed-effect model, depending on the value of I2.

Results: Of the 710 records identified in the initial search, 11 were selected for the
final meta-analysis. Each study extracted data from the model and treatment
groups for analysis, and the results showed that FS alleviated the inflammatory
cytokine levels in serum; oxidant indicator: reactive oxygen species; enzymes of
liver function; endotoxin and regulatory cells in blood; and improved the
antioxidant enzyme superoxide dismutase.

Conclusion: FS effectively reversed the change in acute or chronic inflammation
indicators in animal models, and the regulation of multiple channel proteins in
inflammatory signaling pathways suggests that FS is a good potential drug for
inflammatory disease drug therapy.

KEYWORDS

meta-analysis, forsythiae fructus, inflammatory disease, inflammatory signaling
pathway, MAPK pathway

1 Introduction

Inflammation is categorized as acute or chronic. Acute inflammation is a transient
normal physiological response of the body to external stimulation, injury, or infection
caused by various pathogens or sterile stimuli, such as toxins, allergens, foreign bodies, and
even injured host cells (Grondman et al., 2020). Irritants bind to their receptors on immune
cells, triggering a signaling cascade that leads to the production of cytokines and
inflammatory mediators (Halova et al, 2018). The process of inflammation is
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terminated when the inflamed tissue is repaired and enters a
homeostatic state (Kourtzelis et al., 2020). Chronic inflammation
is activated when the acute inflammatory mechanism fails to fight
infection or heal injury, which induces continuous production of
immune cells.

As an important defense mechanism of the body, inflammation has
long been a “double-edged sword” for human health. The traditional
standard view of inflammation is that it is a protective response
triggered by the body to fight infections or tissue injuries. However,
owing to practical needs, scientists in recent years have focused on
inflammation as a vital risk factor for many chronic diseases, including
hepatitis, diabetes, and cancer, and have demonstrated that
inflammatory processes are closely related to the occurrence and
development of aforementioned diseases (Deng and Liu, 2021).
Since the advent of aspirin over a century ago, hundreds of drugs
have been developed to treat various inflammatory diseases.
Considering the toxicity and effectiveness of traditional medicines,
researchers have focused on the application of Chinese herbal
medicines for the treatment of inflammatory syndromes.

The dried fruit of Forsythia suspensa (Thunb.) Vahl (FS) is a
crude drug named Forsythiae Fructus. Referring to the 2020 edition
of the Pharmacopoeia of the People’s Republic of China (Commission
of Chinese Pharmacopoeia, 2020), FS tastes bitter and is slightly
cold. According to the meridian distribution theory of traditional
Chinese medicine (TCM), it belongs to the lung, heart, and small
intestine meridians and has the effect of clearing heat and
detoxifying, reducing swelling, and dispersing nodules, as well as
dispersing wind and heat. At present, more than 200 chemical
components have been isolated from FS, which mainly include
phenylethanolsides, lignans, volatile oils, and flavonoids. Several
publications have reported that forsythoside A, forsythoside B,
phillyrin, phillygenin, rutin, luteolin, and other components
extracted from FS have anti-inflammatory activities (Feng et al.,
2018). Hence, FS is often used in the clinical treatment of various
inflammation-related diseases, such as anemopyretic cold, scabies,
ulcers, and mastitis (Xia et al., 2016).

By further exploring the anti-inflammatory molecular mechanism of
S, researchers have applied the method of molecular docking of
network pharmacology and found that several selected chemical
components of FS are associated with numerous related target
proteins in NF-kB and mitogen-activated protein kinase (MAPK)
signaling pathways (Liu, 2021), indicating that the signaling pathways
related to the anti-inflammatory effects of FS may mainly be these two
pathways. Inflammation-related signaling pathways regulate the
production of various enzymes and mediators during inflammation.
FS exerts anti-inflammatory effects by affecting these signaling pathways
in vivo, thereby affecting enzyme activity and blocking the production of
inflammatory cytokines (Stipp and Acco, 2021).

2 Materials and methods
2.1 Data sources and searches

Studies were systematically and comprehensively retrieved using
electronic databases in English, such as PubMed/Medline, and

CNKI in Chinese from 2000 to 2023. Search strategy included
the following key words [(“forsythia” OR forsythia OR forsythia
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suspensa OR fructus forsythiae OR green fructus forsythiae OR
grown fructus forsythiae OR qing giao OR lao giao OR forsythia
suspensa extract) AND (“Inflammation” OR inflammation OR
inflammatory disease OR inflammatory related disease OR
inflammatory associated disease OR acute inflammation OR
chronic inflammation) AND (“models, animal” OR animal
models OR animal OR experimental OR mice OR mouse OR rat
OR rats)]. [(‘lian giao’ OR ‘qing qiao’ OR ‘Tlao qiao’ NOT ‘ian qiao
gan’) AND (‘yan zheng’) AND (‘xiao shu’ OR ‘dong wu mo xing’)]
were searched in Chinese database. Two researchers in the field of
TCM pharmacology read all the included studies. The papers were
double-checked and then discussed with a third researcher
specializing in pharmacognosy to avoid omissions and errors.

2.2 Inclusion and exclusion criteria

Although the subjects of this meta-analysis were not clinical cases,
we referred to the population, intervention, comparison, outcome, and
study design (PICOS) principle with changes according to the specific
content to list the detailed inclusion and exclusion criteria.

2.3 Types of studies

The studies were selected based on the following inclusion
criteria: (1) animal models limited to rats and mice; (2) only
English and Chinese; (3) inflammation-associated disease models,
including acute or chronic inflammation caused indirectly by other
diseases; (4) complete papers rather than abstracts; and (5) outcome
data, including indicators of inflammatory cytokines or
inflammatory pathway proteins.

Studies presented by reviews, in vitro studies, conference papers,
and clinical trials were excluded.

2.4 Types of interventions

Owing to different parts of the FS plant used and various
chemical extraction methods in several studies, included articles
must meet the following standards referring to Chinese
pharmacopoeia: (1) dried fruit as medicinal part (qingqiao or
laogiao); (2) aqueous extract, water decoction, or freeze-dried
powder of FS; (3) only FS treatment during intervention; (4) oral
administration for intervention; (5) noting the basis for
administration dose; and (6) detailed protocol for drug preparation.

The FS used in these studies was derived from F. suspensa. One of
the active ingredients extracted from FS as a single drug in the
experiments—phillyrin, phillygenin, or forsythiaside A-was excluded.

Formulas containing FS or combinations were not considered.

2.5 Data collection

Two reviewers, Zhou and Tong, reviewed the 11 included
studies, screened the necessary information, and listed the tables
upon mutual agreement through discussion. Since the triggers that
cause inflammation are different and the resultant outcomes are
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FIGURE 1
Risk of bias summary.

diverse, the selected data were included in our analysis using
software Review Manager 5.3: proinflammatory cytokines (TNE-
a, IL-6, and IL-1B) in serum, alanine aminotransferase (ALT),
aspartate aminotransferase (AST), reactive oxygen species (ROS),
endotoxin (ET), and regulatory cells (Treg). Considering disparate
drug concentrations in the included experiments, that is, some had
only one dose, whereas others had three doses (low, medium, and
high), we used the following practice in this study: if there were two
or more drug concentrations in an experiment, the control group
was divided into the new corresponding control groups, with which
different concentration groups were combined for comparison.
Missing data that were not specifically presented in the papers
were requested by contacting the corresponding or first author.

2.6 Risk-of-bias assessment and
publication bias

Quality assessment of the included studies was completed using
Revman software (version 5.3). Two reviewers used the randomized
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controlled trials (RCTs) quality evaluation criteria in the Cochrane
Manual of Systematic Reviewers to evaluate the quality of each
included methodology as follows: (1) selection bias: random
sequence generation, allocation concealment; (2) performance
bias: blinding of participants and personnel; (3) detection bias:
blinding of outcome assessment; (4) attrition bias: incomplete
outcome data; (5) reporting bias: selective reporting; and (6)
other biases. Each assessment result was represented by three risk
degrees-low, unclear, or high risk-in terms of the risk offset that
may occur (Figure 1).

Among the 11 articles, only Zhang et al. (Zhang et al.,, 2022)
employed the double-blind method to group experimental animals,
which was evaluated as “low risk” in selection bias. Conversely, Bao
etal. (Bao etal,, 2016) did not explain the grouping method in detail
and was, therefore, classified as “high risk.”

A graphical funnel plot was used to investigate the presence of
bias in the studies, main

publication including the

outcomes (Figure 2).

2.7 Statistical method

Meta-analysis was performed using Revman (version 5.3).
Owing to the diversity among the experimental animals in terms
of sex, breed, and weight, standard mean difference (SMD) and 95%
confidence interval (CI) were used as effect analysis statistics for the
measurement data. The I test was used as the indicator of
heterogeneity test in the analysis. p > 0.1 and I* < 50% indicated
that the results of included studies were homogenous and the fixed-
effects model was used for meta-analysis, and if p < 0.1 and I” > 50%,
the random-effects model was used on account of great statistical
heterogeneity among the results. Statistical significance was set
at p < 0.05.

3 Results
3.1 Study selection

As illustrated in Figure 3, 710 articles were retrieved from
Chinese and English databases through a keyword search, and
42 were duplicates. Of the remaining 669 essays, 649 were
eliminated after title and abstract perusal, leaving 20 eligible
studies for full-text review. Through simultaneous screening by
two reviewers, the experimental materials or methods of seven
studies were found to not fulfill the inclusion criteria, and two
showed insufficient data. In summary, 11 articles were eventually
included in the quantitative synthesis.

3.2 Characteristics of included studies

There were 442 experimental animals in the 11 included articles.
Because of the different disease models involved, the following
species were used: ICR mice, SD rats, NC/Nga mice, Wistar rats,
and C57BL/6 mice. Except for two studies that used female mice and
one study that used half males and half females, all subjects were
male. Despite the various administration dosages for each
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The funnel plot of (A). TNF-a, (B). IL-6, (C). IL-1p.

experimental design (Table 1), the method for drug intervention was
by gavage. The duration of the drug intervention depended on the
severity of inflammation. Fulminant hepatitis, burn injury, and
acute organ injury associated with acute inflammation had
generally 3-10 days of intervention period, whereas treatment for
chronic inflammation, such as liver fibrosis and atopic dermatitis,
lasted at least 2 weeks and even 8 weeks for tumors. Statistical
heterogeneity was apparent for most continuous variables. The
main outcomes suggested no significant publication bias.

3.3 Outcome analysis

3.3.1 Serum inflammatory factors

As the main outcomes, TNF-a, IL-1f, and IL-6 were measured
in the blood serum by six studies, which applied 10 concentrations of
FS intervention (Figure 4). Regarding four studies ((Jeong et al.,
2021; Zhao et al., 2016; Hu et al.,, 2020; Bao et al., 2016)) that
evaluated TNF-q, the results indicated significant heterogeneity
among them (p = 0.01, I* = 65%). Using random-effects model,
meta-analysis illustrated that the level of TNF-a was dramatically
decreased (SMD -2.94, 95% CI -4.27-1.6, and p < 0.0001). Regarding
the five studies [(Jeong et al., 2021; Zhao et al., 2016; Hu et al., 20205
Bi, 2021; Chao et al.,, 2022)], FS significantly reduced IL-1p levels
compared with the model group (SMD -2.34, 95% CI -3.33-1.35,
and p < 0.00001, and heterogeneity p = 0.003, I* = 66%). Considering
IL-6 in four studies [(Jeong et al., 2021; Zhao et al., 2016; Hu et al.,
2020; Bao et al., 2016)], the outcome data showed the level in Model
+ FS group was lower than that in the Model group (SMD -2.1, 95%
CI -3.27-0.92, p = 0.0005) resulted from random-effects model due
to heterogeneity (p = 0.01, 12 = 67%).

3.3.2 Anti-oxidation effect

Alleviation of oxidative stress by FS in an inflammatory mouse
model was determined by assessing ROS and the antioxidant
enzyme superoxide dismutase (SOD). Only two studies ((Zhang
et al,, 2022; Bi, 2021)) using the random-effects model mentioned
ROS, and the analysis results suggested significant heterogeneity (p =
0.01, I* = 84%). Although the sample size was small in only two
groups, a reduction in ROS in the mouse blood was still evident
(SMD -3.02, 95% CI -6.14-0.09, and p = 0.06). Under fixed-effects
model, two studies [(Zhang et al., 2022; Chao et al., 2022)] showed
that the heterogeneity of SOD outcome was not significant (p = 0.62,
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I? = 0%), with a clear elevation in SOD level in mice blood (SMD
2.27, 95% CI 1.48-3.06, and p < 0.00001; Figure 5).

3.3.3 Liver parameters

Serum ALT and AST outcomes for hepatocytes and liver injury
are illustrated in Figure 5 and summarized in four studies [(Zhang
et al,, 2022; Jeong et al., 2021; Hu et al., 2020; Fan et al., 2013)] that
showed significant heterogeneity (p = 0.0005, I = 73%; Figure 6). A
random-effects model was selected for analysis, which found that
ALT substantially decreased in treatment group (SMD -3.59, 95% CI
-5.31-1.86, and p < 0.0001). In three studies ((Zhang et al., 2022;
Jeong et al., 2021; Hu et al., 2020)), the levels of AST in serum were
decreasing after FS intervention compared with model groups (SMD
-2.36, 95% CI -3.22-1.51, and p < 0.00001), whereas the
heterogeneity was not significant (p = 0.12, I* = 49%). Based on
the value of I?, a fixed-effects model was used in the meta-analysis.

3.3.4 Blood parameters

Under acute inflammatory conditions, the expression of ET and
Treg (%) in peripheral blood sharply increased (Figure 7). In two
studies ((Fu, 2007; Fan et al, 2013)), FS decoction in three
concentrations (1250, 2500, and 5000 mg/kg) played a key part
in decreasing these two indicators in blood. The ET analysis results
demonstrated significant heterogeneity (p = 0.001, I* = 75%), and
significant statistical differences were observed between the model
and treated groups (SMD -4.04, 95% CI -6.07-2.01, and p < 0.0001).
Heterogeneity of Treg analysis was not as significant as that of ET
(p=0.02, > = 65%); however, the concentration of Treg in peripheral
blood was also decreased (SMD -5.99, 95% CI -8.34-3.64, and
p < 0.00001).

3.4 Inflammatory cytokines and expression
of inflammation-related genes and proteins

Based on the findings in Section 3.3.1, not only was there a sharp
reduction of cytokine TNF-a and IL-6 levels in serum after FS
intervention, but also a decrease of TNF-a and IL-6 mRNA levels
was observed in the liver, lungs, and colon according to relevant
studies [(Jeong et al., 2021; Hu et al., 2020; Bi, 2021)]. In addition to
reducing serum IL-1p levels, FS also downregulated expressions of
IL-1p mRNA in the liver, lungs, and colon tissue in four studies
[(Jeong et al., 2021; Hu et al., 2020; Wang et al.,, 2022; Chao et al.,
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2022)]. By reporting the decreased IL-18 concentration in rat serum
after FS treatment, Bi (Bi, 2021) showed that FS significantly reduced
the expression levels of NLRP3, caspase-1, and IL-1B in
gastrointestinal tissues of rats who underwent chemotherapy.
Moreover, Chao et al. Chao et al. (2022) concluded that FS
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might exert anti-inflammatory effects by mediating pyroptosis
through the Nrf-NLRP3 pathway.

Two studies (Zhang et al., 2022; Jeong et al., 2021) related to
hepatic diseases showed that FS intervention inhibited NF-xB
pathway and upregulated Nrf2/Nrf2-HO-1 pathway. Fan et al.
(Fan et al, 2013) reported that FS lowered the expressions of
NF-xB and Foxp3 mRNAs. The effect of downregulating Foxp3
mRNA and protein expression was also illustrated in another study
(Fu, 2007). Zhang et al. (Zhang et al., 2022) reported that FS reduced
the ICAM-1, TLR4, and NF-kB levels while simultaneously
increasing the level of INF-y. In liver fibrosis model, Hu et al.
(Jeong et al., 2021) showed that FS upregulated the expression of
TGF-B1, p-smad2, and p-smad3 and lowered smad7 related to the
TGF-B/smads signaling pathway. They also reported that TLR4/
MyD88/NF-«B signaling pathway-related proteins MyD88, TAK1,
p-p65, and p-IkBa were significantly decreased compared with
model group. Bao et al. (Bao et al., 2016) demonstrated the anti-
tumor activity of FS through activation of the MAPK signaling
pathway and upregulation of Nrf2/HO-1.

4 Discussion

The occurrence of disease and inflammation is reciprocal, which
means that inflammation is an inevitable consequence of several
diseases, and chronic inflammation may trigger autoimmune
diseases and drive cancer (Singhal and Kumar, 2022). Roe
summarized and classified different types of diseases that induce
inflammation and regulate cytokines. In addition to the known
causes, such as pathogen infection and physical injury, several
chronic conditions are also probably accompanied by
inflammation (Roe, 2020). In various animal experiments, FS
intervention not only reduced the levels of related inflammatory
indicators, but also intuitively changed the morphology of the
damaged site and alleviated the condition.

4.1 Hepatic diseases

The liver is an important target organ for inclusion in disease
models in meta-analyses. High concentrations of aminotransferases
are present in the liver, and the activity of various enzymes indicates
liver injury. When hepatic parenchymal cells are damaged, sensitive
cytoplasmic markers, such as ALT and AST, are released into the
blood (Moran-Salvador et al., 2013). As early as the 20th century,
clinical findings on the use of FS in the treatment of acute hepatitis
concluded that FS significantly reduced the activity of serum ALT
and ameliorated liver degeneration and necrosis. Based on this,
researchers have used animal models of acute liver injury to show
that oleanolic and ursolic acids in FS may affect enzymes (Liu and
Yang, 1988). However, the inflammatory factors and molecular
mechanisms involved in this process have not been
thoroughly studied.

As an indispensable component regulating lipid metabolism, the
liver is involved in a series of processes such as lipid absorption,
digestion, transportation, and decomposition (Kalish et al., 2015).
The accumulation of lipids in cells results in mitochondrial

dysfunction, increased oxidative stress in the endoplasmic
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TABLE 1 Summary of included studies.

10.3389/fphar.2024.1288584

Animal model/ Sex Age Dose or Duration of
species (weeks) concentration intervention
(days)
Zhang et al. | Chronic pelvic F 12-13 219.7 £ 85 10 250 mg/kg body weight / IgG, IgA, IgM
(2022) inflammatory model
rats/SD
Jeong et al. | Fulminant hepatitis M 6 27-33 9 Med: FS 100 mg/kg Hi: FS 6 serum TNF-a, IL-6,
(2021) mice/ICR 300 mg/kg IL-1B, AST,
ALT, ALP
Sung et al. | Murine atopic M 8 / 6 500 pug/mouse 14 serum IgE, 1L-4
(2016) dermatitis mice/
NC/Nga
Zhao et al. | Liver injury rats/SD M / 75-90 8 100 mg/kg body weight 7 serum TNF-q, IL-6,
(2016) IL-1B, AST, ALT,
ROS, SOD
Hu et al. Rats with liver MF / 180-220 10 2.5 g/kg body weight 5 g/lkg = 56 serum TNF-q, IL-6,
(2020) fibrosis/SD body weight IL-1B, ALT,
AST, AKP
Bao et al. B16 melanoma mice/ | F / / 6 5 g/kg body weight 10 g/kg 32 TNF-a, IL-6, ROS,
(2016) C57BL/6 body weight LFS: 0.75 g/kg MDA, GSH
body weight
Wang et al. | LPS-induced acute M 5-6 18-22 5 MES: 1.5 g/kg body weight 3 mRNA IL-6, IL-1,
(2022) lung injury mice/ICR HEFS: 3 g/kg body weight TNF-a
Bi (2021) Chemotherapy M / 180-220 6 1.75 g/kg body weight 6 serum ROS, IL-14,
induced-nausea and 1L-18; ASC,
vomiting rats/Wistar caspase-1
Chao et al. | Ulcerative colitis mice/ = M 7 / 10 LFS: 0.1 g/mL / serum IL-1B; HO-
(2022) C57BL/6] 1, ASC, caspase-1
MFS: 0.2 g/mL
HEFS: 0.4 g/mL
LFS: 1.25 g/kg
Fu (2007) Burnt rats/SD M 6-8 150-200 8 MEFS: 2.5 g/kg 10 Treg, ET
HFS: 5 g/kg
Fan et al. Severe acute M / 230-270 8 LFS: 1.25 g/kg 7 AMY, ALT, ET,
(2013) pancreatitis rats/ Treg
Wistar MEFS: 2.5 g/kg
HEFS: 5 g/kg

reticulum, and other changes in organelle function that promote the
formation of an inflammatory environment (van Dierendonck et al.,
2022). When lipid peroxidation alters cell membrane permeability
and leads to hepatocyte death, the level of ROS in the serum and liver
increases rapidly, while the activity of antioxidant enzymes such as
SOD  decreases 2023).
Overproduction of ROS sensitive

simultaneously ~ (Menezes et al,

turns on the redox

transcription factor NF-xB, and subsequently triggers an
inflammatory response, releasing cytokines such as IL-6, IL-1f,
and TNF-a. The powerful antioxidant capacity of FS was
demonstrated by the reversal of oxidative injuries expressed in
related indicator tests. Elevated expression of inflammatory
cytokines, such as IL-6, IL-8, and TNF-a, induce insulin
resistance, which contributes to the development of fatty hepatitis
(Fang et al.,, 2022). In addition, when hepatocytes are damaged by
the hepatitis B virus, inflammation- and fibrosis-related mediators
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are released, triggering the activation of hepatic stellate cells (HSC)
and producing extracellular matrix and pro-inflammatory
mediators (Henderson et al., 2020). In the case of chronic liver
injury, activated HSC promote immune cells recruitment and
cytokines secretion, such as TGF-p, as well as a crucial protein in
fibrosis disease-related pathways, thus promoting the progression of
liver fibrosis and cirrhosis (Protopsaltis et al.,, 2019). After being
treated with FS (2.5 and 5 g/kg), mRNA expression of TGF-f1
decreased significantly, suggesting that FS effectively alleviates
liver fibrosis in mice. As mentioned in several studies, the
components showing bioactivity in FS detected by HPLC were
mainly forsythiaside A, forsythin, phillygenin, and pinoresinol.
Furthermore, forsythoside A is the most abundant constituent
(4.54%) in FS (Hu et al, 2020) and can be a candidate drug for
the prevention and treatment of liver injury or inflammation-
related diseases.

frontiersin.org


https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1288584

Zhou et al.

Model+FF

10.3389/fphar.2024.1288584

Std. Mean Difference Std. Mean Difference

udy or Subgroup a a an a ig Random, 95% Cl 1V. % Cl
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FIGURE 4
Inflammatory factors in serum

4.2 Chronic inflammation and cancer

A similar causal relationship exists between inflammation and
cancer. The microenvironment in which malignant tumors grow
often lacks sufficient oxygen and nutrients to keep pace with their
rapid growth. In this case, numerous inflammatory cells are
recruited by the accelerated release of inflammatory mediators,
which promote neovascularization and provide additional growth
factors for the surviving tumor cells (Protopsaltis et al., 2019; Greten
and Grivennikov, 2019). The classical nuclear transcription factor
NF-kB, which regulates several inflammatory cytokines, plays a key
role in this process. NF-kB has been shown to participate in tumor
angiogenesis, induction of anti-apoptotic gene expression to prevent
tumor cell apoptosis, and activation of epithelial cell growth to
promote tumor metastasis (Kaltschmidt et al., 2018).

Another signaling pathway involved in inflammation is the MAPK
pathway, which is responsible for relaying extracellular stimulation to
intracellular responses and has three subfamilies: ERK1/2, JNKs, and
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p38 (Lee et al, 2020). In the model of LPS-induced inflammation,
MAPK/NF-«B pathway was activated and resulted in upregulated
expression of MAPKs-related phosphorylated proteins. Western
blotting revealed that FS significantly repressed the expression of
these three MAPK proteins. Bao et al. (Bao et al, 2016) tested the
anti-tumor activity of ES in vivo using a mouse allograft tumor model
and showed that FS significantly inhibited the proliferation of
melanoma cells and growth of melanoma in C57BL/6 mice. The
anti-tumor activity of FS may be due to the upregulation of Nrf2/
HO-1 through the activation of MAPK pathways, thereby reducing
oxidative stress and inflammation, and inhibiting tumor cell
proliferation and angiogenesis. p38 MAPK also plays a key role in
tumor immunity. p38 regulates T cell activation by selectively activating
the nuclear factor of activated T cells (Gurusamy et al., 2020) and is also
important for Tregs that are induced by the tumor microenvironment.
Tregs inhibit autoreactive T cells, thus limiting the efficacy of tumor
immunotherapy, indicating that p38 inhibition may be a potential
therapeutic strategy.
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The level of ROS and SOD.
ALT
Model+FF Model Std. Mean Difference Std. Mean Difference
r Mean D _Total D Total i 1\ % Cl 1V, Random. 95% CI
Naihua Hu et al. 2020(2500mg/kg) 68.57 27.53 6 147.01 213 3 16.0% -2.69 [-4.85, -0.53] |
Naihua Hu et al. 2020(5000mg/kg) 54.03 23.9 6 147.01 213 3 14.4% -3.56 [-6.16, -0.97] =
Panfeng Zhao et al. 2016 174.64 15.41 8 299.09 51.41 8 18.1% -3.10 [-4.68, -1.52] i
Xiaobin Fan et al. 2013(1250mg/kg) 779.32 16.39 8 8594 18.13 3 14.3% -4.36 [-6.99, -1.73] =
Xiaobin Fan et al. 2013(2500mg/kg) 293.06 11.02 8 8594 18.13 3  0.7% -40.01[-60.92,-19.10] N
Xiaobin Fan et al. 2013(5000mg/kg) 239.43 10.01 8 8594 18.13 3  0.5% -46.13[-70.23, -22.03] &
Yun Hee Jeong et al. 2021(100mg/kg) 200 60 9 2860 1,620 5 18.1% -2.66 [-4.25, -1.06] =
Yun Hee Jeong et al. 2021(300mg/kg) 160 60 9 2,860 1,620 5 18.0% -2.70 [-4.31, -1.09] .
Total (95% Cl) 62 33 100.0% -3.59 [-5.31, -1.86] )
itv: Tau? = 3.60: Chiz = . - 2= 739 ' t t |
S R S I T
) . . Favours [experimental] Favours [control]
AST
Model+FF Model Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD_Total Mean SD Total Weight IV, Fixed. 95% Cl IV, Fi % Cl
Naihua Hu et al. 2020(2500mg/kg) 7211 23.14 6 104.5 12.34 3 27.6% -1.39[-3.03, 0.24]
Naihua Hu et al. 2020(5000mg/kg) 63.62 22.75 6 104.5 12.34 3 234% -1.79 [-3.56, -0.02]
Panfeng Zhao et al. 2016 176.36 20.56 8 29273 28.28 8 17.8% -4.45 [-6.48, -2.42] »
Yun Hee Jeong et al. 2021(100mg/kg)  179.89 0 9 1,981.01 1,215.18 5 Not estimable
Yun Hee Jeong et al. 2021(300mg/kg)  132.91 37.98 9 1,981.01 1,215.18 5 31.2% -2.46 [-4.00, -0.93]
Total (95% Cl) 38 24 100.0% -2.36 [-3.22, -1.51] [
Heterogeneity: Chi? = 5.84, df = 3 (P = 0.12); I2 = 49% ’_100 _5’0 S 5’0 100’

Test for overall effect: Z = 5.41 (P < 0.00001)

FIGURE 6
Enzymes of liver function.

Remarkably, in tumor tissues, FS abates tumorigenesis by
activating the MAPK pathway. It can be speculated that FS
relieves inflammatory reactions in organs and tissues by
inhibiting MAPK, while promoting the apoptosis of cancer
by activating MAPK. The

cells underlying molecular
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mechanisms warrant further investigation. Owing to the
pivotal role of the MAPK cascade in cancer, various ERK/
JNK/p38 and its upstream factor inhibitors can be used for
cancer are constantly Dbeing

treatment, and new drugs

developed for clinical treatment.
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FIGURE 7
Blood parameters.

5 Conclusion and limitation

The results of this meta-analysis shows that FS is effective in
decreasing proinflammatory factors and can improve the
microenvironment in animal models experiencing inflammation.
Referring to the 11 included studies, FS can alleviate acute
inflammatory injury in the liver, lungs, and colon; improve
oxidative stress; have a significant effect on treating chronic
pelvic inflammatory disease and atopic dermatitis; and inhibit
B16 melanoma growth.

However, considering the quantity and quality of the included
studies, this article has many limitations: (1) Only Chinese and
English literature was included, and results in other languages are
missing; (2) due to the insufficient number of included articles, no
subgroup analysis was conducted based on the type of animal model,
intervention period, and other factors; (3) apart from inflammatory
factors, few meaningful outcome data were included in the analysis;
and (4) significant statistical heterogeneity exists in the analysis,
which may be due to the various animal models, poor
methodological quality, or differences in treatment dose;

A change in perspective is precisely because the outcomes are
cluttered by the included studies that we need to conduct a systematic
meta-analysis to identify the core efficacy and indicators. In the
process of retrieving, we also found three reviews on the
pharmacological effects of FS (Wang et al., 2018; Zhang et al,
2024; Zhou et al, 2022). Although three publications all
generalized the anti-inflammatory effects of FS, they primarily
focused on the compounds derived from F. suspensa, with no
more than two cited articles in each review describing the anti-
inflammatory effects of FS. Furthermore, the types of inflammatory
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models were limited, most of which were in vitro models, and only
neuroinflammation, HSV-1 virus and allergic inflammation models
were mentioned in vivo. Our article serves to complement and update
the study status of FS as a therapeutic agent for anti-inflammation in
vivo. From the perspective of published reviews, the lack of
publications systematically analyzing the anti-inflammatory effects
of FS from biochemical indicators such as AST, ALT, ROS, Treg, etc.
and other specific data including inflammatory cytokines in serum or
tissue needs to be addressed. A meta-analysis screens all high-quality
studies, and conducts combined quantitative analysis of data
including inflammatory factors, antioxidant indicators, liver
function parameters and blood parameters through statistical
methods, objectively evaluating the anti-inflammatory effects of
FS. Additionally, clear statistical charts allow readers to quickly
find the required information. Different kinds of animal models
have been established to study inflammation related diseases, such as
mice, rats, rabbits, zebrafish, etc. However, during the collecting
process, we collected only two publications assessing anti-
inflammatory effects of compounds extracted from F. suspensa
utilizing zebrafish model (Yang et al, 2017; Gong et al, 2020),
and no relevant studies adopting a rabbit model were retrieved.
Therefore, types of animal models in this paper were limited to mice
and rats. Compared to the well-known Chinese medicines
worldwide, such as ginseng, studies on the pharmacological effects
of FS are not very extensive; in particular, the English literature that
can be searched is limited. The authors believe that with the
increasing attention of the world onto TCM, an increasing
number of studies on FS will be included in meta-analyses in the
future, providing novel evidence for the treatment of inflammation-
related diseases, including cancer.
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