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The application of Tong-fu
therapeutic method on
ulcerative colitis: A systematic
review and meta-analysis for
efficacy and safety of
rhubarb-based therapy
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Background: Tong-fu therapeutic method (TFTM) is a traditional Chinese
medicine treatment method for ulcerative colitis, which is a novel treatment
strategies and have purgative effect. As the most representative medicinal of
TFTM, Rhubarb has been reported to have a therapeutic impact on ulcerative
colitis by regulating intestinal flora, anti-inflammation, and improving intestinal
microcirculation. Although rhubarb has been widely used in Chinese medicine
for the treatment of ulcerative colitis, the appropriate protocol is still demanded
to its rational use in clinic, which promoted to evaluate the efficacy and safety
for rhubarb-based therapy on ulcerative colitis.

Method: Clinical trials were searched through PubMed, Cochrane Library, Web
of Science, Excerpta Medica Database, Chinese National Knowledge
Infrastructure, WAN FANG Database, Chinese Scientific Journal Database,
and Chinese Biomedical Literature Database. The subgroup analyses were
performed with three groups: medication, course of treatment, and route of
administration. The statistical analyses were performed on Review Manager
software (version 5.4.1).

Results: A total of 2, 475 patients in 30 original studies were analyzed in this
article. It was found that rhubarb-based therapy could increase clinical efficacy

Abbreviations: CBM, Chinese Scientific Journal Database; CNKI, Chinese National Knowledge
Infrastructure; CRP, C-reaction protein; EMBASE, Excerpta Medica Database; FIB, fibrinogen; IBD,
infammatory bowel disease; IL-6, interleukin-6; PLT, platelet; PT, prothrombin time; RCTs,
Randomized clinical trials; TCM, traditional Chinese medicine; TFTM, Tong-fu therapeutic method;
TNF-a, tumor necrosis factor-a; UC, Ulcerative colitis; XXD, Xiexin decoction.
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and reduce the recurrence rate. Subgroup analyses showed that rhubarb-based
therapy was more effective than 5-aminosalicylic acid or sulfasalazine alone. In
addition, the hypercoagulable state of ulcerative colitis could be ameliorated by
decreasing platelet (PLT) and fibrinogen (FIB), and increasing prothrombin time
(PT) significantly. Moreover, C-reaction protein (CRP), tumor necrosis factor-a
(TNF-a), interleukin (IL)-6, IL-8, and IL-1p expression were significantly reduced,
while IL-10 production was increased, which mediated the alleviation of
intestinal inflammation stress.

Conclusion: Rhubarb-based therapy could effectively improve ulcerative
colitis. Of note, the rhubarb-based medicinal formulas combined with 5-ASA
or SASP are more effective than the 5-ASA or SASP alone. In addition, although
rhubarb has side effect, the results of our analysis showed that rhubarb-based
therapy did not exhibit significant side effects. This means it has a high safety
profile in clinical use. Moreover, the use of rhubarb-based therapy is
recommend to use within 1-13 weeks or 3 months via administered orally or
by enema, which is contributes to ensure the curative effect and avoid its toxic
and side effects. As an important case of TFTM, rhubarb-based therapy provides

evidence for the practical application of TFTM.

KEYWORDS

rhubarb, da hudng, Tong-fu therapeutic method, traditional Chinese medicine,
metaanalysis, ulcerative colitis

Introduction

Ulcerative colitis (UC) is a subtype of inflammatory bowel
disease (IBD). The prevalence of IBD in the western world has
reached as high as 0.5% of the total population (Kaplan, 2015).
UC has evolved into a global burden given its high incidence in
developed countries and the substantial increase in incidence in
developing countries (Sood et al., 2003; Molodecky et al., 2012;
Kobayashi et al., 2020). Even though the pathogenesis of UC has
not been revealed ultimately, immunological abnormalities are
considered to play an essential role, and drugs regulating the
innate immune system have become the mainstream treatment.
5-aminosalicylic acid (5-ASA), corticosteroids, and thiopurines
can effectively alleviate UC as first-line therapeutic agents
(Kobayashi et al., 2020). However, several limitations of the
treatments have attracted increasing attention. 5-ASA is
beneficial to mild to moderate UC but undesirable for severe
UC. Meanwhile, corticosteroids, as a supplement to 5-ASA, are
considered to lack long-term efficacy and safety. The application
of thiopurines is challenged with increasing evidence of potential
serious adverse reactions such as bone marrow and liver toxicity,
pancreatitis, increased risk of non-melanoma skin cancer and
lymphoma (Ko et al., 2019; Kobayashi et al., 2020). Due to the
lack of satisfactory treatment, UC patients relapse continually
even after routine treatment (Kobayashi et al., 2020). In essence,
more effective treatment options with less adverse reactions still
expected.

Tong-fu therapeutic method (TFTM) as an important
traditional Chinese medicine therapy, can produce purgative
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effect and restore gastrointestinal motility. According to
traditional Chinese medicine (TCM) theory, TFTM can
descend qi, which discharges toxic and harmful products,
breaks the vicious circle caused by toxin retention, improves
intestinal microcirculation, and regulates the internal
environment of the host, to treat and prevent the
deterioration of the disease. Study has demonstrated that
TFTM, whenever administered orally, rectally, or by nasal
feeding, can improve gastrointestinal dysfunction and reduce
case-fatality rate (Zhang et al, 2021). Rhubarb (Rheum
palmatum L.) [da hudng; Polygonaceae; Rheum palmatum
root and rhizome], as one of the most representative
medicinals of TFTM, was first recorded in Shen Nong’s Classic
of the Materia Medica (Shén Nong Bén Cdo Jing), which can play
a powerful role in TFTM and improve digestive diseases (Teng
et al, 2019). It was referred that rhubarb combined with
conventional medication (somatostatin or trypsin inhibitor) in
the treatment of acute pancreatitis was superior to conventional
medication alone (Zhou et al,, 2016; Hu et al,, 2018). Also,
rhubarb could modulate gut microbiota, which indirectly
changed purine Metabolism in the intestine and subsequently
alleviated DSS-induced chronic colitis (Wu et al, 2020).
Additionally, rhubarb acted as an anti-platelet (PLT)
that  could
hypercoagulable state associated with UC (Gao et al., 2020).

aggregator significantly  alleviate  the
In general, the rhubarb-based therapy is effective and authentic
in improving UC, and its underlying mechanism appears to be
multifaceted and meaningful. Presently, a large number

preclinical and clinical evidence has clarified the positive effect
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of rhubarb and the rhubarb-based medicinal formulas on UC,
however, the evidence is scattered. Because the influence of
TFTM represented by rhubarb on UC has not been
systematically supported by evidence-based medicine analysis,
its scientific validity and potential clinical value have not been
fully revealed. In this paper, a Meta-analysis of rhubarb-based
therapy is conducted to assess the efficacy and safety. Meanwhile,
the mechanisms of rhubarb improving hypercoagulable state of
UC was systematically reviewed. Through the analysis and
systematic review, it was given thata reliable application
protocol of the rhubarb-based therapy could ensure the
curative effect and its mechanism.

Methods

This study was conducted following Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
statement (Moher et al., 2009). The requirements considered
relevant in recent best practice guidelines for manuscripts of
natural products have been taken into account (Heinrich et al.,
2020).

Search strategies

The search of the original studies was carried out until
7 October 2021 through Chinese National Knowledge
Infrastructure (CNKI), the WANFANG Database, the Chinese
Scientific Journal Database (VIP), the Chinese Biomedical
Literature Database (CBM), Excerpta Medica Database
(EMBASE), Web of Science, PubMed, and Cochrane Library.
The medical subject headings were “ulcerative colitis” and
“Rheum.”

The search formulation adopted a combination of free texts
and medical subject headings (MeSH). According to the search
habits of each database, the retrieval method that met the
requirements was developed. The search formulas for each
database are shown in Supplementary Data S1. At the same
time, there is no restriction of search formulation on language or

country.

Study selection

Type of participants

In this study, all participants met the UC diagnostic criteria.
As there is no gold standard for UC diagnosis, patients were
subjected to comprehensive analysis, including symptom
evaluation, endoscopic examination, and histopathological
manifestations (Ungaro et al., 2017). Specifically, patients with
a definite diagnosis of UC were included in the study and those
with Crohn’s disease or unspecified IBD subtypes were excluded.
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Type of interventions

Interventions in the treatment group were rhubarb-based
therapeutic regimen, including rhubarb-based medicinal
formulas alone or combined with UC routine treatment,
including 5-ASA, sulfasalazine (SASP), olsalazine sodium,
bifidobacterium triple viable capsules, glutamine, infliximab,
prednisolone, hydrocortisone sodium succinate, and by oral or
enema. Patients in the control group were treated with UC
routine treatment. The trial was excluded if external TCM
treatments such as acupuncture, massage, and moxibustion

were present in the treatment group.

Type of outcome measures

Outcomes were divided into main outcome and secondary
outcomes. The primary outcome was the clinical efficiency. The
Mayo score, Geboes score, recurrence rate, PLT, adverse events,
symptoms integral, and inflammatory cytokines and protein,
including C-reaction protein (CRP), tumor necrosis factor-a
(TNF-a), Interleukin (IL)-6, IL-8, IL-1P, and IL-10 were the
secondary outcomes.

Type of studies

Randomized clinical trials (RCTs) were selected for Meta-
analysis. Animal experiments, non-randomized controlled trials,
and repeated data studies were excluded.

Data extraction

Firstly, YL was responsible for formulating retrieval strategies
and extracting retrieval records. Secondly, ZY and YH, and QZ
independently screened the title and abstract of the articles,
excluding the content that did not meet the standard. After
combining the two results, YL, HH, and LC entered the full-text
screening stage. When they encountered differences, the
literatures were handed over to MW and CZ for judgment. In
the end, from the included studies, information was extracted by
two reviewers: HQ extracted the data, and YL was in charge of

reviewing it.

Assessment of the risk of bias

the Handbook, YL and HH
independently assessed the bias risk of each study. The

Based on Cochrane

standard included the following seven items: 1) sequence
bias); 2)
(selection bias); 3) blinding of participants and personnel

generation  (selection allocation  concealment
(performance bias); 4) blinding of outcome assessments
(detection bias); 5) incomplete outcome data (attrition bias);
6) selective reporting (reporting bias); 7) other sources of bias. On
the basis of methodological quality, the studies were classified as

high risk, low risk, and unclear risk in each domain.

frontiersin.org


https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.1036593

Li et al.
)
c
9
'5 Records identified through
= database searching (n = 2475)
€
()
1)
—
A4
Records screened
(n =2380)
o
£
o
[ Full-text articles assessed for
< eligibility
(n =306)
= Studies included in quantitative
= Synthesis (meta-analysis)
° (n=30)
=
FIGURE 1

The flow of original literature selection

Data analysis

Meta-analysis was performed by Review Manager
(V.5.4.1 Copenhagen: The Nordic Cochrane Centre, The
Cochrane Collaboration, 2021). Depending on the result
category, the risk ratio (RR) and 95% confidence interval (CI)
were used to calculate the categorical data, and the weighted
mean difference (WMD) and 95% CI were used to calculate the
continuous data. p < 0.05 was considered statistically significant.
Heterogeneity was estimated by Cochran’s Q test and assessed
using I>. When 12 > 50%, it is considered to have significant
heterogeneity and a random-effects model is used to estimate the
pooled effect. In contrast, a fixed-effects model was used. Besides,
if there were heterogeneity in the results, we would look for
heterogeneity sources and perform a sensitivity analysis by
converting the random effect model and fixed effect model to
determine whether the results are stable. Publication bias was
analyzed visually through funnel plots.
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Duplicate records removed
(n=95)

Records excluded after

title/abstract review:

1. Non-RCTs (n =1513)

2. Non-UC (n = 130)

3. Retrospective study
(n=10)

4. Intervention contains TCM
external therapy such as
acupuncture and
moxibustion therapy
(n=354)

5. Control group treated
without UC routine
treatment (n = 67)

Full-text arti excluded:

1. Inappropriate Randomized
method (n = 125)

2. Non-Rhubarb-based
Therapies (n = 102)

3. Lost to follow-up (n = 2)

4. Without related outcom (n
=47)

Association rules of Chinese medicinals were analyzed by
SPSS Modeler 18.0. Cytoscape V3.9.0 established the topological
network.

Results
Study identification

Based on the search strategy, 2,475 potential associated
articles were obtained by searching the databases. After
deleting 95 repetitive articles, 2,380 articles were obtained.
In the process of title and abstract screening, a total of
2,074 articles were excluded due to not meeting the
inclusion criteria, and 306 papers were searched for further
evaluation. Finally, 30 studies were finally retained for this
Meta-analysis (Nong, 2009; Li, 2012; Deng, 2015; You et al,,
2015; Ding, 2016; Wang, 2016; Zhang, 2016; Fei, 2017; Sheng
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FIGURE 2

Results of the risk of bias assessment of the original literature included in the Meta-analysis.

et al., 2017; Shi and Sun, 2017; Tian, 2017; Wang et al., 2017;
Wen and Sun, 2017; Yang et al., 2017; Wang, 2018; Guo and
Ding, 2019; Li, 2019; Liu, 2019; Chen and Li, 2020; Deng and
Chen, 2020; Sun and Zhang, 2020; Tan et al., 2020; Wang,
2020; Yuan, 2020; Zhang, 2020; Zhao, 2020; Li et al., 2021; Xue
and Xu, 2021; Yang and Wang, 2021; Yin et al., 2021).
Exclusive reasons are shown in Figure 1.

Study characteristics

Supplementary Table S1 shows the general characteristics
of 30 studies. A total of 2,507 patients were included from
2009 to 2020, with 1,257 cases in the treatment group and
1,250 cases in the control group. 5-ASA was selected as the
control group measure in 20 studies, SASP in seven studies.
The rhubarb-based medicinal formulas were used alone in the
treatment group for four studies. And the rest are in
combination with the UC routine treatment. All 30 studies
were conducted in China.

Risk of bias

Figure 2 shows the methodological quality of 30 studies. The
risk of bias in the study was evaluated according to the criteria in
the Handbook for Systematic Evaluation of Cochrane
Interventions (Higgins et al., 2011).

All studies mentioned “randomness” and described the
specific random assignment method for random sequence
generation and were therefore judged as low risk. None of
the studies described
participants and personnel, or blind of outcomes, so the

allocation concealment, blind of

risks were unknown. Since the pre-registered protocols
could not be acquired from the main authors, the selective
report was rendered as unknown. Other risks of bias were also
considered unclear.
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Primary outcome
Clinical efficiency

The clinical efficiency was recorded in 29 trials. There was no
heterogeneity among studies, and a fixed-effects model was used
for analysis. The Meta-analysis results showed that the clinical
efficiency of rhubarb-based treatment group was significantly
higher than that of control group (n = 2421, I = 0%, RR = 1.24,
95% CI [1.20, 1.29], p < 0.00001) (Figure 3). Next, the subgroup
analyses were performed.

To further analyze the effect of rhubarb-based medicinal
formulas alone or combined with first-line drugs 5-ASA, SASP,
or other different routine drugs in the experiment, the clinical
efficiency was selected for subgroup analysis. There was no
heterogeneity among the studies. A fixed-effect model was
selected for Meta-analysis.

In the treatment group, 16 studies combined with 5-ASA (n =
1456, I* = 0%, RR = 1.22, 95% CI [ 1.16, 1.27], p < 0.00001)
(Figure 4), six studies combined with SASP (n = 430, I* = 0%,
RR = 1.27, 95% CI [1.17, 1.38], p < 0.00001) (Figure 4), three
studies combined with other routine drugs (n = 208, I* = 0%,
RR = 1.24, 95% CI [1.10, 1.39], p = 0.0003) (Figure 4), and four
studies were conducted by the rhubarb-based medicinal formulas
administered alone (n = 327, I* = 43%, RR = 1.32, 95% CI [1.18,
1.47], p < 0.00001) (Figure 4). Compared with the control group,
the clinical efficiency of the treatment group was significantly
higher. The rhubarb-based medicinal formulas alone or
combined with common drugs showed good therapeutic effects.

Among the 29 studies, 21 were treated with rhubarb-based
therapy oral administration and seven were treated with enema.
Statistical analysis showed that no matter oral administration
(n=1318, 1 = 0%, RR = 1.25,95% CI [1.19, 1.30], p < 0.00001)
(Figure 5) or enema administration (n = 496, I* = 0%, RR = 1.24,
95% CI [1.15, 1.34], p < 0.00001), the clinical efficiency was
significantly improved (Figure 5).

The course of the treatments is one of the factors affecting the
efficacy. In the studies where total effective rates were reported,
14);

treatment courses were divided into 2-5weeks (n
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Experimental Control
1.1.1 Clinical effective rate (Total Group)
Chen B.Q.2020 41 43 34 43 3.7%
Deng P.2015 33 36 28 36 3.1%
Deng S.H.2020 43 45 36 45  4.0%
Ding S.L.2016 44 45 36 45  4.0%
Fei X.Y.2017 70 75 58 75 6.4%
Guo G.J.2019 24 25 17 25 1.9%
Li R.2019 42 46 37 46 4.1%
Liu Y.H.2019 35 41 25 40 2.8%
Li ZM.2012 20 20 17 20 1.9%
Nong Z.B.2009 28 30 22 30 24%
Sheng R.D.2017 43 48 39 48  4.3%
Shi A.P.2017 47 50 37 50 4.1%
Sun J.X.2020 54 60 46 60 5.1%
Tan G.Z.2020 32 34 26 34 29%
Tian G.D.2017 33 38 25 35 2.9%
Wang F.T.2016 28 29 21 29  23%
Wang H.S.2017 30 32 25 32 28%
Wang J.X.2018 44 48 36 47  4.0%
Wang P.L.2020 45 48 37 48  41%
Wen B.2017 45 49 37 49 4.1%
Xue H.C.2021 29 32 19 32 21%
Yang M.M.2017 34 37 26 36 29%
Yang X.Q.2021 43 45 37 45  41%
Yin P.2021 45 50 37 50 4.1%
You C.M.2016 39 42 28 42  31%
Yuan X.H.2020 30 32 22 31 2.5%
Zhang G.R.2020 46 49 39 49  43%
Zhang H.Y.2016 38 40 24 40 2.6%
Zhao J.H.2020 42 45 33 45  3.6%
Subtotal (95% Cl) 1214 1207 100.0%
Total events 1127 904
Heterogeneity: Chi? = 14.19, df = 28 (P = 0.99); I = 0%
Test for overall effect: Z = 11.64 (P < 0.00001)
Total (95% CI) 1214 1207 100.0%
Total events 1127 904
Heterogeneity: Chi? = 14.19, df = 28 (P = 0.99); I = 0%
Test for overall effect: Z = 11.64 (P < 0.00001)
Test for subaroun differences: Not anolicable
FIGURE 3

Forest plot displaying the Meta-analysis results for clinical efficiency.

6-9 weeks (n = 11) or 12-13 weeks (n = 4). None of these
analyses showed heterogeneity, so the fixed effects model was

chosen for the Meta-analysis. The results showed that the clinical
efficiency significantly increased at 2-5 weeks (n = 1180, I* = 0%,
RR=1.21,95% CI[1.15, 1.28], p < 0.00001) (Figure 6), 6-9 weeks
(n =924, I = 0%, RR = 1.27, 95% CI [1.20, 1.35], p < 0.00001)
(Figure 6), and 12-13 weeks (n = 317, I = 0%, RR = 1.24, 95% CI
[1.13, 1.37], p < 0.0001) (Figure 6).

Secondary outcomes
Mayo score

Three trials reported Mayo score. The random-effect
Meta-analysis showed that the Mayo score in the treatment
group was significantly lower than that in the control group
(n =254, 1> = 88%; MD = -1.28; 95% CI [-2.09, -0.46], p =
0.002) (Figure 7). The sensitivity analysis showed that the
study reported by Yin P. was the source of heterogeneity.
this  study the
heterogeneity (I* = 0%).

Excluding reduced inter-study
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Geboes score

The Geboes score was assessed in three studies. The
heterogeneity among studies was obvious, so the random-
effect model was wused for Meta-analysis. A significant
reduction in Geboes scores was seen in the treatment group
compared to the control group. (n = 336, I> = 89%; MD = —0.48;
95% CI [-0.59, —0.36], p < 0.00001) (Figure 7). According to
sensitivity analysis, the source of heterogeneity was reported by
Li Z.W. After excluding this study, heterogeneity was reduced
to I* = 0%.

Recurrence rate

Three studies evaluated the reduction in recurrence rate.
There was no heterogeneity among studies. The fixed-effects
model was used in the analysis. The results revealed that the
rhubarb-based could the
recurrence rate of UC patients compared with the control
group (n = 215, I = 0%. RR = 0.27; 95% CI [0.11, 0.63], p =
0.003) (Figure 8).

treatment significantly reduce
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Experimental Control Risk Ratio
e O 4ogroup en ota en otla n xXeda
1.6.1 Clinical effective rate (Compared with 5-ASA)
Deng S.H.2020 43 45 36 45  4.0%
Fei X.Y.2017 70 75 58 75 6.4%
Guo G.J.2019 24 25 17 25  1.9%
Li R.2019 42 46 37 46  41%
Liu Y.H.2019 35 41 25 40 2.8%
Sheng R.D.2017 43 48 39 48  4.3%
Sun J.X.2020 54 60 46 60 5.1%
Wang H.S.2017 30 32 25 32 28%
Wang J.X.2018 44 48 36 47  4.0%
Wang P.L.2020 45 48 37 48  41%
Wen B.2017 45 49 37 49 41%
Yang M.M.2017 34 37 26 36  2.9%
Yin P.2021 45 50 37 50 4.1%
Yuan X.H.2020 30 32 22 31 2.5%
Zhang G.R.2020 46 49 39 49  43%
Zhao J.H.2020 42 45 33 45  3.6%
Subtotal (95% Cl) 730 726 60.8%
Total events 672 550
Heterogeneity: Chi? = 5.00, df = 15 (P = 0.99); I? = 0%
Test for overall effect: Z = 8.26 (P < 0.00001)
1.6.2 Clinical effective rate (Compared with SASP)
Chen B.Q.2020 41 43 34 43 3.7%
Deng P.2015 33 36 28 36 3.1%
Ding S.L.2016 44 45 36 45  4.0%
Nong Z.B.2009 28 30 22 30 24%
Wang F.T.2016 28 29 21 29 23%
Xue H.C.2021 29 32 19 32 21%
Subtotal (95% Cl) 215 215 17.6%
Total events 203 160
Heterogeneity: Chi? = 2.66, df = 5 (P = 0.75); I? = 0%
Test for overall effect: Z = 5.52 (P < 0.00001)
1.6.3 Clinical effective rate (Compared with Other Drugs)
Li Z.M.2012 20 20 17 20 1.9%
Shi A.P.2017 47 50 37 50 4.1%
Tan G.Z2.2020 32 34 26 34 29%
Subtotal (95% Cl) 104 104 8.9%
Total events 99 80
Heterogeneity: Chi? = 0.36, df =2 (P = 0.83); I?= 0%
Test for overall effect: Z = 3.63 (P = 0.0003)
1.6.4 Clinical effective rate ( the Rhubarb-based Medicinal Formulas only)
Tian G.D.2017 33 38 25 35  29%
Yang X.Q.2021 43 45 37 45  41%
You C.M.2016 39 42 28 42 31%
Zhang H.Y.2016 38 40 24 40 2.6%
Subtotal (95% Cl) 165 162  12.7%
Total events 153 114
Heterogeneity: Chi? = 5.23, df = 3 (P = 0.16); I = 43%
Test for overall effect: Z = 5.00 (P < 0.00001)
Total (95% CI) 1214 1207 100.0%
Total events 1127 904
Heterogeneity: Chi? = 14.19, df = 28 (P = 0.99); I2 = 0%
Test for overall effect: Z = 11.64 (P < 0.00001)
Test for subaroup differences: Chi? = 2.22. df = 3 (P = 0.53). I = 0%
FIGURE 4
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Forest plot displaying the results of the Meta-analysis for clinical efficiency in the rhubarb-based medicinal formulas alone or combined with

other drugs.

PLT

PLT increase was evaluated in three trials. There was no
heterogeneity among the studies, and the fixed-effects model
was used in the analysis. The results showed that the rhubarb-
based treatment could reduce PLT levels compared with the
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control group (n

226, I?

= 0%. RR = -32.95; 95% CI

07

[-39.21, -26.69], p < 0.00001) (Figure 9). Furthermore, it
could also influence the coagulation-related indexes of
(PT) (FIB)
(Supplementary Figure S1).

prothrombin  time and  fibrinogen
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Experimental Control Risk Ratio Risk Ratio
r r Even Total Even | i | i % Cl M-H. Fixed. 95% CI
1.2.1 Clinical effective rate (Oral Administration Group)
Chen B.Q.2020 41 43 34 43 4.0% 1.21[1.02, 1.43]
Deng S.H.2020 43 45 36 45 4.3% 1.19[1.02, 1.40] S
Fei X.Y.2017 70 75 58 75  6.9% 1.21[1.05, 1.38] - =
Guo G.J.2019 24 25 17 25 2.0% 1.41[1.07, 1.87]
Li Z.M.2012 20 20 17 20 21% 1.17 [0.96, 1.43] 1
Sheng R.D.2017 43 48 39 48 46% 1.10 [0.93, 1.30] -1
Sun J.X.2020 54 60 46 60 5.5% 1.17 [1.00, 1.38] -
Tan G.Z2.2020 32 34 26 34 3.1% 1.23[1.00, 1.51]
Tian G.D.2017 33 38 25 35  31% 1.22[0.95, 1.55] -
Wang F.T.2016 28 29 21 29  25% 1.33[1.05, 1.69]
Wang H.S.2017 30 32 25 32 3.0% 1.20 [0.98, 1.47] T
Wang J.X.2018 44 48 36 47 4.3% 1.20[1.00, 1.43]
Wang P.L.2020 45 48 37 48 4.4% 1.22[1.03, 1.44] -
Wen B.2017 45 49 37 49 4.4% 1.22[1.02, 1.46] —
Xue H.C.2021 29 32 19 32 2.3% 1.53[1.12, 2.08]
You C.M.2016 39 42 28 42 3.3% 1.39[1.11, 1.75] -
Yuan X.H.2020 30 32 22 31 27% 1.32[1.04, 1.68]
Zhang G.R.2020 46 49 39 49 4.6% 1.18 [1.01, 1.38] — -
Zhang H.Y.2016 38 40 24 40 2.9% 1.58 [1.22, 2.06]
Zhao J.H.2020 42 45 33 45 3.9% 1.27 [1.05, 1.54]
Subtotal (95% CI) 834 829 73.8% 1.25[1.19, 1.30] L 2
Total events 776 619
Heterogeneity: Chi? = 11.68, df = 19 (P = 0.90); I = 0%
Test for overall effect: Z = 9.85 (P < 0.00001)
1.2.2 Clinical effective rate (Enema Administration Group)
Ding S.L.2016 44 45 36 45 4.3% 1.22[1.05, 1.42]
Li R.2019 42 46 37 46 4.4% 1.14 [0.96, 1.34] N
Liu Y.H.2019 35 41 25 40 3.0% 1.37 [1.04, 1.79]
Nong Z.B.2009 28 30 22 30 2.6% 1.27 [1.01, 1.61]
Shi A.P.2017 47 50 37 50 4.4% 1.27 [1.06, 1.52] - =
Yang M.M.2017 34 37 26 36 3.1% 1.27 [1.02, 1.59]
Yin P.2021 45 50 37 50 4.4% 1.22[1.01, 1.47) [ =
Subtotal (95% CI) 299 297  26.2% 1.24 [1.15,1.34] ‘
Total events 275 220
Heterogeneity: Chi* = 1.81, df =6 (P = 0.94); 1= 0%
Test for overall effect: Z = 5.68 (P < 0.00001)
Total (95% CI) 1133 1126 100.0% 1.25[1.20, 1.29] ‘
Total events 1051 839
Heterogeneity: Chi? = 13.47, df = 26 (P = 0.98); I> = 0% ofs 0f7 ; 1f5 2
Test for overall eﬁegt: Z=11.57 (’,D <0.00001) Favours [experimental] Favours [control]
Test for subaroup differences: Chi? = 0.01. df = 1 (P = 0.94). I = 0%
FIGURE 5

Forest plot displaying the results of the Meta-analysis for clinical efficiency in different dosing regimens.

Inflammatory cytokines and protein

The regulation of cytokines towards multiple inflammatory
signaling pathways are the central component of chronic
inflammation in UC. IL-6, one of the major cytokines, can
bind to IL-6R to activate STAT3 signaling and further induce
differentiation of Th17 cells, leading to excessive release of pro-
inflammatory cytokines such as IL-17 and IL22 (Waldner and
Neurath, 2014). IL-6 also stimulates the production of the
regulatory inflammatory marker C-reactive protein (CRP)
(Pepys and Hirschfield, 2003). Meanwhile, the synergy effect
of IL-1p, IL-23, and IL-6 strengthens Th17 cell differentiation
and maintains the expression of pro-inflammatory cytokines
(Chung et al., 2009). Moreover, IL-6 and IL-8, as inducers of
neutrophil recruitment, can amplify the inflammatory response
by interacting with a large number of inflammatory cells exuding
from inflamed areas (Kim and Kim, 2010; Waldner and Neurath,
2014). TNF-a stimulates death receptor signaling leads to
excessive crypt cell death, which increases the intestinal
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inflammatory response (Giinther et al, 2011). The results
showed that the rhubarb-based therapy significantly reduced
the level of IL-6 (n = 794, I* = 99%. MD = -18.60; 95% CI
[-24.51, —12.68], p < 0.00001) (Figure 10A), IL-8 (n = 718, I* =
99%. MD = -25.44; 95% CI [-34.36, —16.52], p < 0.00001)
(Figure 10B), IL-1B (n = 494, I* = 97%. MD = -4.92; 95% CI
[-6.69, —3.16], p < 0.00001) (Figure 10C), TNF-a (n = 1243,I° =
99%. MD = -13.08; 95% CI [-17.18, —8.98], p < 0.00001)
(Figure 10D), and CRP (n = 311, I* = 98%. MD = -3.97; 95%
CI [-6.22, -1.73], p = 0.0005) (Figure 11A) when compared with
the control group. Overall, IL-6, IL-8, IL-1f3, and TNF-a are all
considered to be essential mediators of chronic intestinal
inflammation, and the rhubarb-based treatment showed a
better effect on pro-inflammatory cytokines.

Besides, the relative deficiency of IL-10 in UC patients may
contribute to persistent inflammatory changes (Wang et al,
2020). IL-10 down-regulates the production of Thl-derived
cytokines to exert anti-inflammatory effects (Glocker et al.,
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Li et al.
Experimental Control
1.5.1 Clinical effective rate (2-5 weeks)
Deng P.2015 33 36 28 36 3.1%
Deng S.H.2020 43 45 36 45  4.0%
Li R.2019 42 46 37 46  4.1%
Liu Y.H.2019 35 41 25 40 2.8%
Nong Z.B.2009 28 30 22 30 24%
Sheng R.D.2017 43 48 39 48  4.3%
Shi A.P.2017 47 50 37 50 4.1%
Sun J.X.2020 54 60 46 60 5.1%
Wang F.T.2016 28 29 21 29  23%
Wang H.S.2017 30 32 25 32  28%
Wang P.L.2020 45 48 37 48  4.1%
Wen B.2017 45 49 37 49  41%
Yang X.Q.2021 43 45 37 45  41%
Yuan X.H.2020 30 32 22 31 2.5%
Subtotal (95% CI) 591 589 49.6%
Total events 546 449
Heterogeneity: Chi? = 4.69, df = 13 (P = 0.98); 1> = 0%
Test for overall effect: Z = 7.45 (P < 0.00001)
1.5.2 Clinical effective rate (6-9 weeks)
Ding S.L.2016 44 45 36 45  4.0%
Fei X.Y.2017 70 75 58 75  6.4%
Guo G.J.2019 24 25 17 25  1.9%
Li Z.M.2012 20 20 17 20 1.9%
Tian G.D.2017 33 38 25 35 29%
Wang J.X.2018 44 48 36 47  4.0%
Xue H.C.2021 29 32 19 32 21%
Yin P.2021 45 50 37 50 4.1%
You C.M.2016 39 42 28 42 31%
Zhang G.R.2020 46 49 39 49  43%
Zhang H.Y.2016 38 40 24 40 26%
Subtotal (95% CI) 464 460 37.3%
Total events 432 336
Heterogeneity: Chi? = 8.36, df = 10 (P = 0.59); 1= 0%
Test for overall effect: Z = 7.83 (P < 0.00001)
1.5.3 Clinical effective rate (12-13 weeks)
Chen B.Q.2020 41 43 34 43  3.7%
Tan G.Z.2020 32 34 26 34 29%
Yang M.M.2017 34 37 26 36 2.9%
Zhao J.H.2020 42 45 33 45  3.6%
Subtotal (95% Cl) 159 158 13.2%
Total events 149 119
Heterogeneity: Chi? = 0.24, df = 3 (P = 0.97); I = 0%
Test for overall effect: Z = 4.38 (P < 0.0001)
Total (95% CI) 1214 1207 100.0%
Total events 1127 904
Heterogeneity: Chi? = 14.19, df = 28 (P = 0.99); I = 0%
Test for overall effect: Z = 11.64 (P < 0.00001)
Test for subaroun differences: Chi2 = 1.56. df = 2 (P = 0.46). 12 = 0%
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Forest plot displaying the results of the Meta-analysis for clinical efficiency in different courses of treatment.

2011). The pooled analysis suggested that the difference between
the two groups was statistically significant (n = 258, I* = 92%.
MD = 11.26; 95% CI [6.50, 16.01], p < 0.00001) (Figure 11B).

Adverse events

Six studies reported adverse reactions. Nevertheless, the
results were not statistically significant (n = 521, I* = 33%,
RR = 0.71, 95% CI [0.41, 1.23], p = 0.22) (Figure 12A). Due
to the different courses of treatment, another subgroup analysis
was set up. After 6-9 weeks of administration, rhubarb-based
therapy had an obvious effect on reducing the incidence of
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adverse events (n = 180, I*> = 0%, RR = 0.31, 95% CI [0.12,
0.81], p = 0.02) (Figure 12A). However, the course of 2-5 weeks
(n = 160, I* = 0%, RR = 1.00, 95% CI [0.21, 4.82], p = 1.00)
(Figure 12A) did not show statistical significance.

Symptoms integral

The TCM symptoms integral mainly includes the total
symptom score, individual symptom scores such as abdominal
pain, diarrhea, urgency, pus and blood stool, and burning pain in
the anus. The total symptom score mainly observes symptoms
such as diarrhea, abdominal pain, and pus and blood stool, from

frontiersin.org
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Experimental Control Mean Difference Mean Difference
udy or Subgrou ean a ean D a eigh and 95% Cl IV. R 5% Cl

Li Z.W.2021 2.03 0.26 43 283 0.32 43  38.7% -0.80 [-0.92, -0.68] u

Tan G.Z.2020 38 1.16 34 463 1.38 34 321% -0.83 [-1.44, -0.22] -

Yin P.2021 226 1.63 50 4.66 2.21 50 29.2% -2.40 [-3.16, -1.64] =

Total (95% CI) 127 127 100.0%  -1.28 [-2.09, -0.46] <

Heterogeneity: Tau? = 0.45; Chi* = 16.54, df = 2 (P = 0.0003); I> = 88%
Test for overall effect: Z = 3.06 (P = 0.002)
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Shi A.P.2017 0.38 0.07 50 093 0.2 50 35.2% -0.55 [-0.61, -0.49] -
Total (95% Cl) 168 168 100.0%  -0.48 [-0.59, -0.36] -
ity 2= - Chiz = - . |12 = 899, + t t t
Heterogeneity: Tau? = 0.01; Chi? = 18.64, df = 2 (P < 0.0001); I> = 89% 05 -025 0 025 05

Test for overall effect: Z = 7.87 (P < 0.00001)

FIGURE 7
Forest plot showing the result of (A) Mayo score; (B) Geboes score.

Favours [experimental] Favours [control]

Experimental Control Risk Ratio Risk Ratio
_Study or Subgroup _ Events Total Events Total Weight M-H. Fixed. 95% CI M-H, Fixed, 95% ClI
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FIGURE 8
Forest plot displaying the results of the Meta-analysis for recurrence rate.
Experimental Control Mean Difference Mean Difference
udy or Subgrou ean a ean al Weigh ixed, 95% ixed, 95% ClI
Tan G.Z.2020 22193 1275 34 25523 34 82.4% -33.30[-40.19, -26.41] ]
Wang F.T.2016 209.7 453 29 2361 395 29 8.2% -26.40[-48.27,-4.53] ™
Yin P.2021 150.76 58.32 50 186.37 45.06 50 9.4% -35.61[-56.04, -15.18] N
Total (95% CI) 113 113 100.0% -32.95 [-39.21, -26.69]
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FIGURE 9
Forest plot showing the result of PLT.
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Frontiers in Pharmacology

1

frontiersin.org


https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.1036593

Li et al.

A

Experimental Control

Wang F.T.2016 32 09 29 51 12 29 25.7%
Yin P.2021 7.35 143 50 8.31 219 50 25.4%
Yuan X.H.2020 10.64 2.45 32 21.31 3.65 31 23.2%
Zhao J.H.2020 6.98 1.12 45 995 1.14 45 25.8%
Total (95% ClI) 156 155 100.0%

Heterogeneity: Tau? = 5.05; Chi? = 133.83, df = 3 (P < 0.00001); 1> = 98%
Test for overall effect: Z = 3.47 (P = 0.0005)

Experimental Control

LiR.2019 29.56 5.68 46 2223 4.03 46 34.1%
Tan G.Z.2020 56.83 4.04 34 46.67 4.44 34 34.1%
Wen B.2017 59.15 7.94 49 4251 6.99 49 31.8%

Subtotal (95% CI) 129 129 100.0%
Heterogeneity: Tau? = 16.20; Chi? = 25.97, df = 2 (P < 0.00001); I? = 92%
Test for overall effect: Z = 4.64 (P < 0.00001)

Total (95% CI) 129 129 100.0%
Heterogeneity: Tau? = 16.20; Chi® = 25.97, df = 2 (P < 0.00001); I? = 92%
Test for overall effect: Z = 4.64 (P < 0.00001)

Test for subarouo differences: Not aoplicable

FIGURE 11

Mean Difference

_Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, Random, 95% Cl

Mean Difference

_Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI

10.3389/fphar.2022.1036593

Mean Difference

IV. Random.95%¢Cl
-1.90 [-2.45, -1.35] =
-0.96 [-1.68, -0.24] E
-10.67 [-12.21, -9.13] -
-2.97 [-3.44, -2.50] =
-3.97 [6.22, -1.73] L 2
-50 25 0 25 50

Favours [experimental] Favours [control]

Mean Difference

1V, Random, 95% Cl
7.33[5.32, 9.34] -

10.16 [8.14, 12.18] =
16.64 [13.68, 19.60] -
11.26 [6.50, 16.01] -
11.26 [6.50, 16.01] -

20 10 0 10 20
Favours [experimental] Favours [control]

Forest plot displaying the results of the Meta-analysis for inflammation-related cytokines and protein. The results of (A) CRP; (B) IL-10.

mild to severe, and scores 0, 1, 2, and 3, respectively. The higher
the score, the more serious the symptoms. Three studies
evaluated the total symptom score. The random-effect Meta-
analysis suggested that the difference between the two groups was
statistically significant (n = 257, I* = 55%; MD = -3.40; 95% CI
[-4.02, -2.78], p < 0.00001) (Figure 12B). The sensitivity analysis
showed that the study reported by Zhang G.R was the source of
heterogeneity because excluding this study resulted in an I* = 0%.

Furthermore, the investigation also evaluated the individual
symptom scores of abdominal pain, diarrhea, urgency, pus and
blood stool, and burning anal pain. Although the heterogeneity
was high, it indicated that rhubarb-based therapy could improve
UC symptoms to some extent (Supplementary Figures S2, S3).

Publication bias

Publication bias was assessed by funnel plots for the included
29 studies which reported the primary outcome. The funnel plots
were asymmetrical, suggesting a possible publication bias
(Supplementary Figure S4).

Discussion

UC is one of the modern intractable diseases regarded by the
World Health Organization (Pedersen et al., 2014). Longstanding
UC bears a high risk of developing colitis-associated colon cancer
(Ekbom et al., 1990). Recently, 5-ASA is the most widely used
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first-line drug which is obviously beneficial to mild to moderate
UC but limited for severe UC (Ko et al, 2019). As the
supplementary drugs, corticosteroids and immunosuppressive
drugs often required by the severe patients. However, the long-
term application of corticosteroids and immunosuppressive
drugs always brings about significant side effects (Ko et al,
2019; Kobayashi et al, 2020). What’s more, surgery, as an
optional therapy for sever UC, is mentioned to delay the
progression of the disease, but the prognosis of surgery still
carries the risk of colon cancer (Windsor et al., 2013). Basically,
TCM has attracted increasing attention for the potential effective
and safe treatment.

TFTM is a typical therapeutic method in TCM. According to
TCM theory, TFTM mainly refers to those medicinals with
purgative method. There are many representative medicinals
of TFTM, such as Citrus x aurantium L. [Rutaceae; Citrus x
aurantium young fruit], Magnolia officinalis Rehder &
E.H.Wilson [Magnoliaceae; Magnolia officinalis bark], Aloe
vera (L.) Burm.f. [Asphodelaceae; Aloe vera sap], Cannabis
sativa L. [Cannabaceae; Cannabis sativa ripe fruit], which
have been shown to treat experimental UC mainly by anti-
inflammation and modulating intestinal flora (He et al., 2018;
Naini et al., 2021; Eom et al., 2022; Xie et al., 2022). But compared
with those medicinals, rhubarb is the most representative, and it
is also the most widely used in the treatment of gastrointestinal
diseases (Zhang et al., 2021). Rhubarb has been validated to treat
UC through immunosuppression, anti-inflammation, intestinal
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Forest plot displaying the results of the Meta-analysis for (A) adverse events and (B) the TCM symptoms integral.

flora regulation, and endotoxin inhibition (Miao et al., 2018;
Xiang et al., 2020). The potential clinical value is necessary to be
assessed with evidence-based methods.

In this study, 30 RCTs involving 2,421 patients were included
in the Meta-analysis. The results reveal that the clinical efficiency
of the rhubarb-based treatment group was significantly higher
than that of the control group. Furthermore, a comparable
of RCTs rhubarb-based
medicinal formulas alone, supporting its effectiveness
explicitly. 5-ASA and SASP belong to the 5-ASA class of
medications, both of whom are the mainstay of treatment of
mild to moderate UC (Ko et al., 2019). Long-term use of 5-ASA
reduces the risk of relapse and cancer in UC patients, making it

number evaluated the wuse of

an indispensable drug for UC treatment (Kim, 2018; Wang et al.,
2018). Nevertheless, for patients with severe UC, the therapeutic
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effect of 5-ASA is limited. Of note, the rhubarb-based medicinal
formulas combined with 5-ASA or SASP were more effective
than the use of 5-ASA or SASP alone, indicating that the
synergistic effect of rhubarb is remarkable. The result suggests
that rhubarb-based therapy might benefit patients who did not
respond or could not tolerate 5-ASA treatment, thus avoiding the
apparent side effects associated with the use of corticosteroid and
thiopurine.

Further, patients with proctitis are always treated with 5-ASA
suppositories, which target the site of inflammation directly and
seem to be more effective than oral 5-ASA. In left-sided colitis, 5-
ASA should be administered as an enema instead of a
suppository in order to reach the splenic flexure (Gionchetti
et al., 1998; Choi et al., 2015; Reinisch et al., 2015). As with 5-
ASA, different administration routes of medicinals can directly
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impact the efficiency rate. This study found that the rhubarb-
based therapy was clinically more effective when administered
either orally or by enema. What’s more, it was meaningful to add
it to any course of treatment.

The symptoms of UC mainly include abdominal pain,
vomiting, diarrhea, and rectal bleeding, which seriously affect
life quality of patients. Studies have shown that rhubarb could
exert various pharmacological effects in the gastrointestinal tract
(Xiang et al., 2020). The combination of anthraquinones in
rhubarb played a role in inducing diarrhea, while tannic acid
could inhibit the purgative effect of anthraquinones and thereby
induced antidiarrheal effects (Qin et al., 2011; Cao et al., 2017).
Through the review of TCM symptoms integral, it was found that
rhubarb-based the
symptoms of abdominal pain, diarrhea, urgency, pus and

therapy could significantly improve
blood stool, and burning anal pain in UC patients, and
ultimately had a positive impact on the symptomology and
quality of life of patients. Also, Mayo and Geboes scores
revealed that the rhubarb-based therapy effectively improved
the disease activity and the histological status of UC. And the
result of the recurrence rate indicated that the disease process was
effectively controlled and recurrence was delayed.

The hypercoagulable state is an essential part of the
pathological mechanism of UC (Danese et al, 2007).
Meanwhile, cytokines regulated by multiple inflammatory
signaling pathways are a central component of chronic
inflammation (Ungaro et al., 2017; Kobayashi et al., 2020).
The imbalance of cytokines have been reported in patients
with active IBD, including TNF-q, IL-1f, IL-6, IL-8, IL-10, IL-
12, IL-17, IL-23, and TGF-p (Neurath, 2014). The simultaneous
activation of coagulation and inflammation in colon injury foci
are identified as the preservation mechanisms for repairing
damaged areas (Lipinski et al, 2011). At the same time, the
crosstalk between coagulation and inflammation has raised
concerns. Inflammatory stimuli can trigger the coagulation
cascade while coagulation also regulates inflammatory
signaling pathways (de Maat et al, 2014). PLT, a principal
coagulation marker, constitutes a crucial link between
inflammation and coagulation, creating a vicious circle in
which participating parameters conserve and propagate each
other (Yoshida and Granger, 2009). PLT is activated at
inflammatory sites and excrete large amounts of pro-
inflammatory substances located in its intracellular granules
(Smyth et al., 2009). The results of this Meta-analysis showed
that rhubarb-based therapy significantly reduced PLT, TNF-q,
IL-1p, IL-6, IL-1f, and CRP, and increased IL-10, as well as had
some effects on PT and FIB. Thus, rhubarb-based therapy can
improve the hypercoagulable state of UC and suppress intestinal
inflammation. An important point to note was the highly
heterogeneous results in the analysis of all six inflammatory
cytokines, likely caused by the use of different measurement
devices and measurement units in the original study. The results

of this Meta-analysis should be interpreted with caution.
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Moreover, rhubarb has a powerful blood-activating effect. It
is a common medicinal for blood stasis syndrome (Liu et al.,
2013; Gao et al., 2020). Studies have reported that rhubarb had
significant anti-PLT effects and PLTs were the main effector cells
of rhubarb in the promoting blood circulation to remove blood
stasis method (Seo et al, 2012; Gao et al, 2020). It could
significantly improve whole blood viscosity and plasma
viscosity in high molecular dextran-induced hyperviscosity
syndrome model in rats, and reduce the levels of PLT
activation markers Plasma P-selectin and thromboxane (Gao
et al., 2020). Additionally, rhubarb significantly affected local
microcirculation, reducing local pancreatic blood flow in the
pancreas and improving pancreatic microcirculation (Zhao et al.,
2004). It protected the intestinal mucosal capillary endothelial
cells and increased the number of functional capillaries,
promoted blood flow through intestinal mucosal capillaries,
reduced thrombogenesis, and improved the blood and oxygen
supply of the intestinal mucosa (Cui et al., 2014; Cui et al., 2016).
Derivatives of rhubarb also had anti-PLT aggregation effects,
among which, chrysophanol-8-O-glucoside, an anthraquinone
derivative isolated from rhubarb, was found to have the most
potent inhibitory effect on collagen- and thrombin-induced PLT
aggregation and was mightier than the positive drug aspirin.
Specifically, it was found to inhibit PLT aggregation in vitro and
ex vivo and prolong bleeding time and activate partial
thromboplastin time (Seo et al, 2012). In addition, the
mixture of five monomeric compounds of rhubarb could
antagonize the matrix Metalloproteinase-9-induced human
endothelial (HUVEC)
permeability by promoting HUVEC proliferation

umbilical  vein cell monolayer
and
reducing  extracellular ~ vascular  endothelial-cadherin
concentrations (Cui et al, 2016). In addition, although the
bioavailability of rhubarb and its monomers may be low, it
that combining them with
nanosystems (Zhang et al., 2022a; Zhang et al, 2022b). In

conclusion,

seems we can consider

based on the characteristics of coagulation
abnormalities associated with UC and the exact clinical
efficacy and experimental evidence of rhubarb in UC, the
rhubarb’s coagulation-regulation effect is worthy of further
investigation.

The incidence of adverse events is an important indicator to
evaluate the safety of a treatment strategy. Several studies have
reported that 5-ASA and SASP may cause adverse events such as
fever, nausea, dizziness, and diarrhea (Sehgal et al., 2018). In five of
the six studies that reported adverse events, the control drug was 5-
ASA class. Although a number of studies have reported that
medicinals could reduce the incidence of adverse time when used
in combination with 5-ASA (Chen et al., 2020), the results showed
that rhubarb-based therapy did not significantly improve these side
effects. For the subgroup analysis, the incidence of side effects was
not statistically different at 2-5 weeks of treatment while showed a
significant difference at 6-9 weeks. In addition, although rhubarb
has the side effect of purgative, the results of our analysis showed that
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FIGURE 13

A complex network analysis of the rhubarb-based medicinal formulas. The size and color of the nodes represent the frequency of occurrence of
the medicinals. The larger and darker the node, the more frequently the medicinals appear. The degree of association between medicinals is marked
by lines, the thicker the line and the darker the color, the stronger the association between two botanical drugs.

rhubarb-based therapy did not exhibit significant side effects. This
means it has a high safety profile in clinical use. This article
concludes that the rhubarb-based therapy can improve clinical
efficacy, improve clinical symptoms, and reduce recurrence rate
in UC. It can also meliorate the hypercoagulable and inflammatory
status. In addition, subgroup analysis suggests that early intervention
of rhubarb-based therapy will obtain better effects. There is a
synergistic effect of the rhubarb-based medicinal formulas with
5-ASA or SASP. Nevertheless, the mechanism of the synergistic
effect has not been revealed completely that require more
investigations.
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To determine the characteristics and patterns of specific
medicinals used in the rhubarb-based medicinal formulas, this
investigation analyzed the medicinals used in each original study
(Supplementary Figure S5). The high-frequency medicinals
(frequency >14) were rhubarb, Glycyrrhiza glabra L. [gan cdo;
Fabaceae; Glycyrrhiza glabra root and rhizome], Coptis chinensis
Franch. [hudng lidn; Ranunculaceae; Coptis chinensis rhizome],
Scutellaria baicalensis Georgi [hudng qin; Lamiaceae; Scutellaria
baicalensis root], Angelica sinensis(Oliv.)Diels [dang guf;
Apiaceae; Angelica sinensis root], Paeonia lactiflora Pall. [bdi
shdo; Paeoniaceae; Paeonia lactiflora root], and Dolomiaea costus
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(Falc.) Kasana & A .K.Pandey [mu xiang; Asteraceae; Dolomiaea
costus root], Areca catechu L. [bing ling Arecaceae; Areca
catechu seed], and Neolitsea cassia (L.) Kosterm. [rou gui;
Lauraceae; Neolitsea cassia bark], with frequencies of 30, 23,
22,20, 18, 17, 17, 15, 14, respectively. In order to determine the
characteristics and patterns of specific medicinals used in the
included studies, an association analysis was performed
(Figure 13). According to the frequency, correlation, and
confidence, da hudng, hudng lidn, and hudng qin formed the
major group of medicinals that make up the classic formula
Xiexin decoction (XXD). XXD has been recorded since the Han
Dynasty (early third century), in Essentials from the Golden
Cabinet (Jin Gui Yao Liié), which has been commonly used to
treat patients with chronic gastritis, peptic ulcer, acute dysentery,
UG, or other dysfunctions of the gastrointestinal tract in the
clinic. According to the TCM, da hudng, hudng lidn, and hudng
qin are all heat-clearing and damp-drying medicinals (Teng et al.,
2019). And the dampness syndrome and large intestine damp-
heat syndrome are the most common syndrome of UC patients
(Zhang et al., 2019). XXD can clear heat and dry dampness,
which is often applied to treat UC patients effectively (Jia et al.,
2021). Research has shown that XXD could promote the recovery
of colitis and inhibit the colonic inflammation damage in UC rats
by reducing the level of MPO and the expression of TNF-a and
NEF-kB, and increasing the production of IL-10 in colon tissues
(Han et al.,, 2013). The pattern analysis provides a more precise
decoction strategy for the clinical application of rhubarb-based
medicinal formulas, which raises an optional protocol for UC
patients.

Limitation

As the available studies only provided short-term
assessments of 2-13 weeks, this investigation is not able to
assess the long-term efficacy and safety of the rhubarb-based
therapy for UC. Second, the lack of a large number of high-
quality, multicenter standard RCTs and the lack of description
of random assignment procedures and blinding in some
studies may also affectthe quality of this Meta-analysis.
Furthermore, even though this paper used sensitivity
analysis to reduce the effect of different measurement units
and methods on the results, the outcomes of inflammatory
cytokines, and TCM symptoms integral to this Meta-analysis
still showed a high level of heterogeneity. Hence, the results of
the analysis should be identified carefully. It would be
beneficial if more research would be conducted to promote
the rational application of rhubarb-based therapy for UC. In
addition, the other representative medicinals of TFTM are
widely used in clinical practice, but there are few studies
related to UC, and their recognition is not as high as
rhubarb in the TCM industry. This makes them not the
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object of our Meta-analysis. But their value also deserves
more exploration in the future.

Conclusion

In this article, rhubarb-based therapy is effective in
improving UC, especially in terms of relieving clinical
symptoms, reducing recurrences, and improving
hypercoagulable states and inflaimmation. Furthermore, the
rhubarb-based medicinal formulas combined with 5-ASA or
SASP are more effective than 5-ASA or SASP alone. And
rhubarb-based therapy is recommend use within 1-13 weeks
or 3 months via administered orally or by enema, which is
contributes to ensure the curative effect and avoid its side
effects. As an important case of TFTM, rhubarb-based therapy
provides evidence for the practical application of TFTM, and also

provides ideas for further development and exploration.
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