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Background: Susceptibility-weighted imaging (SWI) is a common imaging technique used to identify cerebralmicrobleeds. Given
that spinal cord injury (SCI) often creates an environment that favors ferroptosis, a type of cell death driven by iron, this study
aimed to explore the relationship between microbleeds on SWI and ferroptosis, and explore the effect of deferoxamine on SCI.
Methods: Thirty-six rabbits were divided into three groups: sham, SCI, and SCIwith deferoxamine (DFO, a ferroptosis inhibitor)
treatment (SCI+DFO). Following 48 hours of SCI modeling, the rabbits underwent magnetic resonance imaging (MRI) and SWI
examinations. Ferroptosis markers and spinal cord tissue morphology were examined, and the modified Tarlov’s score was used
to assess neurological function.
Results: SWI analysis revealed that rabbits in the SCI group exhibited lower signal intensities and larger microbleed areas
compared to the those in the SCI+DFO group (p < 0.05). The SCI+DFO group demonstrated significantly decreased iron and
malondialdehyde (MDA) levels, coupled with increased glutathione (GSH) and glutathione peroxidase 4 (GPX4) levels, along
with attenuated ferroptosis (p < 0.05). This group also displayed greater Neuronal Nuclei (NeuN) expression, Tarlov’s scores,
and neurological recovery rates (all p< 0.05). A significant positive correlation was found between the microbleed area and iron
content (r = 0.59, p = 0.04), MDA (r = 0.75, p = 0.01), and mitochondrial damage (r = 0.90, p < 0.01). Conversely, a negative
correlation was established between the microbleed area and GPX4 levels (r = –0.87, p < 0.01), as well as neurological function
recovery (r = –0.62, p = 0.03).
Conclusion: The extent of microbleeds on SWI following SCI is closely correlated with ferroptosis, and the inhibition of ferrop-
tosis could improve neurologic function. These findings suggest that the area of microbleeds on SWI could potentially serve as a
predictive marker for ferroptosis in spinal cord injury.
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Introduction

Magnetic resonance imaging (MRI) is regarded as the
gold standard for evaluating acute spinal cord injury (SCI),
especially for cervical SCI [1]. However, susceptibility-
weighted imaging (SWI) has proven to be superior to con-
ventional MRI in detecting hemorrhages associated with
SCI [2]. SWI’s increased sensitivity to blood degradation
byproducts, including deoxyhemoglobin and hemosiderin,
renders it a valuable tool for identifying intracerebral mi-
crobleeds. However, despite its heightened sensitivity to
subtle variations, including local magnetic susceptibility
changes and decreased signal-to-noise ratios [3], studies on
the SWI sequence for spinal applications are limited. It has
been noted that post-hemorrhage, hemoglobin degradation
results in the production of heme, a toxic substance impli-
cated in red blood cell death and ferroptosis [4].

Ferroptosis is recognized as a unique type of pro-
grammed cell death [5]. The pathological aftermath of SCI
sets the stage for ferroptosis. Following SCI, erythrocyte
fragmentation and hemolysis occur, releasing substantial
amounts of free iron and consequently inducing local iron
overload. This provokes stress responses, triggering the ac-
tivation and subsequent accumulation of numerous lipid-
reactive oxygen species [6]. The accumulation of reac-
tive oxygen species is further exacerbated by iron overload.
Iron accumulation, lipid peroxidation, glutathione deple-
tion, and glutathione peroxidase 4 (GPX4) depletion have
been recognized as crucial regulatory elements of ferropto-
sis [7]. Therefore, it is plausible to propose a link between
SWI-detected microbleeds and ferroptosis in the context of
SCI.
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Deferoxamine (DFO) has been recognized as a ferrop-
tosis inhibitor [5,6]. DFO has demonstrated the ability to
aid in recovery from traumatic SCI by impeding ferropto-
sis [8], and its efficacy as a treatment modality for SCI has
been substantiated [9]. Additionally, in cases of brain in-
jury, DFO has been shown to facilitate the restoration of
neural function [10]. This study aimed to explore the rela-
tionship between SWI-detectedmicrobleeds and ferroptosis
in a rabbit SCI model.

Materials and Methods

Animals
Thirty-six male New Zealand white rabbits, aged be-

tween 5 and 6 months, were obtained from Shanghai Jiesi-
jie Experimental Animal Co., Ltd. in Shanghai, China
(license number SCXK [Hu] 2018-0004). These rabbits
were housed individually in flat-deck cages, adhering to
a schedule consisting of 16 h of light and 8 h of dark-
ness. They were housed at room temperature and had
free access to water and pellets. The rabbits were ran-
domly and evenly distributed into three groups: a sham
group, an SCI group (SCI with saline treatment), and an
SCI+DFO group (SCI with DFO treatment). Beginning on
the day of surgery and continuing through postoperative
day 7, rabbits in the SCI+DFO group received intraperi-
toneal DFO injections at a dosage of 100 mg/kg (Y0001937
Merck, Darmstadt, Germany) every 12 hours [11]. The SCI
group received intraperitoneal injections of 2 mL of 0.9%
saline solution at the same intervals. The rabbits underwent
intravenous anesthesia using 5% tiletamine hydrochloride
and zolazepam hydrochloride (Zoletil50, 8 mg/kg, Virbac,
Carros, French) along with 0.05% dexmedetomidine hy-
drochloride (dexdomitor, 0.01 mg/kg, Zoetis, Shanghai,
China). Allen’s striking method was employed to induce
SCI in rabbits, targeting the T10 with a striking energy of
8 cm × 15 g. This resulted in observable involuntary spas-
tic movements in the lower limbs and twisting of the tail,
confirming the successful induction of SCI. In the sham
group, laminectomy was performed to expose the dural sac
at the T10 segment without inflicting any damage to the
spinal cord. After the removal of spinal cord tissue, the
rabbits were euthanized with an overdose of sodium pento-
barbital (Intravenous, 100 mg/kg). All animal experimen-
tal procedures in this study were approved by the Labora-
tory Animal Ethics Committee at Ninth People’s Hospital
affiliated with the Shanghai Jiao Tong University School of
Medicine, China (SH9H-2022-A94-1).

MRI and SWI Examination
Using a 3.0 TMRI scanner from General Electric (GE

Medical Systems Inc, Boston, MA, USA), rabbits were
imaged 48 hours post-SCI induction. SWI phase images
were scrutinized to identify the largest microbleeds within
the T10 spinal cord segments of both SCI and SCI+DFO

groups, emphasizing signal intensity, area, and the number
of microbleeds. Signal intensity data for the T10 segment
were also collected for the sham group. Data were collected
in a blinded manner by two independent researchers. MRI
parameters included a sagittal T1weighted imaging (T1WI)
with TR 590 ms and TE 40 ms, and a sagittal Dixon se-
quence T2 weighted imaging (T2WI) with TR 2800 ms, TE
102 ms, a slice thickness of 2.0 mm, slice spacing of 0.5
mm, FOV 160 mm× 160 mm, and matrix 384× 192. SWI
scanswere conducted using a 3DFast Small AngleGradient
Echo Sequence (SWAN)with the following parameters: TR
70 ms, TE 40 ms, slice thickness 2 mm, no gaps, FOV 110
mm× 110 mm, single excitation, 62.50 Hz bandwidth, and
a flip angle of 15°, covering from the first thoracic verte-
bra to the fourth lumbar vertebra. Regions of interest (ROI)
were manually drawn on the SWI phase map using the 3.0T
GE MRI software (AW Volume Share 5, GE Medical Sys-
tems Inc., Boston, MA, USA). For the sham group, the ROI
was the central region of the T10 spinal cord, with an area
of 3 square mm, and its signal intensity was measured. In
the SCI and DFO groups, ROIs were selected from the low-
signal area on the SWI phase map corresponding to the T10
spinal cord segment, and the intensity, quantity, and area of
the low signal were recorded. Two observers independently
reviewed the imaging data, and the average values were cal-
culated for analysis.

Modified Tarlov’s Scores
Following the induction of SCI, the modified Tarlov’s

score was used to evaluate neurological function at sev-
eral time points: 6 hours, 24 hours, 48 hours, 1 week, 2
weeks, 4 weeks, 6 weeks, and 8 weeks post-injury. At the
8-week mark, spinal cord tissue from the T10 segment was
harvested from the rabbits, fixed using 4% paraformalde-
hyde, and subsequently processed into paraffin-embedded
sections for further histological examination.

Hematoxylin and Eosin (HE) Staining
Paraffin sections of rabbit spinal cord tissue were pre-

pared, with subsequent removal of paraffin to facilitate
hematoxylin and eosin (HE) staining. The stained sections
were then observed under an optical microscope (E100,
Nikon, Tokyo, Japan) to examine pathological alterations.

Immunohistochemistry
Eight weeks post-injury, immunohistochemistry was

performed on sections of rabbit spinal cord tissue to assess
the changes in Neuronal Nuclei (NeuN) and Glial fibril-
lary acidic protein (GFAP) expression. The tissues were
dewaxed and rehydrated, followed by antigen retrieval and
blocking with 3% BSA. Next, the tissues were incubated
with primary antibodies against NeuN (1:100, DF6145,
Affinity, Changzhou, China) and GFAP (1:200, 14-9892-
82, Invitrogen, CA, USA) overnight at 4 °C. The next day,
HRP-conjugated secondary antibodies (1:200, GB23303,
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Fig. 1. MRI and SWI changes in the T10 spinal segment of three groups of rabbits 48 hours postoperatively. (A) In the sham
group, the SWI signal distribution of rabbit spinal cord tissue was uniform within the red circle, without any low signal shadow. In the
SCI and SCI+DFO groups, a low signal shadow was observed in the center of the spinal cord tissue (within the small red circle). Red
arrows represent rabbit thoracic segment 10 spinal cord. (B) Changes in signal intensity, microbleed area, and microbleed number were
observed in the rabbit spinal cord tissue on SWI (*, p < 0.05; **, p < 0.01; ns, non-significant, n = 12). MRI, magnetic resonance
imaging; SWI, susceptibility-weighted imaging; SCI, spinal cord injury; DFO, deferoxamine; SCI+DFO, SCI with DFO treatment.

Servicebio, Wuhan, China) were applied and incubated for
1 hour at room temperature. Following washes with PBS
(pH 7.4), the sections were treated with DAB (GB1211,
Servicebio, Wuhan, China) solution to induce color devel-
opment. Following dehydration and mounting, the sections
were examined under a microscope (E100, Tokyo, Nikon,
Japan).

Nissl Staining

Paraffin-embedded spinal cord tissue sections under-
went dewaxing followed by immersion in Nissl staining so-
lution. These sections were placed in a 60 °C incubator for
50 minutes to facilitate the staining process. Following in-

cubation, the sections were washed thrice with distilled wa-
ter, and a color separation solution was applied for 1.0 to 2.0
minutes. The sections were then sealed with neutral gum to
preserve the staining integrity. Finally, the prepared sec-
tions were examined under an optical microscope (E100,
Nikon, Tokyo, Japan).

Electron Microscopy

Rabbit spinal cord tissue was preserved, followed by
dehydration using a series of ethanol and acetone washes.
Subsequently, the tissue underwent infiltration with an ace-
tone/812 embedding resin and was left to polymerize at
60 °C for 48 hours. Ultrathin sections measuring 80 nm
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Fig. 2. The effect of ferroptosis inhibitor DFO on rabbit spinal cord tissue 7 days after injury. (A) Hematoxylin-eosin staining. (B)
Nissl staining (white arrows represent neurons). (C) Electron microscopy. (D) Changes in the number of neurons in all three groups. (E)
The number of damaged mitochondria in all three groups. HE, hematoxylin and eosin. (*, p< 0.05; **, p< 0.01; ***, p< 0.001, n = 6)

were prepared and subsequently stained with a 2% uranium
acetate-saturated alcohol solution and lead citrate to en-
hance contrast. Imaging of these sections was conducted
using a transmission electron microscope (model HT7800,
Hitachi, Tokyo, Japan).

Western Blot

Spinal cord tissue was retrieved from –80 °C storage
for analysis. T10 spinal cord tissue was lysed with a lysis
buffer (G2002, Servicebio, Wuhan, China) to extract total

protein. Following SDS-PAGE, proteins were transferred
onto a PVDF membrane (IPVH00011, Millipore, Billerica,
MA, USA) and blocked with 5% non-fat milk at room tem-
perature for 1 hour. The primary antibody GPX4 (67763-
1, Proteintech, Wuhan, China) was diluted in TBS buffer
(G0001-2L, Servicebio, Wuhan, China) at a dilution ratio
of 1:1000 and incubated overnight at 4 °C. The next day,
the membrane was incubated for 30 minutes with the sec-
ondary antibody (GB23303, Servicebio, Wuhan, China).
Protein bands were visualized using an enhanced chemi-
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Fig. 3. Changes of GPX4, iron ions, MDA, and GSH in rabbit spinal cord tissue 7 days after spinal cord injury. (A) Changes in
GPX4 content in spinal cord tissue (*, p< 0.05; **, p< 0.01, n = 6). (B) Alterations in iron content, MDA content, and GSH content in
rabbit spinal cord tissue (*, p< 0.05; **, p< 0.01, n = 5). GPX4, glutathione peroxidase 4; MDA, malondialdehyde; GSH, glutathione;
GAPDH, glyceraldehyde-3-phosphate dehydrogenase.

luminescence (ECL) detection system (G2014, Servicebio,
Wuhan, China), and band scanning was performed. Opti-
cal densities (ODs) of the target bands were measured us-
ing grayscale analysis software (Alpha EaseFC 4.0, Alpha
Innotech, San Leandro, CA, USA). Quantitative analysis
was measured using the OD values of the glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) bands as a reference
for relative expression levels.

Enzyme-Linked Immunosorbent Assay (ELISA)
The content ofmalondialdehyde (MDA,A003-1), iron

ions (A039-2), and glutathione (GSH, A061-2-1) was mea-
sured by Enzyme-Linked Immunosorbent Assay (ELISA)
according to the manufacturer’s instructions provided with
the assay kits (Jiancheng Biotechnology Research Institute
Co., Ltd., Nanjing, China).

Statistical Analysis
Statistical analysis was conducted using GraphPad

Prism software (version 8.0, GraphPad, San Diego, CA,
USA). All the data were expressed as mean ± standard
error of the mean (SEM). Statistical comparisons between
two groups were conducted using a t-test, whereas compar-
isons among three groups were assessed through one-way
Analysis of Variance. Pearson’s correlation analysis was
applied to assess the relationship between two variables. A
p-value of less than 0.05 was considered statistically sig-
nificant. Data that did not fit the normal distribution were
applied to the Wilcoxon test.
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Fig. 4. Changes in neurological function in three groups of rabbits. (A,B) Immunohistochemical examination of GFAP and NeuN
in rabbit spinal cord tissue (8 weeks post-surgery). Black arrows represent immunohistochemically positive cells. (C,D) Comparison of
the number of GFAP and NeuN positive cells in the three groups of rabbit spinal cord tissue (*, p < 0.05; **, p < 0.01, n = 6). GFAP,
Glial fibrillary acidic protein; NeuN, Neuronal Nuclei.

Results

Microbleed Area was Significantly Higher in the SCI
Rabbits

In the sham group, MRI T2WI exhibited normal
morphology with a uniform signal, whereas the SCI and
SCI+DFO groups demonstrated irregular spinal cord sig-
nals. On SWI, both the SCI and SCI+DFOgroups presented
low signal shadows at the center of the spinal cord tissue.
The signal intensity of the spinal cord tissue in the sham
group was significantly higher than the SCI and SCI+DFO
groups, with the SCI+DFO group displaying a significantly
higher signal intensity than the SCI group (all p < 0.05).
The microbleed area in the SCI group was significantly
larger when compared to the SCI+DFO group (p < 0.01).

Moreover, the number of SWI-detected microbleeds was
similar between the SCI and SCI+DFO groups (p > 0.05)
(Fig. 1A,B).

DFO Ameliorated Histology
In HE staining, the spinal cord tissue of the sham

group displayed uniform distribution and normal morphol-
ogy without signs of bleeding, while the SCI group showed
sparsity with visible cavities and patchy bleeding. The
SCI+DFO group demonstrated slightly sparse tissue with
minor bleeding patches (Fig. 2A). Nissl staining revealed
varying neuron counts among the groups: the sham group
displayed the highest count, followed by the SCI+DFO
group, while the SCI group exhibited the lowest count (p<
0.05) (Fig. 2B,D). Electron microscopy analysis revealed
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Fig. 5. Changes in neural function and their correlation with microbleeds in three groups of rabbits at 8 weeks post-surgery.
(A) Changes in modified Tarlov’s scores at various time points after 8 weeks post-surgery in rabbits (*, p < 0.05; **, p < 0.01; ns,
non-significant, n = 6). (B) Neurological recovery rate of rabbits with spinal cord injury at 8 weeks post-surgery (**, p < 0.01, n = 6).
(C–E) Correlation between microbleed signal intensity, area, and quantity with the neurological recovery rate.

heightened mitochondrial bilayer membrane density and
ridge loss in the SCI group. In comparison, the SCI+DFO
group exhibited a milder mitochondrial effect. Damaged
mitochondria counts were highest in the SCI group, fol-
lowed by the SCI+DFO group, and lowest in the sham
group (p < 0.05) (Fig. 2C,E).

DFO Enhanced GPX4 Expression and Inhibited
Ferroptosis

The SCI group demonstrated a significant reduction in
GPX4 expression compared to both the SCI+DFO and sham
groups, with the SCI+DFO group also displaying lower ex-
pression relative to the sham group (p< 0.05) (Fig. 3A). Re-
garding iron content, the SCI group demonstrated the high-
est levels, followed by the SCI+DFO group, while the sham
group exhibited the lowest levels (p < 0.05). Among the
groups, the SCI group displayed the greatest MDA content,
indicating oxidative stress (p < 0.01). Additionally, GSH
content was substantially higher in the SCI+DFO group
compared to the SCI group (p < 0.01) (Fig. 3B).

DFO Improved Neurological Function
In spinal cord tissue, GFAP-positive cells predomi-

nately exhibited yellow staining in the cytoplasm; NeuN-
positive cells showed yellow staining in both the nucleus
and cytoplasm.

The SCI group exhibited a significantly higher GFAP
positivity rate compared to the SCI+DFO group (p< 0.01).
Additionally, the NeuN positivity rate was significantly
lower in the SCI group compared to the SCI+DFO group,
with the sham group demonstrating the highest rate (p <

0.01) (Fig. 4). At 6 hours post-SCI modeling, the modi-
fied Tarlov’s scores for both the SCI and SCI+DFO groups
were significantly reduced compared to the sham group (p
< 0.05). However, no significant difference was found
between the SCI and SCI+DFO groups (p > 0.05). At
subsequent time intervals including 24 hours, 48 hours, 1
week, 2 weeks, 4 weeks, 6 weeks, and 8 weeks, the modi-
fied Tarlov’s scores for the SCI group remained consistently
lower than those of the SCI+DFO group (p< 0.05). By the
8-week mark, the SCI+DFO group exhibited higher rates of
neurological function recovery compared to the SCI group
(p < 0.01) (Fig. 5A,B).

SWI Intracerebral Microbleeds were Correlated with
Neurological Function and Key Indicators of
Ferroptosis

No significant correlation was observed between mi-
crobleed signal intensity or quantity and the rate of neuro-
logical function recovery (all p> 0.05). Conversely, a neg-
ative correlation existed between the area of microbleeds
and the recovery rate (r = –0.62, p = 0.03) (Fig. 5C–E). Fur-

https://www.discovmed.com/


1876

Fig. 6. Correlation between intramedullary microbleeds and ferroptosis in rabbit spinal cord injury. (A) Positively correlated
with iron ions. (B) Positively correlated with MDA. (C) Negatively correlated with GPX4. (D) Positively correlated with the number of
mitochondrial injuries. (n = 12)

thermore, microbleed area in both the SCI and SCI+DFO
groups positively correlated with the content of iron ions
(r = 0.59, p = 0.04), MDA levels (r = 0.75, p = 0.01),
and the number of damaged mitochondria (r = 0.90, p <

0.01). There was also a negative correlation between the
area of microbleeds and GPX4 content (r = –0.87, p< 0.01)
(Fig. 6).

Discussion

In this study, we observed elevated iron levels in both
the SCI and SCI+DFO groups compared to the sham group.
Treatment with DFO resulted in decreased iron levels in the
SCI+DFO group relative to the SCI group. Although iron
ions are essential for bodily functions, an excess can exert
neurotoxic effects, including cell death [12,13]. A hallmark
of ferroptosis is intracellular iron accumulation. Following
SCI, the release of free iron ions from ruptured red blood

cells leads to local iron overload. Iron overload can lead
to the occurrence of the Fenton reaction, thereby generat-
ing reactive oxygen species, promoting ferroptosis [14,15].
The central nervous system naturally exhibits higher iron
concentrations compared to other tissues [16,17]. After
SCI, there is a significant increase in total iron levels, and
SCI-induced hemorrhage results in an influx of red blood
cells into the spinal cord, providing an abundance of iron
that may exacerbate the situation [18].

GPX4 has been identified as a key regulatory factor for
ferroptosis. The inactivation or deletion of GPX4 can lead
to the accumulation of lipid peroxides, a lethal character-
istic of ferroptosis. The cysteine/glutathione (GSH)/GPX4
axis has been considered central in controlling ferroptosis
[19]. Moreover, GSH is known to protect cells from reac-
tive oxygen species (ROS) damage [20]. Given the high
levels of polyunsaturated fatty acids in the spinal cord, it is
particularly susceptible to peroxidation, which contributes
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to secondary damage in SCI [21]. Previous studies have re-
ported a significant reduction in GSH content in post-SCI
injury sites [22,23]. In this study, GPX4 and GSH were
lower in both the SCI and SCI+DFO groups compared to
the sham group, whereasMDA levels were elevated in com-
parison to the sham group. Research has revealed that the
neuroprotective effects of DFO stem from its ability to in-
hibit ferroptosis, leading to a decrease in iron levels and an
increase in GPX4 and GSH [8]. Liu et al. [24] reported
that DFO reduces iron concentration and lipid peroxida-
tion in SCI rats, thereby enhancing motor function post-
injury. Similarly, Dinc et al. [25] found that DFO decreases
MDA content and facilitates behavioral recovery post-SCI.
Consistent with these findings, this study demonstrated that
DFO administration increased GPX4 and GSH levels com-
pared to the SCI group. Conversely, the SCI group exhib-
ited increased levels of iron ions and MDA, with a concur-
rent decrease in GPX4 and GSH. After the introduction of
DFO, the SCI+DFO group exhibited reduced levels of iron
ions and MDA relative to the SCI group, alongside higher
levels of GPX4 and GSH. These observations suggest a po-
tential association between neural dysfunction observed af-
ter SCI-related microbleeds and ferroptosis.

SWI demonstrates high sensitivity to paramagnetic
substances such as deoxyhemoglobin, oxyhemoglobin, and
hemosiderin, commonly found in blood. When tissue
bleeding occurs, escaped red blood cells are engulfed by
macrophages and degraded by lysosomes. Fe3+ ions re-
leased from hemoglobin can then bind with proteins and
aggregate. When observed under a light microscope,
these aggregates appear as large refractive particles with a
brownish-yellow color, known as hemosiderin [26]. SWI
can detect minuscule hemorrhagic lesions with a diameter
smaller than 1 mm, surpassing the detection rate of con-
ventional MRI sequences by at least 67% [27]. Research
indicates that bleeding is more prominent in the early stages
of acute spinal cord injury, particularly in the gray matter
[28]. Moreover, SWI serves as a valuable tool for quantita-
tively assessing iron deposition, for a technique applicable
to organs like the kidneys [29]. Considering the potential of
increased iron levels to trigger ferroptosis following spinal
cord hemorrhage, SWI emerges as a promising modality for
investigating the relationship between iron deposition and
ferroptosis. In this study, the SCI group exhibited a larger
area of SWI-detected microbleeds and higher iron content
compared to the SCI+DFO group. The positive correlation
observed between the area of SWI microbleeds and iron
ion concentration suggests an association between SWI mi-
crobleed area and the extent of ferroptosis. Furthermore,
positive correlations with MDA levels and negative corre-
lations with GPX4 substantiate the link between SWI mi-
crobleeds and ferroptosis. Thus, a greater SWI microbleed
area may indicate more severe ferroptosis.

NeuN stands out as a widely acknowledgedmarker for
mature neurons, known for its sensitivity, stability, and re-

liability [30]. Conversely, GFAP, highly specific to astro-
cytes within the central nervous system [31], serves as a
marker for complete astrocyte differentiation. In this study,
rabbits in the SCI+DFO group demonstrated higher mod-
ified Tarlov’s scores and NeuN counts, alongside lower
GFAP expression compared to the SCI group, indicating su-
perior recovery of neurological functions in the SCI+DFO
group. Previous research has demonstrated that patients
with microbleeds present with more severe symptoms at 12
months after traumatic brain injury compared to those with-
out microbleeds [32]. This study corroborates these find-
ings, revealing a negative correlation between the area of
SWI-detected microbleeds and the rate of neural function
recovery in rabbits with SCI. DFO administration resulted
in a reduction in the area of SWI-detected microbleeds in
the spinal cord and attenuated manifestations of ferroptosis
in the SCI+DFO group, thereby yielding a more favorable
prognosis for neural function compared to the SCI group.
Study has demonstrated that zinc exerts a positive effect
on functional nervous system recovery by inhibiting fer-
roptosis through activation of the nuclear factor E2 path-
way [33]. Proanthocyanidins and the ferroptosis inhibitor
upregulate the expression and function of GSH and GPX4
post-SCI, thereby enhancing neuronal resistance to mem-
brane phospholipid peroxidation and inhibiting ferroptosis.
Consequently, these interventions promote the recovery of
motor function post-SCI [34,35]. The predictive capability
of the SWI microbleed area on the neural function recovery
rate is proposed to be linked to ferroptosis.

The limitations of the article are as follows: Firstly,
this study did not utilize SWI in clinical research for spinal
cord injury. To enhance the reliability and clinical rele-
vance of SWI in detecting microbleeds after spinal cord in-
jury, future prospective clinical studies should be designed
to investigate the application of SWI in microbleed detec-
tion post-SCI and its correlation with injury severity (Amer-
ican Spinal Injury Association score). Secondly, there is a
lack of specific biomarkers for ferroptosis. This study pri-
marily tests its main phenotype to determine its relation-
ship with SWI microbleeds-related indicators. If specific
biomarkers for ferroptosis existed, especially those that can
persist over the long term, it would be more beneficial for
studying the functional prognosis of spinal cord injury, and
the experimental results would be more accurate.

Conclusion

In conclusion, the area of microbleeds demonstrates
a close association with ferroptosis in the spinal cord, and
DFO could alleviate ferroptosis and improve neurological
function. These findings emphasize the potential impor-
tance of evaluating microbleed areas in clinical assessments
and prognostic considerations for patients with spinal cord
injuries.
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