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Background: Acute severe craniocerebral injury (ASBI) is a leading cause of morbidity and mortality following trauma. Emodin
has demonstrated a range of pharmacological effects, including anti-inflammatory and antioxidant properties. This study sought
to investigate the effect of emodin on ASBI in rats and to elucidate its potential mechanisms.
Methods: Thirty sprague-dawley (SD) rats were randomly assigned into five subgroups: the sham subgroup, the model sub-
group, the low-dose emodin subgroup, the middle-dose subgroup, and the high-dose subgroup. Initially, we recorded the grip
traction time and neurobehavioral scoring in each subgroup. Moreover, pathological injury in brain tissue was observed us-
ing hematoxylin-eosin (H&E) staining. Immunohistochemical staining was utilized to evaluate the levels of positive glial fibril-
lary acidic protein (GFAP) and ionized calcium-binding adapter molecule 1 (Iba1). Furthermore, the levels of cytokines were
assessed using biochemical assays. The levels of reactive oxygen species (ROS) in the brain tissue were determined using a
2′,7′-dichlorodihydrofluorescein diacetate (DCFH-DA) probe. Additionally, the mRNA levels of inducible nitric oxide synthase
(iNOS) and p38mitogen-activated protein kinase (p38MAPK)were evaluated employing quantitative real-time polymerase chain
reaction (qRT-PCR). Heat shock proteins 70 (HSP70), B cell lymphoma-2 (Bcl-2), Bcl-2 associated X-protein (Bax), NOD-like re-
ceptor (NLR) family pyrin domain-containing protein 3 (NLRP3), caspase-1, iNOS, phosphorylated-p38 MAPK (p-p38 MAPK),
p38 MAPK levels in the brain tissue were examined utilizing Western blot analysis.
Results: Emodin treatment significantly improved the neurobehavioral and pathological damage of brain tissue in ASBI rats.
HSP70, Bcl-2, glutathione (GSH), and superoxide dismutase (SOD) levels were substantially elevated in the brain tissue of the
emodin subgroup. Conversely, emodin treatment reduced the levels of Bax, NLRP3, caspase-1, malondialdehyde (MDA), nitric
oxide (NO), and ROS. Furthermore, serum levels of tumor necrosis factor (TNF)-α, interleukin (IL)-1β, interferon-γ (IFN-γ),
and IL-6 were significantly reduced in the emodin subgroup compared to the model subgroup (p < 0.05). Additionally, iNOS
mRNA and protein levels were reduced in the brain tissue of the emodin subgroup compared to the model subgroup (p < 0.05).
Similarly, the p-p38 MAPK protein concentrations were also alleviated in the brain tissue of the emodin subgroup compared to
the model subgroup (p < 0.05).
Conclusion: Emodin enhances motor function recovery, mitigates apoptosis and neuroinflammation, and reduces oxidative stress
in ASBI rats, potentially through the p38 MAPK signaling pathway.
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Introduction

Acute severe craniocerebral injury (ASBI) is a ma-
jor contributor to disability and mortality around the world.
ASBI often results from external mechanical forces, com-
prising head collisions, blows, or jolts, as well as penetrat-
ing head injuries, leading to several intracranial complica-
tions like hemorrhage, bruises, lacerations, and focal and
diffuse injuries [1,2]. ASBI can lead to neurological im-
pairment, behavioral changes, and cognitive dysfunction,
immensely impacting patients’ lives. Although the research
on the recovery strategy of ASBI has made progress, useful
therapy plans are needed [3]. Overactivation of neuroin-

flammatory response, mediated through microglia activa-
tion, plays a crucial role in secondary brain injury and is
essential in ASBI [4]. Thus, it is imperative to identify ef-
fective drugs to alleviate the secondary injury induced by
nerve inflammation.

Emodin, a natural anthraquinone derivative extracted
from Chinese herbal medicine, including Rheum palmatum
L,Polygonummultiflorum, andPolygonum cuspidatum, ex-
hibits a wide range of pharmacological properties, such as
anticancer, anti-inflammatory, antioxidant, and antibacte-
rial effects [5–7]. Emodin has a neuroprotective outcome
and can reduce inflammatory response and oxidative stress
induced by ischemia-reperfusion [8]. Emodin effectively
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reduces infarct size, alleviates nerve injury symptoms, and
reduces neurological impairment scores in rat with cere-
bral artery occlusion [9]. However, the precise influence
of emodin on ASBI and its underlying mechanism are un-
clear.

The p38 mitogen-activated protein kinase (p38
MAPK) is widely known for its role in modulating inflam-
mation, apoptosis, and cell differentiation. Previous study
[10] has demonstrated that in instances of stress-induced
neuronal dysfunction, p38 MAPK transduces signals from
cell membranes to the nucleus, thereby regulating gene ex-
pression to cope with environmental changes, which is con-
sidered the basis of brain injury. Furthermore, research
has indicated that activating the p38 MAPK signaling path-
way can lead to the activation of rat microglia, elevated
levels of proinflammatory cytokines, neuronal degenera-
tion, and disturbance of behavior. Moreover, it has been
shown that emodin targets p38 MAPK, leading to a reduc-
tion in the expression levels of proinflammatory cytokines
and chemokines in the liver of hepatitis mice by inhibiting
the p38 MAPK signaling pathway.

Therefore, this study aims to explore the impact of
emodin on ASBI in rats, focusing on neuroinflammation
and oxidative stress, and investigate the potential role of
the p38 MAPK signal pathway in regulating the effects of
emodin on ASBI rats.

Materials and Methods

Animal Assay
SPF-grade male sprague-dawley (SD) rats (n = 30),

weighing 200–220 g, were obtained from Beijing Baosco
Biomedical Technology Co., Ltd., Beijing, China [11]. The
rats were anesthetized using intraperitoneal injection of 3%
pentobarbital sodium (50 mg/kg, P3761, Sigma-Aldrich,
St. Louis, MO, USA), following the previously described
method for modeling. The top of the skull was disinfected
and depilated, and a midline incision on the skull was made
without disrupting the dura mater. A 5-mm craniotomy was
conducted through the skull, positioned 2 mm caudal to the
left coronal suture and 2 mm from the midline without de-
stroying the dura matter. A percussion device with a di-
ameter of 4.5 mm and a weight of 40 g was utilized from
a height of 20 cm to hit the dura mater and induce cranio-
cerebral injury. After local hemostasis, the skin was dis-
infected and sutured. After this, the rats were exposed to
emodin (E7881, Sigma-Aldrich, St. Louis, MO, USA). The
rats were stochastically divided into five subgroups: the
sham subgroup, the model subgroup, the emodin low-dose
(10 mg/kg) subgroup, the emodin middle-dose (20 mg/kg)
subgroup, and the emodin high-dose (40 mg/kg) subgroup,
each comprising 6 rats. Except for the sham subgroup, all
other 4 subgroups underwent the above method to establish
the ASBI model. One day after successful modeling, each
subgroup received corresponding treatment. The sham sub-

group and the model subgroup were injected with an equal
volume of normal saline, while the emodin subgroup was
administered with different concentrations of emodin once
a day for 7 days.

Grip Traction Assay
On the 7th day of administration, a steel wire rope

measuring 1 mm in diameter and 60 cm in length was po-
sitioned about 40 cm above the ground, with a foam pad
placed beneath it to avoid any falls [12]. The rat’s forepaws
were placed on the steel wire rope, and the time from release
to fall was recorded. The scoring criteria were as follows:
0 point, unable to grasp; 1 point, grasping ≤10 s; 2 points,
10< 20 s; 3 points, 20< 30 s; 4 points: 30< 60 s; 5 points,
60 < 90 s; 6 points, 90 < 120 s.

Neurobehavioral Score
The neurobehavioral changes of rats within each sub-

group were observed and scored. The observation included
changes in the auricle reflex, tail flick reflex, righting re-
flex, corneal reflex, and escape reflex. The scores of no
reflex, lessened reflex (lack of corresponding reflex within
10 seconds), normal reflex and neurobehavioral total score
of each rat were 0, 1, 2 and 10, respectively.

Hematoxylin-eosin (H&E) Staining
Once the brains were collected, the cerebellum and

its covering membranes were excised. The brain tissue
sections (4 µm thick) were prepared using routine pro-
cedure and routinely dewaxed to water. Subsequently,
hematoxylin-eosin staining (G1120, Solarbio, Beijing,
China) was used to observe pathological changes in brain
tissue under a microscope (BX5, Olympus, Tokyo, Japan).

Immunohistochemical (IHC) Staining
After the completion of the grip traction test and

neurobehavioral score assessment, the rats were killed
through intraperitoneal injection of excessive pentobarbi-
tal sodium (200 mg/kg). The rat’s heart was washed
with 0.9% NaCl solution (ST341, Beyotime Biotechnol-
ogy, Shanghai, China) to remove blood, and then perfused
with 4% paraformaldehyde (MM1504, Maokang Biotech-
nology Co., Ltd., Shanghai, China) until the limbs were
stiff. The brain was excised through craniotomy, fixed
in 4% paraformaldehyde, and temporarily stored at 4 °C.
Brain tissue sections (3 µm thick) were prepared using the
routine procedure and dewaxed to water. After this, 1
mM Tris-EDTA buffer (G1203, Servicebio, Wuhan, China)
was added to repair tissue sections for 18 minutes under
high pressure (125 °C, 103 kPa), followed by soaking in
3% H2O2 (MM0750, Maokang Biotechnology Co., Ltd.,
Shanghai, China) to block endogenous peroxidase activity
for 10 minutes. After washing, the slices were sealed in
10% goat serum (SL038, Solarbio, Beijing, China) for 30
minutes. The tissue section then underwent overnight in-
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cubation with primary antibodies against ionized calcium-
binding adapter molecule 1 (Iba1, 1:500, ab5076, Abcam,
Cambridge, UK) and glial fibrillary acidic protein (GFAP,
1:1000, ab4674, Abcam, Cambridge, UK) at 4 °C. Subse-
quently, these sections were treated with 50 µL of sheep
anti-mouse IgG second antibody (KIT-5020, Mxb Biotech-
nologies, Fuzhou, China) and incubated for 1 hour. Af-
ter staining with 3-3-diaminobenzidine (DAB, DAB-1031,
Mxb Biotechnologies, Fuzhou, China), hematoxylin was
applied for 3 minutes, followed by treatment with 1% hy-
drochloric acid (E484, Amresco, Solon, OH, USA) and al-
cohol for differentiation and washing to eliminate the dye.
After ethanol dehydration, xylene was employed to make
the sections transparent, followed by sealing with neutral
resin. The stained tissue sections were observed, and im-
ages were captured using a microscope (DM1000, Leica
Microsystems, Wetzlar, Hessen, Germany).

Biochemical Testing
After completing the grip traction experiment and neu-

robehavioral scoring, the rats were anesthetized, and blood
samples were collected from the abdominal aorta. The
blood sample was centrifuged, and the supernatant was
temporarily stored at –20 °C. The levels of tumor necro-
sis factor (TNF)-α (H052), interleukin (IL)-1β (H002),
interferon-γ (IFN-γ, H025), and IL-6 (H007) in serumwere
assessed using corresponding enzyme linked immunosor-
bent assay (ELISA) kits. Additionally, malondialdehyde
(MDA), nitric oxide (NO), glutathione (GSH), and superox-
ide dismutase (SOD) levels in brain tissueswere determined
using MDA assay kits (A003), NO assay kits (A012), GSH
assay kits (A006), and SOD assay kits (A001), respectively.
These kits were obtained from Nanjing Jiancheng Bioengi-
neering Institute (Nanjing, China).

2′,7′-dichlorodihydrofluorescein Diacetate
(DCFH-DA) Probe Detection

The rat brain tissue was chopped and digested with
trypsin, then filtered with a 200-micron nylon mesh filter.
Following centrifugation at 400 g for 5 minutes, the super-
natant was discarded, and the pellets were resuspended in
PBS. The suspension was gently blown repeatedly, result-
ing in a 1× 108 L−1 single-cell suspension. The single-cell
suspension of rat brain tissue was incubated with DCFH-
DA (35845, Sigma-Aldrich, St. Louis, MO, USA) at 37 °C
for 30 minutes, following the instructions provided by the
kit. After incubation, the cells were rinsed twice with PBS,
and a fluorescence enzymemarker (Thermo Scientific, Var-
ioskan Flash, Waltham, MA, USA) was utilized to examine
fluorescence intensity, with excitation at a wavelength of
485 nm and emission at 530 nm.

Quantitative Real-time Polymerase Chain Reaction
(qRT-PCR)

Total RNA was extracted from brain tissue using Tri-
zol (15596026, Ambion, Carlsbad, CA, USA), and cDNA
was synthesized through reverse transcription. qRT-PCR
was performed using a cDNA template. The amplifica-
tion conditions were set as follows: 95 °C 3 min; 95
°C 5 s, 56 °C 10 s, 72 °C 25 s, a total of 40 cy-
cles. PCR primers were synthesized from Wuhan Tianyi
Huayu Gene Technology Co., Ltd. Primer sequences were
as follows: inducible nitric oxide synthase (iNOS) for-
ward sequence: 5′-AGAGAGATCGGGTTCACA-3′, re-
verse sequence: 5′-CACAGAACTGAGGGTACA-3′; p38
mitogen-activated protein kinase (p38 MAPK) forward se-
quence: 5′-CTACCCGCAGGAGCTGAACAA-3′, reverse
sequence: 5′-AATCATGGACTGAAATGGTCTCCAG-
3′; glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
forward sequence: 5′-CCAGGTGGTCTCCTCTGA-3′, re-
verse sequence: 5′-GCTGTAGCCAAATCGTTGT-3′. The
relative expression levels of the target genes were assessed
employing the 2−∆∆Ct method. GAPDH served as an in-
ternal reference.

Western Blot (WB) Analysis
Total protein was extracted using the RIPA lysis buffer

(R0030, Solarbio, Beijing, China) and subsequently quan-
tified utilizing a Bicinchoninic acid kit (PC0020, Solar-
bio, Beijing, China). 20 µg extracted proteins were iso-
lated and transferred to polyvinylidene fluoride membranes
(IPVH00010, Millipore, Bedford, MA, USA). The mem-
brane was blocked in 5% skim milk powder (D8340, So-
larbio, Beijing, China) at 4 °C overnight. The following
day, the membrane was incubated for 12 hours with primary
antibodies against GAPDH (5174, 1:1000, CST, Boston,
MA, USA), heat shock proteins 70 (HSP70, ab181606,
1:1000, Abcam, Cambridge, UK), B cell lymphoma-2 (Bcl-
2, PAB30041, 1:1000, Bioswamp, Wuhan, China), Bcl-2
associated X-protein (Bax, PAB30040, 1:1000, Bioswamp,
Wuhan, China), NOD-like receptor (NLR) family pyrin
domain-containing protein 3 (NLRP3) (K004108P, 1:1000,
Solarbio, Beijing, China), caspase-1 (K001773P, 1:1000,
Solarbio, Beijing, China), iNOS (SAB5700636, 1:1000,
Sigma-Aldrich, St. Louis, MO, USA), phosphorylated-p38
MAPK (p-p38 MARK, 4511, 1:1000, CST, Boston, MA,
USA), and p38 MAPK (2387, 1:1000, CST, Boston, MA,
USA). After this, the membrane underwent incubation with
IgG secondary antibody (K1034G-AF594, Solarbio, Bei-
jing, China) for 1 hour. GAPDH was used as an endoge-
nous control.

Statistical Analysis
Statistical analysis was performed using SPSS soft-

ware (version 22.0, IBM, Armonk, NY, USA). The data
were presented as the average and standard deviation (mean
± SD). Normality was confirmed for all variables utilizing

https://www.biolifesas.org/


4092

Fig. 1. Neurobehavioral and pathological injury scores in rats. (A) Grip traction experiment. (B) Comparison of neurobehavioral
scores in rats. (C,D) The level of pathological injury was observed using the hematoxylin-eosin (H&E) staining (Scale: 100 µm, mag-
nification: 200×). ∗∗∗p < 0.001, vs the sham subgroup; #p < 0.05, ##p < 0.01, ###p < 0.001, vs the model subgroup (n = 3). The red
arrow indicates that the atrophied neurons appear red.

histograms and Q–Q plots. Furthermore, subgroup com-
parisons were conducted through the one-way analysis of
variance (ANOVA). A p-value < 0.05 was set as a thresh-
old for statistical significance.

Results

Emodin Ameliorated Neurobehavioral and
Pathological Injury in ASBI Rats

We treated the ASBI rat model with different concen-
trations of emodin to assess its impact on ASBI. The grip
traction time and neurobehavioral score were significantly
lower in the model subgroup than in the sham subgroup.
However, the grip traction time and neurobehavioral score
were significantly increased in the emodin subgroup com-
pared to the model subgroup (Fig. 1A,B). Moreover, in the
sham subgroup, the brain tissue structure was intact, and
the nucleus was normal without swelling. Furthermore, the
model subgroup showed a significant increase in neuronal
necrosis, glial cell proliferation, and neutrophil infiltration
compared to the sham subgroup. While these pathologi-
cal changes in brain tissue were alleviated in the emodin
subgroups, neuronal necrosis, neutrophil infiltration, tis-
sue cavity, and cell edema were evident, particularly in the
high-dose emodin subgroup compared to the model sub-
group (Fig. 1C,D).

Emodin Inhibited Apoptosis in ASBI Rat Model
The levels of HSP70 and Bcl-2 proteins in the brain

tissue of the model subgroup showed a substantial reduc-
tion, while the level of Bax protein was significantly ele-

vated compared to the sham subgroup. In contrast, the lev-
els of HSP70 and Bcl-2 proteins in the brain tissue of the
emodin subgroup were significantly higher, while the level
of Bax protein was lower compared to the model subgroup
(Fig. 2A–D). IHC staining revealed that the astrocytes and
microglia showed normal morphology and even distribu-
tion in the sham operation subgroup. However, in themodel
subgroup, astrocytes and microglia were substantially acti-
vated and clustered, with significantly elevated positive ar-
eas of Iba1 and GFAP compared to the sham operation sub-
group. Conversely, compared to the model subgroup, the
activation of astrocytes and microglia in the emodin sub-
group was substantially reduced, accompanied by an alle-
viation in the positive areas of GFAP and Iba1 (Fig. 2E–G).

Emodin Inhibited Inflammatory Response in ASBI
Rat Model

The levels of tumor necrosis factor (TNF)-α, inter-
leukin (IL)-1β, interferon-γ (IFN-γ) and IL-6 were signif-
icantly increased in the model subgroup compared to the
sham subgroup. Conversely, the levels of these inflamma-
tory factors were substantially alleviated in the emodin sub-
group compared to the model subgroup (Fig. 3A–D). Fur-
thermore, the model subgroup exhibited a significant in-
crease in the levels of NLRP3 and caspase-1 proteins, while
these proteins showed substantial reduction in the emodin
subgroup compared to the model subgroup (Fig. 3E–G).
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Fig. 2. Emodin inhibited apoptosis in the acute severe craniocerebral injury (ASBI) rat model. (A–D) Heat shock proteins 70
(HSP70), B cell lymphoma-2 (Bcl-2), and Bcl-2 associated X-protein (Bax) levels were assessed using western blot (WB) analysis.
(E–G) Ionized calcium-binding adapter molecule 1 (Iba1) and glial fibrillary acidic protein (GFAP) positive area were evaluated using
Immunohistochemical (IHC) staining. Scale: 100 µm. ∗p< 0.05, ∗∗p< 0.01, ∗∗∗p< 0.001, vs the sham subgroup. #p< 0.05, ##p< 0.01,
###p< 0.001, vs the model subgroup. Each experiment was repeated three times. GAPDH, glyceraldehyde-3-phosphate dehydrogenase.

Emodin Inhibited Oxidative Stress Injury in ASBI Rat
Model

The levels of MDA and NO were significantly in-
creased in the brain tissue of the model subgroup, while
the levels of GSH and SOD were decreased compared to
the sham subgroup. Conversely, a substantial reduction
was observed in the concentrations of MDA and NO in
the emodin subgroup, while GSH and SOD concentrations
were elevated in a dose-dependent manner compared to
the model subgroup (Fig. 4A–D). The fluorescence results
showed that the reactive oxygen species (ROS) concentra-
tion in the brain tissue of the model subgroup was signifi-
cantly higher than that of the sham subgroup, whereas in the
emodin subgroup, it was substantially lower than that in the
model subgroup in a dose-dependent manner (Fig. 4E,F).

Emodin Inhibited ASBI Mediated by p38 MAPK
Signal Pathway

As depicted in Fig. 5, the iNOS mRNA level was sub-
stantially increased in the model subgroup compared to the
sham subgroup, whereas it was reduced in the emodin sub-
group compared to the model subgroup (Fig. 5A). More-
over, the mRNA and protein levels of the p38 MAPK
among different subgroups did not show an observable dis-
tinction (Fig. 5B,F). Furthermore, the model subgroup ex-
hibited a significant elevation in the levels of iNOS and
p-p38 MARK proteins compared to the sham subgroup
(Fig. 5C,D). In contrast, their levels were substantially re-
duced in the emodin subgroup compared to the model sub-
group (Fig. 5E).
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Fig. 3. Emodin inhibited inflammation in the ASBI rat model. (A–D) Enzyme linked immunosorbent assay (ELISA) was used
to evaluate the levels of tumor necrosis factor (TNF)-α, interleukin (IL)-1β, interferon-γ (IFN-γ) and IL-6. (E–G) WB analysis was
conducted to evaluate the levels of inflammatory proteins NOD-like receptor (NLR) family pyrin domain-containing protein 3 (NLRP3)
and caspase-1. ∗∗∗p < 0.001, vs the sham subgroup. #p < 0.05, ##p < 0.01, ###p < 0.001, vs the model subgroup. Each experiment was
repeated three times.

Fig. 4. Emodin inhibited oxidative stress injury in the ASBI rat model. (A–D) The levels of malondialdehyde (MDA), nitric oxide
(NO), glutathione (GSH), and superoxide dismutase (SOD)were assessed according to the instructions provided by the kit. (E,F) Reactive
oxygen species (ROS) staining. Scale: 100 µm. ∗∗∗p< 0.001, vs the sham subgroup. #p< 0.05, ##p< 0.01, ###p< 0.001, vs the model
subgroup. Each experiment was repeated three times. DCFH-DA, 2′,7′-dichlorodihydrofluorescein diacetate; DAPI, 4′6-diamidino-2-
phenylindole.

Discussion

The effect of emodin on ASBI was assessed by eval-
uating its impact on neurobehavioral outcomes and brain

pathology in ASBI. The results of the grip traction test
and the neurobehavioral scoring showed that emodin ex-
tended the grip traction time and increased neurobehav-
ioral scores in model rats compared to the model subgroup.
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Fig. 5. Emodin inhibited ASBI mediated by the p38 MAPK signal pathway. (A,B) Quantitative real-time polymerase chain reac-
tion (qRT-PCR) was employed to assess the levels of inducible nitric oxide synthase (iNOS) and p38 mitogen-activated protein kinase
(p38 MAPK) mRNAs. (C–F) The protein concentrations of iNOS, phosphorylated-p38 MARK (p-p38 MAPK), and p38 MAPK were
evaluated using WB analysis. ∗∗∗p < 0.001, vs the sham subgroup. #p < 0.05, ##p < 0.01, ###p < 0.001, vs the model subgroup. Each
experiment was repeated three times.

Furthermore, H&E staining indicated that emodin allevi-
ated the pathological changes associated with ASBI. These
outcomes suggest that emodin exhibits a protective impact
against nerve and brain tissue injury in ASBI rats.

Apoptosis plays a pivotal role in various nervous sys-
tem diseases. Neuronal apoptosis is found in patients
with ASBI based on in vivo analysis [13]. In a mouse
model of septic encephalopathy, emodin has been found
to increase Bcl-2 protein levels while decreasing Bax and
cleaved caspase-3 concentrations, indicating a decrease in
neuronal apoptosis [14]. HSP70, a stress protein recog-
nized for maintaining its stability, is rapidly induced follow-
ing mammalian brain injury, displaying a substantial pro-
tective impact on brain tissue and potentially participating
in the occurrence and development of ASBI [15]. Iba1 is
a marker for activated microglia, whose activation medi-
ates severe neurological response and aggravates brain in-
jury [16]. GFAP is expressed explicitly in astrocytes and
is one of the extensively studied biomarkers of ASBI pa-
tients [17]. After administering different concentrations of
emodin, compared with the model subgroup, our study re-
vealed elevated levels of HSP70 and Bcl-2 proteins and re-
duced levels of Bax proteins in brain tissue. Immunohisto-
chemical staining validated the alleviation in the activation
of astrocytes and microglia, and the decrease in the positive
area of GFAP and Iba1 in the emodin subgroup.

Neuroinflammation influences the physiological pro-
cess associated with ASBI [18]. During the early stage of

ASBI, resident microglia become activated, and peripheral
neutrophils are recruited to the peri-focal cortex. Subse-
quently, the chemokine signaling pathway facilitates the
recruitment and infiltration of immune cells into the dam-
aged cortex. Concurrently, these immune cells release in-
flammatory cytokines, including TNF-α, IL-1β, and IL-
6. Excessive post-traumatic neuroinflammation can lead
to secondary brain injury and neuronal death in the peri-
focal cortex and hippocampus, thereby exacerbating neuro-
logical dysfunction [19]. Activation of NLRP3 inflamma-
somes leads to the cleavage of caspase-1 precursor form,
resulting in the release of IL-1β and IL-18, consequently
inducing neuronal degradation [20,21]. The proinflamma-
tory response mediated by NLRP3 inflammasomes plays a
crucial role in ASBI [22]. It has been indicated that the lev-
els of TNF-α, IL-1β, IFN-γ, and IL-6 in the serum of ASBI
model rats increase. As corroborated, NLRP3 and caspase-
1 concentrations in the brain tissue of ASBImodel rats were
found to be upregulated. After emodin administration, lev-
els of TNF-α, IL-1β, IFN-γ, and IL-6 reduced, along with
a decrease in NLRP3 and caspase-1 concentrations. These
outcomes suggest that emodin can inhibit neuroinflamma-
tion in ASBI.

Mechanical damage in ASBI triggers metabolic and
ion imbalances, eventually leading to excessive produc-
tion of ROS and oxidative stress [23]. Previous studies
have demonstrated the antioxidation properties of emodin
[24,25]. In our study, we observed that emodin treatment
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significantly reduced the levels of MDA, NO, and ROS
while elevating GSH and SOD concentrations in the brain
tissue of ASBImodel rats. Thus, it is suggested that emodin
can alleviate the oxidative stress in ASBI.

The MAPK pathway plays an essential role in regu-
lating the release of proinflammatory cytokines and apop-
tosis. MAPK, a family of serine/threonine protein kinases,
includes ERK, JNK, and p38. Activation of MAPK leads
to the upregulation of caspase-3 and a decrease in Bcl-2,
thereby enhancing cell apoptosis [26]. Downregulation of
the p38 MAPK pathway can reduce the production of in-
flammatory cytokines, chemokines, and mediators, as well
as the release of nitric oxide, thus inhibiting neuroinflam-
mation in ASBI [27]. This study showed an increase in
iNOS mRNA and protein levels, as well as the level of p-
p38 MAPK protein, in the brain tissue of the model sub-
group. In contrast, emodin treatment reduced the expres-
sion levels of iNOS mRNA and protein, as well as the level
of p-p38 MAPK protein in the brain tissue of rats. These
findings suggest the role of the p38 MAPK signaling path-
way in the outcome of emodin in ASBI rats. Additionally,
future endeavors will include long-term follow-up studies
to assess the persistence of emodin treatment effects and
any potential delayed side effects.

Conclusion

In summary, emodin enhances motor function recov-
ery, inhibits apoptosis and neuroinflammation, and allevi-
ates oxidative stress in ASBI rats. Its underlying mecha-
nism is likely linked to the modulation of the p38 MAPK
signal pathway. However, this study acknowledges certain
limitations. Therefore, future studies should further explore
the molecular targets and signaling pathways implicated in
emodin’s effects, as well as elucidate how these mecha-
nisms interact with the pathological processes of ASBI.
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