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ABSTRACT
AIM: To investigate the neuroprotective and therapeutic efficacy of hesperidin against secondary damage following traumatic spinal
cord injury.
MATERIAL and METHODS: A total of 32 male Wistar albino rats weighing 250–300 g were randomly divided into four groups (n=4):
group I, control group; group II, sham group; group III, preconditioning group, and group IV, treatment group. A rat model of spinal
cord injury was established by dropping a weight of 100 g/cm on the spinal cord exposed at T7–T10 with dorsal laminectomy. In
neurological examination after the trial period, inclined planed test, modified Tarlov scale, and finger extension test were performed.
Furthermore, the bioefficacy of hesperidin was investigated histopathologically, biochemically, and immunohistochemically using
blood and tissue samples obtained from the experimental animals.
RESULTS: Neurological examination following spinal cord injury revealed that hesperidin significantly contributed to improvement
in the 24-hour period. Biochemical analyses revealed that hesperidin showed anti-inflammatory effects by decreasing IL-1β and
TNF-α levels at the 24th hour as well as strong antioxidant activity by increasing TAS levels in groups III and IV. Histopathologically,
hesperidin reduced hemorrhage, laceration, axonal and neuronal degeneration, necrosis, inflammatory reaction, and edema in
groups III and IV. Immunohistochemically, hesperidin reduced the number of caspase 3-positive apoptotic cells in groups III and IV.
CONCLUSION: Hesperidin showed antioxidant, anti-inflammatory, and anti-apoptotic effects during the acute period following
spinal cord injury; thus, hesperidin shows neuroprotective and therapeutic efficacy in spinal cord injury.
KEYWORDS: Spinal cord injury, Hesperidin, Oxidative stress, Apoptosis, Caspase-3, Rats
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INTRODUCTION

S

pinal cord injuries are very important physical,
psychosocial, and economic problems (9,14,18,34).
The annual incidence of traumatic spinal cord injury
varies between approximately 12.1 and 57.8 per million (20).
Despite advances in current surgical techniques, recovery in
cases with spinal cord injury remains generally incomplete
(14). Furthermore, there are no proven therapeutic agents for
curing this complex condition (12).
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Spinal cord injury occurs through two mechanisms: primary
and secondary. Primary injury refers to the mechanical damage
and secondary injury refers to the progressive cell damage
after trauma (34,38). After primary injury, hypoxia occurs in the
spinal cord followed by reactions such as electrolyte imbalance,
neuronal excitation, glutamate release, and inflammation (5,9).
Free oxygen radicals, lipid peroxidation, and apoptosis play
important roles in secondary injury development in spinal cord
injuries (14,16).
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Anticarcinogenic, antihypertensive, immunomodulatory, anti-inflammatory, strong antioxidant, antiallergenic, neuroprotective, antimicrobial, hypolipidemic, vasodilator, antihypercholesterolemic, UV and radiation protective, hepatoprotective, estrogenic, analgesic, and sedative effects of hesperidin
a flavonoid have been reported in pharmacological studies
(3,4,8,23,30,31,37). Hajialyani et al. reported that hesperidin
effectively protected neurons from damage caused by oxidative or nitrosative stress (13).
Anti-inflammatory and antioxidant effects of hesperidin in
mechanical, toxic, and ischemic injuries occurring in various
tissues have been demonstrated in several studies; however,
no study has assessed its effectiveness following acute spinal
cord injury. Although there are several studies on hesperidin,
the presente study is the first to evaluate its effectiveness
against secondary injury after acute (24 hours) spinal cord
trauma. The aim of the present study was to investigate the
effectiveness of hesperidin in preventing secondary injury
after experimental acute spinal cord trauma using clinical,
biochemical, immunohistochemical, and histopathological
analyses.
█

with povidone iodine. Paravertebral muscles were reached
after passing the cutaneous and subcutaneous tissues
with a 2-cm incision at T5–T12 level with reference to the
interscapular distance (Figure 1). Paravertebral muscles were
dissected and processus spinosi and vertebral laminae were
reached. At the T7–T10 level, the spinal cord was exposed
with total laminectomy without disrupting the integrity of the
dura mater (Figure 2). Spinal cord injury was induced by the
weight dropping method using a 10-g 3-mm diameter metal
rod dropped from a height of 10 cm (100 g/cm). This induced
paraplegia. Following hemostasis, paravertebral muscles and
skin were sutured in accordance with their anatomical folds.
Neurological Examination
Inclined plane test: The inclined plane test described by Rivliv
and Tator was used for experimental spinal cord injuries (38).
Clinical motor examination: Modified Tarlov scale (MTS) was
used for motor examination (10) (Table I).

MATERIAL and METHODS

This in vivo trial was approved by Hatay Mustafa Kemal
University Animal Experiments Local Ethics Committee (dated
31.10.2016 and numbered 2016/9-7).
Animals
Rats were housed in the laboratory under optimal conditions
and a 12-hour (h) day/night cycle, with species-specific pellet
feed and water provided ad libitum. A total of 32 Wistar albino
male rats weighing 250–300 g were used. The experimental
animals were randomly divided into four groups as follows:
group I, control group; group II, sham group: the group
in which only spinal cord trauma was induced; group III,
preconditioning group: the group that was administered 200
mg/kg/day oral (po) hesperidin for 7 days before trauma; and
group IV, treatment group: the group that was administered
200 mg/kg po hesperidin after trauma.

Figure 1: Determination
of the interscapular
distance.

Intervention
Hesperidin (Sigma, USA) was dissolved in drinking water and
administered by gavage. The animals were housed in individual
cages and observed. Under anesthesia, intracardiac blood
was collected for analyses from the control group and 24
hours after trauma from the other groups, and tissue samples
were obtained from the trauma region of the spinal cord after
the animals were sacrificed.
Inducing Spinal Cord Injury
For general anesthesia, 10 mg/kg of xylazine hydrochloride
(intraperitoneal) (Alfazyne 2% injection 50 mL, EGE-VET,
Turkey) and 50 mg/kg ketamine hydrochloride (intrap) (Alfamine
10% injection 50 mL EGE-VET, Turkey) were administered to
rats in all groups undergoing surgical intervention. After the
anesthetized rats were fixed in the sternal position, the back
region was broadly shaved and antisepsis was provided
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Figure 2: Exposing the spinal cord with dorsal laminectomy.
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Table I: Modified Tarlov Scale Score (10)

Degree

Modified Tarlov Scale

0

Complete paralysis in the back extremities, no movement in the back extremities, no weight bearing

1

Noticeable back limb movements, no weight bearing

2

Frequent and / or strong back limb movement, pronounced posterior limb movements that do not result in weight
overlay or locomotion

3

Back extremities support body weight, can take one or two steps

4

There is a slight loss in walking

5

Normal walking

Finger extension test: Rats were lifted from the plane, and
hind limbs were suspended. Extension of the fingers was
observed, and the reflexes were classified as follows (10): 0,
no extension; 1, moderate extension; and 2, full extension.

and standard error. A p<0.05 was considered statistically
significant.

Histopathological Evaluation

Neurological Findings

In the spinal cord samples obtained after the trial, hemorrhage,
laceration, necrosis, edema, neuronal and axonal degeneration,
and inflammatory cell infiltration parameters were scored by
routine histopathological method (H&E staining) as described
by Öztürk et al. (29). In this method, the score ranges between
0 and 3 (0 = none, 1 = mild, 2 = moderate, 3 = severe).

Neurological examination using MTS revealed higher scores
in the preconditioning group than in the sham and treatment
groups (Table II). In the inclined plane test, significant differences
were observed between the sham and treatment groups
(p<0.05; Table II). Furthermore, in neurological examination
using the finger extension test, significant differences were
observed between the sham and preconditioning groups
(p<0.05; Table II).

Immunohistochemical Analysis
For immunohistochemical applications, 4–5-μm-thick sections were obtained from tissue paraffin blocks using a rotary
microtome. The prepared sections were stained with caspase
3 antibodies (1:1000 dilution; anti-caspase-3 [EPR18297]
(ab184787), ABCAM, Cambridge, UK) using the combined
streptavidin–biotin–peroxidase and microwave antigen retrieval method.
Caspase 3-positive cells were manually counted under a highpower field (400×), and the average number of positive cells
was calculated in six different non-overlapping fields of vision
(three gray matter and three white matter fields) on each slide
(24). The preparations selected to represent each group were
photographed under an Olympus BX 53 microscope using an
Olympus DP2 BSW image analysis system.
Biochemical Analyses
The bioactivity of hesperidin under oxidative stress and
inflammation was investigated in plasma samples obtained
from experimental animals. Two oxidative stress parameters
as well as total antioxidant and oxidant capacities were
investigated via spectrophotometric analyses. Levels of
two inflammatory parameters, namely interleukin 1-beta (IL1β) and tumor necrosis factor alpha (TNF-α) protein, were
investigated using enzyme-linked immunosorbent assay.
Statistical Analysis
Statistical analyses were performed using SPSS 17.
Differences between the groups were analyzed using oneway ANOVA with Bonferroni test. Data are expressed as mean

█

RESULTS

Biochemical Findings
The level of IL-1β, a proinflammatory cytokine, was higher in
the sham group (107 ± 7.0) than in the control group (84.33
± 3.97). Hesperidin preconditioning suppressed inflammation
by lowering this IL-1β level to the level of the control group
(85.16 ± 1.53, p<0.01). In addition, IL-1β level was significantly
decreased in the treatment group (82.83 ± 1.07, p<0.01).
TNF-α level was higher in the sham group (593.66 ± 80.7) than
in the control group (446.0 ± 59.8). However, post-traumatic
hesperidin administration reduced TNF-α level in the treatment
group (533.5 ± 45.6; Table III).
Hesperidin showed a positive effect by significantly increasing
TAS level in the preconditioning (0.952 ± 0.06, p<0.01) and
treatment (1.021 ± 0.03, p<0.01) groups compared with that
in the sham group (Table III). Hesperidin preconditioning
decreased TOS level compared to sham (7.50 ± 0.56);
however, TOS level was slightly higher in the treatment group
(8.20 ± 0.55; Table III) than in the preconditioning group.
Histopathological Findings
Routine histopathological (H&E staining) examination revealed
normal findings in the control group (Figure 3A). In the sham
group, necrotic area was scored 3 in histological sections.
Considerable laceration, diffuse hemorrhage, intense edema,
and neuronal degeneration (Nissl losses and red degeneration)
were observed in the gray matter, and edema, intense axonal
degeneration, and spherule structures were observed in
the white matter (Figure 3B). Polymorphonuclear leukocyte
Turk Neurosurg 30(6):899-906, 2020 | 901901
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Table II: Effects of Hesperidin on Modified Tarlov Test in Experimental Spinal Cord Injury

Groups

Modified Tarlov

Inclined Planed Test

Finger Opening Test

Mean ± SE

Mean ± SE

Mean ± SE

5.00 ± 0.0

81.87 ± 2.03

2.00 ± 0.00

Grup 2: Sham

1.25 ± 0.25≠

69.50 ± 2.12

0.12 ± 0.12 ≠

Grup 3: Preconditioning

2.00 ± 0.50≠

63.87 ± 3.93 β

0.50 ± 0.32 ≠

Grup 4: Treatment

1.62 ± 0.32≠

55.12 ± 3.67 β, µ

0.50 ± 0.18 ≠

Grup 1: Control

In Modified Tarlov scale, the differences between the control and sham groups as well as between the preconditioning and treatment groups
were significant (p<0.001).
β
In ınclined planed test, the differences between the control and preconditioning groups as well as between the preconditioning and treatment
groups were significant (p<0.005).
µ
In the ınclined planed test, the differences between the sham and treatment group were significant (p<0.05).
≠
In the finger extension test, the differences between the control and sham groups as well as between the preconditioning and treatment groups
were significant (p<0.001).
≠

Table III: Effects of Hesperidin on IL-1β, TNF-α, TAS, and TOS Levels in Experimental Spinal Cord Injury

N

Control

Sham

Preconditioning

Treatment

Mean ± SE

Mean ± SE

Mean ± SE

Mean ± SE

IL-1β

6

84.33 ± 3.97

107.0 ± 7.03

85.16 ± 1.53 α

82.83 ± 1.07 α

TNF-α

6

446.0 ± 59.8

593.66 ± 80.7

565.0 ± 48.4

533.5 ± 45.6

TAS

6

0.650 ± 0.08

0.661 ± 0.03

0.952 ± 0.06 α

1.021 ± 0.03 α

TOS

6

7.26 ± 0.26

7.70 ± 0.50

7.50 ± 0.56

8.20 ± 0.55

α

p<0.01, compared with the sham group. IL-1β (pg/ml), TNF-α (ng/ml), TAS (µmol Trolox Eqiv./L), TOS (µmol H2O2 Eqiv./L).

A

B

C

D

Figure 3: Histopathological images; A) control group, B) sham group, C) preconditioning group, D) treatment group.

(PMNL) infiltration was observed locally and was consistent
with the typical findings observed during the acute period.
Laceration, hemorrhage, edema, necrosis, axonal and neuronal
degeneration, and neutrophil infiltration were significantly
lower in the preconditioning group than in the sham group
(p<0.05 to p<0.001; Figure 3C, Table IV). Hemorrhage, edema,
necrosis, axonal and neuronal degeneration, and neutrophil
infiltration were significantly lower in the treatment group than
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in the sham group (p<0.05 to p<0.005; Figure 3D and Table
IV).
Immunohistochemical Findings
The numbers of caspase 3-positive apoptotic cells per unit
area (400×) are shown in Table V, and stained apoptotic cells
are illustrated in Figure 4B-D.
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Table IV: Statistics of the Data in Histopathological Findings

Control

Sham

Preconditioning

Treatment

Meant ± SE

Mean ± SE

Mean ± SE

Mean ± SE

Hemorrhage

0.125 ± 0.12

2.857 ± 0.142

1.833 ± 0.307β

1.857 ± 0.260β

Laceration

0.000 ± 0.00

2.857 ± 0.142

1.333 ± 0.494≠

2.000 ± 0.218

Axonal and Neuronal Degeneration

0.000 ± 0.00

2.857 ± 0.142

1.833 ± 0.307*

1.857 ± 0.260*

Necrosis

0.000 ± 0.00

2.857 ± 0.142

1.666 ± 0.333*

1.571 ± 0.368*

Inflammatory Reaction

0.000 ± 0.00

2.857 ± 0.142

1.666 ± 0.333β

1.714 ± 0.285β

Edema

0.000 ± 0.00

2.714 ± 0.184

1.666 ± 0.210α

1.714 ± 0.285α

*p<0.05, αp<0.01, βp<0.005, ≠p<0.001, compared with the sham group.

Table V: Statistical Data of Caspase-3 Immunireactivity

Caspase 3

Control

Sham

Preconditioning

Treatment

Mean ± SE

Mean ± SE

Mean ± SE

Mean ± SE

4.500 ± 0.327

28.71 ± 2.168

14.50 ± 2.012

≠

12.42 ± 1.797≠

≠

p<0.001 compared with the control and sham group.

A

C

B

D

Caspase 3 immunoreactivity was significantly lower in the
control, preconditioning, and treatment groups than in the
sham group (p<0.001; Figure 4A-D, Table V).
█

DISCUSSION

Although spinal cord injuries are considered an incurable
condition (21), even a slight improvement in the motor or
sensory functions considerably affects the patient’s quality
of life (33). Experimental spinal cord contusion models are
frequently used to understand the pathophysiology of spinal
cord injuries (40). Sengul et al. emphasized that it is impossible
to prevent primary injury; therefore, treatment strategies

Figure 4: Caspase-3 images:
A) Control group, B) Sham
group, C) Preconditioning group,
D) Treatment group.

against spinal cord injuries are aimed at preventing secondary
injuries (36). Contusion models are important tools for
exploring progressive secondary tissue injury, demyelination,
and apoptosis in spinal cord injury (40). In the present study,
the efficacy of hesperidin in preventing secondary injuries after
spinal cord injury and its clinical benefits were investigated.
Several studies have reported that antioxidants can delay the
progression of neurodegeneration (3). Zhang et al. applied
compression on the spinal cord at the T8 level in rats and
demonstrated locomotor improvement in MTS scores with
combined anti-inflammatory therapy (41). In the present
study, MTS scores in the preconditioning group were higher
Turk Neurosurg 30(6):899-906, 2020 | 903903

Yurtal Z. et al: Effects of Hesperidin on Spinal Cord Injury

than those in the other groups, suggesting that hesperidin
contributed to clinical recovery following trauma (Table II).
Onifer et al. reported an inclined plane angle of 80° among
healthy animals in the inclined plane test (27). In the present
study, the values obtained in the inclined plane test were
higher in the preconditioning group than in the treatment
group. Thus, hesperidin preconditioning provides clinical
benefits (Table II). Finger extension scores decreased following
trauma; however, an increase in these scores was observed in
hesperidin-treated groups (Table II). Similar to the findings of
the present study, Sirin et al. reported a considerable decrease
in finger extension test scores following spinal cord injury (38).
According to the findings of the present study, hesperidin
showed a positive effect by remarkably increasing TAS level
in the preconditioning and treatment groups (Table III). In
addition, hesperidin remarkably contributed to improvement
by reducing TOS level in 24 hours. Consistent with our results,
Tamilselvam et al. investigated the effect of hesperidin in an in
vitro neurodegeneration model and reported that hesperidin
suppressed the production of reactive oxygen radicals (which
are among total oxidant molecules); increased the activity
of glutathione peroxidase (GPx), superoxide dismutase
(SOD), and catalase (CAT) (which are members of the total
antioxidant system); and showed antioxidant activity by
remarkably increasing the level of glutathione (GSH) (which
is an intracellular antioxidant molecule) (39). Similarly, Liu
et al. showed that in the rat model of diabetic retinopathy,
hesperidin showed a positive effect on TAS, specifically by
increasing SOD, CAT, and GSH levels (25). In addition, Selmi
et al. reported that hesperidin showed antioxidant effects by
remarkably reducing hydrogen peroxide and malondialdehyde
levels, which are involved in oxidative stress (35). In the same
study, they reported that hesperidin considerably increased
SOD, CAT, and Gpx enzyme activities, which are the three
parameters of antioxidant capacity (35). Thus, the mechanism
of action of hesperidin in recovery during the acute period of
spinal cord injury is via increase in TAS levels and decrease
in TOS levels. Furthermore, the hesperidin-mediated
increase in TOS levels in the treatment group triggered acute
inflammation, indicating chemotactic activity, particularly for
tissue repairing cells.
In the present study, hesperidin reduced inflammation by
decreasing IL-1β levels in the preconditioning and treatment
groups compared with those in the sham group. In addition,
hesperidin reduced inflammation and showed therapeutic
efficacy by decreasing TNF-α levels in the preconditioning
and treatment groups compared with those in the sham
group. Consistent with these results, Selmi et al. reported
that hesperidin remarkably suppressed increased TNF-α
expression and showed anti-inflammatory activity (35). Cheng
et al. reported that citrus flavonoids such as hesperidin show
strong anti-inflammatory activity by reducing TNF-α, IL-1β,
and IL-6 levels (6). Consistent with our results, Ansar et al.
reported that hesperidin shows anti-inflammatory activity in
nanoparticle-induced neurotoxicity by suppressing TNF-α and
IL-1β gene expression (2). One of the mechanisms underlying
the impact of hesperidin on recovery observed in the present
study might be its suppressive effects on inflammatory gene
expression.
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Heo et al. reported that hesperidin showed anti-inflammatory
and antioxidant effects in the subacute period (4 days) in
their spinal cord injury model (15). Similar to these findings,
hesperidin showed anti-inflammatory and antioxidant
properties in the acute period (24 h) in spinal cord injury model
in the present study.
Sengul et al. reported that histopathological evaluation
in the physiological saline group showed a considerable
increase in hemorrhage, edema, neuronal degeneration,
and inflammation in a spinal cord injury model (36). In the
present study, considerable laceration, diffuse hemorrhage,
intense edema, and neuronal degeneration (Nissl losses
and red degeneration) were observed in the gray matter
and edema, intense axonal degeneration, and spherule
structures were observed in the white matter in the sham
group (Figure 3B). PMNL infiltration was observed locally and
was consistent with the typical findings observed during the
acute period. Hesperidin improved all these findings. Ahuja et
al. reported that secondary spinal cord injury begins following
primary spinal cord injury, and inflammatory cells such as
macrophages, microglia, T-cells, and neutrophils infiltrate into
the injured area as a result of disruption of the blood–spinal
cord barrier (1). Kjell and Olson stated that neutrophils infiltrate
the injury site during the first 3–6 h after spinal cord injury,
monocyte infiltration begins on the 3rd day after injury, and
neutrophils are probably no longer observed in the area due
to apoptosis (22). Moreover, Ahuja et al. reported that during
the post-traumatic acute injury period (0–48 h), hemorrhage,
edema, and proapoptotic factors (cytokines, K+, DNA, and
necrotic tissue, among others) contribute to ongoing cell
death (1). Consistent with previous studies, hemorrhage,
edema, laceration, and neuronal degeneration were noted
following acute injury in the present study.
Lin et al. stated that various molecular pathways such as
hypoxia, ischemia, lipid peroxidation, free radical production,
neutral protease activation, prostaglandin production, and
programmed cell death or apoptosis may be involved in the
underlying pathologies of spinal cord injury (24). They also
stated that the primary injury in the spinal cord disrupts
the cell membranes, destroys the myelin and axons, and
triggers secondary injury by disrupting microcirculation,
resulting in a destructive effect (24). They emphasized that
secondary injury cascades, including local inflammation, free
radical production, and hyperoxidation, are active biological
processes, and as a result, some neurons and glial cells die
even if patients recover from the injury that occurs days or
weeks after spinal cord injury (24). Gaur and Kumar stated
that in a rat model of bilateral carotid ischemia–reperfusion,
hesperidin pretreatment for 7 days improved memory
recovery and showed protective effects on cerebral ischemia
histopathologically (11). Zhang et al. reported that acute
inflammatory response in spinal cord injuries is an initial
reaction that leads to endothelial cell damage and vascular
integrity loss and is subsequently characterized by a stage
at which neutrophil activities predominate and necrosis
and cavitation occur during the later period (41). Norenberg
et al. stated that after acute injuries following spinal cord
damage, spheroid structures with hemorrhage and axonal
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swelling were formed, and hemorrhage occurred due to the
rupture of postcapillary venules and sulcal arterioles in the
gray matter (26). Consistent with these reports, widespread
hemorrhage and neutrophil infiltration were observed during
the acute period in the present study. In addition, axonal
degeneration and spherule structures along with edema
were observed in the white matter in the sham group (Figure
3C). Laceration, hemorrhage, edema, necrosis, axonal and
neuronal degeneration, and neutrophil leukocyte infiltration
decreased in the preconditioning group compared with those
in the sham group. Moreover, hemorrhage, laceration, edema,
axonal and neuronal degeneration slightly decreased in the
treatment group compared with those in the sham group.
Thus, histopathologically, hesperidin use showed therapeutic
efficacy in both the preconditioning and treatment groups by
decreasing all parameters such as hemorrhage, laceration,
axonal and neuronal degeneration, necrosis, inflammatory
reaction, and edema.

█

CONCLUSION

Hesperidin shows antioxidant, anti-inflammatory, and antiapoptotic effects during the acute period after spinal cord
injury and exhibits neuroprotective and therapeutic efficacy. At
the tissue level, these effects reflect positively on neurological
findings.
█
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