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Abstract
Spinal cord injury (SCI) is a common clinical disease that can cause permanent disruption of nerve function. In�ammation and
glial scar formation in�uence the recovery of injured spinal cord. X-ray irradiation can reduce in�ammation, inhibit cell
proliferation and increase cell apoptosis. However, the regulatory effects of X-ray irradiation on in�ammation and glial scars and
the underlying molecular mechanisms are still unclear. This study aimed to explore the effect of X-ray irradiation on the
progression of SCI. Behavioural experiments show that X-ray irradiation can effectively improve the motor function of SCI rats.
X-ray irradiation inhibits the in�ammatory response by reducing the expression of in�ammatory factors (including TNF-α and IL-
1β) at the lesion site, thereby enhancing the survival of neuronal cells .X-ray irradiation effectively inhibited the formation of the
glial scar (the expression of the related proteins GFAP and vimentin) in the lesion. In addition, the p38 MAPK and Akt signaling
pathways were activated after SCI in rats, but these signaling pathways were signi�cantly blocked after X-ray irradiation.
Furthermore, the 10 Gy dose had the most signi�cant effects among the 2 Gy, 10 Gy and 20 Gy doses. In summary, X-ray
irradiation can inhibit in�ammation and glial scar formation by blocking the p38 MAPK and Akt signaling pathways, thereby
improving the recovery of nerve function in rats with SCI. Therefore, X-ray irradiation provides a new strategy for the treatment of
SCI.

Introduction
Spinal cord injury (SCI) is a common clinical disease that imposes a heavy burden on families and society Anourshka Singh et
al. 2019 . With the development of the social economy, the incidence of SCI has remained high (Lam et al. 2013). In SCI, primary
mechanism injury can directly damage nerve tissue and cause secondary damage (including haemorrhage, oedema,
in�ammation, necrosis, etc.), resulting in permanent disruption of nerve function (Tran et al. 2018). The timing of treatment after
injury affects prognosis and recovery, and treatment at an early stage can signi�cantly improve the recovery of nerve function
(Witiw & Fehlings, 2015). Basic research on the prevention and treatment of secondary injury may help identify treatment
strategies for SCI.

Studies on the pathogenesis of SCI suggest that in�ammation and the formation of glial scar severely affect nerve regeneration
after central nervous system (CNS) injury Sofroniew & Vinters, 2010; Anderson, 2016 . The activation of microglia and
macrophages after SCI results in the release of some factors that promote in�ammation (including TNF-α and, IL-1β) (Orr et
al.2018; Xiangyi Kong & Jun Gao, 2017). Overexpression of in�ammatory factors can promote in�ammation and lead to
secondary SCI. Astrocytes become activated after being injured, rapidly proliferate and migrate from the centre of the
in�ammatory site to form glial scars around the lesion (Cregg et al. 2014; Yuan & He, 2013). The main feature of reactive
astrocyte proliferation is increased expression of intermediate protein �laments (such as vimentin and GFAP) (Cregg et al. 2014;
Yuan & He, 2013; Lebkuechner et al. 2015). Excessive proliferation caused by in�ammatory factors and the glial scar, which
forms a barrier at the edge of the injured area, hinders nerve regeneration (Lebkuechner et al. 2015; Kang et al. 2015; Stahel &
Flierl, 2010).

In 1986, Kalderon and Fuks discovered that X-ray irradiation can promote the structural recovery of the damaged spinal cord
(Kalderon & Fuks,1996). New research has revealed that at an appropriate dose, X-ray irradiation can eliminate the cellular
factors that stimulate the degeneration of nerve tissue (microglia, macrophages, etc.) and reduce the in�ammatory reaction
after SCI (including the expression of TNF-α and IL-1β) to prevent neurodegeneration and protect nerves after SCI (To�lon & Fike,
2000). In addition, X-ray irradiation at an appropriate dose can inhibit the formation of the glial scar and promote nerve
regeneration, thereby improving the recovery of nerve function (Zhang et al. 2017; Dilmanian et al. 2013).

Studies have shown that the p38 mitogen-activated protein kinase (MAPK) signaling pathway is involved in various
pathophysiological processes, such as the in�ammatory reaction and cell proliferation (K Ono & J Han, 2000). Activation of the
p38 MAPK signaling pathway can upregulate the expression of in�ammatory cytokines, including TNF-α and IL-1β Ridley et al.
1998 Bhat et al. 1998 . The Akt signaling pathway mediates a variety of physiological activities, such as cell survival,
proliferation, and protein synthesis. Activation of the Akt signaling pathway has been shown to be related to the process of glial
scar formation (Chen et al. 2016; Codeluppi et al. 2009). However, whether the p38 MAPK and Akt signaling pathways are
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involved in the in�uence of X-ray irradiation on in�ammatory reaction and glial scar formation after SCI needs more in-depth
research.

This study found that X-ray irradiation effectively promoted the recovery of motor function after SCI. X-ray irradiation inhibited
in�ammatory reaction and glial scar formation and enhanced the survival of neurons. In addition, the p38 MAPK and Akt
signaling pathways may have been involved in this process. X-ray irradiation has anti-in�ammatory and inhibitory effects on
glial scar formation and is thus a potential treatment strategy for SCI.

Materials And Methods
Experimental Animals and SCI Models

Seventy-�ve pathogen-free female Sprague–Dawley (SD) rats (8 weeks old, weighing 250±20 g) were obtained from the
Experimental Center of the Second A�liated Hospital of Soochow University. Prior to the study, the rats were raised at room
temperature (23±2 °C) for 1 week. Then, the rats were randomly divided into a sham group, SCI group, SCI+2 Gy group, SCI+10
Gy group and SCI+20 Gy group (15 rats in each group). This animal experiments were carried out in accordance with the US
“Guidelines for the Management and Use of Laboratory Animals”, revised in 1996. These procedures were approved by the
Ethics Committee of the Second A�liated Hospital of Soochow University.

The rats were anaesthetized with 1% sodium pentobarbital (60 mg/kg) by intraperitoneal injection.After anaesthesia, the rats
were �xed in the prone position. A longitudinal skin incision approximately 2 cm in length was made with T10 as the centre,
exposing spinous process of T10 segment. Laminectomy was performed to expose the T10 spinal cord. In all animals except
those in the sham group, a Multicenter Animal Spinal Cord Injury Study (MASCIS) impactor was used to impact the exposed
spinal cord (10 g × 6 cm), causing injury to the T10 spinal cord injury. Rapid congestion and oedema of the spinal dura,
immediate shaking of both lower limbs, and the tail-wagging re�ex indicated successful SCI. The incision site was sutured and
disinfected with alcohol. Subcutaneous injection of penicillin (0.8 mg/g) was administered for 3 days. The rats were subjected
to assisted urination three times a day (morning, noon, and evening) after the operation until spontaneous urination ability
returned.

X-ray radiotherapy

The Second A�liated Hospital of Soochow University provided a Siemens Clinical Linac radiation therapy system. The rats were
lightly anaesthetized and irradiated through the posterior approach 2 hours after injury. The rats were randomized into different
groups received the following doses of X-ray irradiation:2Gy (n=15), 10 Gy (n=15), and 20 Gy (n=15). The site of SCI was used
as the irradiation centre (T10 level), the irradiation range was 30 mm × 15 mm (length × width), and the distance between the
skin and the source was 50 cm. 6Mev X-ray was delivered at a dose rate of 200 cGy/min.

Motor Function Tests

The Basso-Beattie-Bresnahan (BBB) motor scale and the inclined plane test were used to determine the recovery of motor
function in SCI rats. The BBB motor scale ranges from 0 (complete paralysis) to 21 (normal movement). The inclined plane test
records the maximum inclination angle at which each rat was able to stay on the inclined board for 5 seconds without falling
off. Each mouse was evaluated three times, and the average value was taken. These operations were performed by two
personnel from the experimental center, who did not participate in this study.

Pathophysiological Staining

Changes in protein expression in tissues usually occur before changes in motor function, so we collected injured spinal cord
samples (1 cm in length) on the 14th day after surgery. Before spinal cord samples were collected, the rats were perfused
through the heart with 4% paraformaldehyde. The blood was rapidly �ushed to prevent tissue autolysis and maintain the
surface structure of the protein. The treated spinal cord samples were embedded in para�n, and then sliced at a thickness of 5
microns. The sections were �rst depara�nized in xylene, dehydrated through a series of graded ethanol solutions, and �nally
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washed in distilled water. A HE staining kit (Beyotime) and Nissl staining solution (Beyotime) were used for HE staining and
Nissl staining respectively. After staining, the sections were dehydrated through a series of graded ethanol solutions, cleared
with xylene, and �nally dripped with neutral gum to seal the sections. ImageJ 1.48v software was used to analyse the area
occupied by the cavity and the number of Nissl bodies in the injury site.

Immunohistochemistry

Some of the para�n sections prepared as described above were used for immunohistochemistry (IHC). First, the depara�nized
and dehydrated sections were boiled (95 °C) in 0.01 M citrate buffer for 15 minutes for antigen retrieval. The sections were
blocked in freshly prepared 0.3% hydrogen peroxide for 30 minutes and then rinsed with phosphate-buffered saline (PBS) three
times for 5 minutes each. They were then blocked in 1% BSA for 60 minutes to reduce nonspeci�c staining. After washing in
PBS, the sections were incubated overnight at 4 °C with the following primary antibodies: neuronal nuclei (NeuN) (1:400; CST),
TNF-α (1:200; Novusbio), IL-1β (1:200; Novusbio), GFAP (1:50; CST), vimentin (1:200; CST), phospho-p38 MAPK (p-p38 MAPK)
(1:800; CST), and phospho -Akt (p-Akt) (1:200; CST). Subsequently, they were washed three times in PBS and then incubated
with secondary antibody at room temperature for 60 minutes. Finally, the color was developed with a chromogenic agent and
the nuclei of cells were counterstained with haematoxylin. After the sections were dehydrated and cleared, they were �x and
mounted with glass slides with neutral resin. All images were taken under an upright microscope (Nikon, Japan). The results
were imaged with a Nikon ECLIPSE 80I (Nikon) camera at 40 times magni�cation. Five regions were randomly selected from
each section to analyse the expression of NeuN, TNF-α, IL-1β, GFAP, vimentin, p-p38 and p-akt. The area of positive cells was
analysed using ImageJ 1.48V software. The primary antibody was replaced with PBS in the negative control.

Western Blot Analysis

Spinal cord specimens (1 cm in length) were collected on the 14th day after SCI for Western blot (WB) analysis. They were
completely homogenized in lysis buffer containing protease inhibitor and phosphorylated protease inhibitor and then
centrifuged at 14,000 rpm for 15 minutes at 4 °C. The supernatant was collected, and a BCA protein concentration determination
kit (Beyotime) was used to measure the protein concentration in each sample. The protein and loading buffer were mixed and
heated at 100 °C for 5 minutes. The protein samples from each group were separated by electrophoresis on 10% and 12.5% gels
and transferred to a PVDF membrane. The PVDF membrane was blocked in 5% BSA for 1 hour and incubated with the following
primary antibodies overnight at 4 °C: NeuN (1:1000; CST), TNF-α (1:500; Novusbio), IL-1β (1:1000); Novusbio), GFAP (1:1000;
CST), vimentin (1:1000; CST), p38 MAPK (1:1000; CST), p-p38 MAPK (1:1000; CST), Akt (1:1000; CST) and p-Akt (1:1000; CST).
The PVDF membranes were then washed three times in Tris-buffered saline-Tween (TBST) for 5 minutes each. The PVDF
membrane was incubated with secondary antibody conjugated to horseradish peroxidase for 1 hour at room temperature and
then washed again three times with TBST for 5 minutes each. The signals were visualized using the Omni-ECLTM Pico Light
chemiluminescence Kit (EpiZyme) and an imaging system (BIO-RAD). The grey values of the protein bands were analysed with
ImageJ 1.48V software. The grey values of the protein bands were normalized to the grey value of the GAPDH band.

Statistical Analysis

All data are expressed as the mean ± SD. When an indicator was compared between multiple groups, one-way ANOVA followed
by Dunnett's multiple comparison test was used to analyse the data. For comparisons of more than one indicator between
multiple groups, the data were analysed using two-way analysis of variance followed by Dunnett's multiple comparison test.
Statistical analysis was performed with GraphPad Prism 8.0.1. P < 0.05 was considered statistically signi�cant.

Results
X-ray irradiation can effectively promote the recovery of motor function after SCI

To evaluate the effect of X-ray irradiation on motor function of rats with SCI, the BBB scale and inclined plane test were
performed on days 1, 3, 7, 14, 21 and 28 after SCI (Fig. 1A, B, Table 1, Table 2). Compared to those of the sham group, the BBB
score and slope angle of the SCI group were signi�cantly reduced (**P < 0.01). After X-ray irradiation, the BBB score and slope
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angle were improved in the SCI+2 Gy, SCI+10 Gy and SCI+20 Gy groups (##P < 0.01 ΔΔP < 0.01 &&P < 0.01). Interestingly, the
BBB score (11.86±1.07) on the 14th day of the SCI+10Gy group was signi�cantly higher than that on the 7th day (6.71±0.76).
On the 28th day after SCI, the difference between the SCI+10 Gy group (14.43±0.79) and the SCI group (9.57±0.54) was most
obvious (ΔΔP < 0.01). Similarly, on the 14th day after SCI, the maximum angle of the slope in the SCI+10 Gy group (53.86±0.69)
was higher than that in the SCI group (42.00±1.16) (ΔΔP<0.01). The differences between the SCI+10 Gy group (60.43±0.98) and
the SCI group (47.29±1.11) were more obvious on day 28 (ΔΔP < 0.01) . In addition, the slope angle of the SCI group on day 28
(9.57±0.54) was signi�cantly higher than that on day 1 (0.14±0.38).

X-ray irradiation reduces the cavity are in the spinal cord

HE staining was used to study the effect of X-ray irradiation on lesions in myelopathy. Upon evaluation of the expression of
spinal cord markers, it was found that the spinal cord tissue was atrophied after injury due to scar and cavity formation. The
diameter of the spinal cord in the sham group was 3.2 mm, the diameter of spinal cord lesion in the SCI group was 3.0 mm, and
the diameter of the spinal cord lesion in the irradiation group was approximately 3.1 mm. The tissue structure was severely
damaged after SCI, and the cavity area was increased (**P<0.01) (Fig. 2A). After X-ray irradiation, the cavity area of the lesion
was reduced (##P <0.01, ΔΔP <0.01, &&P <0.01), especially in the SCI+10 Gy group, in which the cavity area was the smallest
(ΔΔP <0.01) (Fig. 2B). According to the histopathological results, X-ray irradiation effectively reduced the cavity area in the
injured spinal cord, especially in the SCI+10 Gy group.

X-ray irradiation reduces neuronal death after SCI

The NeuN protein is widely distributed in neuronal cells. It acts as a neuronal nuclear antigen and is a neuronal differentiation
marker (Gusel’nikova & Korzhevskiy, 2015). We used Nissl staining, IHC and WB to determine the number of neuronal cells in the
lesion. Compared with that in the sham group, the number of Nissl bodies in the SCI group was signi�cantly reduced (**P <0.01)
(Fig. 3A, C). After X-ray irradiation, the number of neurons in the spinal cord lesions was increased (##P <0.01, ΔΔP <0.01, &&P
<0.01), and the number of Nissl bodies in the SCI+10 Gy group was the greatest (ΔΔP <0.01) (Fig. 2C). The results of IHC and
WB demonstrated that the expression of NeuN was signi�cantly reduced after SCI (**P <0.01) (Fig. 3A, B). After X-ray irradiation,
the expression of NeuN in the spinal cord lesions was increased (#P <0.05, ΔΔP <0.01, &&P <0.01), and the expression of NeuN
was the highest in the SCI+10 Gy group (ΔΔP <0.01) (Fig. 3D, E). These data indicate that X-ray irradiation effectively reduced
neuronal cell death after SCI and that the SCI+10 Gy group had the largest number of surviving neuronal cells.

X-ray irradiation inhibits in�ammation and glial scar formation after SCI

In�ammation and glial scar formation are often associated with SCI. To explore the in�uence of X-ray irradiation on
in�ammation, we used IHC and WB to assess the expression of in�ammation-related factors (including TNF-α and IL-1β).
Compared with that in the sham group, the expression of in�ammation-related factors (TNF-α and IL-1β) in the SCI group was
signi�cantly increased (**P<0.01) (Fig. 4). The expression of TNF-α and IL-1β in the lesion site was decreased after 14 days of
X-ray irradiation (##P <0.01, ΔΔP <0.01, &&P <0.01) (Fig. 4A, B, C, E). Compared to that in the X-ray irradiation treatment group,
the expression of TNF-α and IL-1β in the SCI+10 Gy group was signi�cantly reduced (ΔΔP<0.01) (Fig. 4A, B, C, E). These results
indicate that X-ray radiation therapy inhibited the in�ammatory response and that the 10 Gy radiation dose had the strongest
effect. The formation of the glial scar indicates the proliferation of reactive astrocyte and high expression of related proteins
(including GFAP and vimentin). We used IHC and WB to determine the expression levels of GFAP and vimentin in the lesions.
The expression of GFAP and vimentin in the SCI group was signi�cantly higher than that in the sham group (**P<0.01) (Fig. 5A).
The expression of GFAP and vimentin in the lesions after X-ray irradiation was decreased to varying degrees (##P <0.01, ΔΔP
<0.01, &&P <0.01) (Fig. 5 B, C, E). The expression of GFAP and vimentin was the lowest in the SCI+10 Gy group (ΔΔP<0.01) (Fig.
5). The above results show that X-ray irradiation effectively inhibits the formation of the glial scar after SCI and that the 10 Gy
dose had the most signi�cant effect.

X-ray irradiation inhibits the expression of p-p38 and p-Akt in the injured spinal cord
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The p38 MAPK and Akt signaling pathways are involved in in�ammation and glial scar formation. To explore whether the
protective effect of X-ray irradiation against SCI is related to the p38 MAPK and Akt signaling pathways, we used IHC and WB to
determine the expression levels of p38, p-p38, Akt and p-Akt in spinal cord lesions. The results showed that the expression of p-
p38 and p-Akt in the lesions was increased signi�cantly after SCI (**P <0.01) but was decreased after X-ray irradiation (## P
<0.01, ΔΔP <0.01, &&P <0.01) (Fig. 6A, B, C, D, E). The expression of p-p38 and p-Akt was signi�cantly reduced in the SCI+10 Gy
group (ΔΔP<0.01) (Fig. 6). These results indicate that the p38 MAPK and Akt signaling pathways may have been involved in the
effect of X-ray irradiation on SCI.

Discussion
In this study, we found that X-ray irradiation plays an important role in recovery after SCI by inhibiting in�ammation and glial
scar formation and protecting neuronal cell survival. The 10 Gy dose had the most signi�cant effects among the 2 Gy, 10 Gy
and 20 Gy doses. In addition, the p38 MAPK and Akt signaling pathways may be involved in the effects of X-ray irradiation.

In adults, SCI is irreversible, and nerve tissue regeneration is very limited. In�ammation can induce damage to neuronal cells in
the CNS. In�ammation is one of the targets for the treatment of SCI (Yuan et al. 2019). Resveratrol can inhibit in�ammation and
protect neuronal cells from in�ammation (Hu et al. 2018). However, X-ray irradiation may protect the CNS by preventing
upregulation of the expression of in�ammatory factors through a mechanism that does not involve cell destruction (Zeman et
al. 2008). In this study, we found that X-ray irradiation downregulated the expression of in�ammatory factors (including TNF-α
and IL-1β) and promoted the survival of neuronal cells (Nissl bodies, NeuN as a related marker), thus contributing to the recovery
of motor function in rats with SCI. The glial scar is another obstacle to repair after SCI, and it is also a target for the treatment of
SCI (Orr & Gensel, 2018). Our analysis of the formation of the glial scar suggested that X-ray irradiation repaired the injured
spinal cord by inhibiting the proliferation of astrocytes (Zhang et al. 2017; Dilmanian et al. 2013). Studies have found that
inhibiting the expression of GFAP and vimentin in the injured area can reduce the formation of the glial scar, thereby promoting
the functional recovery of the injured spinal cord (Lebkuechner et al., 2015; Ekmark-Lew´en et al. 2010; Ribotta et al. 2004). This
study revealed that reactive astrocytes were highly proliferative and that intermediate �lament proteins and their markers GFAP
and Vimentin were highly expressed after SCI .But X-ray irradiation effectively inhibited these pathological changes.

X-ray irradiation has many effects, including inhibiting cell proliferation, increasing cell apoptosis and reducing in�ammation;
however, the timing of treatment is more important (Zeman ret al. 2008). Studies have shown that traumatic spinal cord injury
results in an in�ammatory response in the �rst few hours, leading to apoptosis, necrosis, and glial scar formation (Mortazavi et
al. 2015). Kalderon et al. reported that three weeks after injury was the optimal time to prevent glial scar formation (Kalderon &
Fuks, 1996). However, Richaud et al. reported that the proliferation of astrocytes and oligodendrocytes is not signi�cant at 2
weeks after injury (Morin-Richaud et al. 1998). This study showed that X-ray irradiation 2 hours after SCI can signi�cantly
restore motor function and reduce the cavity area. Dong Liu et al. claimed that 20 Gy X-ray irradiation had the best effect in
promoting recovery after SCI (Dong Liu et al. 2016). Taek et al. delivered X-ray irradiation to a rat carotid artery injury model and
found that a dose of more than 10 Gy can prevent the proliferation of neointimal cells (Young-Taek OH et al.1999). Zhang et al.
found that low-dose fractionated irradiation inhibits reactive gliosis and promote axon regeneration, thereby improving the
recovery of motor function after SCI in beagles (Ying et al. 2017). This study showed that a dose of 10 Gy was better at
promoting the recovery of nerve and motor function in rats with SCI. This observation may be related to the toxic effects of high-
dose X-ray irradiation (Azria et al. 2012; LeRoux et al. 2014). However, the cellular and molecular mechanisms of the bene�cial
effects of X-ray irradiation are still unclear.

There are many strategies for treating SCI, such as stem cell therapy and neurotrophic factor therapy. Stem cell therapy can
promote recovery after spinal cord injury by directly replacing neurons and glial cells that die shortly after injury (Volarevic et al.
2013). Neurotrophic factor therapy can induce the chemotactic regeneration of ascending sensory axons by delivering
neurotrophic factors (such as NT-3) and prevent atrophy and death of different neuron groups after SCI (Hollis et al. 2011). The
former strategy is tissue-speci�c, and the latter approach effect is targeted. X-ray radiotherapy is a nonspeci�c preventive
treatment that can be effectively used within a certain time window after SCI. This study revealed that X-ray treatment 2 hours
after injury has a signi�cant inhibitory effect on in�ammation and the formation of the glial scar, thereby promoting the recovery
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of neurons and motor function. These �ndings indicate that X-ray treatment combined with other therapies is a potential
treatment for alleviating SCI.

The correlation between the progression of secondary SCI and the signaling pathways has attracted the attention of a wide
range of scholars. It has been reported that after spinal cord injury, the MAPK signaling pathway in microglia/macrophages and
astrocytes is activated and participates in the in�ammatory response (Zhuang et al. 2007; Piao et al., 2006). Oleanolic acid can
inhibit in�ammation by blocking the p38 and JNK MAPK signaling pathways to promote the recovery of the injured spinal cord
(Wang et al. 2020). Other studies have shown that in�ammation and astrocytes proliferation/activation after SCI are related to
the p38 MAPK and Akt signaling pathways (Qiao Fu et al. 2018; Wang et al. 2017). The most important �nding of this study is
that X-ray irradiation acts as an inhibitor of the p38 MAPK and Akt signaling pathways, which can inhibit in�ammation and the
formation of the glial scar. Therefore, X-ray therapy has a bene�cial effect on SCI by blocking the p38 MAPK and Akt signaling
pathways.

This study con�rmed the effectiveness of X-ray irradiation in the treatment of SCI, but there are still some limitations. First,
although we established a 4-week rat SCI model, the ideal time point and X-ray dose for treatment were not comprehensively
evaluated, and further research is needed. Second, only the motor function of rats with SCI was evaluated through histological
analysis and behavioural tests in this study. In the future, we will use a myoelectric evoked potentiometer to evaluate the
functional state of the CNS. Finally, only the p38 MAPK and Akt signaling pathways were explored in this study, and further in
vitro experiments are needed to verify the �ndings.

Conclusion
X-ray irradiation of SCI rats can inhibit the pathological processes of in�ammation and glial scar formation, thereby providing a
favourable microenvironment for neuronal regeneration and motor function improvement. These processes may be mediated by
the p38 MAPK and Akt signaling pathways. Therefore, X-ray irradiation is a new strategy for the treatment of SCI.
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Tables
Table 1: BBB Scores for Sham, SCI, SCI+2Gy, SCI+10Gy and SCI+20Gy Groups (χ±SD). Data were presented as mean ± SD, **P <
0. 0 1 as SCI vs sham group. ##P < 0.01 as SCI+2Gy group vs SCI group. ΔΔP < 0.01 as SCI+10Gy group vs SCI group. &&P <
0.01 as SCI+20Gy group vs SCI group.

Groups n Before SCI 1 day 3 days 7 days 14 days 21 days 28 days

Sham 7 21±0.00 21±0.00 21±0.00 21±0.00 21±0.00 21±0.00 21±0.00

SCI 7 21±0.00 0.14±0.38** 0.57±0.54** 2.71±0.49** 5.43±0.54** 7.57±0.54** 9.57±0.54**

SCI+2Gy 7 21±0.00 0.14±0.38 0.57±0.54 3.86±0.38 6.71±0.95 9.14±0.69 10.57±0.79##

SCI+10Gy 7 21±0.00 0.86±0.38 2.29±0.76 6.71±0.76 11.43±0.79 13.43±0.79 14.43±0.79ΔΔ

SCI+20Gy 7 21±0.00 0.57±0.54 1.43±0.54 5.14±0.69 8.57±0.98 11.14±0.69 13.14±0.69&&

 

Table 2: Maximum Inclined-Plane Angles for Sham, SCI, SCI+2Gy, SCI+10Gy and SCI+20Gy Groups (χ±SD). Data were presented
as mean ± SD, **P < 0. 0 1 as SCI vs sham group. ##P < 0.01 as SCI+2Gy group vs SCI group. ΔΔP < 0.01 as SCI+10Gy group vs
SCI group. &&P < 0.05 as SCI+20Gy group vs SCI group.



Page 11/16

Groups n Before
SCI

1 day 3 days 7 days 14 days 21 days 28 days

Sham 7 72±0.00 72±0.00 72±0.00 72±0.00 72±0.00 72±0.00 72±0.00

SCI 7 72±0.00 33.71±0.95** 35.14±0.69** 36.71±0.76** 42.00±1.16** 45.57±1.40** 47.29±1.11**

SCI+2Gy 7 72±0.00 34.29±1.25 36.29±0.76 38.57±1.27 45.71±0.76 48.86±0.69 52.43±0.98#

SCI+10Gy 7 72±0.00 34.29±0.76 37.43±0.98 41.57±1.9 53.86±0.69 56.57±0.79 60.43±0.98ΔΔ

SCI+20Gy 7 72±0.00 34.14±0.69 36.86±0.9 39.71±1.11 49.57±0.79 51.71±0.76 55.43±0.98&&

 

Figures

Figure 1

X-ray irradiation can effectively promote the recovery of motor function after SCI. Analysis of (A) BBB scores and (B) maximum
inclined plane angles in sham, SCI, SCI+2Gy, SCI+10Gy and SCI+ 20Gy groups at day 1, day 3, day 7, day 14, day 21 and day 28
after injury. Columns represent mean ± SD, n=7. **P < 0. 0 1 as SCI vs sham group. ##P < 0.01 as SCI+ 2Gy group vs SCI group.
ΔΔP < 0.01 as SCI+10Gy group vs SCI group. &&P < 0.01 as SCI+20Gy group vs SCI group.
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Figure 2

X-ray irradiation can reduce tissue cavitiy after SCI. (A) HE staining results of Sham, SCI, SCI+2Gy, SCI+10Gy and SCI+20Gy
groups at day 14 after injury. Analysis of (B) cavity area in different groups. **P < 0. 0 1 as SCI vs sham group. ##P < 0.01 as
SCI+ 2Gy group vs SCI group. ΔΔP < 0.01 as SCI+10Gy group vs SCI group. &&P < 0.01 as SCI+ 20Gy group vs SCI group.
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Figure 3

X-ray irradiation can improve neuron survival after SCI.(A) Nissl staining (A) NeuN-postive cells and (B) protein expression of
NeuN results of Sham, SCI, SCI+2Gy, SCI+10Gy and SCI+20Gy groups at day 14 after injury. Analysis of (C) Nissl neurons (D)
NeuN-positive cells and (E) the relative protein expression of NeuN in different groups. **P < 0. 0 1 as SCI vs sham group. #P <
0.05 ##P < 0.01 as SCI+ 2Gy group vs SCI group. ΔΔP < 0.01 as SCI+10Gy group vs SCI group. &&P < 0.01 as SCI+ 20Gy group
vs SCI group.
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Figure 4

X-ray irradiation can inhibit the formation of in�ammation after SCI. IHC for (A) TNF-α and (A) IL-1β in the Sham, SCI, SCI+2Gy,
SCI+10Gy and SCI+20Gy groups at day 14 after injury. Analysis of (B) TNF-α-positive cells and (C) IL-1β-positive cells in
different groups. The proteins expression of (D) TNF-α and (D) IL-1β in the sham, SCI, SCI+2Gy, SCI+10Gy and SCI+20Gy groups
at day 14 after injury. Analysis of (E) the relative protein expression of TNF-α and IL-1β in different groups. **P < 0. 0 1 as SCI vs
sham group. ##P < 0.01 as, SCI+2Gy group vs SCI group. ΔΔP < 0.01 as, SCI+10Gy group vs SCI group. &&P < 0.01 as,
SCI+20Gy group vs SCI group.
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Figure 5

X-ray irradiation inhibits the formation of glial scars after SCI. IHC for (A) Vimentin and (A) GFAP in the Sham, SCI, SCI+2Gy,
SCI+10Gy and SCI+20Gy groups at day 14 after injury; analysis of (B) Vimentin-positive cells and (C) GFAP-positive cells in
different groups. The proteins expression of (D) Vimentin and (D) GFAP in the sham, SCI, SCI+ 2Gy, SCI+ 10Gy and SCI+ 20Gy
groups at day 14 after injury; analysis of (E) the relative protein expression of Vimentin and GFAP in different groups. **P < 0. 0
1 as SCI vs sham group. ##P < 0.01 as SCI+ 2Gy group vs SCI group. ΔΔP < 0.01 as SCI+ 10Gy group vs SCI group. &&P < 0.01
as SCI+ 20Gy group vs SCI group.
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Figure 6

The expression of p-Akt and p-p38 was inhibited by X-ray irradiation. IHC for (A) p-Akt and (A) p-p38 in the Sham, SCI, SCI+2Gy,
SCI+10Gy and SCI+20Gy groups at day 14 after injury. Analysis of (B) p-Akt -positive cells and (C) p-p38-positive cells in
different groups. The proteins expression of p-Akt Akt p-p38 and p38 for the sham, SCI, SCI+ 2Gy, SCI+ 10Gy and SCI+ 20Gy
groups at day 14 after injury; analysis of the relative protein expression of (E) p-Akt/Akt and p-p38/p38 in different groups. **P <
0. 0 1 as SCI vs sham group. #P < 0.05, ##P < 0.01 as SCI+ 2Gy group vs SCI group. ΔΔP < 0.01 as SCI+ 10Gy group vs SCI
group. &&P < 0.01 as SCI+ 20Gy group vs SCI group.
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