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SUMMARY
Peripheral nerve damage represents a preva-

lent medical concern, often precipitated by trau-
ma, tumors, and damage resulting from medical 
interventions. These factors instigate biochemi-
cal and inflammatory changes at the injury site, 
exacerbating nerve degeneration. Consequently, 
mitigating these alterations may facilitate nerve 
protection post-injury. The present study aimed 
to assess the potential enhancement of the nerve 
regeneration process and improved functional 
outcomes by administering cinnamon aqueous 
extract (CAE) after sciatic nerve crush in rats. A 
total of 28 rats were allocated into four groups: 
sham, injury, and CAE at dosages of 100 and 400 
mg/kg/day. By forceps, a crush injury was inflict-
ed on the sciatic nerve on the left side.

Following this, CAE was managed for 28 consec-
utive days. Weekly assessments were conducted 
to measure the sciatic functional index (SFI). Ad-
ditional evaluations involved electrophysiological 
and histomorphometric analyses, gastrocnemius 
muscle wet weight measurements, and serum to-
tal oxidant status (TOS) assessments. The results 
indicated that CAE could expedite recovery of the 

sciatic nerve following crush injury, with the 400 
mg/kg/day dosage demonstrating superior effects 
on SFI recovery, muscle mass ratio, and myelin 
content.

This study illustrates that CAE exerts a bene-
ficial influence on peripheral nerve restoration. 
Therefore, CAE therapy may be a promising treat-
ment modality for peripheral nerve regeneration 
and functional recovery. However, further inves-
tigations are necessary to validate these findings 
and determine the optimal dosage of CAE.
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INTRODUCTION
Peripheral nerve injury (PNI) is a prevalent clin-

ical issue that arises from various factors, includ-
ing traumatic events. Consequently, a significant 
number of individuals experience such injuries 
with an estimated incidence of 11.2 per 100,000 
population annually in England (Murphy et al., 
2023) and 36.9 per 1,000,000 person-years in the 
United States for sports and recreation-related 
injuries (Li et al., 2020). These injuries are asso-
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ciated with numerous complications, including 
substantial disability, diminished quality of life, 
and considerable economic burdens (Murphy et 
al., 2023b). The etiological factors contributing to 
the affected lesions are highly heterogeneous, en-
compassing conditions such as elongation, tran-
section, laceration, and compression (Zaidman 
et al., 2024). Traumatic causes account for a large 
proportion of PNIs, with vehicular accidents being 
the most common etiology (46.4-54.6%), followed 
by penetrating injuries (23.9%) (Kouyoumdjian et 
al., 2017; Aman et al., 2022). It predominantly af-
fects males and upper limb nerves (Murphy et al., 
2023; Li et al., 2020).

Additional factors that may contribute to the 
damage of peripheral nerves include a variety 
of metabolic disorders, like diabetic neuropathy 
affecting 50% of type 2 diabetes patients, and 
neurotoxic exposures, particularly chemother-
apy-induced neuropathy occurring in 68% of 
treated patients after a few months. These factors 
can have a profound effect on nerve function and 
overall health, potentially resulting in a spectrum 
of neurological disorders (Gibbons 2020; Hicks 
and Selvin, 2019; Desai et al., 2022; Seretny et al., 
2014).

Thus, any mismanagement or inappropriate 
intervention may lead to the loss of sensory, mo-
tor, and autonomic functions (Yüce et al., 2015). 
Around 24 to 48 hours following neuronal dam-
age, Wallerian degeneration commences, initi-
ating a cascade of cellular and molecular alter-
ations.

This procedure triggers inflammatory and bio-
chemical responses, leading to dorsal root ganglia 
death (DRGs), extensive cellular migration and 
proliferation, neuronal loss in the spinal cord, and 
apoptosis. These events subsequently result in 
the generation of free radicals, the formation and 
increase of toxic materials, and the development 
of scar tissue, all of which impede axonal regener-
ation and recovery (Houschyar et al., 2016; Faroni 
et al., 2015). Despite notable advancements in the 
understanding of the pathophysiology of periph-
eral nerve injury and repair, as well as empirical 
investigations aimed at mitigating the conse-
quences of neural damage, the recovery and re-
generation of neural tissues continue to pose sig-

nificant challenges (Houschyar et al., 2016; Yüce 
et al., 2015).

Although there is a lack of effective medical 
therapies for the regeneration of peripheral nerve 
injuries, clinical interventions for nerve repair 
remain essential (Murphy et al., 2023; Feng and 
Yuan, 2015). Wallerian degeneration encompass-
es the breakdown of myelin and the movement of 
Schwann cells (SCs) and macrophages to the site 
of degeneration in the nerve fibers, facilitating the 
clearance of nerve debris. Furthermore, during 
Wallerian degeneration, various free radicals and 
pro-inflammatory cytokines, such as tumor ne-
crosis factor α (TNF-α), interleukin-1 beta (IL-1ß), 
and interleukin-6 (IL-6), are released by phago-
cytic cells, including macrophages and SCs (Ma 
and Eisenach, 2003; Rock and Kono, 2008). Con-
sequently, the regulated release of inflammatory 
and oxidative mediators can represent a hopeful 
therapeutic strategy for nerve repair via miti-
gating scar tissue formation (Ma and Eisenach, 
2003; Atik et al., 2011). Numerous researchers 
have investigated the beneficial effects of exoge-
nous mediators on nerve repair, suggesting that 
certain exogenous compounds that modulate in-
flammatory mediators and free radical produc-
tion can enhance nerve regeneration and remye-
lination (Izhiman and Esfandiari, 2024; Li et al., 
2020; Moharrami Kasmaie et al., 2019; Kocaoglu 
et al., 2017). The current investigation is direct-
ed towards novel exogenous agents that may offer 
greater efficacy and reduce undesirable conse-
quences on nerve regeneration. Cinnamon, the 
most recognized spice derived from Cinnamo-
mum trees, has been shown to possess a range of 
therapeutic properties, including antioxidant, an-
ti-tumor, anti-inflammatory, and neuroprotective 
effects (Roghani et al., 2017; Ho et al., 2013; Patra 
et al., 2012; Chen et al., 2016). This herb contains 
various bioactive compounds that exhibit strong 
anti-inflammatory and antioxidant properties 
(Davoudi and Ramazani, 2024; Stavinoha and Vat-
tem, 2015; Ho et al., 2013).

Research indicates that cinnamon significantly 
inhibits the production and creation of numerous 
inflammatory factors and free radicals, suggest-
ing its potential neuroprotective role in neuro-
degenerative conditions following nerve damage. 
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Researchers propose that cinnamon may be a 
therapeutic agent for neurodegenerative disor-
ders within the central nervous system (Liu et 
al., 2017; Roghani et al., 2017; Pyo et al., 2013). 
Considering the previously mentioned benefits of 
cinnamon, mainly its ability to modulate inflam-
mation in the nervous system and its encouraging 
effects on nervous tissue repair, the current study 
aims to investigate the role of cinnamon in regen-
erating peripheral nerves using a rat crush injury 
model.

MATERIALS AND METHODS

Cinnamon extract preparation

The dried bark of Cinnamomum zeylanicum 
(CZ) was sourced from a local retailer and authen-
ticated by the Department of Pharmacognosy at 
Guilan University, assigned Herbarium number 
GUMS-C17. The bark was ground into a coarse 
powder, and an aqueous extract was prepared by 
soaking 100 grams of the material in 300 millili-
ters of distilled water at 35°C for 24,

48, and 72 hours. The extract was filtered (GE 
Healthcare, UK), concentrated with a rotary evap-
orator (Heidolph, Germany), and freeze-dried 
(Christ, Germany), resulting in a dark brown pow-
der stored at -20°C.

Cinnamon extract analysis

The aqueous extract of cinnamon was analyzed 
via gas chromatography coupled with mass spec-
trometry (GC/MS, Agilent 7890A, USA) to identify 
its active constituents. This analysis was conduct-
ed at Varna Paya Pajooh Maham, a private bio-
technology laboratory in Rasht, Iran.

Experimental and animal groups

The study involved twenty-eight male Wistar 
rats, each weighing between 250 and 300 grams 
and aged 8 to 10 weeks, all exhibiting normal 
motor function as indicated by an SFI score of 
approximately 0. The animal care and research 
protocols were approved by the Ethics Committee 
of Guilan University of Medical Sciences (license 
number: IR.GUMS.REC.1397.154,2018). The rats 
were housed in autoclavable Makrolon polycar-

bonate cages (dimensions: 42 x 27 x 15 cm; Ta-
jhiz Gostar, Iran), with continuous access to food 
and water, under controlled environmental con-
ditions characterized by a humidity level of 55% 
± 5% and a 12-hour light-dark cycle, maintained 
at a room temperature ranging from 18°C to 
21°C. Following a two-week acclimatization peri-
od, the animals were randomly assigned to four 
groups (n=7 each): Sham (control), clamp (injury), 
clamp + CAE (100 mg/kg/day), and clamp + CAE 
(400 mg/kg/day), hereafter referred to as CAE100 
and CAE400, respectively. The two experimental 
groups received cinnamon extract orally at 100 
mg/kg and 400 mg/kg via syringe (Ranasinghe 
et al., 2012). The animals were administered the 
extract four weeks post-surgery through syringe 
feeding.

Surgical procedures

Sedation was induced through intraperitoneal 
(IP) administration of xylazine (10 mg/kg, Inter-
chemie, Holland) and ketamine (100 mg/kg, Ro-
texmedica, Germany). Following sedation, the rats 
were prepared for surgery, and the surgical site 
was first disinfected using a 10% povidone-iodine 
solution. Following this, the hair in the area was 
shaved, and the site was subsequently disinfected 
once more with the solution. A 2 cm incision was 
made in the fascia and skin of the posterior left 
thigh. Subsequently, the biceps femoris and vas-
tus lateralis muscles were meticulously dissected 
to expose the sciatic nerve. In a controlled exper-
imental procedure, the sciatic nerve, 1 cm prox-
imal to its bifurcation, was subjected to a crush 
injury. The injury was inflicted by a clamp for two 
minutes. Post-operative care involved monitoring 
the animals as they recovered from sedation un-
der a heat lamp, after which they were allowed to 
access food and water ad libitum. To reduce the 
risk of infection, a subcutaneous injection of 0.1 
cc of enrofloxacin 5% was administered for three 
days postoperatively. Syringe feeding commenced 
the day following the surgery and continued for 
28 consecutive days —a single trained individual 
conducted all surgical procedures before noon.

Functional recovery assessment

The Sciatic Functional Index (SFI) was evaluat-
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ed on postoperative days 7, 14, 21, and 28. In this 
experimental setup, the hind paws of the subjects 
were marked with black ink, and the rats were 
subsequently allowed to traverse a designated 
track measuring 50 × 7.5 cm². Following this, the 
SFI of the sciatic nerve was determined by analyz-
ing the footprints of the animals on a blank sheet 
in conjunction with the formula established by 
Bain et al., (1989): SFI = 109.5 (ETS – NTS)/ NTS 
– 38.3 (EPL – NPL)/NPL + 13.3 (EIT – NIT)/ NIT – 
8.8.PL (the distance between the third toe and the 
heel), TS (the distance between the first and fifth 
toes), and IT (the distance between the second and 
fourth toes). In this equation, “N” denotes the nor-
mal feet, while “E” refers to the experimental feet. 
According to this methodology, an SFI score of 
-100 indicates substantial injury, whereas a score 
close to 0 signifies normal functional activity.

Electrophysiological analzysis

All experimental groups underwent electro-
physiological assessments on the 7th, 14th, 21st, 
and 28th day following the surgical procedure. A 
sedation protocol was used in order to expose the 
nerve for the evaluation, during which the am-
plitudes and conduction delays of the compound 
muscle action potential (CMAP) in the gastrocne-
mius muscle were measured. The study utilized 
E- Wave equipment (Science Beam, Iran) to re-
cord these parameters, with stimulation set at a 
frequency of 0.2 Hz and an intensity of 1000 mA, 
providing insights into the effectiveness of the 
surgical intervention on nerve recovery.

Gastrocnemius mass measurement

The gastrocnemius muscle mass ratio was uti-
lized to conduct a rehabilitation assessment. This 
ratio was chosen as it provides a reliable mea-
sure of muscle recovery following nerve injury. 
Following the euthanasia of the animals, the gas-
trocnemius muscles were accurately excised and 
collected from the unaffected (non-operated) and 
affected (operated) regions, with their mass re-
corded while still in a moist state. To evaluate the 
percentage weight ratios, the muscle mass from 
the damaged regions was divided by the mass 
from the intact areas (Schiraldi et al., 2018).

Histological evaluations

After four weeks, the rats were euthanized for 
the extraction of the gastrocnemius muscle and 
sciatic nerve. The distal segments of the sciatic 
nerve and the middle third of the gastrocnemius 
muscle were fixed in a 10% formaldehyde solu-
tion (Merck, Germany). The samples were stored 
in fixation solution at 4°C until evaluation. Fol-
lowing treatment, the samples were embedded in 
paraffin (Bio-Optica, Italy) and sectioned at 5-µm 
intervals.

Hematoxylin and Eosin (H&E) staining

H&E staining was performed in order to exam-
ine the histological structure of the gastrocnemius 
muscle and measure muscle fiber diameters. Af-
ter deparaffinization and rehydration, Hematoxy-
lin was applied to these sections for 5 to 10 min-
utes, allowing the nuclei to take in dye and appear 
blue, followed by rinsing in running tap water. 
The cytoplasm and extracellular matrix were then 
stained pink with counterstaining of eosin for 30 
seconds. Finally, the slides were washed in graded 
alcohols; cleared in substitute for xylene, and cov-
erslipped for light microscopy.

  Luxol Fast Blue (LFB) staining

After deparaffinization and rehydration, sec-
tions were incubated in Luxol Fast Blue solution 
(Sigma-Aldrich) overnight. The excess stain was 
then rinsed off with 95% ethyl alcohol and dis-
tilled water. The sections were differentiated in a 
0.05% lithium carbonate solution for 30 seconds, 
followed by a 30-second rinse in 70% ethyl alco-
hol. A final rinse in distilled water was performed.

Immunohistochemistry

Immunohistochemical (IHC) techniques as-
sessed myelin content and specific protein ex-
pression. The quantification of axonal neurofil-
aments and Schwann cells was conducted using 
primary antibodies, specifically rabbit anti-neu-
rofilament-200 (NF-200, 1:100 dilution, Abcam) 
and rabbit anti-S100 (1:100 dilution, Abcam), with 
overnight incubation at 4 °C. After this, the sec-
tions were incubated for one hour at room tem-
perature with a goat HRP-conjugated anti- rabbit 
secondary antibody diluted 1:1000 (Abcam). The 
visualization chromogen was Diaminobenzidine 
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(DAB) (SIGMAFAST™ DAB with Metal Enhancer, 
Sigma). The sections were subsequently exam-
ined using light microscopy. Five segments from 
each animal were selected at equivalent intervals 
for quantification purposes. Each segment was 
analyzed, and the total number of positive sec-
tions was averaged in five randomly chosen 400× 
microscopic fields (Novex, Netherlands).

We utilized ImageJ software (v 1.51, NIH, 
Bethesda, MD) to evaluate LFB color intensity 
and the number of axonal neurofilaments and 
Schwann cells. Muscle fiber diameters were as-
sessed using photomicrographs of H&E-stained 
muscle tissue sections, which were analyzed with 
Digimizer software (v 4.3.0).

Total Oxidant Status (TOS)

We assessed total oxidant status (TOS) using a 
kit (Kiazist Company, Iran), which measured the 
concentrations of reactive nitrogen species (RNS) 
and reactive oxygen species (ROS) in all serum 
samples. In this experimental procedure, the 
presence of oxidants leads to the oxidation of fer-
rous iron (Fe2+) to its ferric form (Fe3+), which is 
subsequently stained by a chromogen. The result-
ing color intensity was quantified using a spectro-
photometer set to a wavelength of 570 nm.

Statistical analysis

All statistical analyses were performed utilizing 
GraphPad Prism version 7.04. The current study’s 
results are mean ± standard deviation (SD) for all 
data sets. The normality of the data was assessed 
using the Kolmogorov-Smirnov test. We com-
pared the mean values across different groups 

using one-way analysis of variance (ANOVA), fol-
lowed by Tukey’s multiple comparison tests to 
identify significant differences. A p-value of less 
than 0.05 was considered statistically significant.

RESULTS

GC/MS data analysis

All tests were performed in triplicate under the 
same conditions, and data were collected. Eight 
chemical substances were identified using GC/
MS. The chemical compounds of the cinnamon 
extract, as determined by the GC/MS update li-
brary, are presented in Table 1. The main compo-
nents were the cinnamaldehyde and MSM.

SFI

The SFI presented significant decreases in the 
treatment and clamp groups in the first week of 
post-operation compared to the sham rats. Motor 
operational rehabilitation improved in the treat-
ment groups compared to the clamp group, as in-
dicated by the SFI data after 28 days post- surgery. 
The data demonstrated that administering CAE at 
different dosing levels significantly and progres-
sively affected the SFI. However, no significant 
difference was observed between the sets CAE 
400 and CAE 100 in the treatment groups (Fig. 1).

Gastrocnemius muscle mass

In all rats, healthy and damaged foot muscles 
were compared regarding the gastrocnemius 
muscle mass ratio, and measurements were per-
formed (Fig. 2). The sham group demonstrated 
the optimal data, with no muscle atrophy among 

Table 1. The chemical contents of cinnamon aqueous extract. 

Component Area Relation time(RT) Quality

Cinnamaldehyde 63.29 11.018 97

Methyl sulfonyl methane (MSM) 21.8 3.877 90

Cinnamyl alcohol 4.83 11.767 96

 cis-2-Methoxycinnamaldehyde 2.28 16.511 98

Coumarin 2.01 14.663 81

 alpha-D-Glucopyranosiduronic acid 1.19 17.775 88

1-Methyl-2-pyrrolidone 1.27 6.068 95

Others 3.33

The chemical contents of cinnamon aqueous extract. The contents were compared in terms of their mass spectra and relative 
retention time with those of standards. The extract compositions were designated based on corresponding retention time and 
spectra with the WILEY 275 (Wiley W9N11.L) library and the NIH Mass Spectral Database (NIST 11).
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other groups. The comparison of the treatment 
and clamp sets revealed a statistically significant 
difference (p < 0.05). However, no significant dif-
ference was observed in the treatment groups be-
tween CAE400 and CAE100.

Electrophysiological test

An electrophysiological experiment was applied 
to assess and evaluate motor functional rehabili-
tation after 28 days post-surgery. As presented in 

Fig. 3, the peak amplitude and the onset latency 
of CMAP were assessed for all groups. Statistically, 
considerable differences were identified between 
sham and clamp groups, and the latency was ele-
vated in the clamp group compared to the other 
groups (p < 0.05). The clamp group demonstrated 
a reduction in amplitude, with statistically sig-
nificant differences observed when compared to 
the sham group (p < 0.05). Furthermore, both la-
tency and amplitude metrics in the CAE100 and 

Fig. 1.- Motor Function recovery. The SFI decreased notably after the injury. The SFI value in the Sham group was better than that 
of other groups and had a significant difference compared to the CAE100 and CAE400 groups. The differences between the CAE 
groups were not significant.  (*, # p<0.05, * the sham group compared to other groups, # CAE groups compare to Clamp group).

Fig. 2.- Gastrocnemius muscle weight. The gastrocnemius muscle on both sides (injured left and uninjured right) was weighed in 
all groups 4 weeks after surgery. There was no significant difference between the gastrocnemius muscle weight ratios of the CAE 
groups. There were statistically significant differences between the clamp and CAE groups (*p<0.05, compared to other groups; # 
p<0.05 compared to the clamp group).
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CAE400 groups exhibited marked improvement 
relative to the clamp group, reaching statistical 
significance (p < 0.05). The latency and amplitude 
measurements were similar between the CAE100 
and CAE400 groups. However, the CAE400 group 
demonstrated better recovery than the CAE100 
group (P < 0.05). Additionally, no statistically sig-
nificant difference in latency was observed be-
tween the CAE100 and the clamp group (p > 0.05).

Total Oxidant Status (TOS)

The serum total oxidative status (TOS) level was 

measured for each test group, as illustrated in Fig. 
4. The TOS levels in serum samples were assessed 
for all groups four weeks after the operation. The 
data showed that the TOS levels in the sham group 
(1.13 ± 0.06) and the clamp group (1.21 ± 0.08) 
were statistically comparable, and significantly 
elevated compared to the treatment groups. Se-
rum TOS levels were substantially lower in the 
treatment groups than in other groups. No statis-
tically significant difference was noted between 
the CAE400 and CAE100 groups. However, our 
results demonstrate that the groups treated with 
CAE showed a marked and statistically significant 

Fig. 3.- The electrophysiology test.  The comparison of latency and amplitude of CMAP outcomes, 4 weeks after injury in all groups. 
The latency rose in the clamp group, compared to other groups, and there were no statistically significant differences between the 
clamp and CAE100 groups (p>0.05). On the other hand, there were statistically significant differences in the latency between the 
Cin400 and Sham groups with the clamp group (p<0.05). Moreover, the amplitude fell in the clamp group, and there were statisti-
cally significant differences between the sham and CAE400 groups and the clamp group (p<0.05). In the latency and amplitude of 
CMAP, significant differences were not found between the CAE groups (* p<0.05 compared to clamp group).

Fig. 4.- Assessment of Total Oxidant Status (TOS), 4 weeks after injury. The analysis showed that treatment with cinnamon extract 
decreased the amount of oxidant in serum samples. There were no statistically significant differences between the TOS levels in the 
sham and clamp groups. Besides, there was a significant difference between the sham and clamp groups and the treatment groups. 
(* p<0.05 compared to the sham and clamp groups).
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reduction in total oxidative status (TOS) levels in 
the serum samples.

Histological evaluations

The diameter of gastrocnemius muscle fibers 
was compared among the clamp, treatment, and 
sham groups (Fig. 5). The sham set demonstrat-
ed the optimal data among the other sets, and 
no muscle atrophy was observed (Fig. 5A). In the 
clamp group, significant changes were observed, 
including a reduction in muscle fiber diameter 
and pronounced atrophy in the gastrocnemius 
muscle (Figure 5B). Additionally, there was a no-
table difference in muscle fiber diameter between 
the clamp and the sham and treatment groups 
(Figs. 5C-D). However, extract feeding led to an 
increase in the muscle fiber diameter of the gas-
trocnemius muscle. No statistically significant 
difference was detected between the two groups, 
CAE100 and CAE400.

The LFB staining was employed to evaluate 
nerve myelin. The color intensity across all groups 
was compared. The color intensity was higher in 
the sham group than in the other groups. Figure 
6 demonstrates the positive impact of CAE on 
myelin formation following a sciatic nerve crush 
injury in rats. The graph illustrates that the sham 

group presented the highest color intensity, mea-
suring 162.9 ± 9.48. In comparison, the clamp 
group showed a significant reduction in intensi-
ty, recording a value of 130.7 ± 5.26 (Figure 6B). 
However, using different CAE doses, these reduc-
tions were partially offset (Fig. 6C-D). The extract 
groups showed no significant difference in color 
intensity compared to the sham group (p>0.05). 
Conversely, a substantial difference was observed 
between the CAE100 and CAE400 groups com-
pared to the clamp groups. However, no notice-
able difference was found between the CAE100 
and CAE400 groups.

The presence of neurofilaments and Schwann 
cells (SCs) was investigated using immunohisto-
chemical staining. Data analysis demonstrated 
that the sham group had the highest number of 
SCs (Fig. 7). The comparison of the sham group 
and other groups showed a statistically significant 
difference (p<0.05). Although the extract feeding 
increased the number of SCs in the treatment 
sets, no considerable difference was identified 
between the treatment and clamp sets. No signif-
icant difference was found between CAE100 and 
CAE400 in the treatment sets. The anti-NF-200 
immunohistochemistry data showed that the 
sham group had the optimal outcome among all 
groups. There was no statistically significant dif-

Fig. 5.- Hematoxylin and eosin (H&E) staining and muscle fiber diameter. The H&E staining in (a) the sham group, (b) the clamp 
group, (c) the CAE100 group, and (d) the CAE400 group, 4 weeks after injury. We measured the average diameter of rat gastrocne-
mius muscle fibers in all groups. The data showed that the extract improved the muscle diameter; however, there was a significant 
difference between the diameter of gastrocnemius muscle fibers in the sham and CAE groups. (*p<0.05 compared to all other 
groups, # p<0.05 compared to clamp group, # p<0.05 compared to CAE100). Scale bars = 100 µm.
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ference between the treatment groups of CAE100 
and CAE400. However, a considerable distinc-
tion was noted when comparing these treatment 
groups to the clamp group. No meaningful differ-
ences were detected when comparing them with 
the sham group (Fig. 8).

DISCUSSION
Peripheral nerve injury represents a significant 

and prevalent concern in contemporary society, 
and despite advancements in treatment meth-
odologies, outcomes often remain unsatisfactory. 
This underscores the need for further research 

Fig. 6.- Luxol fast blue (LFB) staining. LFB staining in (a) the sham group, (b) the clamp group, (c) the CAE100 group, and (d) the 
CAE400 group, 4 weeks after the sciatic nerve crush injury. The quantification of staining intensity revealed that the injury reduced 
the myelin content; however, the treatment improved the myelination. There were no significant differences seen between the CAE 
groups and the sham group (* p<0.05 compared to the clamp group). Scale bars = 50 µm.

Fig. 7.- Immunohistochemical staining of Schwann cells, 4 weeks after injury in (a) the sham group, (b) the clamp group, (c) the 
CAE100 group, (d) the CAE400 group. The number of SCs in the sham group is higher than in the other groups, and the number is 
noticeably decreased in the clamp group. There was no significant difference between the CAE groups. However, there was a con-
siderable difference between the sham group and the CAE groups. Scale bars = 50 µm. (* p<0.05 compared to the other groups, # 
p<0.05 compared to the clamp group).
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that may identify effective therapeutic strategies 
or pharmacological agents to enhance recovery. A 
severe injury to a peripheral nerve, such as sciat-
ica, typically initiates a brief episode of local isch-
emia in the affected region. This ischemic event 
disrupts the electrolyte balance within the nerve 
and reduces endoneurial capillary blood flow. 
Consequently, these alterations trigger the release 
of various chemical mediators, increase vascular 
permeability, and compromise the integrity of the 
blood-nerve barrier. Such processes lead to endo-
thelial and intraneural edema, accompanied by 
an inflammatory response that induces metabol-
ic disturbances within the tissue. Following these 
pathological changes, toxic oxygen metabolites — 
including hydrogen peroxide (H2O2), superoxide 
anions, and hydroxyl radicals — accumulate in 
the damaged area alongside polymorphonuclear 
leukocytes. Released free radicals and cytokines 
from neutrophils further exacerbate nerve dam-
age (Kurtoglu et al., 2004; Morani and Bodhankar, 
2008). Subsequently, histological alterations oc-
cur, culminating in Wallerian degeneration in the 
distal segment of the injury (Dinh et al., 2009).

Consequently, therapeutic strategies to protect 
neurons and nerve tissue must address oxidative 

stress, emphasizing the importance of antioxi-
dant-active neuroprotective agents (Pekdemir et 
al., 2024). Evidence suggests that antioxidant en-
zymes, including catalase, superoxide dismutase, 
and glutathione-S-transferase, play a crucial role 
in regenerating peripheral nerves following inju-
ry (Lanza et al., 2012). Furthermore, antioxidant 
compounds such as melatonin and N-acetyl cys-
teine have demonstrated promising effects in 
accelerating the repair of the sciatic nerve after 
it has been subjected to crushing and amputa-
tion (Zencirci et al., 2010; Welin et al., 2009). The 
aqueous and alcoholic extracts of cinnamon and 
its derivatives exhibit antioxidant properties, ef-
fectively mitigating oxidative stress induced by 
reactive oxygen and nitrogen species (Jahromi 
et al., 2020; Gulcin et al., 2019; Muhammad and 
Dewettinck, 2017; Jang et al., 2007; Okawa et al., 
2001).

In the current study, a Crush model of sciatic 
nerve injury was developed in male rats to assess 
the therapeutic effects of cinnamon aqueous ex-
tract at dosages of 100 and 400 mg/kg/day, focus-
ing on the histological and motor recovery out-
comes in the subjects. The present investigation 
revealed a reduction in the quantities of myelin, 

Fig. 8.- Nerve regeneration assessment. Immunohistochemistry staining for regenerated nerves 4 weeks after surgery in (a) the 
sham group, (b) the injury group, (c) the CAE100 group, and (d) the CAE400 group. The quantification of the axons showed that the 
injury reduced the number of axons; however, the CAE feeding improved nerve regeneration. There was no significant difference 
between the number of axons in the sham and CAE groups. At the same time, there was a significant difference between the number 
of axons in the clamp group and the other groups. Scale bars = 50 µm. (* p<0.05, compared to the clamp group).
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nerve fibers, and Schwann cells following a crush 
injury to the sciatic nerve. Conversely, there was 
an observed increase in total serum oxidant lev-
els, corroborating findings from previous studies. 
Additionally, assessments of the motor function 
index (SFI), along with measurements of muscle 
cell diameter and the wet weight of the gastroc-
nemius muscle, demonstrated a beneficial effect 
of cinnamon aqueous extract in the treatment 
groups, facilitating the nerve repair process. His-
tological analyses indicated a significant enhance-
ment in myelin content and nerve fiber density 
in the treatment groups receiving 100 and 400 
mg/kg/day doses. Furthermore, while the num-
ber of Schwann cells increased in both treatment 
groups relative to the crush group, this change did 
not reach statistical significance.

Several studies have indicated that cinnamon 
contains constituents with antioxidant and an-
ti-inflammatory properties (Pagliari et al., 2023; 
Gunawardena et al., 2015; Mateos-Martín et al., 
2012). The results of our analysis corroborate this 
finding. The primary components of cinnamon 
extract (CE) identified in the current study are 
Cinnamaldehyde and Methyl sulfonyl methane 
(MSM).

Cinnamaldehyde (Cin), the principal constitu-
ent of cinnamon extract, is classified within the 
group of phenolic compounds, specifically as an 
aldehyde. This compound imparts the distinctive 
flavor and aroma associated with cinnamon. It is 
associated with a range of beneficial properties, 
including antioxidant, antimicrobial, anti-diabet-
ic, anti-cancer, anti-inflammatory, and neuropro-
tective effects (Roghani et al., 2017; Stavinoha and 
Vattem 2015; Calsamiglia et al., 2007). Evidence 
suggests that Cin functions as a natural anti-in-
flammatory and antioxidant mediator, with stud-
ies demonstrating its regenerative effects and en-
hancement of functional recovery following nerve 
damage (Jahromi et al., 2020; Roghani et al., 
2017; Chen et al., 2016; Pyo et al., 2013). The ther-
apeutic mechanisms underpinning the effects of 
Cin following sciatic nerve injury possibly involve 
the regulation of inflammatory mediators and 
oxidative stress pathways. (Jahromi et al., 2020; 
Roghani et al., 2017; Chao et al., 2008). It effec-
tively reduces the production of pro-inflammato-

ry cytokines, thereby diminishing the inflamma-
tory response. This reduction occurs through the 
inhibition of immune cell activation, particularly 
in macrophages and T-cells, which are crucial for 
cytokine production. Cinnamaldehyde downreg-
ulates genes encoding cytokines such as TNF-α, 
IL-1β, and IL-6 by interfering with transcription 
factors like NF-κB and AP-1, essential for the tran-
scription of these inflammatory mediators (Liao 
et al., 2008; Wondrak et al., 2010; Fu et al., 2017). 
Additionally, Cin inhibits the phosphorylation and 
degradation of IκB, preventing the release of NF-
κB dimers from the cytoplasm, thereby blocking 
their nuclear translocation and subsequent acti-
vation of pro-inflammatory genes.

Moreover, researchers have demonstrated that 
cinnamon possesses anti-inflammatory proper-
ties by inhibiting the expression of inducible ni-
tric oxide synthase (iNOS) and cyclooxygenase-2 
(COX-2). Cinnamaldehyde modulates the expres-
sion of antioxidant response genes via the Nrf2 
pathway, leading to an increase in antioxidant en-
zymes like superoxide dismutase (SOD) and glu-
tathione peroxidase (Wondrak et al., 2010; Wang 
et al., 2015; Uchi et al., 2017). This upregulation 
helps neutralize reactive oxygen species (ROS), 
reducing oxidative damage to cellular compo-
nents, which is vital in preventing neuronal apop-
tosis following nerve injury (Lv et al., 2017; Rashi-
di et al., 2021).

Following an injury, Schwann cells and macro-
phages express COX-2, which plays a significant 
role in the inflammatory response associated with 
nerve injury (Xie et al., 2022; Shin et al., 2003). 
COX-2 is recognized as an inflammatory mediator 
that modulates inflammatory processes in var-
ious neurological disorders (Belkas et al., 2004). 
This mediator promotes the expression of addi-
tional pro-inflammatory cytokines, exacerbating 
inflammation and contributing to nerve degener-
ation post-injury (Bedoui et al., 2023). A study by 
Klegeris and McGeer (2002) indicated that the in-
hibition of COX-2 could mitigate the toxic effects 
exerted by macrophages and glial cells in vitro. 
In light of the observed improvements in sciatic 
nerve repair in our study, it is plausible that the 
aqueous extract of cinnamon may similarly facil-
itate the recovery process. Conversely, generating 
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reactive oxygen species (ROS) in neuronal injuries 
is recognized as a primary contributor to nerve 
damage. It is posited that free radicals can impede 
axonal growth (Wu et al., 2020), and reducing the 
concentration of free radicals in the injury site 
may enhance the reduction of inflammation and 
edema (Sun et al., 2018).

Cin also stimulates the synthesis of neurotroph-
ic factors, notably nerve growth factor (NGF) and 
brain-derived neurotrophic factor (BDNF), which 
are essential for neuronal survival and axonal 
growth (Lykissas et al., 2007). By activating the 
TrkA receptor associated with NGF, Cin enhances 
downstream signaling pathways such as PI3K/Akt 
and MAPK/ERK, which are critical for neuronal 
growth and differentiation (Moosavi et al., 2015; 
Yuan et al., 2018).

The second component, methylsulfonyl meth-
ane (MSM), is a naturally occurring organosul-
fur compound found in trace amounts in certain 
green plants, fruits, and vegetables. Also called 
dimethyl sulfone, MSM is a safe nutritional sup-
plement for human consumption (Parcell, 2002).

MSM also acts as a potent antioxidant, effective-
ly reducing oxidative stress and protecting neuro-
nal integrity. By increasing levels of glutathione, 
a critical intracellular antioxidant, MSM aids in 
maintaining redox homeostasis within nerve 
cells (Kim et al., 2015; Butawan et al., 2020). Also, 
one investigation revealed that MSM significant-
ly decreased the production of malondialdehyde 
(MDA), myeloperoxidase (MPO), and IL-1β, while 
simultaneously increasing levels of glutathione 
(GSH) and catalase (CAT) (Amirshahrokhi et al., 
2011).

Furthermore, MSM balances the inflammato-
ry response by downregulating the production 
of pro-inflammatory cytokines while promoting 
the synthesis of anti-inflammatory mediators. Re-
search has indicated that MSM possesses anti-in-
flammatory properties; it reduces the expression 
of pro-inflammatory cytokines such as TNF-α 
IL-1, and IL-6 and the activity of inflammasomes 
in immune cells by modulating signaling path-
ways, including NF-κB (Vickers 2017; Kloesch 
et al., 2011; Kim et al., 2009; Mohammadi et al., 
2012). These properties are crucial for prevent-

ing chronic inflammatory states that can hinder 
nerve repair.

Following treatment with aqueous cinnamon 
extract at 100 and 400 mg/kg/day dosages, our 
findings indicated a significant reduction in oxi-
dant levels in both treatment groups when com-
pared to the control group subjected to crushing. 
These results corroborate the antioxidant capa-
bilities of cinnamon, which is consistent with 
previous research. Furthermore, it has been doc-
umented that those factors promoting the growth 
and proliferation of Schwann cells enhance the 
antioxidant capacity of the surrounding environ-
ment, as these cells play a role in diminishing ox-
idant levels and consequently reducing neuronal 
damage (Balakrishnan et al., 2021). The results of 
this study revealed an increase in the number of 
Schwann cells in the treatment group compared 
to the control group. Although this increase was 
not statistically significant, the observed im-
provements in other symptoms suggest that these 
cells may reduce oxidants.

Schwann cells are known to secrete neurotroph-
ic factors, including nerve growth factor (NGF), 
brain-derived neurotrophic factor (BDNF), and 
neurotrophin-3, which are essential for the sur-
vival and repair of neurons (Godinho et al., 2020; 
Azizi et al., 2014). Research conducted by Jana et 
al. (2013) indicates that cinnamon and its metab-
olite, sodium benzoate, enhance the expression of 
neurotrophic factors such as BDNF and neurotro-
phin-1.

Our immunohistochemical staining data, along 
with the observed increase in Schwann cell num-
bers following treatment with aqueous cinnamon 
extract, support the notion that these cells secrete 
neurotrophic factors. This secretion is associated 
with improvements in motor parameters, body 
weight, and the diameter of gastrocnemius mus-
cle cells, thereby affirming the role of Schwann 
cells in stimulating nerve fiber growth post-inju-
ry, as corroborated by other studies (Jahromi et 
al., 2020; Kang et al., 2003).

Additionally, Cin activates the PI3K/Akt and 
MAPK/ERK pathways and increases VEGF secre-
tion, promoting angiogenesis and wound healing 
(Yuan et al., 2018). By enhancing blood flow to the 
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injured nerve area, cinnamaldehyde facilitates 
the delivery of essential nutrients and oxygen, 
crucial for cellular repair and regeneration.

Overall, the sciatica functional index (SFI) is re-
garded as the most significant assessment meth-
od for evaluating the success and efficacy of in-
terventions aimed at nerve repair (Li et al., 2023; 
Farahpour and Ghayour, 2014; Mohammadi et 
al., 2013). The results of the current study indi-
cate that treatment with aqueous cinnamon ex-
tract at doses of 100 and 400 mg led to improve-
ments in SFI compared to the crush group after 
two weeks, with a notable increase in the fourth 
week for the 400 mg treatment group. Given that 
walking necessitates coordination among senso-
ry input, motor responses, and cortical function 
(Charalambous and Hadjipapas,2022), gait anal-
ysis via the SFI is considered a thorough and ef-
fective evaluation tool (Li et al., 2023; Farahpour 
and Ghayour, 2014). It is posited that the SFI test 
offers more excellent reliability and comprehen-
siveness than other histomorphometric methods 
for investigating peripheral nerve repair (Arcot et 
al., 2012; Joung et al., 2010).

In conclusion, the oral administration of cinna-
mon aqueous extract at dosages of 100 and 400 
mg/kg/day over 28 days in a rat model of sciatic 
nerve injury demonstrated significant improve-
ments in sciatic functional index (SFI), wet weight 
of the gastrocnemius muscle, muscle cell diame-
ter, myelin content, and the number of Schwann 
cells. These findings suggest that the bioactive 
components of cinnamon aqueous extract may 
facilitate nerve repair following injury by mitigat-
ing inflammation and promoting the clearance of 
detrimental oxidants. Consequently, cinnamon 
aqueous extract holds potential for future applica-
tions in the repair of damaged peripheral nerves.
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