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Objective: This research employed a network meta-analysis (NMA) to examine
the effectiveness of five traditional Chinese medicine (TCM) monomers for
promoting motor function recovery in rats with blunt spinal cord injury (SCI).

Methods: Wangfang, China National Knowledge Infrastructure, Web of Science,
Embase, Chinese Scientific Journal Database, PubMed, and the Chinese
Biomedical Literature Databases were searched for retrieving relevant articles
published from their inception to December 2022. Two reviewers performed
screening of search results, data extraction, and literature quality assessment
independently.

Results: For this meta-analysis, 59 publications were included. Based on the
recovery of motor function at weeks 1, 2, 3, and 4 in NMA, almost all TCM groups
had significantly increased positive effects than the negative control animals. In
terms of cumulative probability, the tanshinone IIA (TIIA) group ranked first in
restoring motor function in the first week after blunt SCI, and the resveratrol (RSV)
group ranked first during the last 3 weeks.

Conclusion: The NMA revealed that TCM monomers could effectively restore
motor function in the rat model of blunt SCI. In rats with blunt SCI, TIIA may
be the most effective TCM monomer during the first week, whereas RSV may
be the most effective TCM monomer during the last 3 weeks in promoting motor
function recovery. For better evidence reliability in preclinical investigations
and safer extrapolation of those findings into clinical settings, further research
standardizing the implementation and reporting of animal experiments is required.
Systematic Review identifier
INPLASY202310070.

Registration: https://inplasy.com/,

animal studies, traditional Chinese medicine, monomer, spinal cord injury, motor
function, network meta-analysis
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1. Introduction

Spinal cord injury (SCI) is a kind of disease that affects the
central nervous system and is linked to a significant risk of
disability and death. In addition, the incidence of SCI is
increasing (1-3). Of all the factors that contribute to SCI, trauma
is the most common causal factor observed in clinical cases. SCI
can broadly be categorized into two injuries: primary and
secondary. Primary injury is caused by direct external force on
the spinal cord during the trauma. After the primary injury, the
activity of factors such as inflammation, oxidative stress,
autophagy, and apoptosis gradually expands across the spinal
tissue, causing secondary injuries. Such injuries cause extensive
and sustained damage, leading to permanent loss of motor and
sensory function (4-6). The current treatment options for SCI
include decompression surgery, medication, and physical
therapy; irrespective, there are no satisfactory treatments for SCI
(7, 8). As a result, the treatment of SCI remains a major challenge.
Many injury models have been used in the study of SCI, among
which these blunt injury models, where the spinal cord is
compressed or contused, imitate common human injuries and
offer an excellent setting for research into secondary
pathophysiological processes that take place immediately
following injury in a more precise manner (9, 10). Furthermore,
in experimental animals, the pathophysiology of SCI is
considerably similar in rats and humans (11). Rats are also less
expensive and more standardized than other animal species,
making them the most commonly used model for studying SCI
(12, 13).

In the quest to explore effective treatments for blunt SCI, a few
studies have demonstrated the neuroprotective role of traditional
Chinese medicine (TCM) monomers (14, 15). At present, more
than ten TCM monomers are available for the treatment of blunt
SCI, five of which have been extensively studied: curcumin (CUR),
tetramethylpyrazine (TMP), resveratrol (RSV), ginsenoside (GS),
and tanshinone IIA (TIIA). CUR is a hydrophobic polyphenol that
is the biologically active component of turmeric (16, 17). TMP is a
monomer alkaloid that is extracted from the dried rhizome of
Ligusticum chuanxiong, a Chinese herbal medicine (18, 19). RSV is
a polyphenol found in berries and wine that is used in TCM (20,
21). GSs are steroid glycosides and triterpene saponins obtained
from Panax ginseng, a plant that has been historically used for
medicinal purposes (22, 23). Almost all GSs have anti-inflammatory
and antioxidant properties and thus their medicinal potential is
often analyzed together (24). TIIA is a monomer obtained from the
liposoluble extract of Salvia miltiorrhiza Bunge (25, 26). Animal
studies have demonstrated that these five TCM monomers assume
a neuroprotective role in blunt SCI through several mechanisms to
promote the recovery of motor function. Irrespective, it is still
unclear which of these monomers is the most suitable for motor
function recovery after blunt SCI. Therefore, the present study
aimed to assess data from rat studies on the use of TCM monomers
for treating blunt SCI. Subsequently, a network meta-analysis
(NMA) was employed to examine the effectiveness of five TCM
monomers for promoting motor function recovery in rats with
blunt (SCI). The results obtained will provide a theoretical basis for
the treatment of blunt SCI using TCM monomers and lay a
foundation for future research, which can promote the use of
animal data in clinical research.
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2. Materials and methods
2.1. Registration

The guidelines outlined in the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses were followed throughout this
investigation (27). The research protocol was submitted to INPLASY for
registration (registration number: INPLASY202310070).

2.2. Search strategy and selection criteria

The following databases were searched: Chinese Biomedical
Literature, Wanfang, Chinese Scientific Journal, China National
Knowledge Infrastructure, Web of Science, Ovid-Embase, and PubMed
(inception to December 2022). Potentially eligible papers were identified
using the following terms as topic words, keywords, free-text terms, or
Medical Subject Heading terms: “curcumin,” “turmeric yellow;

» « » o«

« . . 1w« . »
curcumin phytosome,” “ginsenoside;,” “panaxosides,” “resveratrol;

» <« »

“trans-resveratrol,” “cis-resveratrol,” “tanshinone,” “tanshinone IIA

“tetramethylpyrazine;” “ligustrazine,” “chuanxiongzine;” “spinal cord

» <«

injuries,

» «

spinal cord injury;

» <

spinal injury;” “spinal cord trauma,” and
“spinal cord contusion”” An individualized database-specific approach
was used for each search. Methods of blinding, languages used, and
publishing dates were unrestricted. The detailed search strategy of each
database is provided in Supplementary Table S1.

All enrolled studies followed the criteria: (1) Animals: rat with
blunt SCI (contusion and compression model); (2) Intervention: five
TCM monomers (CUR, TMP, RSV, GS, and TIIA); (3) control:
placebo or no treatment; (4) Outcome: Weekly Basso-Beattie-
Bresnahan (BBB) Locomotor Rating scale scores over 4 weeks. (5)
Study type: control studies. Studies were excluded if (1) SCI was
induced by other means, such as complete transverse SCI, hemisection
SCI, and spinal cord ischemia/reperfusion injury; (2) BBB scores were
not reported; (3) studies were duplicated; and (4) if complete raw data
were not provided or if data could not be extracted.

2.3. Data collection and quality assessment

Two trained researchers were involved in selecting articles and
extracting data from eligible studies in full compliance with the criteria
for inclusion/exclusion as well as in cross-checking them. Disagreements
were resolved by a third researcher. Relevant data were extracted
according to a standard checklist, which included two major parameters:
basic data (author [s], publication year, country, study design; species,
age, sex, weight, size of the sample, animal modeling methods, type of
TCM monomer, dose, and route) and outcomes (BBB score).

Using SYRCLE’s Risk of Bias tool for animal research, the
reviewers conducted independent assessments of the quality of the
articles that were included in the analysis (28). The following ten
criteria were used to assess possible bias in the enrolled studies: (1)
sequence generation, (2) baseline characteristics, (3) allocation
concealment, (4) random housing, (5) blinded animal intervention,
(6) random outcome assessment, (7) blinded outcome assessment, (8)
incomplete outcome data, (9) selective outcome reporting, and (10)
other types of bias. A third reviewer was consulted to settle any
disagreements of opinion that may have arisen. Each study was graded
to either be of “low;” “high,” or “unclear” risk.
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2.4. Statistical analysis

All variables included in our study were continuous variables. These
variables were retrieved for NMA using STATA version 16, and the
standardized mean difference (SMD) and the respective 95% confidence
interval (CI) were calculated. Subsequently, the evidence network
diagram was created to compare the five TCM monomers and allow a
visual assessment of the relationship between each monomer and
sample size. The thickness of the line segment indicated the number of
studies that examined both interventions, whereas the size of the circles
indicated the sample sizes used. Various intervention probabilities were
ranked using SUCRA (surface under the cumulative ranking area). The
SUCRA scores varied from 0 to 100%, reflecting the gradual increase
from the poorest to the best treatments (29). Publication bias and small-
sample effects were assessed using funnel plots.

3. Results
3.1. Literature search

The search of the relevant literature yielded a total of 1827 articles,
with 958 of them being written in Chinese and 869 in English.
Following the removal of duplicates and publications that did not
fulfill the criteria for inclusion, 59 articles (29 English and 30 Chinese)
assessing the efficacy of TCM monomers in SCI were finally included.
Figure 1 provides an in-depth description of the screening process.

3.2. Basic study characteristics

In total, 56 randomized controlled trials (RCTs) and three
controlled studies were included. Animals used in these investigations
were either SD rats (55 articles) or Wistar rats (4 articles), see
Figure 2A. In total, 27 publications used only male rats, 21 used only
female rats, and 8 comprised equal numbers of male and female rats;
In three of the research studies, the rat’s sex was not specified. Overall,
rats varied in age between 6 weeks and 36 weeks, in weight between
180g and 350g, and in sample size between 4 and 54. Contusion (46
research articles) and compression (13 articles) were the two modes
of modeling used, see Figure 2B. Regarding the TCM monomers, 17,
21, 8,9, and 4 studies evaluated the efficacy of CUR, TMP, RSV, GS,
and TIIA, respectively, see Figure 2C. The monomers were
administered intraperitoneally (49 studies), intramuscularly (1 study),
intrathecally (1 study), intraperitoneally + intramuscularly (1 study),
intraperitoneally + intrathecally (1 study), intravenously (2 studies),
orally (2 studies), or epidurally (1 study); the route of administration
was not reported in 1 study, see Figure 2D. Supplementary Table 52
displays the included publications’ baseline characteristics.

3.3. Risk of bias

The assessment results showed a medium quality for all the
included literatures. Only five of the 56 RCTs (8.5%) that were
examined provided evidence that randomization was carried out
with the aid of a random number table or a computer. However, in
these publications, the use of concealed grouping was not reported
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at any point. Overall, 98.3% of the articles (58 out of 59) indicated
that the subjects’ baseline characteristics, including age, sex, and
body weight, were matching. Moreover, the random allocation of
rats throughout the experiment was indicated by 55.9% (33/59) of
the reports. Since the included publications only provided a
limited amount of information, it was not possible to obtain
blinding information from those publications. However, only
15.3% of studies (9/59) indicated they randomly selected animals
for measuring outcomes. Blinding of outcome assessors was
applied in 57.6% (34/59) of studies. In 96.6% (57/59) of the studies,
all rats were included in the final analysis. The purity of TCM
monomers has not been reported in any studies. All expected
results were clearly reported, but not all studies provided access to
the protocol. Therefore, there is a high risk of performance bias in
literature quality assessment. Figure 3 provides a comprehensive
summary of the methods used to evaluate the potential for bias
across studies.

3.4. Network meta-analysis

3.4.1. First week after treatment with TCM
monomers

A total of 57 studies were included for network meta-analysis.
The evidence network showed there was no direct comparison
between all types of TCM monomers. At the same time, the number
of studies on TMP was the largest, see Figure 4A. The results of NMA
indicated that rats had significantly higher BBB scores in TCM
monomer groups compared to negative controls. However, the
differences in BBB scores of rats between the five types of TCM
monomers were not statistically significant, see Table 1. Rank
ordering and SUCRA value results showed that TIIA might be the
most effective TCM monomer for SCI, see Figure 5A and
Supplementary Table S3. The comparison-correction funnel plot was
basically symmetrical, suggesting that there was less possibility of
publication bias, see Figure 6A.

3.4.2. Second week after treatment with TCM
monomers

A total of 54 studies were included for network meta-analysis.
The evidence network showed there was no direct comparison
between all types of TCM monomers. At the same time, the number
of studies on TMP was the largest, see Figure 4B. The results of NMA
indicated that rats had significantly higher BBB scores in TCM
monomer groups compared to negative controls. However, the
differences in BBB scores of rats between the five types of TCM
monomers were not statistically significant, see Table 2. Rank
ordering and SUCRA value results showed that RSV might be the
most effective TCM monomer for SCI, see Figure 5B and
Supplementary Table S4. The comparison-correction funnel plot was
basically symmetrical, suggesting that there was less possibility of
publication bias, see Figure 6B.

3.4.3. Third week after treatment with TCM
monomers

A total of 36 studies were included for network meta-analysis.
The evidence network showed there was no direct comparison
between all types of TCM monomers. At the same time, the number
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Publications screened and selected through database searches (n=1827),
English sources produced 869 articles, including PubMed (n=136), Web of
science (n=395), Embase (n=338). Chinese sources produced 958 articles,
including CNKI (n=305), Wanfang (n=238), VIP (n=139) and CBM (n=276).

——»

Duplicates removed (n=786)

A 4

Records after duplicates removed(N=1041)

v

Records screened(N=1041)

Excluded (n=820)

Irrelevant Animal models(n=103)
Irrelevant interventions(n=188)

Irrelevant study types(n=529)

A 4

Full texts assessed for eligibility(N=221)

Excluded (n=162)

Irrelevant Animal models (n=17)
Irrelevant interventions (n=44)
Irrelevant outcome (n=81)

Unavailable data (n=20)

\ 4

Publications included in the final synthesis(N=59)

FIGURE 1
Flowchart of references - screening process.

of studies on TMP was the largest, see Figure 4C. The results of NMA
indicated that rats had significantly higher BBB scores in TCM
monomer groups compared to negative controls. However, the
differences in BBB scores of rats between the five types of TCM
monomers were not statistically significant, see Table 3. Rank
ordering and SUCRA value results showed that RSV might be the
most effective TCM monomer for SCI, see Figure 5C and
Supplementary Table S5. The comparison-correction funnel plot was

Frontiers in Neurology

basically symmetrical, suggesting that there was less possibility of
publication bias, see Figure 6C.

3.4.4. Fourth week after treatment with TCM
monomers

A total of 32 studies were included for network meta-analysis.
The evidence network showed there was no direct comparison
between all types of TCM monomers. At the same time, the number
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= 5D rats

= Wistar rats

= CUR
= TMP
= RSV
= GS

=TIA

FIGURE 2

A Types of rats B

C Types of medications D

Modeling method

= Contusion

= Compression

Administration route

= Intraperitoneal injection

= Intramuscular injection

= Intrathecal injection

= Intraperitoneal+intramuscular
injection

= Intraperitoneal+intrathecal
injection

= Intravenous injection

= Oral

= Epidural injection

= Unknown

Basic information for inclusion in the study. (A) Types of rats; (B) modeling method; (C) types of medications; (D) administration route.

‘Was the allocati d

q q

ly generated and applied?

Were the groups similar at baseli ders in the is?

or were they adj d for conf

Was the allocation adequately concealed?

‘Were the animals randomly housed during the experiment?

Were the caregivers and/or investigators blinded from knowledge which intervention each
animal received during the experiment?

Were animals selected at random for outcome assessment?

Was the outcome assessor blinded?

Were i pl data ad

q ly addressed?

Are reports of the study free of selective outcome reporting?

‘Was the study apparently free of other problems that could result in high risk of bias?

= Low

FIGURE 3
The results of the risk of bias assessment.
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Unclear m High

of studies on CUR was the largest, see Figure 4D. The results of
NMA indicated that rats had significantly higher BBB scores in
TCM monomer groups compared to negative controls. Except for
the CUR and RSV, the differences in BBB scores of rats between
other types of TCM monomers were not statistically significant, see
Table 4. Rank ordering and SUCRA value results showed that RSV
might be the most effective TCM monomer for SCI, see Figure 5D
and Supplementary Table S6. The comparison-correction funnel
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plot was basically symmetrical, suggesting that there was less
possibility of publication bias, see Figure 6D.
4. Discussion

As far as we know, this is the first NMA that evaluates the motor
function recovery in rat blunt SCI models following treatment with
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A RSV T™MP B RSV TMP
GS GS
CUR CUR
THA TIA
Placebo Placebo
C D
RSV TMP RSV TMP
GS
Placebo Placebo
FIGURE 4
Evidence network diagram Circle size represents sample size involved; thickness of the line segment represents the number of studies involving both
interventions. (A) The first week; (B) the second week; (C) the third week; (D) the fourth week

TABLE 1 Network meta-analysis results 1 week after treatment with TCM monomers.

CUR
—0.53 (—1.58,0.52)

—1.28 (—2.67,0.10)

TMP

—0.75 (—2.13,0.62)

RSV

—0.89 (—2.25,0.47) —0.36 (—1.71,0.98) 0.39 (-1.23,2.02)

—1.67 (—3.41,0.07) —1.14 (-2.87,0.59) —0.38 (—2.34,1.57)

1.75 (1.00,2.50) 2.28 (1.55,3.01) 3.04 (1.87,4.20)

Bold values are significant pairwise comparisons.

TCM monomers The BBB Locomotor Rating scale (score range: 0-21;
complete flaccid paraplegia to normal function) is a sensitive measure
of motor function recovery. Accordingly, this tool was used for
assessing motor function recovery in SCI rat models (30-32).
According to NMA, almost all TCM monomers significantly improved
motor function recovery when compared with the negative control
group at weeks 1, 2, 3, and 4. This finding indicates the considerable
potential of TCM monomers in treating SCI. Although the lack of
statistical significance in the BBB scores of the five TCM monomer
groups at weeks 1, 2, and 3 may be attributed to the small sample size,
the results based on rank ordering and SUCRA values still indicate that
in the first week after SCI, the TIIA group showed the best recovery of
motor function, while the RSV group exhibited the best recovery of
motor function in the last 3 weeks. Therefore, we can consider TIIA
may be the most effective TCM monomer during the first week,
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GS
—0.78 (=2.71,1.16) TIIA

2.64 (1.51,3.77) 3.42 (1.85,4.99) Placebo

whereas RSV may be the most effective TCM monomer during the last
3 weeks in promoting motor function recovery. In the future, further
studies with larger sample sizes are needed to validate our findings.
Several key conclusions emerge from the studies evaluated in this
meta-analysis. TIIA may have a better effect on early recovery of motor
function than the other monomers. This conclusion has been supported
by a few various researchers. Our team established in a previous
research report that TIIA has great potential in remodeling the spinal
pathway and exhibits neuroprotective effects in the early stage of SCI
(33). In addition, TIIA can relieve histopathological damage, rescue
microvessels, and reduce blood-brain barrier permeability to protect
motor neurons through the Notch signaling pathway (34). In SCI, an
increase in the number of activated astrocytes and glial scarring both
lead to decreased neurological function. Treatment with TIIA can thus
effectively ameliorate these biological changes leading to a satisfactory
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functional recovery (35). Therefore, TIIA exhibits neuroprotective
activity and promotes recovery of motor function in the early stage of
SCI. However, caution should be exercised in assessing whether the
early therapeutic effect of TIIA in SCI is the most optimal among the
five TCM monomers, as this study only included four eligible studies
on TIIA treatment for SCI. Further relevant literature is still needed to
validate this conclusion.

In addition, according to the findings of this investigation, RSV
could be the TCM monomer that is most efficient in promoting the
restoration of motor function in rats with blunt SCI during the last
3 weeks of treatment. Secondary injury, including inflammation,
oxidative stress responses, and neuronal apoptosis, occurring after the
initial SCI in further neurological damage. This
pathophysiological status is alleviated by RSV owing to its ability to
relieve inflammation, inhibit oxidative damage, and prevent apoptosis.

results

Furthermore, previous studies have demonstrated that RSV suppresses
the inflammatory response in SCI by upregulating the SIRT-1
signaling pathway and downregulating the NF-kB signaling pathways
(36, 37). SCl is associated with the generation of free radicals, which
cause oxidative degradation of lipids (38). Therefore, malondialdehyde
(MDA) and superoxide dismutase (SOD) are often used as indices of
oxidative injury in SCI (39). Prior studies have found that RSV is a
good biological antioxidant that can reduce secondary oxidative
stress-induced cell injury after SCI. It mediates this activity by
increasing the SOD level and decreasing the MDA level in serum (40).
A few studies have found that treatment with RSV is associated with
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significant upregulation of the anti-apoptotic gene Bcl-2 as well as
significant inhibition of neuronal apoptosis (41, 42). These findings
have boosted the potential of RSV as a treatment for SCI. The results
of this study further support these findings that RSV is a promising
drug for promoting motor function recovery after blunt SCI.

The other three TCM monomers (CUR, TMP, and GSs) can also
play an indispensable function in SCI treatment. Studies have shown
that CUR inhibits the overactivation of microglia by regulating the
expression of microglia TLR4, thereby reducing inflammation-
induced neuronal injury (43). In addition, CUR activates the Nrf2
signaling pathway and upregulates the Nrf2/HO-1 signaling pathway,
which promotes free radical antioxidant properties (44). Thus, CUR
has demonstrated efficacy in alleviating inflammation and oxidative
damage associated with central nervous system damage in mammals
(45). Similarly, in vivo data have shown that TMP regulates the spinal
cord microenvironment (46). In a rat model of acute SCI, TMP
decreases the expression of migration inhibitory factors, which may
play a role in repairing damaged tissue (47). A few studies have
suggested that TMP inhibits the expression of IL-18, IL-1p, TNF-a,
NEF-kB, and neutrophil infiltration and increases the level of NF-kB
inhibitor and IL-10. These activities reduce the inflammatory
response after SCI and exert a neuroprotective activity (48, 49).
Similarly, the efficacy of GSs in treating SCI has been demonstrated.
By inducing neurotrophic factors for astroglia, GSs have
demonstrated enhancement of scratch wound healing in cell
cultures; moreover, GSs have shown improvement in nerve function
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TABLE 2 Network meta-analysis results 2 week after treatment with TCM monomers.
CUR
—0.49 (—1.47,0.49) TMP
—1.15 (—2.39,0.10) —0.66 (—1.88,0.56) RSV
—0.73 (—1.89,0.43) —0.24 (—1.38,0.90) 0.42 (—0.96,1.79) GS
—0.53 (—2.47,1.41) —0.04 (—1.97,1.88) 0.61 (—1.45,2.68) 0.20 (—1.82,2.22) TIIA
2.89 (2.17,3.60) 3.37 (2.70,4.05) 4.03 (3.01,5.05) 3.62 (2.70,4.54) 3.42 (1.62,5.22) Placebo

Bold values are significant pairwise comparisons.

recovery in animal models of SCI (45, 50). In addition, GS can 5. Limitations
effectively inhibit the SCI-induced activation of the MAPK signaling
pathway, thus alleviating secondary injury after SCI (51). These This research faced several shortcomings. Firstly, the data that
findings can well explain the mechanism of the three TCM  are now available on TCM monomers and the decline in motor
monomers promoting motor function recovery following blunt SCI,  function linked to SCI are inadequate because of the restricted
which can lay a foundation for future research. number of rats involved in each trial, the limited sample sizes, and
TCM monomers thus exhibit neuroprotective activity and could  the insufficient examination of the data on BBB scores. Secondly,
remarkably enhance motor function in rats with blunt SCI,  We only considered the BBB score since it is the most common and
especially TIIA, and RSV. Furthermore, combining multiple  best shows the impact of TCM monomers treatment; however,
therapeutic approaches would benefit spinal cord functional  we failed to assess any further outcome measures due to few
recovery; these include the use of two or more TCM monomers and ~ reports. Thirdly, we were unable to determine where the
the use of TCM monomers combined with molecular therapy, cell ~ heterogeneity originated in an accurate manner. Therefore, in our
therapy, or tissue engineering. Therefore, in the future, TCM investigation, we used a model with random effects, which resulted
monomers will be an important focus in the quest for blunt

SCI treatment.

in highly conservative findings. Fourth, this study compared five
TCM monomers that are commonly used for the treatment of SCI;
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TABLE 3 Network meta-analysis results 3 week after treatment with TCM monomers.

10.3389/fneur.2023.1165076

CUR

—0.53 (—2.33,1.26) TMP

—0.97 (—3.04,1.10) —0.44 (—2.40,1.52) RSV

—0.91 (—3.25,1.42) —0.38 (—2.62,1.86) 0.06 (—2.40,2.53) GS

1.38 (—2.88,5.65) 1.92 (-2.29,6.13) 2.36 (—1.98,6.69) 2.29 (—2.17,6.76) TIA

3.69 (2.34,5.04) 4.23 (3.05,5.41) 4.67 (3.10,6.23) 4.60 (2.70,6.51) 2.31(-1.73,6.35) Placebo
Bold values are significant pairwise comparisons.
TABLE 4 Network meta-analysis results 4 week after treatment with TCM monomers.

CUR

—0.03 (—1.23,1.17) TMP

—1.33 (—2.62,-0.04) —1.30 (—2.68,0.08) RSV

—1.26 (—2.66,0.14) —1.23 (-2.73,0.27) 0.07 (—=1.50,1.64) GS

—0.63 (—2.43,1.17) —0.60 (—2.48,1.27) 0.70 (—1.24,2.63) 0.63 (—1.39,2.65) TIA

3.17 (2.41,3.92) 3.20 (2.27,4.12) 4.50 (3.46,5.54) 4.43 (3.25,5.61) 3.80 (2.16,5.43) Placebo

Bold values are significant pairwise comparisons.

thus, the potential therapeutic role of other TCM monomers may
have been overlooked. Fifth, drug dose and administration route
may have affected the recovery of motor function. However,
subgroup analyses were not performed owing to a smaller number
of included studies. Sixth, the purity of TCM monomer is closely
related to the therapeutic effect and dosage, but it has not been
reported in any study, which may bring a certain risk of bias; In
addition, the number of animals in different studies varies, and the
quality of the literature included in the studies needs to
be carefully evaluated.

6. Conclusion

The NMA revealed that TCM monomers could effectively restore
motor function in the rat model of blunt SCI. TIIA may be the most
effective TCM monomer to improve motor function recovery in the
first week of rats with blunt SCI, and RSV may be the most effective
TCM monomer during the last 3 weeks.

The existing animal experiments on the use of TCM
monomers for SCI still encounter various difficulties with
blinding, allocation concealment, randomization, and reporting
of results, according to a systematic review of the included
research. Because of these limitations, animal research may not
provide reliable findings. The quality of evidence in preclinical
investigations may be improved by standardizing the
implementation and reporting of animal experiments, and the risk
of extrapolating preclinical findings into clinical settings can
be reduced.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding author.

Frontiers in Neurology

Author contributions

LX conceived the study. LX, YY, WZ, WL, CL, ZG, and XY
contributed to the study design. LX drafted the manuscript. YY and
XY edited the manuscript. All authors contributed to the article and
approved the submitted version.

Funding

This work was funded by the National Natural Science Foundation
of the People’s Republic of China (No. 81973882).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fneur.2023.1165076/
full#supplementary-material

frontiersin.org


https://doi.org/10.3389/fneur.2023.1165076
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fneur.2023.1165076/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fneur.2023.1165076/full#supplementary-material

Xu et al.

References

1. Sun P, Liu DZ, Jickling GC, Sharp FR, Yin KJ. MicroRNA-based therapeutics in
central nervous system injuries. ] Cereb Blood Flow Metab. (2018) 38:1125-48. doi:
10.1177/0271678X18773871

2. Wang E, Liu J, Wang X, Chen J, Kong Q, Ye B, et al. The emerging role of IncRNAs
in spinal cord injury. Biomed Res Int. (2019) 2019:3467121-9. doi: 10.1155/2019/3467121

3. Kyritsis N, Torres-Espin A, Schupp PG, Huie JR, Chou A, Duong-Fernandez X,
et al. Diagnostic blood RNA profiles for human acute spinal cord injury. J Exp Med.
(2021) 218:€20201795. doi: 10.1084/jem.20201795

4. Huang CX, Zhao Y, Mao J, Wang Z, Xu L, Cheng J, et al. An injury-induced
serotonergic neuron subpopulation contributes to axon regrowth and function
restoration after spinal cord injury in zebrafish. Nat Commun. (2021) 12:7093. doi:
10.1038/s41467-021-27419-w

5. Zrzavy T, Schwaiger C, Wimmer I, Berger T, Bauer ], Butovsky O, et al. Acute and
non-resolving inflammation associate with oxidative injury after human spinal cord
injury. Brain. (2021) 144:144-61. doi: 10.1093/brain/awaa360

6. Patel M, Li Y, Anderson J, Castro-Pedrido S, Skinner R, Lei S, et al. Gsx1 promotes
locomotor functional recovery after spinal cord injury. Mol Ther. (2021) 29:2469-82.
doi: 10.1016/j.ymthe.2021.04.027

7. Li L, Mu J, Zhang Y, Zhang C, Ma T, Chen L, et al. Stimulation by exosomes from
hypoxia preconditioned human umbilical vein endothelial cells facilitates mesenchymal
stem cells Angiogenic function for spinal cord repair. ACS Nano. (2022) 16:10811-23.
doi: 10.1021/acsnano.2c02898

8. Han M, Yang H, Lu X, Li Y, Liu Z, Li F, et al. Three-dimensional-cultured MSC-
derived exosome-hydrogel hybrid microneedle Array patch for spinal cord repair. Nano
Lett. (2022) 22:6391-401. doi: 10.1021/acs.nanolett.2c02259

9. Kwon BK, Oxland TR, Tetzlaff W. Animal models used in spinal cord regeneration
research. Spine (Phila Pa 1976). (2002) 27:1504-10. doi:
10.1097/00007632-200207150-00005

10. Thygesen MM, Lauridsen H, Pedersen M, Orlowski D, Mikkelsen TW, Rasmussen
MM. A clinically relevant blunt spinal cord injury model in the regeneration competent
axolotl (Ambystoma mexicanum) tail. Exp Ther Med. (2019) 17:2322-8. doi: 10.3892/
etm.2019.7193

11. Kjell J, Olson L. Rat models of spinal cord injury: from pathology to potential
therapies. Dis Model Mech. (2016) 9:1125-37. doi: 10.1242/dmm.025833

12. Schmidt E, Raposo P, Vavrek R, Fouad K. Inducing inflammation following
subacute spinal cord injury in female rats: a double-edged sword to promote motor
recovery. Brain Behav Immun. (2021) 93:55-65. doi: 10.1016/j.bbi.2020.12.013

13. Fan H, Tang HB, Shan LQ, Liu SC, Huang DG, Chen X, et al. Quercetin prevents
necroptosis of oligodendrocytes by inhibiting macrophages/microglia polarization to
M1 phenotype after spinal cord injury in rats. ] Neuroinflammation. (2019) 16:206. doi:
10.1186/s12974-019-1613-2

14. Alvarado-Sanchez BG, Salgado-Ceballos H, Torres-Castillo S, Rodriguez-Silverio
J, Lopez-Hernandez ME, Quiroz-Gonzalez S, et al. Electroacupuncture and curcumin
promote oxidative balance and motor function recovery in rats following traumatic
spinal cord injury. Neurochem Res. (2019) 44:498-506. doi: 10.1007/s11064-018-02704-1

15.Li W, Yao S, Li H, Meng Z, Sun X. Curcumin promotes functional recovery and
inhibits neuronal apoptosis after spinal cord injury through the modulation of
autophagy. J Spinal Cord Med. (2021) 44:37-45. doi: 10.1080/10790268.2019.1616147

16.Li X, Zhu R, Jiang H, Yin Q, Gu ], Chen J, et al. Autophagy enhanced by curcumin
ameliorates inflammation in atherogenesis via the TFEB-P300-BRD4 axis. Acta Pharm
Sin B. (2022) 12:2280-99. doi: 10.1016/j.apsb.2021.12.014

17. Kong D, Zhang Z, Chen L, Huang W, Zhang F, Wang L, et al. Curcumin blunts
epithelial-mesenchymal transition of hepatocytes to alleviate hepatic fibrosis through
regulating oxidative stress and autophagy. Redox Biol. (2020) 36:101600. doi: 10.1016/j.
redox.2020.101600

18.Zou L, Liu X, Li J, Li W, Zhang L, Fu C, et al. Redox-sensitive carrier-free
nanoparticles self-assembled by disulfide-linked paclitaxel-tetramethylpyrazine
conjugate for combination cancer chemotherapy. Theranostics. (2021) 11:4171-86. doi:
10.7150/thno.42260

19. Yang Q, Huang DD, Li DG, Chen B, Zhang LM, Yuan CL, et al. Tetramethylpyrazine
exerts a protective effect against injury from acute myocardial ischemia by regulating
the PI3K/Akt/GSK-3p signaling pathway. Cell Mol Biol Lett. (2019) 24:17. doi: 10.1186/
s11658-019-0141-5

20. Zheng X, Sun K, Liu Y, Yin X, Zhu H, Yu E, et al. Resveratrol-loaded macrophage
exosomes alleviate multiple sclerosis through targeting microglia. J Control Release.
(2022) 353:675-84. doi: 10.1016/j.jconrel.2022.12.026

21. Yang L, Yin J, Wu ], Qiao L, Zhao EM, Cai F, et al. Engineering genetic devices for
in vivo control of therapeutic T cell activity triggered by the dietary molecule resveratrol.
Proc Natl Acad Sci U S A. (2021) 118:¢2106612118. doi: 10.1073/pnas.2106612118

22.Xu ZL, Chen G, Liu X, Xie D, Zhang ], Ying Y. Effects of ginsenosides on memory

impairment in propofol-anesthetized rats. Bioengineered. (2022) 13:617-23. doi:
10.1080/21655979.2021.2012407

Frontiers in Neurology

10.3389/fneur.2023.1165076

23.Liu C, Yang T, Zhao Z, Liu TC, Li K, Liu J, et al. Effects of particle size reduction
combined with f-cyclodextrin on the in vitro dissolution and in vivo relative
bioavailability of ginsenosides in Panax ginseng. Food Funct. (2022) 13:10882-94. doi:
10.1039/d2f001098d

24.Sng KS, Li G, Zhou LY, Song YJ, Chen XQ, Wang Y], et al. Ginseng extract and
ginsenosides improve neurological function and promote antioxidant effects in rats with
spinal cord injury: a meta-analysis and systematic review. ] Ginseng Res. (2022) 46:11-22.
doi: 10.1016/j.jgr.2021.05.009

25.Chen W, Xu Y, Li H, Dai Y, Zhou G, Zhou Z, et al. Tanshinone IIA delivery silk
fibroin scaffolds significantly enhance articular cartilage defect repairing via promoting
cartilage regeneration. ACS Appl Mater Interfaces. (2020) 12:21470-80. doi: 10.1021/
acsami.0c03822

26.Li M, Liu H, Zhao Q, Han S, Zhou L, Liu W, et al. Targeting Aurora B kinase with
Tanshinone ITA suppresses tumor growth and overcomes radioresistance. Cell Death Dis.
(2021) 12:152. doi: 10.1038/s41419-021-03434-z

27. Hutton B, Salanti G, Caldwell DM, Chaimani A, Schmid CH, Cameron C, et al.
The PRISMA extension statement for reporting of systematic reviews incorporating
network meta-analyses of health care interventions: checklist and explanations. Ann
Intern Med. (2015) 162:777-84. doi: 10.7326/M14-2385

28. Hooijmans CR, Rovers MM, de Vries RB, Leenaars M, Ritskes-Hoitinga M,
Langendam MW. SYRCLE's risk of bias tool for animal studies. BMC Med Res Methodol.
(2014) 14:43. doi: 10.1186/1471-2288-14-43

29. Cope S, Jansen JP. Quantitative summaries of treatment effect estimates obtained
with network meta-analysis of survival curves to inform decision-making. BMC Med
Res Methodol. (2013) 13:147. doi: 10.1186/1471-2288-13-147

30.Zhu S, Ying Y, Ye J, Chen M, Wu Q, Dou H, et al. AAV2-mediated and hypoxia
response element-directed expression of bFGF in neural stem cells showed therapeutic
effects on spinal cord injury in rats. Cell Death Dis. (2021) 12:274. doi: 10.1038/
541419-021-03546-6

31. Chen H, Wang Y, Tu W, Wang H, Yin H, Sha H, et al. Effects of photobiomodulation
combined with MSCs transplantation on the repair of spinal cord injury in rat. J Cell
Physiol. (2021) 236:921-30. doi: 10.1002/jcp.29902

32.Zou Y, Yin Y, Xiao Z, Zhao Y, Han J, Chen B, et al. Transplantation of collagen
sponge-based three-dimensional neural stem cells cultured in a RCCS facilitates
locomotor functional recovery in spinal cord injury animals. Biomater Sci. (2022)
10:915-24. doi: 10.1039/d1bm01744f

33.Yang YD, Yu X, Wang XM, Mu XH, He E. Tanshinone IIA improves functional
recovery in spinal cord injury-induced lower urinary tract dysfunction. Neural Regen
Res. (2017) 12:267-75. doi: 10.4103/1673-5374.200810

34.Li X, Luo D, Hou Y, Hou Y, Chen S, Zhan J, et al. Sodium Tanshinone IIA Silate
exerts microcirculation protective effects against spinal cord injury in vitro and in vivo.
Oxidative Med Cell Longev. (2020) 2020:3949575-16. doi: 10.1155/2020/3949575

35.Yin X, Yin Y, Cao FL, Chen YE Peng Y, Hou WG, et al. Tanshinone IIA attenuates
the inflammatory response and apoptosis after traumatic injury of the spinal cord in
adult rats. PLoS One. (2012) 7:e38381. doi: 10.1371/journal.pone.0038381

36. Bankole O, Scambi I, Parrella E, Muccilli M, Bonafede R, Turano E, et al. Beneficial
and sexually dimorphic response to combined HDAC inhibitor valproate and AMPK/
SIRT1 pathway activator resveratrol in the treatment of ALS mice. Int ] Mol Sci. (2022)
23:1047. doi: 10.3390/ijms23031047

37.Rojo D, Madrid A, Martin SS, Parraga M, Silva Pinhal MA, Villena J, et al.
Resveratrol decreases the invasion potential of gastric Cancer cells. Molecules. (2022)
27:3047. doi: 10.3390/molecules27103047

38.Ma D, Shen H, Chen E Liu W, Zhao Y, Xiao Z, et al. Inflammatory
microenvironment-responsive nanomaterials promote spinal cord injury repair by
targeting IRF5. Adv Healthc Mater. (2022) 11:¢2201319. doi: 10.1002/adhm.202201319

39. Ge MH, Tian H, Mao L, Li DY, Lin JQ, Hu HS, et al. Zinc attenuates ferroptosis
and promotes functional recovery in contusion spinal cord injury by activating Nrf 2/
GPX4 defense pathway. CNS Neurosci Ther. (2021) 27:1023-40. doi: 10.1111/cns.13657

40. Liu C, Shi Z, Fan L, Zhang C, Wang K, Wang B. Resveratrol improves neuron
protection and functional recovery in rat model of spinal cord injury. Brain Res. (2011)
1374:100-9. doi: 10.1016/j.brainres.2010.11.061

41. Kong X, Gao J. Macrophage polarization: a key event in the secondary phase of
acute spinal cord injury. J Cell Mol Med. (2017) 21:941-54. doi: 10.1111/jcmm.13034

42.Zhao H, Chen S, Gao K, Zhou Z, Wang C, Shen Z, et al. Resveratrol protects
against spinal cord injury by activating autophagy and inhibiting apoptosis mediated by
the SIRT1/AMPK signaling pathway. Neuroscience. (2017) 348:241-51. doi: 10.1016/j.
neuroscience.2017.02.027

43, Pulido-Moran M, Moreno-Fernandez ], Ramirez-Tortosa C, Ramirez-Tortosa M.
Curcumin and health. Molecules. (2016) 21:264. doi: 10.3390/molecules21030264

44.Jin W, Botchway BOA, Liu X. Curcumin can activate the Nrf2/HO-1 signaling
pathway and scavenge free radicals in spinal cord injury treatment. Neurorehabil Neural
Repair. (2021) 35:576-84. doi: 10.1177/15459683211011232

frontiersin.org


https://doi.org/10.3389/fneur.2023.1165076
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1177/0271678X18773871
https://doi.org/10.1155/2019/3467121
https://doi.org/10.1084/jem.20201795
https://doi.org/10.1038/s41467-021-27419-w
https://doi.org/10.1093/brain/awaa360
https://doi.org/10.1016/j.ymthe.2021.04.027
https://doi.org/10.1021/acsnano.2c02898
https://doi.org/10.1021/acs.nanolett.2c02259
https://doi.org/10.1097/00007632-200207150-00005
https://doi.org/10.3892/etm.2019.7193
https://doi.org/10.3892/etm.2019.7193
https://doi.org/10.1242/dmm.025833
https://doi.org/10.1016/j.bbi.2020.12.013
https://doi.org/10.1186/s12974-019-1613-2
https://doi.org/10.1007/s11064-018-02704-1
https://doi.org/10.1080/10790268.2019.1616147
https://doi.org/10.1016/j.apsb.2021.12.014
https://doi.org/10.1016/j.redox.2020.101600
https://doi.org/10.1016/j.redox.2020.101600
https://doi.org/10.7150/thno.42260
https://doi.org/10.1186/s11658-019-0141-5
https://doi.org/10.1186/s11658-019-0141-5
https://doi.org/10.1016/j.jconrel.2022.12.026
https://doi.org/10.1073/pnas.2106612118
https://doi.org/10.1080/21655979.2021.2012407
https://doi.org/10.1039/d2fo01098d
https://doi.org/10.1016/j.jgr.2021.05.009
https://doi.org/10.1021/acsami.0c03822
https://doi.org/10.1021/acsami.0c03822
https://doi.org/10.1038/s41419-021-03434-z
https://doi.org/10.7326/M14-2385
https://doi.org/10.1186/1471-2288-14-43
https://doi.org/10.1186/1471-2288-13-147
https://doi.org/10.1038/s41419-021-03546-6
https://doi.org/10.1038/s41419-021-03546-6
https://doi.org/10.1002/jcp.29902
https://doi.org/10.1039/d1bm01744f
https://doi.org/10.4103/1673-5374.200810
https://doi.org/10.1155/2020/3949575
https://doi.org/10.1371/journal.pone.0038381
https://doi.org/10.3390/ijms23031047
https://doi.org/10.3390/molecules27103047
https://doi.org/10.1002/adhm.202201319
https://doi.org/10.1111/cns.13657
https://doi.org/10.1016/j.brainres.2010.11.061
https://doi.org/10.1111/jcmm.13034
https://doi.org/10.1016/j.neuroscience.2017.02.027
https://doi.org/10.1016/j.neuroscience.2017.02.027
https://doi.org/10.3390/molecules21030264
https://doi.org/10.1177/15459683211011232

Xu et al.

45. Wang J, Hu ], Chen X, Lei X, Feng H, Wan F, et al. Traditional Chinese medicine
monomers: novel strategy for endogenous neural stem cells activation after stroke. Front
Cell Neurosci. (2021) 15:628115. doi: 10.3389/fncel.2021.628115

46. Gao B, Lin X, Jing H, Fan ], Ji C, Jie Q, et al. Local delivery of tetramethylpyrazine
eliminates the senescent phenotype of bone marrow mesenchymal stromal cells and
creates an anti-inflammatory and angiogenic environment in aging mice. Aging Cell.
(2018) 17:e12741. doi: 10.1111/acel.12741

47.HuJZ, Huang JH, Xiao ZM, Li JH, Li XM, Lu HB. Tetramethylpyrazine accelerates
the function recovery of traumatic spinal cord in rat model by attenuating inflammation.
J Neurol Sci. (2013) 324:94-9. doi: 10.1016/j.jns.2012.10.009

48. Zhu T, Fang BY, Meng XB, Zhang SX, Wang H, Gao G, et al. Folium Ginkgo extract
and tetramethylpyrazine sodium chloride injection (Xingxiong injection) protects

Frontiers in Neurology

11

10.3389/fneur.2023.1165076

against focal cerebral ischaemia/reperfusion injury via activating the Akt/Nrf2 pathway
and inhibiting NLRP3 inflammasome activation. Pharm Biol. (2022) 60:195-205. doi:
10.1080/13880209.2021.2014895

49. Zhu X, Wang K, Zhang K, Tan X, Wu Z, Sun §, et al. Tetramethylpyrazine protects
retinal capillary endothelial cells (TR-iBRB2) against IL-1p-induced Nitrative/oxidative
stress. Int ] Mol Sci. (2015) 16:21775-90. doi: 10.3390/ijms160921775

50. Xu L, Tang YY, Ben XL, Cheng MH, Guo WX, Liu Y, et al. Ginsenoside Rgl-
induced activation of astrocytes promotes functional recovery via the PI3K/Akt
signaling pathway following spinal cord injury. Life Sci. (2020) 252:117642. doi:
10.1016/j.1f5.2020.117642

51. Cong L, Chen W. Neuroprotective effect of Ginsenoside Rd in spinal cord injury
rats. Basic Clin Pharmacol Toxicol. (2016) 119:193-201. doi: 10.1111/bcpt.12562

frontiersin.org


https://doi.org/10.3389/fneur.2023.1165076
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.3389/fncel.2021.628115
https://doi.org/10.1111/acel.12741
https://doi.org/10.1016/j.jns.2012.10.009
https://doi.org/10.1080/13880209.2021.2014895
https://doi.org/10.3390/ijms160921775
https://doi.org/10.1016/j.lfs.2020.117642
https://doi.org/10.1111/bcpt.12562

	Comparative efficacy of five most common traditional Chinese medicine monomers for promoting recovery of motor function in rats with blunt spinal cord injury: a network meta-analysis
	1. Introduction
	2. Materials and methods
	2.1. Registration
	2.2. Search strategy and selection criteria
	2.3. Data collection and quality assessment
	2.4. Statistical analysis

	3. Results
	3.1. Literature search
	3.2. Basic study characteristics
	3.3. Risk of bias
	3.4. Network meta-analysis
	3.4.1. First week after treatment with TCM monomers
	3.4.2. Second week after treatment with TCM monomers
	3.4.3. Third week after treatment with TCM monomers
	3.4.4. Fourth week after treatment with TCM monomers

	4. Discussion
	5. Limitations
	6. Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material

	References

