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Abstract
Inflammatory responses and oxidative stress (OS) play a significant role in the 
development of spinal cord injury (SCI), as evidenced by both pre-clinical and 
clinical studies. This research aimed to assess the potential antioxidant and anti-
inflammatory properties of curcumin (CuC) as a therapeutic approach in a unilateral 
SCI model using male rats. We used 40 adult male Wistar rats (each weighing 220 – 
250  g) that were randomly assigned to one of the five experimental groups: (1) 
Control (Con), (2) Model (SCI animals), (3) Model+CuC20, (4) Model+CuC40, and 
(5) Model+CuC80. Accordingly, the SCI animals in Model+CuC20, Model+CuC40, 
and Model+CuC80 groups received 20, 40, and 80 mg/kg/day of CuC through the 
intraperitoneal route, respectively. We assessed functional recovery, measured 
OS indicators, including malondialdehyde (MDA), glutathione (GSH), superoxide 
dismutase (SOD), and total antioxidant capacity (TAC) in the blood, and evaluated 
protein levels of caspase  1, NOD-like receptor family pyrin domain-containing 3 
(NLRP3), and apoptosis-associated speck-like protein containing a CARD (ASC) in 
the spinal cord tissue. The CuC treatment groups showed a significant enhancement 
in functional recovery, a marked decrease in MDA levels, and a notable elevation in 
SOD activity relative to the SCI animals. Model+CuC40 and Model+CuC80 animals 
exhibited a significant improvement in GSH activity and TAC level as compared 
to the SCI animals. The results also showed a dramatic decrease in the protein 
concentration of NLRP3, ASC, and Casp1 in the Model+CuC40 and Model+CuC80 
groups relative to the Model group (P < 0.0001). In conclusion, the treatment with 
CuC significantly enhanced functional recovery in SCI rats by effectively mitigating 
OS and reducing inflammatory markers.
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1. Introduction
The pathogenesis of spinal cord injury (SCI) entails two distinct phases: primary injury, 
which refers to the immediate impact resulting from the initial trauma, and secondary 
injury, characterized by a cascade of pathological processes that ensue post-trauma.1 
The ensuing complications of SCI include oxidative stress (OS), inflammation, and 

*Corresponding author: 
Gholamreza Hassanzadeh 
(hassanzadeh@tums.ac.ir)

Citation: Ebrahimi B, Yarahmadi A, 
Ghaffari N, Hassanzadeh G. 
Antioxidant effects of curcumin 
in unilateral spinal cord injury 
model in adult male rats. INNOSC 
Theranostics and Pharmacological 
Sciences. 2025;8(2):77-86. 
doi: 10.36922/itps.4795

Received: September 9, 2024

Revised: October 25, 2024

Accepted: November 13, 2024

Published online: March 4, 2025

Copyright: © 2025 Author(s). 
This is an Open-Access article 
distributed under the terms of the 
Creative Commons Attribution 
License, permitting distribution, 
and reproduction in any medium, 
provided the original work is 
properly cited.

Publisher’s Note: AccScience 
Publishing remains neutral with 
regard to jurisdictional claims in 
published maps and institutional 
affiliations.

INNOSC Theranostics 
and Pharmacological Sciences

https://dx.doi.org/10.36922/itps.4795
https://orcid.org/0000-0002-3934-4375
https://orcid.org/0009-0004-4627-7838
https://orcid.org/0009-0009-7238-4238
https://orcid.org/0000-0003-0724-6479
https://dx.doi.org/10.36922/itps.4795
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


Antioxidant effects of curcumin in SCI

 Volume 8 Issue 2 (2025)	 78� doi: 10.36922/itps.4795 

INNOSC Theranostics and 
Pharmacological Sciences

neurotoxicity, with OS being a significant contributor to 
secondary SCI.2-4 OS occurs when there is an excess of free 
radicals in the body’s cells, overwhelming the antioxidant 
defenses that typically neutralize these harmful molecules.5 
Free radicals, primarily oxygen-based molecules such as 
superoxide and hydroxyl radicals, are naturally produced 
during cellular processes. However, after SCI, there is 
a significant increase in free radical production due to 
factors like ischemia (lack of blood flow) and hypoxia (lack 
of oxygen).6,7

In addition to OS, neuroinflammation is a fundamental 
factor in the onset and progression of SCI. One of the 
key components of this inflammatory mechanism is the 
activation of the NOD-like receptor family pyrin domain-
containing 3 (NLRP3) inflammasome, which recruits 
pathways that enhance the secretion of inflammatory 
cytokines.8 This activation results in pyroptosis, a specific 
type of programmed cell death, occurring at the site of 
injury, thereby worsening tissue damage and inflammation.9 
Furthermore, previous research has shown NLRP3 
activation following SCI in animal and clinical studies.3,10

The body’s antioxidant mechanisms are unable to cope 
with the substantial surge in free radicals, resulting in the 
irremeable devastation of neuronal cells. This damage leads 
to neuronal death and tissue destruction.11,12 Research 
indicates that preventing free radical production after SCI 
can preserve nerve cells from oxidative damage, potentially 
mitigating the pathological processes associated with SCI 
and promoting nerve repair and regeneration.13,14 Pro-
oxidants are often linked to the onset of various diseases, 
while antioxidants are typically employed to prevent or 
mitigate these conditions.15,16

Commonly found as a spice in the Indian kitchen and 
used in traditional Chinese medicine, curcumin (CuC) 
is a natural compound that constitutes 60 – 70% of the 
curcuminoids derived from the rhizomes of Curcuma 
longa.17 CuC has been well-researched and is known for 
its diverse bioactive properties applied in traditional 
medicine.18 It acts as a potent antioxidant through two 
primary mechanisms: first, by directly scavenging free 
radicals such as superoxide anions and hydroxyl radicals 
to prevent oxidative damage, and second, by enhancing 
cellular defenses against OS. This enhancement occurs 
through the reduction of lipid peroxidation, an increase 
in glutathione (GSH) levels, and the stimulation of key 
proteins such as superoxide dismutase (SOD) and catalase 
(CAT), which collectively contribute to its protective 
effects against OS in several pathological conditions 
beyond SCI.3,19-22 Despite the aforementioned beneficial 
effects, the ingestion of high doses of CuC can lead to 
adverse gastrointestinal reactions, including stomach 

upset, nausea, gastroesophageal reflux disease, diarrhea, 
and dizziness.23,24

This current research aimed to investigate the 
antioxidant and anti-inflammatory impacts of CuC in 
a unilateral SCI model using male rats. Recognizing 
the detrimental roles of free radicals and inflammatory 
cytokines in SCI, we explored how different doses of 
CuC could modulate OS and inflammation. Specifically, 
we assessed the impacts of CuC on OS indicators and 
components of the NLRP3 inflammasome, which are 
critical in mediating inflammatory responses.

2. Materials and methods
2.1. Animals

A total of 40 adult male Wistar rats, each weighing 
220 – 250 g, were procured from the animal room at the 
Tehran University of Medical Sciences (TUMS) in Tehran, 
Iran. These rats were housed under carefully controlled 
standard laboratory conditions, with a consistent ambient 
temperature maintained at 22 – 24°C. They were provided 
with unlimited access to both food and fresh water, 
ensuring their well-being throughout the study. The study 
protocol received approval from the Institutional Research 
Ethics Committee at TUMS (Approval No.: IR.TUMS.
SPH.REC.1400.160), and the ethical treatment of animals 
was adhered to in the present study.

2.2. Study design

The animals were divided into separate experimental 
groups (n = 8 in each group) to facilitate comparative 
analyses of the treatment effects: (1) Control group, in 
which the animals underwent laminectomy without any 
induction of SCI, serving as a baseline for evaluating the 
effects of the treatments. (2) Model group, in which the 
animals underwent the unilateral SCI procedure and 
received a vehicle treatment, allowing researchers to assess 
the effects of SCI without any therapeutic intervention. 
(3) Model + CuC20, Model + CuC40, and Model + CuC80 
groups, in which the animals that had been induced with 
unilateral SCI received CuC at 20, 40, and 80 mg/kg/day, 
administered through intraperitoneal injection, which is 
pivotal in evaluating the potential therapeutic effects of CuC 
on recovery following SCI. Each of these groups was carefully 
monitored throughout the study to assess behavioral, 
functional, and histological outcomes, contributing vital 
information to the understanding of SCI treatments and the 
role of CuC in neuroprotection and recovery.

2.3. Surgery procedure

The animals underwent anesthesia using a carefully 
calibrated mixture administered through intraperitoneal 
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injection consisting of 80 mg/kg of ketamine and 15 mg/kg 
of xylazine. This combination was selected for its efficacy 
in providing both sedation and analgesia, ensuring 
the animals remained unconscious and free from pain 
throughout the surgical procedure. Following anesthesia, 
the fur over the surgical area was shaved to ensure a 
sterile environment, minimizing the risk of infection. 
A  laminectomy was then performed at the T8 – T9 
vertebral levels using a precision tool known as a micro 
rongeur (Fine Science Tools, USA). This step involved 
removing a section of the vertebral bone to access the 
spinal cord directly. To induce SCI, an extradural clip was 
employed for compression, requiring the placement of an 
aneurysm clip on the right side of the spinal cord. This clip 
exerted a controlled closing force of 0.90 N for a duration 
of 1 min, simulating the impact of a traumatic injury. After 
the surgical procedure was completed, the incision site was 
meticulously suture-closed to promote healing and reduce 
the risk of complications during the recovery phase. This 
careful approach ensures both the integrity of the surgical 
site and the welfare of the animals involved in the study.

2.4. Motor behavior analysis

The progression of functional recovery in each animal 
was meticulously evaluated using the Basso, Beattie, and 
Bresnahan (BBB) test, a widely recognized and validated 
behavioral assessment tool for measuring locomotor 
function following SCI in rodent models. The BBB test 
scores range from 0 to 21, with higher scores indicating 
better locomotor function. Each rat was observed for 
specific behaviors such as movement, coordination, and 
weight-bearing ability during a series of standardized tasks, 
which included walking on a flat surface and navigating 
obstacles. Assessments began 24 h post-SCI and continued 
at 48  h and 72  h, with additional evaluations conducted 
weekly throughout the duration of the study (4 weeks).

2.5. Sample preparation

After the completion of the experimental procedures 
(after 4  weeks), the animals were humanely sacrificed in 
accordance with ethical guidelines to minimize suffering. 
This process typically involved administering an overdose of 
anesthetic, ensuring that the animals were unconscious and 
pain-free before euthanasia. Following sacrifice, spinal cord 
tissue and blood samples were collected for further analysis. 
The spinal cord tissues were carefully excised and stored in 
sterile containers, whereas blood samples were obtained 
through cardiac puncture, a method that allows for the 
collection of blood directly from the heart, ensuring high-
quality samples. Once collected, the blood samples were 
centrifuged at 6000 rpm for 20 min to separate the plasma 
from the cellular components. The supernatants, which 

contain biochemical markers, were carefully gathered for 
subsequent assays. To preserve the integrity of the samples, 
both tissue and blood supernatants were stored at –80°C.

2.6. Measurement of OS

The present study focused on several key parameters, 
including malondialdehyde (MDA), GSH, SOD, and 
total antioxidant capacity (TAC). These parameters were 
measured using specific kits from ZellBio (Germany), and 
quantitation of OS and antioxidant levels in biological 
samples was conducted according to the manufacturer’s 
protocols. The MDA assay (CAT No. ZB-MDA-96A) was 
used to assess lipid peroxidation, indicating oxidative 
damage. The GSH assay (CAT No. ZB-GSH-96A) measures 
the levels of this critical antioxidant, whereas the SOD assay 
(CAT No. ZB-SOD-96A) evaluates the activity of this enzyme 
that protects against OS. Finally, the TAC assay (CAT No. 
ZB-TAC-96A) provides a comprehensive measure of the 
overall antioxidant capacity of the samples. Following the 
manufacturer’s instructions for each assay ensured accurate 
and reproducible results, contributing to the understanding 
of the biochemical changes associated with SCI and the 
potential therapeutic effects of the treatments administered.

2.7. Enzyme-linked immunosorbent assays (ELISA)

To measure the amounts of NLRP3, apoptosis-associated 
speck-like protein containing a CARD (ASC), and 
caspase 1 (Casp-1) proteins, ELISA assays were employed 
to analyze freshly extracted spinal cord tissue samples. 
Upon collection, the spinal cord tissues were carefully 
homogenized in a suitable lysis buffer to extract the 
proteins. Following homogenization, the samples were 
centrifuged to remove cellular debris, leaving a clear 
supernatant that contained the soluble proteins for 
analysis. ELISA kits for NLRP3 (MyBiosource, CA, United 
States), ASC (MyBiosource, CA, United States), and Casp-1 
(Cusabio, Wuhan, China) that are specific for rats were 
used to measure the protein levels of these three proteins 
according to the manufacturers’ protocol.

2.8. Statistical analysis

We used IBM® Statistical Package for the Social Sciences 
Statistics software (ver. 20) to analyze data, and the results 
are expressed as mean ± standard deviation. A  one-way 
analysis of variance was conducted followed by Tukey’s 
post hoc test to calculate the differences between groups. 
A P < 0.05 was considered to indicate statistical significance.

3. Results
3.1. Functional recovery

Our results showed that animals with SCI had significantly 
lower BBB scores relative to the Control group animals 
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(P < 0.05). No meaningful difference in the BBB scores 
was reported between the Model+CuC20 animals and 
the Model group animals (P > 0.05). Model+CuC40 and 
Model+CuC80 animals demonstrated improvement in 
functional recovery compared to the Model group animals 
(Figure  1, P < 0.0001 for comparisons). These results 
indicate that higher doses of CuC may promote functional 
recovery in SCI, highlighting its potential therapeutic 
benefits.

3.2. Blood levels of OS indicators

3.2.1. MDA level

Our findings indicated a significant rise in the level of 
MDA in the Model group animals relative to the Control 
group animals (P < 0.0001). In contrast, a notable 
reduction in MDA concentrations was observed in the 
Model+CuC20 group animals relative to the Model group 
animals (P = 0.01). In addition, both the Model+CuC40 
and Model+CuC80 groups exhibited significant reductions 
in MDA levels when compared to the Model animals 
(Figure  2, P < 0.0001 for both treatments). These results 
imply that CuC treatment may effectively reduce oxidative 
damage in SCI, contributing to improved outcomes in 
cellular health.

3.2.2. SOD activity

Our results also indicated a significant rise in SOD activity 
in the Model group animals compared to the Control group 
animals (P < 0.0001). No statistically significant differences 
in SOD activity were reported in the Model+CuC20 group 
relative to the Model group (P > 0.05). Notably, following 
the administration of 40 and 80 mg/kg of CuC, there was 
a significant modulation in SOD levels relative to the SCI 
animals (Figure 3, P < 0.0001 for both treatments). These 
findings suggest that the intervention not only mitigated 
OS but also likely enhanced overall cellular health.

3.2.3. GSH activity

The activity of GSH was raised in the SCI-induced animals 
relative to the Control group animals (P < 0.0001). Mean 
GSH activity was similar between the Model+CuC20 
and the Model groups (P > 0.05). Furthermore, both the 
Model+CuC40 and Model+CuC80 animals demonstrated 
a substantial increase in GSH activity relative to the Model 
group (Figure  4, P < 0.0001 for both treatments). These 
findings suggest that the intervention may have effectively 
alleviated OS and contributed to improved cellular health.

3.2.4. TAC level

In comparison to the Control group animals, TAC was 
diminished in the SCI animals (P < 0.0001). No significant 
differences in TAC levels were observed between the 

Figure  2. CuC effects on the blood concentration of MDA in the 
SCI-induced animals. ++++P<0.0001 compared to Control group; *P<0.05, 
****P<0.0001 compared to Model group.
Abbreviations: Con: Control; CuC: Curcumin; MDA: Malondialdehyde; 
SCI: Spinal cord injury.

Figure 1. CuC effects on the BBB scores in experimental animals
Abbreviations: BBB score: Basso, Beattie, and Bresnahan score; 
Con: Control; CuC: Curcumin.

Figure  3. CuC effects on the blood concentration of SOD in the 
SCI-induced animals. ++++P<0.0001 compared to Control groups; 
****P<0.0001 compared to Model group.
Abbreviations: Con: Control; CuC: Curcumin; SCI: Spinal cord injury; 
SOD: Superoxide dismutase.
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Model+CuC20 and the Model groups (P >  0.05). 
However, both the Model+CuC40 and Model+CuC 
80  groups demonstrated a significant elevation in TAC 
levels relative to the Model group (Figure  5, P < 0.0001 
for both treatments). These results regarding TAC levels 
suggest that the intervention enhances the body’s natural 
defense mechanisms, thereby improving resilience against 
oxidative damage.

3.3. Protein concentrations of inflammatory 
mediators

3.3.1. NLRP3

In comparison to the control animals, the protein 
concentrations of NLRP3 were significantly elevated in 
the tissue samples of Model group animals (P < 0.0001). 

No statistically significant difference was observed in the 
NLRP3 protein levels of the Model+CuC20 group animals 
relative to the Model group animals (P > 0.05). However, 
both the Model+CuC40 and Model+CuC80 groups 
demonstrated a prominent decrease in NLRP3 protein 
levels relative to the Model group (Figure 6, P < 0.0001 for 
both treatments).

3.3.2. ASC

Significant differences in the tissue concentration of ASC 
protein were observed between the Model groups and the 
Control group (P < 0.0001). In contrast, no meaningful 
differences in the ASC protein level were found between the 
Model+CuC20 and the Model groups (P > 0.05). Following 
treatment with 40 and 80  mg/kg of CuC, there was a 
significant reduction in the protein concentration of ASC 
relative to the Model group animals (Figure 7, P < 0.0001 
for both treatments).

Figure  4. CuC effects on the blood concentration of GSH in the 
SCI-induced animals. ++++P<0.0001 compared to Control group; 
****P<0.0001 compared to Model group.
Abbreviations: Con: Control; CuC: Curcumin; GSH: Glutathione; 
SCI: Spinal cord injury.

Figure  5. CuC effects on the blood concentration of TAC in the SCI-
induced animals. ++++P<0.0001 compared to Control group; ****P<0.0001 
compared to Model group.
Abbreviations: Con: Control; CuC: Curcumin; SCI: Spinal cord injury; 
TAC: Total antioxidant capacity.

Figure  6. CuC effects on the protein concentration of NLRP3 in 
the SCI-induced animals. ++++P<0.0001 compared to Control group; 
****P<0.0001 compared to Model group.
Abbreviations: Con: Control; CuC: Curcumin; NLRP3: NOD-like 
receptor family pyrin domain-containing 3; SCI: Spinal cord injury.

Figure  7. CuC effects on the protein concentration of ASC in the 
SCI-induced animals. ++++P<0.0001 compared to Control group; 
****P<0.0001 compared to Model group.
Abbreviations: ASC: Apoptosis-associated speck-like protein containing 
a CARD; Con: Control; CuC: Curcumin; SCI: Spinal cord injury.
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3.3.3. Casp-1

The outcomes demonstrated a prominent increase in the 
protein concentration of Casp-1 in the tissue samples 
of Model group animals relative to those of Control 
group animals (P < 0.0001). Meanwhile, no significant 
differences in the protein concentration of ASC were 
found between the Model+CuC20 and the Model groups 
(P > 0.05). Both Model+CuC40 and Model+CuC80 
groups showed significant reductions in the protein 
concentration of Casp-1 when compared to the Model 
group (Figure 8, P <  0.0001 for both treatments).

4. Discussion
In this research, we investigated the antioxidant effects 
of varying doses of CuC in a SCI model utilizing male 
Wistar rats. Our findings revealed that SCI significantly 
elevates the levels of MDA, a well-established marker of 
OS, indicating increased lipid peroxidation and cellular 
damage. Concurrently, we observed a marked reduction 
in the body’s antioxidant defenses, evidenced by decreased 
levels SOD, GSH, and TAC. These results underscore the 
oxidative imbalance that occurs following SCI, highlighting 
the detrimental impact of OS on recovery. Furthermore, 
our study revealed that SCI led to the upregulation of the 
NLRP3 inflammasome, characterized by increased protein 
levels of NLRP3, ASC, and Casp-1. This upregulation reflects 
an enhanced neuroinflammatory response following SCI, 
contributing to the overall pathological process.

SCI poses a significant global health challenge, with 
thousands of new cases diagnosed annually, frequently 
resulting in profound and debilitating effects on 
individuals’ quality of life.25 The intricate pathophysiological 
mechanisms that underlie SCI, especially the complex 
interactions between primary and secondary injury 

processes, are not yet fully understood. This knowledge 
gap presents considerable obstacles to the development 
of effective therapeutic strategies aimed at improving 
patient outcomes.26,27 While the initial trauma and primary 
injury mechanisms are often unpredictable, there is an 
urgent need for targeted interventions that can mitigate 
the detrimental effects of secondary injury, particularly 
those related to OS and neuroinflammation.28 Pre-clinical 
research has provided compelling evidence for the role 
of the NLRP3 inflammasome in the pathogenesis of SCI. 
The NLRP3 inflammasome is formed by the assembly of 
NLRP3, ASC, and Casp-1 in response to both external 
infections and internal signaling stimuli. This assembly 
leads to the activation of Casp-1, resulting in the release 
of pro-inflammatory cytokines such as interleukin (IL)-1β 
and IL-18.29 Moreover, prior studies have demonstrated 
that inhibiting NLRP3 inflammasome activity can 
effectively reduce neuroinflammation and enhance 
functional recovery in animal models of SCI.30 While the 
initial trauma and primary injury mechanisms are often 
unpredictable, our research emphasizes the urgent need 
for targeted interventions that can mitigate the detrimental 
effects of secondary injury, particularly those related to 
OS and neuroinflammation. These findings suggest that 
targeting the NLRP3 inflammasome may represent a 
promising therapeutic approach to mitigate the adverse 
effects of neuroinflammation and improve recovery 
following spinal cord injuries.

In this study, SCI was induced in rats by applying 
an aneurysm clip to the right side of the spinal cord for 
a duration of 1  min. In the treatment groups, CuC was 
administered through intraperitoneal injection at three 
different doses: 20, 40, and 80  mg/kg. These doses were 
selected to evaluate the dose-dependent effects of CuC on 
recovery and neuroprotection following the SCI induced. 
The findings of this study demonstrated that by induction 
of SCI, the MDA level was increased, and the SOD and GSH 
activities and TAC levels were decreased in the animals. 
Consistent with our findings, Kim et al.31 demonstrated 
that following the SCI, the amount of oxidant parameters 
was increased, and the levels of antioxidant parameters 
were decreased.

CuC (C21H20O6) is a polyphenol extracted from turmeric, 
a common spice and traditional Chinese medicine. CuC 
exhibits promising effects against inflammation, OS, 
apoptosis, and neurodegeneration.22 Our findings revealed 
that CuC-treated groups exhibited a significant reduction 
in the level of MDA relative to the untreated SCI animals. 
Model+CuC40 and Model+CuC80 animals demonstrated 
a significant increase in the levels of SOD, GSH, and TAC in 
comparison to the SCI model animals. Gao et al.32 showed 

Figure  8. CuC effects on the protein concentration of Casp-1 in 
the SCI-induced animals. ++++P<0.001 compared to Control group; 
****P<0.001 compared to Model group.
Abbreviations: Casp-1: Caspase 1; Con: Control; CuC: Curcumin; 
SCI: Spinal cord injury.
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that CuC treatment can decrease the levels of MDA, 
induce the activation of GSH peroxidase, and ameliorate 
OS in rat models. Dong et al.33 investigated the effects of 
CuC in a mouse wound model by administering it into 
the abdominal cavity. Their findings indicated that CuC 
exhibited a protective effect on nerve tissue. This effect 
was related to the upregulation of nuclear factor erythroid 
2-related factor 2 (Nrf2), a key regulator of the antioxidant 
response. The study also noted the upregulation of 
downstream antioxidant enzymes, suggesting that CuC 
may enhance the body’s ability to combat OS and promote 
nerve protection and recovery following injury. In 2018, 
Caillaud et al.34 conducted research to explore the impact 
of continuous topical treatment with low doses of CuC on 
nerve function and regeneration after sciatic nerve injury 
in mice. These findings indicate that CuC has a protective 
effect against OS by reducing the secretion of ROS generated 
by macrophages. In addition, it lowers lipid peroxidation 
levels and boosts the expression of the transcription factor 
Nrf2, which plays a crucial role in regulating antioxidant 
responses. Furthermore, applying low doses of CuC locally 
shows potential as an effective treatment for peripheral 
nerve regeneration.34 These findings are consistent with the 
results of our current research.

In addition to the assessment of OS parameters, 
functional recovery was evaluated in the present research. 
The BBB test outcomes showed a notable reduction in 
scores of BBB for animals with SCI in comparison to the 
Control group animals. Among the animals treated with 
40 and 80 mg/kg CuC, we observed a meaningful elevation 
in the BBB scores relative to the untreated SCI animals. 
Kim et al.31 assessed the effects of CuC on the development 
of SCI in a rat model. They found that CuC (200 mg/kg) 
significantly improved functional recovery in the early 
stages following SCI. Furthermore, they presented that 
CuC decreased the MDA levels, increased the activity of 
SOD, and reduced the inflammation. The results of this 
study are in agreement with the findings of Kim et  al.’s 
research.31 The findings of the mentioned studies are in 
line with the outcomes of the present study. Research 
conducted by Alvarado-Sanchez et al.35 demonstrated 
that CuC effectively reduced concentrations of hydroxyl 
radicals, nitric oxide, and lipid peroxidation following SCI, 
although it did not significantly affect SOD activity. Our 
results align with these findings; however, we observed 
significant effects of CuC on SOD activity, which contrast 
with the outcomes reported by Alvarado-Sanchez et al.35 
This discrepancy may be attributed to the timing of the OS 
parameter measurements. In our study, we assessed the 
levels of OS parameters 4 weeks post-SCI and treatment, 
whereas their study evaluated these parameters just 24 h 
after SCI.

We also investigated the protein concentrations of 
inflammatory mediators, specifically ASC, NLRP3, 
and Casp-1, at the injury site. Our findings revealed a 
significant increase in these markers after SCI. The results 
also showed a dramatic reduction in the concentrations of 
NLRP3, ASC, and Casp1 proteins in the animals receiving 
40 and 80  mg/kg of CuC, in comparison to the Model 
group animals. This suggests a noteworthy decrease in the 
levels of these inflammatory proteins. Prior studies have 
demonstrated that CuC can substantially enhance recovery 
following SCI by fostering the development of new nerve 
cells (neurogenesis) and modulating inflammatory 
pathways. For example, research conducted by Lee et al. 
revealed that administering CuC orally at a dosage of 
0.4 mg/kg for 2 weeks led to an increase in neurogenesis by 
affecting brain-derived neurotrophic factor concentrations 
in the hippocampus, a crucial area of the brain involved 
in learning and memory.36 The results of another study 
revealed that administering a low dose of CuC (exceeding 
0.2  mg/kg) resulted in an increase in the generation of 
new cells within the hippocampus, thereby enhancing 
neurogenesis in adult mice.37 Barati et al.38 investigated the 
CuC effects on rats with SCI. They found that CuC might 
help improve movement in the early stages of the injury 
by promoting nerve repair and reducing the inflammation 
caused by astrocyte activity. The results of the mentioned 
studies were in accordance with the results of this study 
related to the inflammasome complex.

Numerous studies have consistently shown that CuC 
effectively mitigates OS. This protective effect is achieved 
through multiple mechanisms including: (1) reducing lipid 
peroxidation products such as MDA, 4-hydroxynonenal, 
and protein carbonyls, (2) enhancing the activity of GSH 
peroxidase and SOD, which are essential antioxidant 
enzymes, and (3) activating the Nrf2, a crucial regulator of 
the body’s antioxidant response.39-41 Despite the potential 
health benefits CuC can offer, taking large amounts can 
lead to unpleasant side effects such as stomach upset, 
nausea, dizziness, gastroesophageal reflux disease, and 
diarrhea, and our findings proved that consuming CuC at 
moderate dose could mitigate SCI development.

5. Conclusion
This study found that moderate and high doses of CuC 
effectively reduced OS and inflammation caused by SCI. 
Since a marked decrease was not noted between animals 
receiving varying CuC doses, a moderate dose of CuC is 
recommended.

Acknowledgments
None.

https://dx.doi.org/10.36922/itps.4795


Antioxidant effects of curcumin in SCI

 Volume 8 Issue 2 (2025)	 84� doi: 10.36922/itps.4795 

INNOSC Theranostics and 
Pharmacological Sciences

Funding
We would like to thank the TUMS for financial support 
(grant number: 52980).

Conflict of interest
The authors declare that they have no competing interests.

Author contributions
Conceptualization: Gholamreza Hassanzadeh
Formal analysis: Babak Ebrahimi
Investigation: Babak Ebrahimi, Gholamreza Hassanzadeh
Methodology: Babak Ebrahimi, Atousa Yarahmadi, Neda 

Ghaffari
Writing–original draft: Atousa Yarahmadi, Neda Ghaffari
Writing–review & editing: Gholamreza Hassanzadeh

Ethics approval and consent to participate
This research project was approved by the Ethical 
Committee of Tehran University of Medical Sciences (IR.
TUMS.SPH. REC.1400.160).

Consent for publication
Not applicable.

Availability of data
Data are available from the corresponding author upon 
reasonable request.

References
1.	 Mokhtari T, Uludag K. Role of NLRP3 inflammasome in 

post-spinal-cord-injury anxiety and depression: Molecular 
mechanisms and therapeutic implications. ACS Chem 
Neurosci. 2023;15(1):56-70.

	 doi: 10.1021/acschemneuro.3c00596

2.	 Ebrahimi B, Mokhtari T, Ghaffari N, Adabi M, 
Hassanzadeh  G. Acellular spinal cord scaffold containing 
quercetin-encapsulated nanoparticles plays an anti-
inflammatory role in functional recovery from spinal cord 
injury in rats. Inflammopharmacology. 2024;32:2505-2524.

	 doi: 10.1007/s10787-024-01478-z

3.	 Ghaffari N, Mokhtari T, Adabi M, et al. Neurological 
recovery and neurogenesis by curcumin sustained‐release 
system cross‐linked with an acellular spinal cord scaffold 
in rat spinal cord injury: Targeting NLRP3 inflammasome 
pathway. Phytother Res. 2024;38(6):2669-2686.

	 doi: 10.1002/ptr.8179

4.	 Yarahmadi A, Malek F, Poorhassan M, et al. Curcumin 
attenuates development of depressive-like behavior in 
male rats after spinal cord injury: Involvement of NLRP3 
inflammasome. J Contemp Med Sci. 2022;8(3):176-183.

	 doi: 10.22317/jcms.v8i3.1230

5.	 Mokhtari T, Lu M, El-Kenawy AEM. Potential anxiolytic 
and antidepressant-like effects of luteolin in a chronic 
constriction injury rat model of neuropathic pain: Role of 
oxidative stress, neurotrophins, and inflammatory factors. 
Int Immunopharmacol. 2023;122:110520.

	 doi: 10.1016/j.intimp.2023.110520

6.	 Forman HJ, Zhang H. Targeting oxidative stress in disease: 
Promise and limitations of antioxidant therapy. Nat Rev 
Drug Discov. 2021;20(9):689-709.

	 doi: 10.1038/s41573-021-00233-1

7.	 Sies H. Oxidative eustress: On constant alert for redox 
homeostasis. Redox Biol. 2021;41:101867.

	 doi: 10.1016/j.redox.2021.101867

8.	 Amo-Aparicio J, Garcia-Garcia J, Puigdomenech M, et  al. 
Inhibition of the NLRP3 inflammasome by OLT1177 
induces functional protection and myelin preservation after 
spinal cord injury. Exp Neurol. 2022;347:113889.

	 doi: 10.1016/j.expneurol.2021.113889

9.	 Al Mamun A, Wu Y, Monalisa I, et al. Role of pyroptosis 
in spinal cord injury and its therapeutic implications. J Adv 
Res. 2021;28:97-109.

	 doi: 10.1016/j.jare.2020.08.004

10.	 Gholaminejhad M, Forouzesh M, Ebrahimi B, et al. 
Formation and activity of NLRP3 inflammasome and 
histopathological changes in the lung of corpses with 
COVID-19. J Mol Histol. 2022;53(6):883-890.

	 doi: 10.1007/s10735-022-10101-w

11.	 Nolfi-Donegan D, Braganza A, Shiva S. Mitochondrial 
electron transport chain: Oxidative phosphorylation, 
oxidant production, and methods of measurement. Redox 
Biol. 2020;37:101674.

	 doi: 10.1016/j.redox.2020.101674

12.	 Nukolova NV, Aleksashkin AD, Abakumova TO, et al. 
Multilayer polyion complex nanoformulations of superoxide 
dismutase 1 for acute spinal cord injury. J Control Release. 
2018;270:226-236.

	 doi: 10.1016/j.jconrel.2017.11.044

13.	 Fakhri S, Abbaszadeh F, Moradi SZ, Cao H, Khan H, Xiao J. 
Effects of polyphenols on oxidative stress, inflammation, 
and interconnected pathways during spinal cord injury. 
Oxid Med Cell Longev. 2022;2022(1):8100195.

	 doi: 10.1155/2022/8100195

14.	 Yu M, Wang Z, Wang D, Aierxi M, Ma Z, Wang Y. Oxidative 
stress following spinal cord injury: From molecular 
mechanisms to therapeutic targets. J  Neurosci Res. 
2023;101(10):1538-1554.

	 doi: 10.1002/jnr.25221

https://dx.doi.org/10.36922/itps.4795
http://dx.doi.org/10.1021/acschemneuro.3c00596
http://dx.doi.org/10.1007/s10787-024-01478-z
http://dx.doi.org/10.1002/ptr.8179
http://dx.doi.org/10.22317/jcms.v8i3.1230
http://dx.doi.org/10.1016/j.intimp.2023.110520
http://dx.doi.org/10.1038/s41573-021-00233-1
http://dx.doi.org/10.1016/j.redox.2021.101867
http://dx.doi.org/10.1016/j.expneurol.2021.113889
http://dx.doi.org/10.1016/j.jare.2020.08.004
http://dx.doi.org/10.1007/s10735-022-10101-w
http://dx.doi.org/10.1016/j.redox.2020.101674
http://dx.doi.org/10.1016/j.jconrel.2017.11.044
http://dx.doi.org/10.1155/2022/8100195
http://dx.doi.org/10.1002/jnr.25221


Antioxidant effects of curcumin in SCI

 Volume 8 Issue 2 (2025)	 85� doi: 10.36922/itps.4795 

INNOSC Theranostics and 
Pharmacological Sciences

15.	 Ji ZS, Gao GB, Ma YM, et al. Highly bioactive iridium metal-
complex alleviates spinal cord injury via ROS scavenging and 
inflammation reduction. Biomaterials. 2022;284:121481.

	 doi: 10.1016/j.biomaterials.2022.121481

16.	 Andrabi SS, Yang J, Gao Y, Kuang Y, Labhasetwar  V. 
Nanoparticles with antioxidant enzymes protect 
injured spinal cord from neuronal cell apoptosis by 
attenuating mitochondrial dysfunction. J  Control Release. 
2020;317:300-311.

	 doi: 10.1016/j.jconrel.2019.12.001

17.	 Moradi F, Dashti N, Farahvash A, Naeini FB, Zarebavani M. 
Curcumin ameliorates chronic Toxoplasma gondii infection-
induced affective disorders through modulation of 
proinflammatory cytokines and oxidative stress. Iran J Basic 
Med Sci. 2023;26(4):461-467.

	 doi: 10.22038/IJBMS.2023.68487.14937

18.	 Surguchov A, Bernal L, Surguchev AA. Phytochemicals 
as regulators of genes involved in synucleinopathies. 
Biomolecules. 2021;11(5):624.

	 doi: 10.3390/biom11050624

19.	 Lavoie S, Chen Y, Dalton TP, et al. Curcumin, quercetin, 
and tBHQ modulate glutathione levels in astrocytes and 
neurons: Importance of the glutamate cysteine ligase 
modifier subunit. J Neurochem. 2009;108(6):1410-1422.

	 doi: 10.1111/j.1471-4159.2009.05908.x

20.	 Pan Y, Wang Y, Cai L, et al. Inhibition of high glucose‐
induced inflammatory response and macrophage infiltration 
by a novel curcumin derivative prevents renal injury in 
diabetic rats. Br J Pharmacol. 2012;166(3):1169-1182.

	 doi: 10.1111/j.1476-5381.2012.01854.x

21.	 Reyes-Fermín LM, González-Reyes S, Tarco-Álvarez NG, 
Hernández-Nava M, Orozco-Ibarra M, Pedraza-Chaverri J. 
Neuroprotective effect of α-mangostin and curcumin 
against iodoacetate-induced cell death. Nutr Neurosci. 
2012;15(5):34-41.

	 doi: 10.1179/1476830512Y.0000000011

22.	 Gu G, Ren J, Zhu B, Shi Z, Feng S, Wei Z. Multiple 
mechanisms of curcumin targeting spinal cord injury. 
Biomed Pharmacother. 2023;159:114224.

	 doi: 10.1016/j.biopha.2023.114224

23.	 Panknin TM, Howe CL, Hauer M, Bucchireddigari B, 
Rossi AM, Funk JL. Curcumin supplementation and human 
disease: A  scoping review of clinical trials. Int J Mol Sci. 
2023;24(5):4476.

	 doi: 10.3390/ijms24054476

24.	 Gholami M, Hozuri F, Abdolkarimi S, et al. Pharmacological 
and molecular evidence of neuroprotective curcumin 
effects against biochemical and behavioral sequels caused 
by methamphetamine: Possible function of CREB-BDNF 

signaling pathway. Basic Clin Neurosci. 2021;12(3):325-388.

	 doi: 10.32598/bcn.2021.1176.3

25.	 Post M, Noreau L. Quality of life after spinal cord injury. 
J Neurol Phys Ther. 2005;29(3):139-146.

	 doi: 10.1097/01.npt.0000282246.08288.67

26.	 Mohammed I, Ijaz S, Mokhtari T, et al. Subventricular zone-
derived extracellular vesicles promote functional recovery 
in rat model of spinal cord injury by inhibition of NLRP3 
inflammasome complex formation. Metab Brain Dis. 
2020;35(5):809-188.

	 doi: 10.1007/s11011-020-00563-w

27.	 Noori L, Arabzadeh S, Mohamadi Y, et al. Intrathecal 
administration of the extracellular vesicles derived from 
human Wharton’s jelly stem cells inhibit inflammation and 
attenuate the activity of inflammasome complexes after 
spinal cord injury in rats. Neurosci Res. 2021;170:87-98.

	 doi: 10.1016/j.neures.2020.07.011

28.	 Schwab JM, Maas AI, Hsieh JT, Curt A. Raising 
awareness for spinal cord injury research. Lancet Neurol. 
2018;17(7):581-582.

	 doi: 10.1016/S1474-4422(18)30206-0

29.	 Mokhtari T, Yue LP, Hu L. Exogenous melatonin 
alleviates neuropathic pain-induced affective disorders 
by suppressing NF-κB/NLRP3 pathway and apoptosis. Sci 
Rep. 2023;13(1):2111.

	 doi: 10.1038/s41598-023-28418-1

30.	 Jiang W, Li M, He F, Zhou S, Zhu L. Targeting the NLRP3 
inflammasome to attenuate spinal cord injury in mice. 
J Neuroinflammation. 2017;14:207.

	 doi: 10.1186/s12974-017-0980-9

31.	 Kim KT, Kim MJ, Cho DC, et al. The neuroprotective effect 
of treatment with curcumin in acute spinal cord injury. 
Neurol Med Chir (Tokyo). 2014;54(5):387-394.

	 doi: 10.2176/nmc.oa.2013-0251

32.	 Gao Y, Li J, Wu L, et al. Tetrahydrocurcumin provides 
neuroprotection in rats after traumatic brain injury: 
Autophagy and the PI3K/AKT pathways as a potential 
mechanism. J Surg Res. 2016;206(1):67-76.

	 doi: 10.1016/j.jss.2016.07.014

33.	 Dong W, Yang B, Wang L, et al. Curcumin plays 
neuroprotective roles against traumatic brain injury partly 
via Nrf2 signaling. Toxicol Appl Pharmacol. 2018;346:28-36.

	 doi: 10.1016/j.taap.2018.03.020

34.	 Caillaud M, Chantemargue B, Richard L, et al. Local low 
dose curcumin treatment improves functional recovery 
and remyelination in a rat model of sciatic nerve crush 
through inhibition of oxidative stress. Neuropharmacology. 
2018;139:98-116.

https://dx.doi.org/10.36922/itps.4795
http://dx.doi.org/10.1016/j.biomaterials.2022.121481
http://dx.doi.org/10.1016/j.jconrel.2019.12.001
http://dx.doi.org/10.22038/IJBMS.2023.68487.14937
http://dx.doi.org/10.3390/biom11050624
http://dx.doi.org/10.1111/j.1471-4159.2009.05908.x
http://dx.doi.org/10.1111/j.1476-5381.2012.01854.x
http://dx.doi.org/10.1179/1476830512Y.0000000011
http://dx.doi.org/10.1016/j.biopha.2023.114224
http://dx.doi.org/10.3390/ijms24054476
http://dx.doi.org/10.32598/bcn.2021.1176.3
http://dx.doi.org/10.1097/01.npt.0000282246.08288.67
http://dx.doi.org/10.1007/s11011-020-00563-w
http://dx.doi.org/10.1016/j.neures.2020.07.011
http://dx.doi.org/10.1016/S1474-4422(18)30206-0
http://dx.doi.org/10.1038/s41598-023-28418-1
http://dx.doi.org/10.1186/s12974-017-0980-9
http://dx.doi.org/10.2176/nmc.oa.2013-0251
http://dx.doi.org/10.1016/j.jss.2016.07.014
http://dx.doi.org/10.1016/j.taap.2018.03.020


Antioxidant effects of curcumin in SCI

 Volume 8 Issue 2 (2025)	 86� doi: 10.36922/itps.4795 

INNOSC Theranostics and 
Pharmacological Sciences

	 doi: 10.1016/j.neuropharm.2018.07.001

35.	 Alvarado-Sanchez BG, Salgado-Ceballos H, Torres-Castillo S, 
et al. Electroacupuncture and curcumin promote oxidative 
balance and motor function recovery in rats following 
traumatic spinal cord injury. Neurochem Res. 2019;44:498-506.

	 doi: 10.1007/s11064-018-02704-1

36.	 Lee Y, Park HR, Lee JY, et al. Low-dose curcumin enhances 
hippocampal neurogenesis and memory retention in young 
mice. Arch Pharm Res. 2023;46(5):423-437.

	 doi: 10.1007/s12272-023-01440-7

37.	 Kim SJ, Son TG, Park HR, et al. Curcumin stimulates 
proliferation of embryonic neural progenitor cells and 
neurogenesis in the adult hippocampus. J  Biol Chem. 
2008;283(21):14497-14505.

	 doi: 10.1074/jbc.M708373200

38.	 Barati Dowom P, Darvishi M, Jabbarian M, Babakhani  A, 
Roshanaei K. Effect of curcumin on astrogliosis and 

improvement of behavioral movement in acute phase of 
spinal cord injury in a contusion model of rat. Neurosci J 
Shefaye Khatam. 2017;5(1):18-28.

	 doi: 10.18869/acadpub.shefa.5.1.18

39.	 Guo J, Li Z, Yao Y, Fang L, Yu M, Wang Z. Curcumin in the 
treatment of inflammation and oxidative stress responses 
in traumatic brain injury: A  systematic review and meta-
analysis. Front Neurol. 2024;15:1380353.

	 doi: 10.3389/fneur.2024.1380353

40.	 Sharma S, Ying Z, Gomez-Pinilla F. A  pyrazole curcumin 
derivative restores membrane homeostasis disrupted after 
brain trauma. Exp Neurol. 2010;226(1):191-199.

	 doi: 10.1016/j.expneurol.2010.08.027

41.	 Thiyagarajan M, Sharma SS. Neuroprotective effect of 
curcumin in middle cerebral artery occlusion induced focal 
cerebral ischemia in rats. Life Sci. 2004;74(8):969-985.

	 doi: 10.1016/j.lfs.2003.06.042

https://dx.doi.org/10.36922/itps.4795
http://dx.doi.org/10.1016/j.neuropharm.2018.07.001
http://dx.doi.org/10.1007/s11064-018-02704-1
http://dx.doi.org/10.1007/s12272-023-01440-7
http://dx.doi.org/10.1074/jbc.M708373200
http://dx.doi.org/10.18869/acadpub.shefa.5.1.18
http://dx.doi.org/10.3389/fneur.2024.1380353
http://dx.doi.org/10.1016/j.expneurol.2010.08.027
http://dx.doi.org/10.1016/j.lfs.2003.06.042

