
Page 1/9

(-)-Epigallocatechin Gallate Attenuates Spinal
Motoneuron Death Induced by Brachial Plexus Root
Avulsion in Rats
Fatai Lu 

The Fourth A�liated Hospital of China Medical University
Guodong Zhang 

The Fourth A�liated Hospital of China Medical University
Yingkang Zhu 

The Fourth A�liated Hospital of China Medical University
Zunpeng Liu  (  zpliu@cmu.edu.cn )

The Fourth A�liated Hospital of China Medical University

Research Article

Keywords: root avulsion, brachial plexus, motoneuron death

Posted Date: March 14th, 2022

DOI: https://doi.org/10.21203/rs.3.rs-442780/v2

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-442780/v2
mailto:zpliu@cmu.edu.cn
https://doi.org/10.21203/rs.3.rs-442780/v2
https://creativecommons.org/licenses/by/4.0/


Page 2/9

Abstract
Background EGCG bene�ts a variety of insults.

Methods Rats were randomized into: EGCG, Avulsion, and Sham.

Results P-c-Jun-positive motoneurons and the ratio of p-c-Jun/c-Jun were signi�cantly lower in EGCG
group at 3d and 7d after injury.

Conclusions EGCG protected motoneurons

Introduction
  The survival of spinal motoneurons is the key to the recovery of motor function [1]. we explored whether
EGCG administration had any bene�cial effects on the motoneurons.

Materials And Methods
Animal Preparation 

Rats were randomized into: EGCG, Avulsion, and Sham . The animals in EGCG group received daily doses
of 100 mg/kg EGCG (Hangzhou Gosun Biotechnologies Co., Ltd., China) from day 1 to day 7 as described
in previous study [2]. 

Surgical Procedures

The root avulsions of the left brachial plexus were performed according to the procedures described in
previous publications [3-7]. 

At the end of each survival time, animals were deeply anesthetized with a lethal dose of ketamine and
xylazine and perfused transcardially with normal saline followed by 4% paraformaldehyde in 0.1 M PB
(pH 7.4). Every �fth section from each animal was used for Nissl staining and immunohistochemisty
analysis.

Nissl staining

After depara�nization and rehydration, the sections were stained with warmed 0.5% cresyl violet solution
(10 minutes) as described [8].

Immunohistochemical staining

An avidin-biotin kit was used for the immunohistochemical IHC  staining. Brie�y, the sections were
depara�nized and treated with 3% H2O2 for 15 min to block the endogenous peroxidase. The sections



Page 3/9

were exposed to normal bovine serum for 30 min and then incubated with the primary antibodies
overnight at 4°C.

Statistical Analyses

The data are presented as the mean ± SD and were analyzed using statistical software IBM SPSS version
20.0 (IBM Corp. Released 2011. IBM SPSS Statistics for Windows, Version 20.0. Armonk, NY: IBM Corp.). 

Results
Survival of the Injured Motoneurons

Signi�cant decreases of motoneurons in the spinal cords were observed from days 14 to 28 after the
injury.

Apoptosis in Motoneurons

The number of caspase-3-positive motoneurons was signi�cantly increased in the Avulsion group
compared to the Sham group at 3d, 7d, 14d and 28d after the injury. 

Effects of EGCG on phospho-JNK expression

The numbers of p-JNK-positive motoneurons were signi�cantly increased in the Avulsion group
compared to the Sham group at 3d and 7d after injury. 

Effect of EGCG on phospho-c-Jun expression

 At 3d, 7d and 14d after injury, the numbers of p-c-Jun-positive motoneurons were signi�cantly increased
in the Avulsion group compared with the Sham group. 

Discussion
The data on astrocyte and microglia activity after brachial plexus root avulsion is described in previous
publications.  Although roots repair is unable to completely hampers neurodegeneration reimplantation
of avulsed roots is neuroprotective by itself [9]. Motoneuron survival after root repair is based on
neurotrophic factor production by glial cells at the CNS/PNS interface [9]. This has also been connected
to the breakage of the blood-brain barrier, allowing neurotrophic factor producing immune cells to enter
spinal cord gray matter environment [10]. 

Clinically, patients with brachial plexus injuries suffer multiple injuries that delay treatments such as
surgical repair or reimplantation [11]. Therefore, available neuroprotective treatments should be offered
as early as it is safe to do so and the search for neuroprotective treatments must be expedited to prevent
permanent loss of function among patients.
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It has also been reported that EGCG exhibits neuroprotective actions against a variety of injuries [12-18].
Therefore, we chose a 100 mg/kg does of EGCG for the treatment of brachial plexus avulsion in the
current study. In the present study, we found that the motoneurons were protected by EGCG against the
death induced by brachial plexus root avulsion as evidenced by our present data.

Conclusions
We observed that the motoneurons were protected against death by EGCG.

References
1 Chen, S., et al., Neuregulin-1 Accelerates Functional Motor Recovery by Improving Motoneuron Survival
After Brachial Plexus Root Avulsion in Mice. Neuroscience, 2019. 404: p. 510-518.

2Ge R, Zhu Y, Diao Y, et al. Anti-edema effect of epigallocatechin gallate on spinal cord injury in rats. Brain
Res 2013;1527:40-46.

3 Wu, W. Expression of nitric-oxide synthase (NOS) in injured CNS neurons as shown by NADPH
diaphorasehistochemistry. ExpNeurol 1993;120(2):153-159.

4 Zhou L Wu W. Antisense oligos to neuronal nitric oxide synthase aggravate motoneuron death induced
by spinal root avulsion in adult rat. ExpNeurol 2006;197:84–92.

5 Zhou LH, Wu W. Survival of injured spinal motoneurons in adult rat upon treatment with glial cell line-
derived neurotrophic factor at 2 weeks but not at 4 weeks after root avulsion. J Neurotrauma
2006;23:920–927.

6 Zhou LH, Han S, Xie YY, et al. Differences in cjun and nNOS expression levels in motoneurons following
different kinds of axonal injury in adult rats. Brain Cell Biol 2008;36:213–227.

7 Li X, Huo X, Zhang C, et al. Role of continuous high thoracic epidural anesthesia in hippocampal
apoptosis after global cerebral ischemia in rats. Cell Physiol Biochem 2014;34(4):1227-1240.

8 Manabe Y, Nagano I, Gazi MS, et al. Glial cell line-derived neurotrophic factor protein prevents motor
neuron loss of transgenic model mice for amyotrophic lateral sclerosis. Neurol Res 2003;25(2):195-200.

57. Eggers R., Tannemaat M. R., Ehlert E. M., Verhaagen J. A spatio-temporal analysis of motoneuron
survival, axonal regeneration and neurotrophic factor expression after lumbar ventral root avulsion and
implantation. Experimental Neurology. 2010;223(1):207-220.

9 Hallin R. G., Carlstedt T., Nilsson-Remahl I., Risling M. Spinal cord implantation of avulsed ventral roots
in primates; correlation between restored motor function and morphology. Experimental Brain Research.
1999;124(3):304–310.



Page 5/9

10. Doubell TP, Woolf CJ. Growth-associated protein 43 immunoreactivity in the super�cial dorsal horn of
the rat spinal cord is localized in atrophic C-�ber, and not in sprouted A-�ber, central terminals after
peripheral nerve injury. J Comp Neurol. 1997 Sep 15;386(1):111-8. 

11 Pintér, S.; Gloviczki, B.; Szabó, A.; Márton, G.; Nógrádi, A. Increased Survival and Reinnervation of
Cervical Motoneurons by Riluzole after Avulsion of the C7 Ventral Root. J. Neurotrauma 2010, 27, 2273-
2282.

12 Kim TH, Lim JM, Kim SS, et al. Effects of (-) epigallocatechin-3-gallate on Na(+) currents in rat dorsal
root ganglion neurons. Eur J Pharmacol 2009;604(1-3):20-26.

13 Deng HM, Yin ST, Yan D, et al. Effects of EGCG on voltage-gated sodium channels in primary cultures
of rat hippocampal CA1 neurons. Toxicology 2008;252(1-3):1-8.

14 Renno WM, Al-Khaledi G, Mousa A, et al. (-)-Epigallocatechin-3-gallate (EGCG) modulates neurological
function when intravenously infused in acute and, chronically injured spinal cord of adult rats.
Neuropharmacology 2014;77:100-119.

15 Yao C, Zhang J, Liu G, et al. Neuroprotection by (-)-epigallocatechin-3-gallate in a rat model of stroke is
mediated through inhibition of endoplasmic reticulum stress. Mol Med Rep 2014;9(1):69-76.

16 Renno WM, Al-Maghrebi M, Alshammari A, et al. (-)-Epigallocatechin-3-gallate (EGCG) attenuates
peripheral nerve degeneration in rat sciatic nerve crush injury. NeurochemInt 2013;62(3):221-231.

17 Silva KC, Rosales MA, Hamassaki DE, et al. Green tea is neuroprotective in diabetic retinopathy. Invest
Ophthalmol Vis Sci 2013;54(2):1325-1336.

18 Itoh T, Tabuchi M, Mizuguchi N, et al. Neuroprotective effect of (-)-epigallocatechin-3-gallate in rats
when administered pre- or post-traumatic brain injury. J Neural Transm 2013;120(5):767-783.

Declarations
Funding

This study was supported by the General program of China Postdoctoral Science Foundation
(2019M66166) and Liaoning Provincial Doctoral Fund (20180540065) for the writing and publication of
the manuscript.

Declaration of interests

The authors declare that they have no known competing �nancial interests or personal relationships that
could have appeared to in�uence the work reported in this paper.

Contribution



Page 6/9

Conceptualization: Zunpeng Liu  Fatai Lu

Data curation: Fatai Lu  Guodong Zhang

Formal analysis: Yingkang Zhu

Investigation: Fatai Lu   Guodong Zhang

Methodology: Zunpeng Liu   Fatai Lu

Project administration: Fatai Lu  Yingkang Zhu

Resources: Zunpeng Liu

Software: Fatai Lu   Yingkang Zhu

Supervision:  Zunpeng Liu

Validation:   Zunpeng Liu

Visualization:   Fatai Lu  Guodong Zhang  Yingkang Zhu

Writing - original draft:  Fatai Lu   Guodong Zhang

Writing-review editing:   Zunpeng Liu

 

Zunpeng Liu proposed the concept and research methods, and supervised the experiment. Fatai Lu and
Guodong Zhang completed the experiment  and wrote the main manuscript text . Yingkang Zhu prepared
�gures 1-6.  All authors reviewed the manuscript.

Figures



Page 7/9

Figure 1

(A) Nissl staining of transverse sections of the spinal cord. (B,C) Percentages of surviving motoneurons in
the spinal cord sections of the rats.The bars represent the means±the SDs (n=5 every group, *P<0.05
between the Sham and Avulsion groups, #P<0.05 between the Avulsion and EGCG groups; D14, 14 days
after injury; D28, 28 days after injury; Scale bar = 100μm).

Figure 2
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(A) Immunohistochemical images of caspase-3-positive motoneurons. (B,C) Percentages of caspase-3-
positive motoneurons in the spinal cord sections of the rats at the indicated times.The bars represent the
means±the SDs (n=5 every group, *P<0.05 between the Sham and Avulsion groups, #P<0.05 between the
Avulsion and EGCG groups; D3, 3 day after injury; D7, 7 days after injury; D14, 14 days after injury; D28,
28 days after injury; Scale bar = 100μm).

Figure 3

(A) Immunohistochemical images of phospho-JNK-positive motoneurons. (B,C) Percentages of phospho-
JNK-positive motoneurons in the spinal cord sections of the rats at the indicated times.The bars represent
the means±the SDs (n=5 every group, *P<0.05 between the Sham and Avulsion groups; D3, 3 day after
injury; D7, 7 days after injury; D14, 14 days after injury; D28, 28 days after injury; Scale bar = 100μm).
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Figure 4

Western blot analyses of the JNK and phospho-JNK levels in the ipsilateral spinal segments following
root avulsion of the left brachial plexuses of adult rats. (A) The samples were obtained from rats that
were subjected to sham operations or root-avulsions at 3d, 7d, 14 d and 28d post-injury. The optical
density(OD) of each protein was measured from the Western blot. (B,C) Semiquantitative changes in the
level of phospho-JNK normalized to JNK expression after root-avulsion were determined by OD
measurements. The data are presented as the means±the SDs (n=5 every group, *P<0.05 between the
Sham and Avulsion groups; D3, 3 day after injury; D7, 7 days after injury; D14, 14 days after injury; D28,
28 days after injury).

Figure 5

(A) Immunohistochemical images of phospho-c-jun-positive motoneurons. (B,C) Percentages of phospho-
c-jun-positive motoneurons in the spinal cord sections of the rats at the indicated times.The bars
represent the means±the SDs (n=5 every group, *P<0.05 between the Sham and Avulsion groups; D3, 3
day after injury; D7, 7 days after injury; D14, 14 days after injury; D28, 28 days after injury; Scale bar =
100μm).

Figure 6

Western blot analyses of the c-jun and phospho-c-jun levels in the ipsilateral spinal segments following
root avulsion of the left brachial plexuses of adult rats. (A) The samples were obtained from rats that
were subjected to sham operations or root-avulsions at 3d, 7d, 14 d and 28d post-injury. The OD of each
protein was measured from the Western blot. (B,C) Semiquantitative changes in the level of phospho-c-
jun normalized to c-jun expression after root-avulsion were determined by OD measurements. The data
are presented as the means±the SDs (n=5 every group, *P<0.05 between the Sham and Avulsion groups,
#P<0.05 between the Avulsion and EGCG groups; D3, 3 day after injury; D7, 7 days after injury; D14, 14
days after injury; D28, 28 days after injury)


