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Objective: Oleuropein has previously been reported to provide neuroprotection in 
ischemia/reperfusion injury and to alleviate allodynia in neuropathic pain models. This 
study aims to assess the therapeutic potential of oleuropein, a polyphenolic compound 
found in olive trees, on sciatic nerve damage induced by chronic constriction injury (CCI) in 
male rats by comparing its efficacy with gabapentin, a widely used antiepileptic drug for the 
treatment of neuropathic pain.
Materials and Methods: Adult male Wistar rats were randomly allocated into control, 
neuropathic pain (NP), NP treated with 15 mg/kg oleuropein, and NP treated with 100 mg/
kg gabapentin groups. The neuropathic pain model was induced by CCI via ligation of the 
sciatic nerve at four different locations, each separated by an interval of 1 mm. Treatments 
were administered via oral gavage for 14 days. Nociceptive behavior in response to thermal 
stimuli and the sciatic functional index (SFI) were assessed weekly. Nerve conduction 
velocity, sciatic nerve histology, and the level of thiobarbituric acid reactive substances were 
evaluated at the end of treatment.
Results: Sciatic CCI led to a reduction in nerve conduction and function, increased oxidative 
stress, and altered neuronal integrity, accompanied by decreased myelin sheath thickness and 
myelinated fiber diameter. Oleuropein administration significantly increased nerve conduction 
velocity, improved SFI values over time, significantly reduced oxidative stress, and enhanced 
neuronal integrity and myelination, surpassing the effects of gabapentin administration.
Conclusion: These findings highlight the therapeutic potential of oleuropein in nerve 
constriction injury and nerve damage, warranting further investigation into its use for nerve 
injury treatment.
Keywords: Constriction, gabapentin, myelin sheath, neuropathic pain, oleuropein, sciatic 
nerve.
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ABSTRACT

INTRODUCTION
Chronic and recurrent pain negatively affects quality of life, leading to reduced mobility, eventual 
loss of strength, an increased likelihood of depression or anxiety, a weakened immune system, 
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and impaired ability to concentrate, sleep, or interact with 
others.1 Neuropathic pain, which results from nerve damage 
or dysfunction, is considered one of the most challenging 
pain conditions to treat2 and a serious neurological 
disorder.3 The pathophysiology of neuropathic pain is highly 
complex, involving fluctuations in neurotransmitter release, 
alterations in pain pathway regulation, sensitivity of afferent 
nociceptor terminals, and ectopic neuron activation.4–6 
Additionally, changes in the expression of ion channels, 
receptors, and chemokines in the dorsal root ganglia have 
also been implicated in the pathophysiology of neuropathic 
pain.7–9 Various categories of drugs, including non-steroidal 
anti-inflammatory drugs, opioids, anticonvulsants, and 
antidepressants, have been explored for the treatment of 
neuropathic pain. However, their use is limited due to dose-
dependent side effects,10 and nearly two-thirds of patients 
do not respond to these treatments and are considered 
treatment-resistant.11 Therefore, the development of an 
effective alternative treatment with minimal side effects is 
crucial for improving patient outcomes. 

The olive tree (Olea europaea) is an evergreen, short tree that 
grows naturally in the Mediterranean region. Olive leaves 
and olive oil contain various compounds, including sterols, 
triterpene alcohols, and polyphenols such as flavonoids, 
phenolic acids, and secoiridoids. Oleuropein, a secoiridoid, 
is the most active phenolic component in olive leaves and 
oil.12,13 Oleuropein has been reported to provide several 
pharmacological benefits due to its antioxidant, antibacterial, 
anti-inflammatory, anti-atherogenic, antitumor, hypoglycemic, 
and neuroprotective properties.12,14,15 Oleuropein injection 
has been shown to provide neuroprotection against focal 
cerebral ischemia/reperfusion injury in mice by increasing 
anti-apoptotic activity15 and to attenuate oxidative stress 
along with neurological deficits in a rat model of intracerebral 
hemorrhage.16 Additionally, pretreatment with oleuropein 
has been reported to improve learning and memory by 
suppressing oxidative stress in a rat model of colchicine-
induced cognitive dysfunction.17 A 14-day treatment with 10 
and 20 mg/kg oleuropein was observed to attenuate cold and 
mechanical allodynia in vincristine- and chronic constriction 
injury (CCI)-induced neuropathic pain in rats.18

Although its role in alleviating allodynia has been studied, 
the effects of oleuropein administration on nerve conduction 
and histology remain unclear. This study was conducted to 
evaluate the therapeutic potential of oleuropein in sciatic 
nerve damage induced by CCI, a model of neuropathic pain. 
Specifically, the efficacy of oleuropein on thermal nociceptive 
behavior, sciatic nerve conduction, oxidative stress, and nerve 
histology was examined in comparison to gabapentin, a 
clinically used drug for neuropathic pain treatment. 

MATERIALS AND METHODS
Animals
All experimental procedures in this study were approved by the 
Aydın Adnan Menderes University Animal Experiments Local 
Ethics Committee (Ethics Committee No: 64583101/2018/070). 
Thirty-six male Wistar rats (250–350 g) were obtained from 
the Aydın Adnan Menderes University Medical Faculty 
Experimental Animal Production Center and maintained in 
a controlled ambient environment with standard rat chow 
provided ad libitum. The sample size was determined using 
power analysis. The animals were randomly allocated into 
four groups: control (n=8), neuropathic pain (NP, n=10), NP 
treated with oleuropein (NP+OLE, n=9), and NP treated with 
gabapentin (NP+GP, n=9). The neuropathic pain model was 
established using sciatic nerve CCI.

Establishment of the Rat Model of Neuropathic Pain and 
Treatments
On the first day of the study, all animals were anesthetized 
via intraperitoneal injection of 60 mg/kg ketamine (Alfamine 
10%, Alfasan, Netherlands) and 10 mg/kg xylazine (Alfazyme 
2%, Alfasan, Netherlands). CCI was applied to the left sciatic 
nerve. In the experimental groups, an incision was made 
in the femoral skin on the dorsolateral part of the left hind 
limb. The muscles were separated using blunt dissection 
to expose the trunk of the sciatic nerve, which was loosely 
ligated with a 4–0 silk thread at four different locations, 
each with a 1 mm interval.19 This procedure created a 
constriction that reduced circulation in the superficial 
epineural vasculature without completely stopping it. The 
facia, muscle, and skin surrounding the exposed sciatic 
nerve were then sutured in layers. In the control group, the 
left sciatic nerves were exposed, but no further ligation 
procedure was applied. The animals were left untreated for 
24 hours, and treatments commenced the following day. A 
decline in nerve conduction and sciatic functional index, 
along with alterations in nerve histology, was observed 
in all animals subjected to CCI; therefore, no animals were 
excluded from the study.

KEY MESSAGES

• Oleuropein alleviates nerve damage induced by 
chronic constriction injury more effectively than gab-
apentin by:

• Managing oxidative stress, Preserving nerve conduc-
tion and improving the sciatic functional index,

• Maintaining neuronal integrity and enhancing my-
elination.
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During the treatment period, physiological saline was orally 
administered to the rats in the control and NP groups for 14 
consecutive days. The rats in the NP+OLE group received a daily 
oral dose of 15 mg/kg of oleuropein (Catalog# 21220, Cayman 
Chemical, Michigan, USA), while the animals in the NP+GP group 
received a daily oral dose of 100 mg/kg gabapentin (Neurontin, 
Pfizer, NY, USA). Both compounds were dissolved in physiological 
saline and administered for 14 days. The selected doses of 
oleuropein17,20 and gabapentin,21 as well as the administration 
schedule,18 were based on previous studies. The body weights of 
the animals were recorded daily to ensure accurate dosing, and 
weekly changes in body weight were compared between groups. 
The timing of the procedures is graphically illustrated in Figure 1.

Sciatic Functional Index (SFI)

SFI calculation, a widely accepted method for evaluating 
functional recovery following nerve injury, was performed 
once a week on the 7th and 14th days of treatment to assess 
hind limb locomotor activity and sciatic nerve function 
following oleuropein and gabapentin administration. For 
SFI measurement, the hind paws of the animals were coated 
with blue ink, and the animals were allowed to move freely 
on blotting paper. Comparative measurements were made 
between the normal (N) and experimental (E) sides, with 
at least three paw prints evaluated per animal in a single 
measurement. From the paw prints, the following parameters 
were measured:

• Toe spread (TS): The distance between the first and fifth toes.

• Intermediate toe spread (ITS): The distance between the 
second and fourth toes.

• Print length (PL): The distance between the heel and the 
third toe.

SFI was then calculated for all experimental groups using the 
following formula:22 SFI = -38.3 [(EPL - NPL) / NPL] + 109.5 
[(ETS - NTS) / NTS] + 13.3 [(EITS - NITS) / NITS] - 8.8. An SFI score 
around 0 represents normal function, whereas an SFI score of 
-100 indicates complete dysfunction.23

Nociceptive Test
The tail-flick test was performed on the 7th and 14th days of 
treatment. Prior to the experiment, rats were habituated to 
restraint. A beam of radiant heat was focused on the lower 
one-third portion of the tail using an automated tail-flick 
device (May TF211-01 Tail Flick, Commat Ltd., Ankara, Türkiye), 
and the latency for tail withdrawal upon thermal stimulation 
was recorded in seconds. To prevent irreversible damage, the 
cut-off time was set to 10 seconds.

Electrophysiological Measurements
The rats were anesthetized via intraperitoneal injection of 60 
mg/kg ketamine and 10 mg/kg xylazine. The trunk of the sciatic 
nerve was exposed through an approximately 3 cm incision at 
the mid-thigh level. The sciatic nerve was then placed onto in 
vivo electrodes, which were separated by a fixed distance of 
1.1 cm and connected to the Biopac MP100 system (Biopac 
Systems Inc., USA). The sciatic nerve was stimulated with two 
supramaximal (0.1 ms, 1 Hz, 7 mV) electrical stimulations at 
proximal and distal positions. The resulting compound muscle 
action potentials were recorded from the gastrocnemius 
muscle, amplified, transferred to a computer, and analyzed 
using AcqKnowledge data acquisition and analysis software 
(Version 3.7.2, Biopac Systems Inc., USA). From the recordings, 
latencies were measured, and motor nerve conduction 
velocity (MNCV, m/s) was calculated by dividing the distance 
between the electrodes (1.1 cm) by the difference between 
proximal and distal latencies.24,25

Examination of Oxidative Stress
Prior to sacrifice, the sciatic nerves of the rats were dissected 
under anesthesia and stored at -80°C until use. The nerves 
were homogenized in radioimmunoprecipitation assay (RIPA) 
buffer (pH7.4, Merck, Germany) and centrifuged at 2,000 
g for 15 minutes. Oxidative stress levels were assessed by 
measuring the malondialdehyde (MDA) concentration in the 
supernatants of the homogenates using a thiobarbituric acid 
reactive substances (TBARS) assay kit (Catalog No. 10009055, 
Cayman Chemical, USA) according to the manufacturer’s 
protocol.

Examination of Nerve Histology
Histological analysis was performed as previously described.24,26 
Briefly, after fixation in 10% formaldehyde (Tekkim, Türkiye), the 
sciatic nerves were embedded in paraffin (Merck, Germany), and 
5 μm-thick tissue sections were obtained using a microtome 
(Leica, RM 2265, Germany). The sections were stained using a 
Luxol Fast Blue (LFB) staining kit (LBC-1-IFU, ScyTek Laboratories 
Inc., USA) following the manufacturer’s instructions. The stained 
sections were then examined, and images were captured 
using a light microscope (Olympus CX23, Japan) at 10x and 

Figure 1. Schematic diagram illustrating the timing of 
experimental procedures applied to rats.
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40x magnifications. The LFB-stained images were analyzed 
using ImageJ software (NIH, USA) to measure axon diameter, 
myelinated fiber diameter, and myelin thickness.24

Statistical Analysis
Power analysis was used to determine the sample size for 
the study, with the error rate, study power, and standardized 
effect size set at 0.05, 0.80, and 1.614, respectively, based on 
previously published data.26 The obtained data were expressed 
as mean±standard deviation. To select the appropriate 
statistical tests, the Kolmogorov-Smirnov test was performed 
using the Statistical Package for the Social Sciences (SPSS) 
software (SPSS Version 16, IBM, USA), confirming that the 
data followed a normal distribution. Intergroup comparisons 
were conducted using one-way analysis of variance (ANOVA), 
followed by Tukey’s post-hoc test to determine significance 
when variances showed significant differences among 
experimental groups. For the intergroup comparisons 
of nociceptive tail-flick test results, two-way ANOVA was 
performed, followed by Sidak’s multiple comparison test to 
determine significance. In the figures, significance levels were 
denoted as follows: an asterisk (*) indicates a comparison with 
the control group, a dagger (†) indicates a comparison with 
the NP group, and a double dagger (‡) indicates a comparison 
with the NP+OLE group. A statistical difference was considered 
significant at p<0.05.

RESULTS
Administered Agents Did Not Significantly Affect Body 
Weight
The weekly changes in body weight gain among the 
experimental groups are shown in Figure 2a. A continuous 
increase in body weight was observed in all groups, with 
the highest increase recorded in the control group. Figure 
2b presents the ratios of weight gain on the 7th and 14th days 
relative to the first day of the experiment. As shown, weight 

gain was considerably higher in the control group compared 
to the other groups on the 7th day. By the 14th day, weight gain 
in the NP group was significantly lower than in the control 
group (p<0.05), while body weight gain followed a similar 
trend in the treatment groups.

Oleuropein Significantly Improved Sciatic Nerve 
Conduction

Representative compound muscle action potentials 
recorded from the gastrocnemius muscles after distal and 
proximal stimulation are shown in Figure 3. Sciatic MNCVs 
of the operated left limb and unoperated contralateral limb 
are presented in Figure 4. MNCV values were significantly 
reduced in the NP group (34.69±2.63 m/s) compared to 
the control group (57.06±1.27 m/s) (p<0.001), indicating a 
marked decline in nerve conduction following CCI. However, 
MNCV values significantly increased in the oleuropein-treated 
(40.00±2.63 m/s, p<0.01) and gabapentin-treated (43.90±2.25 
m/s, p<0.001) groups compared to the NP group. Gabapentin 
administration was observed to be more effective than 
oleuropein in enhancing nerve conduction velocity (p<0.05). 
Sciatic MNCV values in the unoperated limb showed a tendency 
to increase in the oleuropein-treated group (59.39±2.39 m/s) 
and were significantly increased (p<0.01) in the gabapentin-
treated group (61.16±2.92 m/s) compared to the control 
(56.07±1.85 m/s) and NP (56.57±2.56 m/s) groups. This finding 
suggests that gabapentin enhances nerve conduction even in 
the absence of nerve damage.

Oleuropein Administration Led to a Comparatively 
Greater Improvement in SFI
Sciatic nerve function was assessed through weekly 
SFI analysis. Sample paw prints of healthy and nerve-
constricted groups on the 14th day are shown in Figure 5a, 
while the changes in SFI values on the 7th and 14th days of 
treatment are presented in Figure 5b. A significant decrease 

Figure 2. Weekly changes in body weights (g) of experimental groups (a), and the ratios of weight gain on the 7th and 14th 
days compared to the 1st day of the experiment (b). NP: Neuropathic pain, NP+GP: NP treated with gabapentin, NP+OLE: NP 
treated with oleuropein.

(a) (b)
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(p<0.05) in SFI was observed in all groups subjected to CCI 
compared to the control group. Throughout the measured 
time intervals, SFI values increased more slowly in the NP 
and gabapentin-treated groups. However, a comparatively 
steeper increase in SFI was noted in the oleuropein-treated 
group between days 7 and 14.

Oleuropein Administration Significantly Reduced 
Oxidative Stress
Oxidative stress in the sciatic nerves was analyzed by 
measuring TBARS levels, specifically malondialdehyde 
(MDA), a marker of lipid peroxidation and oxidative damage 
(Fig. 5c). A significant increase in sciatic nerve TBARS levels 
was observed in the NP (p<0.001) and gabapentin-treated 
(p<0.01) groups compared to the control group. However, a 
significant decrease was observed in the oleuropein-treated 
group (p<0.01) compared to the NP and gabapentin-treated 
groups. This finding indicates that oleuropein is a potent agent 
in reducing oxidative stress induced by CCI.

No Significant Differences Were Observed in Nociceptive 
Pain Behavior
Nociceptive pain behavior was assessed on the 7th and 14th days 
after sciatic nerve constriction, and no significant differences 
were detected among the groups in the tail-flick test (Table 1). 
The response to thermal stimuli was comparatively shorter in 
the NP group, whereas response times tended to be slightly 
longer in the oleuropein- and gabapentin-treated groups. 

Figure 3. Representative compound muscle action potentials recorded from the gastrocnemius muscles of control, NP, 
NP+OLE, and NP+GP groups after distal and proximal stimulation. The blue lines below the recordings indicate electrical 
stimulation. NP: Neuropathic pain, NP+GP: NP treated with gabapentin, NP+OLE: NP treated with oleuropein.

Figure 4. Sciatic motor nerve conduction velocities 
(MNCVs) (m/s) of the operated left limb and the unoperated 
contralateral limb. NP: Neuropathic pain, NP+GP: NP treated 
with gabapentin, NP+OLE: NP treated with oleuropein.
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Oleuropein Administration Led to an Improvement in 
Axonal Regeneration, Neuronal Integrity, and Myelin 
Thickness
LFB staining was used to examine sciatic nerve histology and 
myelination (Fig. 6), and the measurements from LFB-stained 
sections are presented in Table 2. In contrast to the normal 
perineurium layer with smooth boundaries and an even axonal 
distribution observed in the control group (Fig. 6a, b), the NP 
group exhibited regional irregularities and fragmentation in 
the perineurium layer at the site of compression. Additionally, 
dense axonal atrophy, irregular axonal arrangement, and 
uneven axonal distribution within the nerve fiber bundle were 
observed (Fig. 6c, d). There was also an occasional increase in 
Schwann cells in the myelinated axons in the NP group. In the 

gabapentin-treated group, the perineurium layer appeared 
more regular compared to the NP group but remained irregular 
compared to the control group (Fig. 6e,f ). The perineurium layer 
was significantly dilated towards the endoneurium at the site 
of compression, with noticeable axonal atrophy and a decrease 
in the density of myelinated axons. However, axonal density 
appeared to be more evenly distributed in this group. In the 
oleuropein-treated group, the perineurium layer appeared more 
regular compared to the NP and gabapentin-treated groups, 
with a reduced degree of dilation towards the endoneurium at 
the site of compression (Fig. 6g, h). Axonal density within the 
nerve fiber bundle was more evenly distributed, resembling that 
of the control group. Although some areas of axonal atrophy and 
swelling were observed, an increase in Schwann cell numbers 

Figure 5. Sample paw prints of healthy and nerve-constricted groups on the 14th day (a), changes in sciatic functional index 
(SFI) values on the 7th and 14th days of treatment (b), and alterations in sciatic nerve malondialdehyde (MDA) levels (μM) in 
the experimental groups (c). NP: Neuropathic pain, NP+GP: NP treated with gabapentin, NP+OLE: NP treated with oleuropein.

(a) (b)

(c)

Table 1. Nociceptive tail-flick test results recorded as latency (seconds) of the response to thermal stimuli

Time Control group (n=8) NP group (n=10) NP+OLE group (n=9) NP+GP group (n=9) p

7th day 5.11±1.61 4.70±1.11 5.02±0.98 4.60±1.11 0.77

14th day 5.31±1.07 4.67±0.75 4.96±1.15 4.96±1.45 0.90

p 0.99 0.99 0.99 0.95

Time effect: p=0.69

Column effect: p=0.57

Column x time interaction effect: p=0.94

NP: Neuropathic pain; NP+GP: NP treated with gabapentin; NP+OLE: NP treated with oleuropein. Data are expressed as mean ± standard deviation. Intergroup 
comparisons were performed using two-way analysis of variance (ANOVA) followed by Sidak’s multiple comparison test to determine the significance level. The analysis 
revealed no significant differences between the groups.
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around the myelin sheath was noted, along with enhanced 
axonal regeneration. The myelin sheath thickness, axon diameter, 
and myelinated fiber diameter were all significantly reduced 
(p<0.001) in the NP group. Oleuropein administration resulted 
in a significant increase (p<0.001) in these parameters compared 
to the NP group (Table 2). Gabapentin treatment also led to a 
slight increase in these measurements, but the improvement 
was not as pronounced as in the oleuropein-treated group.

DISCUSSION
Epidemiological studies have revealed a strong link 
between disease prevention and treatment and diets rich in 
polyphenols, as individuals who consume such diets tend to 
have better overall health and lower mortality rates than those 
who do not.27,28 Oleuropein, a phenolic compound found in 
olive leaves and olive oil, has been demonstrated to possesses 
unique properties that enable it to combat oxidative stress 

Figure 6. Representative images of Luxol Fast Blue (LFB)-stained sciatic nerve tissue sections at 10x and 40x magnification, 
respectively, in the control (a, b), NP (c, d), NP+GP (e, f), and NP+OLE (g, h) groups. NP: Neuropathic pain, NP+GP: NP treated with 
gabapentin, NP+OLE: NP treated with oleuropein. A, C, E, and G show the nerve fiber bundles, while B, D, F, and H display axon 
and myelin structures. In the control group (A, B), the layers are well-organized, axons are evenly and regularly distributed, and 
the myelin sheath thickness is normal. The NP group (C, D) exhibits significant axonal atrophy, irregular axonal arrangement, a 
marked reduction in myelin sheath thickness, and pronounced perineural dilatation extending toward the endoneurium. In 
the NP+GP group (E, F), the perineurium remains irregular compared to the control, and while axons appear more organized, 
they remain irregular in comparison to the control. In the NP+OLE group (G, H), axon density is evenly distributed, similar 
to the control, with reduced perineural dilatation and increased myelin sheath thickness. The magnification scale bar is 100 
μm for 10x magnification and 20 μm for 40x magnification. Discriminated features are indicated in the images as follows: 
Perineurium ( ); epineurium ( ); vascular structures ( ); perineurial dilatation ( ); axonal swelling ( ); Schwann cell ( ); 
axon ( ); myelin ( ); myelin sheath ( ).

(a)

(e)

(b)

(f)

(c)

(g)

(d)

(h)

Table 2. Changes in axon diameter (μm), myelin sheath thickness (μm), and myelinated fiber diameter (μm) calculated from 
Luxol fast blue (LFB)-stained section images in the experimental groups

Measurement (μm) Control group (n=8) NP group (n=10) NP+OLE group (n=9) NP+GP group (n=9) p

Axon diameter  6.42±0.85a 3.92±0.72b 5.43±0.95c 4.43±0.72d <0.001

Myelin sheath thickness  4.00±0.54a 3.13±0.54b 4.42±0.79c 3.29±0.66b <0.001

Myelinated fiber diameter  13.44±1.61a 10.77±1.39b 13.09±1.97a 11.68±1.37b <0.001

NP: Neuropathic pain; NP+GP: NP treated with gabapentin; NP+OLE: NP treated with oleuropein. Data are expressed as mean±standard deviation. Intergroup comparisons 
were performed using one-way analysis of variance (ANOVA) followed by Tukey’s post-hoc test to determine the significance level. Similar superscript letters in the same 
row indicate no significant difference, while different letters indicate statistical differences.
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and inflammation, modulate the autophagy pathway, and 
intervene in neurodegenerative processes by preventing the 
onset of degeneration.12,13,29,30 Consequently, this study was 
conducted to evaluate the therapeutic potential of oleuropein 
in the treatment of CCI of the sciatic nerve in rats, comparing 
its effectiveness with gabapentin, a clinically used drug for 
neuropathic pain treatment. The data demonstrated that 
oleuropein was effective in alleviating nerve damage by 
enhancing sciatic nerve conduction and function. Oleuropein 
administration was observed to be more effective than 
gabapentin in reducing oxidative stress, improving the 
sciatic functional index, promoting axonal regeneration, and 
preserving myelination and neuronal integrity.

Neuropathic pain can develop as a result of lesions, compression, 
or underlying conditions such as diabetes or cancer. The increase 
in reactive oxygen species, inflammation, and organelle 
dysfunction has been implicated in the pathophysiology 
of nerve damage associated with neuropathies. Previous 
studies have reported that among the biological activities of 
oleuropein, its most notable properties are antioxidant,31,32 
anti-inflammatory,30,33 and anticancer effects.34 In the present 
study, oleuropein administration was observed to produce a 
more effective response than gabapentin in reducing TBARS 
levels and preventing lipid peroxidation, which is directly 
correlated with oxidative damage.35

Another proposed mechanism of neuropathic pain involves 
pathways activated through the inhibition and dysfunction 
of voltage-gated calcium channels.36 Ex vivo application 
of oleuropein has previously been reported to enhance 
intracellular calcium levels and facilitate N-methyl-D-aspartate 
receptor-independent long-term potentiation in the mouse 
hippocampal CA1 region.37 In the present study, oleuropein 
administration significantly increased (p<0.01) sciatic 
MNCV, which had been reduced by CCI in the operated limb. 
Gabapentin administration resulted in a more pronounced 
increase in MNCV in both the operated and unoperated limbs. 
The increase in MNCV indicated an improvement in sciatic 
nerve function, which was further assessed through the SFI. 
However, the efficacy of both oleuropein and gabapentin in 
restoring nerve function remained limited, as SFI values in the 
experimental groups were still similar to those of the NP group 
on the 14th day of treatment. This finding suggests that the 
treated animals in the experimental groups were still unable to 
use their paws as effectively as the control animals. Nonetheless, 
considering the measurements taken between the 7th and 
14th days of treatment, there was a noticeable increase in SFI 
values in the oleuropein-treated group, indicating a beneficial 
role of oleuropein administration following CCI. Conversely, 
no significant differences in nociceptive pain perception were 
observed among the experimental groups in the automated 
tail-flick test, although a slight increase in latency was noted in 

the oleuropein-treated group compared to the NP group. The 
effects of oleuropein administration on thermal nociceptive 
pain perception should be further investigated in future studies.

Previously, oleuropein has been reported to exert protective 
effects against acute and chronic neurodegeneration,13 inhibit 
the impact of toxic substances on the nervous system,38 and 
reduce pain associated with diabetes.39 Given its previously 
documented role in preventing neuronal apoptosis39 and 
promoting the protection and formation of the myelin sheath,40 
it is likely that oleuropein administration elicited a similar effect 
in improving sciatic nerve conduction and function following 
CCI in the present study. Furthermore, histological examination 
of the sciatic nerves revealed that oleuropein administration 
led to an increase in myelin sheath thickness and stimulated 
axonal regeneration compared to the NP and gabapentin-
treated groups. Additionally, the irregular axonal arrangement 
and uneven axonal distribution within fibers observed in the 
NP group were restored following oleuropein administration.

In summary, the therapeutic effects observed following 15 mg/
kg oleuropein treatment in CCI are attributable to its ability to 
effectively control oxidative stress, enhance axonal regeneration, 
and maintain myelination and neuronal integrity. These effects 
collectively contribute to the improvement of sciatic function 
and conduction. Our findings further highlight the beneficial role 
of oleuropein in preserving neuronal integrity and mitigating 
CCI-induced dysfunction in the sciatic nerve. This contribution 
is crucial for further elucidating the mechanisms of action of 
oleuropein in nerve conduction in future studies. However, certain 
limitations of this study should be noted. This preliminary study 
included a relatively small sample size, which may not be sufficient 
to fully characterize the therapeutic potential of oleuropein. 
Nevertheless, further research is necessary to determine the 
exact molecular mechanisms underlying oleuropein’s effects, 
particularly its potential role in regulating pathways related to 
apoptosis, neuronal survival, inflammation, and myelination. 
Additionally, this study focused only on the short-term effects of 
a single dose (15 mg/kg) of oleuropein. Future studies exploring 
different doses and extended administration periods may provide 
further insights into the potential for enhanced functional 
recovery and pain relief following sciatic nerve constriction.

CONCLUSION
The findings suggest that 15 mg/kg oleuropein administration 
effectively improves nerve conduction and function, as well as 
supports myelination and neuronal integrity in chronic nerve 
constriction, demonstrating greater efficacy than gabapentin. 
Therefore, oleuropein supplementation may be considered 
as a potential treatment strategy for nerve constriction injury 
and neuropathic pain. Further research is required to clarify 
the underlying mechanisms responsible for the observed 
beneficial effects of oleuropein.



138

Akgül et al. Oleuropein Treatment Against Constriction Nerve Injury J Clin Pract Res 2025;47(2):130–139

Acknowledgements: The authors would like to thank to Prof. 
Mehmet Dinçer Bilgin for his help and support throughout the study. 

Ethics Committee Approval: The Aydın Adnan Menderes University 
Experimental Animal Ethics Committee granted approval for this 
study (date: 31.05.2018, number: 64583101/2018/070).

Author Contributions: Concept – SA, ÖBG; Design – SA, HFY, 
ÖBG; Supervision – ÖBG; Resource – ÖBG; Materials – SA, ÖBG; 
Data Collection and/or Processing – SA, HFY, ÖBG; Analysis and/or 
Interpretation – SA, HFY, ÖBG; Literature Search – SA, ÖBG; Writing – 
SA, HFY, ÖBG; Critical Reviews – ÖBG.

Conflict of Interest: The authors have no conflict of interest to declare.

Use of AI for Writing Assistance: Not used.

Financial Disclosure: This study was supported by the Aydın Adnan 
Menderes University Scientific Research Projects Coordinatorship 
through the grant number TPF-18045.

Peer-review: Externally peer-reviewed.

REFERENCES
1. Dueñas M, Ojeda B, Salazar A, Mico JA, Failde I. A 

review of chronic pain impact on patients, their social 
environment and the health care system. J Pain Res 
2016;9:457-67. [CrossRef ]

2. Banafshe HR, Hamidi GA, Noureddini M, Mirhashemi SM, 
Mokhtari R, Shoferpour M. Effect of curcumin on diabetic 
peripheral neuropathic pain: Possible involvement of 
opioid system. Eur J Pharmacol 2014;723:202-6. [CrossRef ]

3. Cohen SP, Mao J. Neuropathic pain: Mechanisms and their 
clinical implications. BMJ 2014;348:f7656. [CrossRef ]

4. Baron R, Binder A, Wasner G. Neuropathic pain: Diagnosis, 
pathophysiological mechanisms, and treatment. Lancet 
Neurol 2010;9(8):807-19. [CrossRef ]

5. Finnerup NB, Kuner R, Jensen TS. Neuropathic pain: From 
mechanisms to treatment. Physiol Rev 2021;101(1):259-
301. [CrossRef ]

6. Latremoliere A, Woolf CJ. Central sensitization: A generator 
of pain hypersensitivity by central neural plasticity. J Pain 
2009;10(9):895-926. [CrossRef ]

7. Brosius Lutz A, Barres BA. Contrasting the glial response to 
axon injury in the central and peripheral nervous systems. 
Dev Cell 2014;28(1):7-17. [CrossRef ]

8. Liang L, Lutz BM, Bekker A, Tao YX. Epigenetic regulation 
of chronic pain. Epigenomics 2015;7(2):235-45. [CrossRef ]

9. Wu S, Marie Lutz B, Miao X, Liang L, Mo K, Chang YJ, 
et al. Dorsal root ganglion transcriptome analysis 
following peripheral nerve injury in mice. Mol Pain 
2016;12:1744806916629048. [CrossRef ]

10. Banafshe HR, Mesdaghinia A, Arani MN, Ramezani MH, 
Heydari A, Hamidi GA. Lithium attenuates pain-related 
behavior in a rat model of neuropathic pain: Possible 
involvement of opioid system. Pharmacol Biochem Behav 
2012;100(3):425-30. [CrossRef ]

11. Gaskin DJ, Richard P. The economic costs of pain in the 
United States. J Pain 2012;13(8):715-24. [CrossRef ]

12. Casamenti F, Stefani M. Olive polyphenols: New promising 
agents to combat aging-associated neurodegeneration. 
Expert Rev Neurother 2017;17(4):345-58. [CrossRef ]

13. Angeloni C, Malaguti M, Barbalace MC, Hrelia S. Bioactivity 
of olive oil phenols in neuroprotection. Int J Mol Sci 
2017;18(11):2230. [CrossRef ]

14. Rigacci S, Stefani M. Nutraceutical properties of olive oil 
polyphenols. An itinerary from cultured cells through animal 
models to humans. Int J Mol Sci 2016;17(6):843. [CrossRef ]

15. Yu H, Liu P, Tang H, Jing J, Lv X, Chen L, et al. Oleuropein, 
a natural extract from plants, offers neuroprotection in 
focal cerebral ischemia/reperfusion injury in mice. Eur J 
Pharmacol 2016;775:113-9. [CrossRef ]

16. Shi J, Wu G, Zou X, Jiang K. Oleuropein protects intracerebral 
hemorrhage-induced disruption of blood-brain barrier 
through alleviation of oxidative stress. Pharmacol Rep 
2017;69(6):1206-12. [CrossRef ]

17. Pourkhodadad S, Alirezaei M, Moghaddasi M, Ahmadvand 
H, Karami M, Delfan B, et al. Neuroprotective effects of 
oleuropein against cognitive dysfunction induced by 
colchicine in hippocampal CA1 area in rats. J Physiol Sci 
2016;66(5):397-405. [CrossRef ]

18. Chen H, Ma D, Zhang H, Tang Y, Wang J, Li R, et al. 
Antinociceptive effects of oleuropein in experimental 
models of neuropathic pain in male rats. Korean J Pain 
2021;34(1):35-46. [CrossRef ]

19. Xu M, Cheng Z, Ding Z, Wang Y, Guo Q, Huang C. 
Resveratrol enhances IL-4 receptor-mediated anti-
inflammatory effects in spinal cord and attenuates 
neuropathic pain following sciatic nerve injury. Mol Pain 
2018;14:1744806918767549. [CrossRef ]

20. Alirezaei M, Rezaei M, Hajighahramani S, Sookhtehzari A, Kiani 
K. Oleuropein attenuates cognitive dysfunction and oxidative 
stress induced by some anesthetic drugs in the hippocampal 
area of rats. J Physiol Sci 2017;67(1):131-9. [CrossRef]

21. Griggs RB, Bardo MT, Taylor BK. Gabapentin alleviates 
affective pain after traumatic nerve injury. Neuroreport 
2015;26(9):522-7. [CrossRef ]

22. Bain JR, Mackinnon SE, Hunter DA. Functional evaluation of 
complete sciatic, peroneal, and posterior tibial nerve lesions 
in the rat. Plast Reconstr Surg 1989;83(1):129-38. [CrossRef ]

https://doi.org/10.2147/JPR.S105892
https://doi.org/10.1016/j.ejphar.2013.11.033
https://doi.org/10.1136/bmj.f7656
https://doi.org/10.1016/S1474-4422(10)70143-5
https://doi.org/10.1152/physrev.00045.2019
https://doi.org/10.1016/j.jpain.2009.06.012
https://doi.org/10.1016/j.devcel.2013.12.002
https://doi.org/10.2217/epi.14.75
https://doi.org/10.1177/1744806916629048
https://doi.org/10.1016/j.pbb.2011.10.004
https://doi.org/10.1016/j.jpain.2012.03.009
https://doi.org/10.1080/14737175.2017.1245617
https://doi.org/10.3390/ijms18112230
https://doi.org/10.3390/ijms17060843
https://doi.org/10.1016/j.ejphar.2016.02.027
https://doi.org/10.1016/j.pharep.2017.05.004
https://doi.org/10.1007/s12576-016-0437-4
https://doi.org/10.3344/kjp.2021.34.1.35
https://doi.org/10.1177/1744806918767549
https://doi.org/10.1007/s12576-016-0446-3
https://doi.org/10.1097/WNR.0000000000000382
https://doi.org/10.1097/00006534-198901000-00024


139

J Clin Pract Res 2025;47(2):130–139 Akgül et al. Oleuropein Treatment Against Constriction Nerve Injury

23. Cheng FC, Sheu ML, Su HL, Chen YJ, Chen CJ, Chiu WT, et 
al. The effect of exercise on mobilization of hematopoietic 
progenitor cells involved in the repair of sciatic nerve 
crush injury. J Neurosurg 2013;118(3):594-605. Retraction 
in: J Neurosurg 2015;123(6):1607. [CrossRef ]

24. Bilir-Yildiz B, Sunay FB, Yilmaz HF, Bozkurt-Girit O. 
Low-intensity low-frequency pulsed ultrasound 
ameliorates sciatic nerve dysfunction in a rat model 
of cisplatin-induced peripheral neuropathy. Sci Rep 
2022;12:8125. [CrossRef ]

25. Oktay S, Bilgen M, Bozkurt Girit O, Bilgin MD. Neuroprotective 
potential of 20(S)-ginsenoside Rg3 against the progression 
of diabetic neuropathy: Experiments on rat sciatic nerve. J 
Clin Pract Res 2023;45(5):480-6. [CrossRef ]

26. Türedi S, Yuluğ E, Alver A, Bodur A, İnce İ. A morphological 
and biochemical evaluation of the effects of quercetin on 
experimental sciatic nerve damage in rats. Exp Ther Med 
2018;15(4):3215-24.

27. Cory H, Passarelli S, Szeto J, Tamez M, Mattei J. The role of 
polyphenols in human health and food systems: A mini-
review. Front Nutr 2018;5:87. [CrossRef ]

28. Pandey KB, Rizvi SI. Plant polyphenols as dietary 
antioxidants in human health and disease. Oxid Med Cell 
Longev 2009;2(5):270-8. [CrossRef ]

29. Leri M, Bucciantini M. Efficacy of oleuropein aglycone in 
the treatment of transthyretin-amyloidosis. Biochem Mol 
Biol J 2016;2(1):1-6. [CrossRef ]

30. Lee B, Shim I, Lee H, Hahm DH. Effect of oleuropein on 
cognitive deficits and changes in hippocampal brain-
derived neurotrophic factor and cytokine expression in 
a rat model of post-traumatic stress disorder. J Nat Med 
2018;72(1):44-56. [CrossRef ]

31. Lins PG, Marina Piccoli Pugine S, Scatolini AM, de 
Melo MP. In vitro antioxidant activity of olive leaf 
extract (Olea europaea L.) and its protective effect on 
oxidative damage in human erythrocytes. Heliyon 
2018;4(9):e00805. [CrossRef ]

32. Bayram M, Topuz S, Kaya C. Antioxidant, antimicrobial 
activity of olive leaf extract and oleuropein, their 
possibilities usage in foods. Turk J Agric Food Sci Technol 
2020;8(2):337-47.

33. Qabaha K, Al-Rimawi F, Qasem A, Naser SA. Oleuropein 
is responsible for the major anti-inflammatory effects of 
olive leaf extract. J Med Food 2018;21(3):302-5. [CrossRef ]

34. Shamshoum H, Vlavcheski F, Tsiani E. Anticancer effects of 
oleuropein. Biofactors 2017;43(4):517-28. [CrossRef ]

35. Yoshida Y, Umeno A, Shichiri M. Lipid peroxidation 
biomarkers for evaluating oxidative stress and assessing 
antioxidant capacity in vivo. J Clin Biochem Nutr 
2013;52(1):9-16. [CrossRef ]

36. Ibrahim MA, Abdelzaher WY, Rofaeil RR, Abdelwahab 
S. Efficacy and safety of combined low doses of either 
diclofenac or celecoxib with gabapentin versus their 
single high dose in treatment of neuropathic pain in rats. 
Biomed Pharmacother 2018;100:267-74. [CrossRef ]

37. Wang M, Ramasamy VS, Kang HK, Jo J. Oleuropein promotes 
hippocampal LTP via intracellular calcium mobilization 
and Ca2+-permeable AMPA receptor surface recruitment. 
Neuropharmacology 2020;176:108196. [CrossRef ]

38. Lin P, Qian W, Wang X, Cao L, Li S, Qian T. The 
biotransformation of oleuropein in rats. Biomed 
Chromatogr 2013;27(9):1162-7. [CrossRef ]

39. Kaeidi A, Esmaeili-Mahani S, Sheibani V, Abbasnejad M, 
Rasoulian B, Hajializadeh Z, et al. Olive (Olea europaea 
L.) leaf extract attenuates early diabetic neuropathic 
pain through prevention of high glucose-induced 
apoptosis: In vitro and in vivo studies. J Ethnopharmacol 
2011;136(1):188-96. [CrossRef ]

40. Giacometti J, Grubić-Kezele T. Olive leaf polyphenols 
attenuate the clinical course of experimental autoimmune 
encephalomyelitis and provide neuroprotection by 
reducing oxidative stress, regulating microglia and SIRT1, 
and preserving myelin integrity. Oxid Med Cell Longev 
2020;2020:6125638. [CrossRef ]

https://doi.org/10.3171/2012.8.JNS111580
https://doi.org/10.1038/s41598-022-11978-z
https://doi.org/10.14744/cpr.2023.35229
https://doi.org/10.3389/fnut.2018.00087
https://doi.org/10.4161/oxim.2.5.9498
https://doi.org/10.21767/2471-8084.100011
https://doi.org/10.1007/s11418-017-1103-8
https://doi.org/10.1016/j.heliyon.2018.e00805
https://doi.org/10.1089/jmf.2017.0070
https://doi.org/10.1002/biof.1366
https://doi.org/10.3164/jcbn.12-112
https://doi.org/10.1016/j.biopha.2018.01.102
https://doi.org/10.1016/j.neuropharm.2020.108196
https://doi.org/10.1002/bmc.2922
https://doi.org/10.1016/j.jep.2011.04.038
https://doi.org/10.1155/2020/6125638

