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ABSTRACT

Background: Curcumin is the main and active compound of turmeric and a
yellow phenolic pigment that has antioxidant and anti-inflammatory properties.
This study aimed to investigate the effect of curcumin on the morphology of
cerebellar Purkinje neurons in rats with spinal cord injury.

Methods: In this experimental study, 9 rats were randomly divided into 3
groups: 1) spinal cord injury (SCI); 2) laminectomy; and 3) spinal cord
injury+curcumin (SCl+curcumin). Spinal cord injury was induced by
compression at the T10 segment of the spinal cord by placing a 50-gram weight
for 5 minutes. In the treatment group, curcumin was administered at a dose of
100 mg/kg daily for 8 weeks by gavage. At the end of the 8th week, the BBB
motor test was performed on the rats in all three groups, and after euthanasia,
their cerebellum was removed and stained with hematoxylin and eosin. Finally,
the tissue organization of the molecular, Purkinje, and granular layers and the
tissue damage index were analyzed histologically.

Results: The results of our study showed that the morphology of cerebellar
Purkinje cells changes after spinal cord injury, but treatment with curcumin can
reduce the destruction of these cells and maintain their typical morphological
characteristics.

Conclusion: Based on the present study, curcumin can reduce the destruction of
cerebellar Purkinje neurons in rats with spinal cord injury and also lead to motor
improvement in these animals.
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Extended Abstract

Background: Spinal cord injuries (SCI)
represent a significant challenge in the field of
neurology and rehabilitation, often resulting in
profound and lasting effects on various bodily
functions. Among the many complications
arising from SCIs, the impact on the
cerebellum is particularly noteworthy. When
the spinal cord is injured, the communication
pathways between the cerebellum and the rest
of the central nervous system can be severely
disrupted, leading to a cascade of neurological
deficits. Oxidative stress is a significant
consequence of SCI that can adversely affect
various neural structures, including the
cerebellum. Following an SCI, there is an
increase in reactive oxygen species (ROS) and
a decrease in antioxidant defenses, leading to
oxidative damage to cells. The cerebellum,
which is crucial for motor coordination,
balance, and cognitive functions, can be
particularly vulnerable to such oxidative stress .

Given the detrimental effects of oxidative
stress on cerebellar function following SCI,
antioxidants have emerged as a potential
therapeutic strategy. Antioxidants can help
neutralize ROS, thereby reducing oxidative
damage and protecting neuronal integrity.
Studies have shown that the administration of
antioxidants such as beta-carotene, vitamins A,
C, and E, melatonin, selenium, and others can
reduce the destructive effects of SCI by
controlling the ROS cascade and various
enzymes such as superoxide dismutase (SOD),
GPx, and catalase. Among these antioxidants,
turmeric, scientifically known as curcumin,
stands out as the main active compound of the
turmeric plant and a polyphenol. Curcumin has
been shown to possess a wide range of
biological and pharmacological activities,
including antioxidant and ROS-scavenging
properties,  anti-inflammatory, anti-tumor,
antimicrobial, and antiviral effects. In several
studies, the antioxidant and anti-inflammatory
properties of curcumin have been reported
against inducers of oxidative stress, including
cadmium, acrylamide, acetate, and diabetes.
Therefore, curcumin may serve as a strong
antioxidant in preventing major abnormalities
caused by oxidative stress and the generated
free radicals, although the main mechanism is

still not fully understood. This study aimed to
investigate the effect of curcumin on the
morphology of cerebellar Purkinje neurons in
rats with spinal cord injury.

Methods: Nine male Wistar rats, aged 10
weeks and weighing 200-250 grams, were used
in the experiment. They were housed under
controlled conditions and assessed for motor
function using the Basso, Beattie, and
Bresnahan (BBB) scale. Only rats with a
perfect score of 21 were included in the study.
The animals were randomly divided into 3
groups: 1) spinal cord injury (SCI); 2)
laminectomy; and 3) spinal cord injury +
curcumin (SCI+ curcumin). Under anesthesia,
a laminectomy was performed at the T10
segment, followed by a compression injury
using a standardized weight of 50 grams for
five minutes. Post-surgery, the rats received
saline and gentamicin to prevent urinary
infections, along with intraperitoneal cefazolin
injections for three days. The SCI + curcumin
group was treated with a daily gavage of 100
mg/kg curcumin for eight weeks. To confirm
the effectiveness of the SCI model,
hematoxylin and eosin (HE) staining and BBB
motor tests were employed. BBB scores were
recorded pre-surgery and at 24, 48, and 72
hours post-surgery, with weekly assessments
conducted over eight weeks. The scores ranged
from O (no movement) to 21 (normal
movement). At the end of the 8th week, the
BBB motor test was performed on the rats in
all three groups, and after euthanasia, their
cerebellum was removed and stained with
hematoxylin and eosin. The study evaluated
various factors such as damaged neurons with
pyknotic nuclei and morphological changes in
cerebellar tissue across experimental groups.
Tissue damage indices were scored on a scale
from 0 (healthy) to 3 (severe) based on five
regions per sample.

Results: To assess motor activity in the hind
limbs of the animals, the BBB test was
conducted weekly until the end of week 8 post-
injury. The SCI group had a mean score of
0.56+6.33, indicating the lowest BBB score,
while the laminectomy group had the highest
BBB score of 0+21. Treatment with curcumin
led to an improvement in the motor activity of
the rats, with the score reaching 0.55+2.5 in
the curcumin-treated group seven days post-
injury, and 0.82+15.67 by the eighth week
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after SCI. The comparison of BBB results at
the end of week eight between the rats in the
SCI group and those receiving curcumin was
statistically significant (p<0.05). Figure 1-D
summarizes the data related to the BBB test.
Histological examinations in the laminectomy
group showed normal cerebellar structure,
including molecular, Purkinje, and granular
layers with normal cells. In this group,
Purkinje cells were observed with a pear-
shaped appearance and distinct nuclei and
nucleoli. SCI caused damage to Purkinje cells,
leading to a loss of their normal shape and a
darker appearance. Additionally, in this group,
the number of cells in the molecular layer
decreased, and vacuoles were visible.
Accordingly, in this study, it appears that the
number of dark cells in the spinal cord injury
group is greater than that in the laminectomy

group. Treatment with curcumin (SCI+CR)
reduced the extent of damage to Purkinje cells
and changes in the molecular layer compared
to the SCI group. Furthermore, statistical
analyses indicated that spinal cord injury
significantly increased the tissue damage index
(»<0.05). Curcumin treatment resulted in a
significant reduction in the tissue damage
index compared to the injury group (p<0.05).

Conclusion: The results of this study showed
that SCI can cause cellular changes in
supraspinal areas, including the cerebellum,
leading to the destruction of Purkinje cells. On
the other hand, it is suggested that curcumin
may reduce the destruction of Purkinje neurons
in mice with spinal cord injury and also lead to
improved motor function in these rats.
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