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Background: Although peripheral nerve injury is not life-threatening, it causes significant 
disability. Following these damages, ischemia and inflammatory processes occur, resulting in 
neurological dysfunction. Several medications have been explored to alleviate the symptoms of 
peripheral nerve injury.

Objectives: This study aimed to investigate how crocin (CR) and azithromycin (AZ) affected 
sciatic nerve crush injuries in rats.

Materials & Methods: Five groups were established using 40 adult male rats: control, lesion, 
AZ, CR and AZ+CR. Except for the control group, sciatic nerve injury was surgically induced in 
the other groups. AZ and CR were administered alone or together to three treatment groups for 
seven days. Following the behavioral evaluations, sections of the sciatic nerve were stained for 
immunohistochemical, histological and morphometric assessment.

Results: CR treatment’s efficacy was more pronounced than AZ’s (P≤0.001). CR was found to be 
less efficacious than combination therapy involving AZ and CR, as determined by sciatic functional 
index (P≤0.001), hot plate (P≤0.001), and immunohistochemical analysis (P≤0.001). In the remaining 
evaluations, no significant difference existed between the AZ+CR and CR groups (P> 0.05).

Conclusion: This study found that both AZ and CR significantly improved the recovery of sciatic nerve 
injuries in rats, with CR being more effective. The combination of AZ and CR showed even greater 
benefits in some assessments compared to CR alone, although no significant differences were observed in 
other evaluations. These findings suggest that CR is a promising treatment for peripheral nerve injury and 
that combination therapy may enhance certain aspects of recovery. 
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Introduction

lthough peripheral nerve injury does not 
pose a direct threat to life, it results in 
substantial impairments that impact the 
everyday functioning of individuals and 
have significant social and economic 

ramifications. The majority of these wounds result from 
mechanical trauma, which could permanently harm the 
nerves and cause severe chronic pain, loss of sensation, 
loss of motor function, or paralysis [1, 2]. Despite the 
peripheral nerves’ ability to regenerate, this capability is 
inadequate in guaranteeing complete patient recovery, 
preservation of functional integrity, and enhancement 
of overall quality of life. When choosing treatments, 
it is important to consider many factors, including the 
degree, size, and location of the damage, the age of the 
patient, and the time elapsed between the injury and ther-
apeutic intervention. Therefore, the selection of appro-
priate methods has significant importance in the process 
of peripheral nerve healing [3]. Following peripheral 
nerve loss, there is a subsequent occurrence of ischemia 
and inflammatory processes, which give rise to neuro-
logical impairment. Several therapeutic interventions 
may be used to alleviate the effects of these processes. 
Numerous pharmaceuticals, metabolites, and chemical 
compounds have undergone extensive evaluation to re-
duce the ensuing consequences of peripheral nerve in-
jury. Furthermore, ongoing research efforts are actively 
pursued in this domain [4].

Crocin (CR), a water-soluble carotenoid with high an-
tioxidant activity, is a significant component of saffron 
[5-7]. Multiple studies have shown that CR has various 
therapeutic benefits, including antioxidant, anti-apoptot-
ic, anti-inflammatory, and antihypertensive properties 
[8-11]. Moreover, recent studies have demonstrated the 
ability of CR to reduce neuroinflammation and neurode-
generation in autoimmune encephalomyelitis by retain-

ing the density of myelin and axons in the spinal cord 
[8]. Additionally, CR has been demonstrated to accel-
erate functional recovery, decrease oxidative stress and 
repair myeline sheath after sciatic nerve crush injury in 
rats [6].

Azithromycin (AZ), an antibiotic approved by the 
Food and Drug Administration (FDA), is often used to 
treat several illnesses due to its notable anti-inflamma-
tory and immunomodulatory properties [12, 13]. The 
administration of AZ has been shown to inhibit the sig-
naling pathways of signal transducer and activator of 
transcription 1 and nuclear factor-kappa B (NF-kB) in 
macrophages, leading to the manifestation of anti-in-
flammatory properties [14]. During this particular phase, 
the administration of AZ effectively hinders the activa-
tion of pro-inflammatory macrophages (M1) while con-
currently promoting the activation of anti-inflammatory 
macrophages (M2) [15, 16]. Moreover, recent studies 
verify in favor of the use of AZ as a therapeutic interven-
tion for neurological disorders in neonates, including but 
not limited to stroke, retinal ischemia, muscular-spinal 
atrophy, and hypoxic-ischemic brain damage [13, 17]. 
A further investigation revealed that the 7 days admin-
istration of AZ can accelerate regeneration of the sciatic 
nerve, improve motor and sensory function recovery, 
and upregulate the expression of nerve growth factor 
and brain-derived neurotrophic factor genes after sciatic 
nerve crush injury in rats [18].

This research aimed to investigate and compare the ef-
fect of CR and AZ and their co-administration on func-
tional, histological, and biochemical alterations after sci-
atic nerve crush injury. The purpose was to determine the 
most advantageous technique for treating sciatic nerve 
injury in rats.

A

Highlights 

• Crocin improved sciatic nerve function significantly compared to azithromycin.

• Combined crocin and azithromycin therapy showed superior results in functional recovery.

• Crocin alone was equally effective as combined therapy in some nerve assessments.

• Sciatic nerve regeneration was enhanced with crocin and azithromycin treatment.

• Immunohistochemical analysis revealed better outcomes with combination therapy.

Abbaszadeh ME, et al. Crocin and Azithromycin in Sciatic Nerve Injury. Caspian J Neurol Sci. 2024; 10(4):312-324. 

http://cjns.gums.ac.ir/


314

October 2024, Volume 10, Issue 4, Number 39

Materials and Methods 

Animals and experimental design

A total of 40 adult albino rats, weighing 230 to 250 
g, were acquired from the Department of Pharmacology 
at Urmia University of Medical Sciences. The rats were 
housed in standard laboratory settings, which included 
a light-dark cycle of 12 hours each, a temperature-con-
trolled environment ranging from 23 °C to 25 °C, and ad 
libitum access to food and water. The experimental pro-
tocols adhered to the guidelines outlined in the “Guide 
for the Care and Use of Laboratory Animals” published 
by the National Institutes of Health.

Five groups of rats were randomly formed (8 animals 
per group). Group 1, or the control group, consisted of 
rats without sciatic nerve crush injury induction and re-
ceived normal saline and distilled water as vehicles daily 
for seven days. Group 2, or the lesion group, underwent 
a surgically-induced sciatic nerve crush injury; they re-
ceived normal saline and distilled water as vehicles daily 
for seven days. Group 3, or the CR group, after sciatic 
nerve crush injury induction, received CR (soluble in 
normal saline, 50 mg/kg, IP) daily for seven days [19]. 
Group 4, or the AZ group, after sciatic nerve crush in-
jury induction, received AZ (soluble in distilled water, 
160 mg/kg orally) daily for seven days [20]. Group 5, 
or the AZ+CR group, after inducing sciatic nerve crush 
injury, received 50 mg/kg CR and 160 mg/kg AZ daily 
for seven days.

Surgery

The rats were sedated by intraperitoneal administra-
tion of ketamine (80 mg/kg) and xylazine (10 mg/kg). 
The surgical area was shaved entirely and sterilized us-
ing betadine solution, spanning from the femoral head’s 
inferior aspect to the knee joint’s superior aspect. A 
small incision about 2–3 cm was made on the skin in the 
desired area. After the separation of the skin from the 
underlying tissues and the displacement of the muscles, 
the sciatic nerve became discernible deep in this region. 
Subsequently, a compression maneuver was performed 
on the sciatic nerve with medium surgical hemostatic 
forceps for 60 seconds at a location situated 1 cm proxi-
mal to the trifurcation site. The nerve compression was 
standardized across all rats using a single pair of locking 
forceps. After compression, the nerve was repositioned 
to its original anatomical location, the incision margins 
were sutured, and the wound was thoroughly cleansed. 
The animals were provided with appropriate thermal 
conditions during and after the treatment until they re-

gained consciousness. Following the rats’ consciousness 
restoration, they were transferred to individual enclo-
sures and subjected to standard environmental settings, 
including regulated light exposure, temperature, and hu-
midity levels [6].Sciatic functional index

On the 14th, 28th and 42nd postoperative days, the sci-
atic functional index (SFI) was used to assess functional 
recovery. For this experiment, the rat’s hind feet were 
soaked in ink and permitted to walk through a corridor 
covered with white paper. The SFI was then determined 
using the Equation 1:

1. SFI=-38.8[EPL-NPL/NPL]+109.5[ETS-NTS/
NTS]+13.3[EIT-NIT/NIT]–8.8

In Equation 1, PL indicates the sole length, TS is the 
distance between toes 1 and 5, IT is the distance between 
toes 2 and 4, E denotes the experimental side, and N is 
the healthy side. All measurements were taken in mm. 
An SFI score of 0 was considered normal leg move-
ment, while -100 indicated significant impairment [21].

Hot plate test

According to some research [22], the hot plate test was 
utilized to assess the thermal threshold. The test was 
conducted on the 42nd day after surgery using digital hot 
plate equipment. During the experiment, the gadget’s 
temperature was adjusted to 56 °C, after which the rats 
were placed on the hot plate. The response time mea-
surement included recording the duration, in seconds, 
that the rats needed to withdraw their injured leg from 
the screen. The process was conducted three times for 
each animal, with a time interval of 10 minutes between 
each repetition. To minimize the risk of harm to the rat’s 
foot, the duration of exposure on the hot plate did not 
exceed 12 seconds.

Mechanical withdrawal thresholds

Von Frey filaments and a mesh apparatus were used to 
evaluate the responses of animals to mechanical stimu-
lation to measure the presence of mechanical allodynia. 
The Von Frey hair consists of a handle and a slender 
polyethylene thread with different thicknesses, resulting 
in a range of forces exerted on the animal’s feet, ranging 
from 8 to 300 g. The mesh structure consists of a metal-
lic net supported by four bases, allowing unrestricted ac-
cess from the lower side. On the 42nd postoperative day, 
the rats were positioned on the mesh substrate to con-
duct this experiment. Subsequently, their injured hind 
paws were subjected to stimulation originating from the 
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mid-plantar surface, using a variety of filaments that var-
ied in pressure intensity, ranging from low to high. Each 
stimulation lasted for a duration of 6 to 8 seconds. The 
filament with the lowest pressure eliciting the animal’s 
paw withdrawal reaction was defined as the stimulation 
threshold [23].

Biochemical analysis of malondialdehyde (MDA) 
and total antioxidant capacity (TAC)

On the 42nd day of the study, the animals were admin-
istered ketamine (80 mg/kg) and xylazine (10 mg/kg) 
to induce sedation. Subsequently, 5 mL of blood was 
collected directly from their cardiac region and imme-
diately transferred to test tubes that were stored on ice. 
The sample underwent centrifugation at a speed of 3000 
rpm for 10 min. Following the separation of the serum, 
it was then held at a temperature of -70 °C until the lev-
els of MDA and TAC were assessed. The MDA test was 
performed to evaluate the extent of lipid peroxidation, 
a key indicator of oxidative stress in the tissue samples. 
Lipid peroxidation results from the oxidative degrada-
tion of lipids, which can lead to cellular damage, and is 
commonly assessed using the thiobarbituric acid (TBA) 
reactive substances assay.

TBA reaction technique

The MDA levels were measured using the TBA reac-
tion technique, following the method described by Oh-
kawa et al. [24]. This method involves the reaction of 
MDA, a product of lipid peroxidation, with TBA to form 
a pink chromogenic complex.

Colorimetric analysis

 The resulting chromogenic compound exhibits maxi-
mum absorbance at a wavelength of 535 nm. This colo-
rimetric analysis allows quantifying MDA concentration 
based on its light absorption properties.

MDA standard curve

A standard curve was constructed using tetraethoxy-
propane (TEP) as the MDA standard. This curve is used 
to determine the concentration of MDA in the samples. 
TEP is employed due to its known reactivity with TBA, 
which allows for accurate calibration and quantification.

Quantification

The concentration of MDA in the samples is expressed 
in µmol/L. The absorbance readings of the samples are 
compared against the standard curve to determine the 

MDA levels. The TAC test was performed using the 
TAC kit from Randox (Crumlin, County Antrim, UK). 
This assay is designed to measure the overall antioxidant 
capability of a sample by assessing its ability to scavenge 
free radicals. The quantification of caspase-3-positive 
cells was performed inside a tissue sample by counting 
the number of such cells present in 1 mm2. This measure-
ment was then used to compare and analyze the differ-
ences between the different experimental groups. In ad-
dition, software-based methods were used to investigate 
the cellular distribution [25].

Reaction principle

The assay employs the compound 3-ethylbenzothiazo-
line-6-sulfonate (ABTS), which forms a radical cation 
known as ABTS in the presence of peroxidase and hy-
drogen peroxide (H2O2)⁺. The radical cation exhibits a 
blue-green hue, which indicates the radicals’ presence.

Formation of ABTS+

During the reaction, ABTS reacts with H₂O₂ in the pres-
ence of peroxidase to generate the ABTS⁺ radical cation. 
The intensity of the blue-green color correlates with the 
concentration of ABTS⁺, a measure of oxidative stress.

Colorimetric detection

The color change is measured using a spectrophotom-
eter at a wavelength of 600 nm. The intensity of the 
blue-green hue detected at this wavelength is directly 
proportional to the concentration of ABTS⁺ and inverse-
ly proportional to the antioxidant activity of the sample.

Antioxidant capacity determination

 The antioxidant capacity of the sample is determined 
by comparing its ability to inhibit the formation of ABTS⁺ 
to that of a standard with known antioxidant properties. 
The greater the inhibition of the ABTS⁺ formation, the 
higher the antioxidant capacity of the sample.

Histopathological evaluation

On the 42nd day of the study, following the adminis-
tration of sedatives to the animals and subsequent blood 
collection for biochemical analysis, a 1 cm segment 
from the central portion of the sciatic nerve was taken 
inside the area of injury and preserved using paraformal-
dehyde. Following a 48 h period, the tissue underwent 
processing. Subsequently, 5 µ slices were cut from the 
tissue and subjected to staining with Luxol fast blue. For 
each tissue sample, 10 random fields of view were se-
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lected, and histological evaluation (myelinated fibers di-
ameter, myelin sheath diameter, and number of myelin-
ated fibers) was then conducted with a light microscope 
set at a magnification of 400× and ImageJ software, ver-
sion 1.52.

The Luxol fast blue staining technique was used to 
stain the myelin sheath in tissue slices of the sciatic 
nerve, resulting in a blue coloration. The morphometrics 
of the sciatic nerve, including the number of myelinated 
filaments, axon diameter and myelin sheath thickness, 
were evaluated using ImageJ software, version 1.52 in 
this study.

Immunohistochemical staining for apoptosis

The tissue segment slides were subjected to a tempera-
ture of 60 °C for about 25 min using a hot air oven (Venti-
cell, MMM, Einrichtungen, Germany). The tissue slices 
underwent deparaffinization in xylene twice, with each 
instance lasting for 5 minutes. Subsequently, rehydration 
was carried out by subjecting the tissue slices to an al-
cohol gradient, starting with a concentration of 90% and 
gradually decreasing to 80%, 70% and finally 50%. The 
antigen retrieval technique was conducted using a solu-
tion containing sodium citrate at a concentration of 10 
mM. The immunohistochemical staining procedure was 
performed according to the instructions provided by the 
manufacturers, Biocare and ScyTek, based in the United 

States. The endogenous peroxidase activity was sup-
pressed by immersing the sample in a peroxidase-block-
ing solution containing 0.03% hydrogen peroxide with 
sodium acid for 5 minutes. The tissue slices underwent 
a gentle rinsing using phosphate-buffered saline (PBS, 
pH 7.2) before being subjected to overnight incuba-
tion at -4°C with primary antibodies targeting caspase-3 
(1:500). Before immersion in a buffer solution, the sec-
tions were subjected to a gentle washing process using 
washing buffer (PBS, pH 7.2). Subsequently, the slides 
were placed into a humidified, which contained an anti-
microbial substance along with an appropriate amount 
of streptavidin-HRP (streptavidin chemically linked to 
horseradish peroxidase) in phosphate-buffered saline 
(PBS). The slides were incubated for 15 minutes. The 
tissue sections were cleaned in a washing buffer solu-
tion and then immersed in a buffer bath. The tissue slices 
were subjected to the addition of a DAB chromogen, 
which underwent incubation for 5 more minutes. Sub-
sequently, the sections were subjected to a counterstain-
ing process using hematoxylin for 20 seconds. Next, the 
sections were immersed in a solution of mild ammonia 
(0.037 mL) for 10 seconds, then rinsed with distilled wa-
ter and subsequent covering [26].

Statistical analysis

SPSS software, version 16 was utilized for statistical 
analysis. We assessed the distribution of the data using 

Figure 1. Effect of CR and AZ administration alone or combined on: A) Hot plate latency and B) Paw withdrawal threshold at 
day 42 after sciatic nerve compression injury in rats

Note: Data are presented as Mean±SD (n=7). The indicated P apply to both subfigures: a) Significant difference with the control 
group (P≤0.001), b) Significant difference with the lesion group (P≤0.001), c) Significant difference with the azithromycin group 
(P ≤ 0.01), d) Significant difference with the crocin group (P≤0.001).

Abbaszadeh ME, et al. Crocin and Azithromycin in Sciatic Nerve Injury. Caspian J Neurol Sci. 2024; 10(4):312-324. 

http://cjns.gums.ac.ir/


317

October 2024, Volume 10, Issue 4, Number 39

the Kolmogorov-Smirnov test. The results indicated 
that the data were normally distributed. To evaluate 
the significant differences between groups, statistical 
analysis was performed using a one-way analysis of vari-
ance (ANOVA). A Bonferroni post hoc analysis was used 
to compare all groups together. All data were presented in 
Mean±SD, with P≤0.05 regarded as statistically significant.

Results

SFI results

We analyzed the SFI values of rats on days 14, 28 and 
42 after surgery. The lesion group had the lowest mean 
SFI and severe leg weakness. However, the CR, AZ and 
AZ+CR groups showed higher SFI values than the lesion 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Effect of CR and AZ alone or combined on: A) MDA and B) TAC serum levels at day 42 after sciatic nerve compres-
sion injury in rats

Note: Data are presented as Mean±SD (n=7). The indicated P apply to both subfigures: a) Significant difference with the control 
group (P≤001), b) Significant difference with the lesion group (P≤0.001), c) Significant difference with the azithromycin group 
(P≤0.001).

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Photomicrographs of luxol fast blue from different groups staining, 42 days following surgery

 Note: Myelinated fibers (head arrow).
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group (P≤0.001), and all three treatment groups showed 
improved motor function. The AZ+CR group had a bet-
ter effect on sciatic nerve motor recovery than the CR 
and AZ groups (P≤0.001). The CR group had higher SFI 
levels than the AZ group at all three time points (day 14, 
day 28 and day 42) (P≤0.001), indicating that CR had a 
better effect on SFI values than AZ. The control group 
had the highest SFI level in all phases (Table 1). 

Hot plate results

Forty-two days after surgery, the control group 
showed the longest reaction time to thermal stimula-
tion (7.81±0.36 s), which decreased in the lesion group 
(2.71±0.32 s) (P≤0.001), indicating thermal hyperalgesia. 
The AZ, CR and AZ+CR groups had significantly higher 
reaction times (3.41±0.25, 5.10±0.26 and 6.21±0.25 s, 
respectively) (P<0.001), indicating an increase in the 
response threshold and reducing thermal hyperalgesia. 
The AZ+CR group showed a higher increase (P≤0.001), 
and CR was more effective than AZ in reducing thermal 

hyperalgesia in the response threshold to thermal stimu-
lation (P≤0.001) (Figure 1A). 

Mechanical withdrawal threshold results

The results of the investigation revealed a significant 
decrease in the paw withdrawal threshold among the le-
sion group (75±20.70 g) compared to the control group 
(300±0 g) (P<0.001), suggesting the presence of mechan-
ical allodynia after sciatic nerve damage. The mechani-
cal withdrawal threshold exhibited a greater value in the 
treatment groups AZ (145±72.31 g), CR (157.50±73.63 
g) and AZ+CR (160±74.07 g) compared to the lesion 
group; however, this difference did not reach statistical 
significance (P=0.203 compare to AZ group, P=0.070 
compare to CR group and P=0.056 compare to AZ+CR). 
The combined CR and AZ treatment demonstrated better 
results than the administration of AZ alone (Figure 1B).

 

   

Figure 4. The photomicrographs of immunohistochemistry staining for caspase-3, 42 days following surgery

 Note: caspase-3+cells (arrow), caspase-3-cells (head arrow).
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Biochemical analysis results

Forty-two days after surgery, the control group had the 
lowest average serum MDA levels (1.66±0.12 nmol/
mL). In contrast, the lesion group had significantly high-
er mean MDA levels (4.84±0.22 nmol/mL) (P≤0.001), 
indicating increased lipid peroxidation. However, the 
AZ, CR and AZ+CR treatment groups had lower MDA 
levels (4.04±0.14, 2.41±0.24 and 2.38±0.23 nmol/mL, 
respectively) than the lesion group (P≤0.001), indicating 
effective therapeutic approaches to reducing lipid peroxi-
dation. The effect was more robust in the AZ+CR groups, 
with lower and significant mean serum MDA levels 
(P≤0.001). The difference in mean serum MDA between 
the CR and AZ+CR groups was not statistically signifi-
cant (P>0.999), but these two groups had significant dif-
ferences with the AZ group (P≤0.001) (Figure 2. A).

The results showed that serum TAC levels were low-
est in the lesion group (0.31±0.02 nmol/mL) Forty-two 
days after surgery. However, the AZ, CR and AZ+CR 
treatment groups had significantly higher mean serum 
TAC levels (0.41±0.03, 0.8±0.03 and 0.81±0.02 nmol/

mL, respectively) than the lesion group (P≤0.001). The 
CR and AZ+CR groups had no significant difference in 
serum TAC levels (P>0.999); these two groups had a sig-
nificant difference with the AZ group (P≤0.001), while 
the control group had the highest mean serum TAC level 
(0.91±0.04 nmol/ml) and significantly differed from 
other groups (P≤0.001) (Figure 2B).

Histopathological results

Figure 3 shows tissue sections stained with Luxol fast 
blue in different groups. Based on these sections, vari-
ables of myelinated fiber diameter, myelin sheath diam-
eter, and myelinated fiber number were measured. The 
results of these three variables are as follows:

The study found that the lesion group had the lowest 
mean of myelinated fibers diameter (6.28±0.17 µm) on 
the 42nd day after surgery, which increased significantly 
in the AZ, CR, and AZ+CR treatment groups (7±0.15, 
8.65±0.11 and 8.76±0.22 µm, respectively) (P≤0.001). 
The CR and AZ+CR groups had a higher mean of my-
elinated fibers diameter than the AZ group (P≤0.001), 
but no significant difference was found between these 

Table 1. Sciatic functional index 14, 28 and 42 days after surgery

Variables
Mean±SD

Control Lesion Azithromycin Crocin AZ+CR

SFI

14 -6.49±0.22 -77.78±1.86a -70.91±1.81ab -59.54±1.89abc -50.95±2.20abcd

28 -6.59±0.12 -72.53±1.04a -61.11±1.90ab -48.09±1.60abc -39.56±1.31abcd

42 -6.45±0.24 -64.85±1.62a -52.20±1.16ab -36.22±1.03abc -31.85±1.71abcd

SFI: Sciatic N. function index.�

a Significant difference with the control group (P<0.001), b Significant difference with the lesion group (P<0.001), c Significant 
difference with the azithromycin group (P<0.001), d Significant difference with the crocin group (P<0.001).

Table 2. The mean morphometric parameters in the experimental groups

Variables
Mean±SD (P Between Two Groups) P* (Between 

All Groups)Control Lesion Azithromycin Crocin AZ+CR

Myelinated fibers diam-
eter (µm)

9.12±0.22
(0.08)

6.28±0.17a

(0.06)
7±0.15ab

(0.05)
8.65±0.11abc

(0.04)
8.76±0.22abc

(0.08) <0.001**

Myelin sheath diameter 
(µm)

2.59±0.12
(0.04)

1.54±0.10a

(0.03)
1.90±0.10ab

(0.03)
2.38±0.13abc

(0.04)
2.40±0.13abc

(0.05) <0.001**

Myelinated fibers number 93.38±3.81
(1.35)

37.75±1.49a

(0.53)
51.88±2.10ab

(0.74)
78±1.60abc

(0.57)
80.50±1.69abc

(0.60) <0.001**

Percentage of caspase-
3-positive cells

3.50±0.93
(0.33)

59.50±2.98a

(1.05)
41.38±2.07ab

(0.73)
29.50±1.93abc

(0.68)
22.13±2.03abc

(0.72) <0.001**

a Significant difference with the control group, b Significant difference with the lesion group, c Significant difference with the 
azithromycin group, d Significant difference with the crocin group, *One way-ANOVA test, **Statistically significant.
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two groups (P=1). The control group had the highest 
mean of myelinated fibers diameter (9.12±0.22 µm) and 
was significantly different from other groups (P≤0.05) 
(Table 2).

The research investigation revealed a significant dif-
ference in the average diameter of the myelin sheath 
between the AZ, CR and AZ+CR groups (1.90±0.10, 
2.38±0.13 and 2.40±0.13 µm, respectively) compared 
to the lesion group (1.54±0.10 µm) (P≤0.001). There 
was no statistically significant difference between the 
groups receiving CR and AZ+CR. However, an impor-
tant difference was observed between these two groups 
and the group receiving AZ alone. The mean diameter of 
the myelin sheath in the control group (2.59±0.12 µm) 
exhibited a statistically significant difference (P≤0.05) 
(Table 2).

The control group had the highest mean number of 
myelinated fibers (93.38±3.81), but after sciatic nerve 
injury, the number decreased significantly (37.75±1.49) 
(P≤0.001). However, the AZ, CR and AZ+CR treat-
ment groups had significantly higher myelinated fibers 
(51.88±2.10, 78±1.60 and 80.50±1.69, respectively) 
than the lesion group (P≤0.001). No significant differ-
ence was observed between the CR and AZ+CR groups 
(P=0.371), but there was a significant difference between 
these two groups and the AZ group (P≤0.001) (Table 2).

Based on these results, it can be concluded that demy-
elination caused by sciatic nerve damage significantly 
improved in the treatment groups. Among these treat-
ment groups, CR and AZ+CR treatments showed better 
results in remyelination.

Immunohistochemical results

Figure 4 shows caspase-3-stained slides. The study 
found that the lesion group had a higher percentage of 
caspase-3-positive cells (59.50±2.98%), indicating in-
creased nerve tissue cell apoptosis after sciatic nerve 
injury. However, the AZ, CR and AZ+CR groups had 
lower apoptosis rates (41.38±2.07%, 29.50±1.93% 
and 22.13±2.03%, respectively) than the lesion group 
(P≤0.001). The AZ+CR treatment method was better 
than CR and AZ alone in reducing apoptosis (P≤0.001). 
CR also performed better than AZ in preventing apop-
tosis (P≤0.001). The control group had the lowest per-
centage of caspase-3-positive cells (3.50±0.93%), with 
a significant difference from the other groups (P≤0.001) 
(Table 2).

Discussion

Peripheral nerve damage may lead to long-term tissue 
atrophy and dysfunction of organs, resulting in substan-
tial financial burdens for both people and societies [27, 
28]. Pharmacological interventions have emerged as a 
promising treatment modality for peripheral nerve crush 
injuries, with the identification of efficacious drugs that 
might potentially enhance nerve regeneration being 
recognized as an essential therapeutic need [29]. Con-
sequently, given the characteristics of AZ and CR, the 
present study investigated the effects of individual and 
combined drug administrations on sciatic nerve crush 
injuries.

According to our findings, AZ can improve sciatic 
nerve motor and sensory function, reduce oxidative 
stress and apoptosis in nerve tissue cells, and expedite 
remyelination. These findings were congruent with the 
findings of Ferdowsi et al. who found that a 150 mg/kg 
AZ injection improved sciatic nerve mobility and sensa-
tion, expedited remyelination, and raised neurotrophic 
factors [18]. CR, like AZ, had a significant difference 
with the lesion group in motor, sensory, oxidative stress, 
apoptosis, and myelin sheath histopathologic tests in our 
study and caused the sciatic nerve lesion to improve in 
the measured parameters. Tamaddonfard et al. found that 
CR injection at doses of 5, 20 and 80 mg/kg enhanced 
sciatic nerve motor function, reduced oxidative stress, 
and accelerated remyelination in their investigation [6]. 
However, based on our findings, CR was more effec-
tive than AZ in mending sciatic nerve injuries, and CR 
showed a significant difference in the tests done.

The neuroprotective advantages of AZ may be attrib-
uted to its immunomodulatory effects, which include the 
reduction of inflammatory cytokines, restriction of neu-
trophil infiltration, and promotion of macrophage polar-
ization towards the M2 phenotype [30]. Macrophages 
are essential contributors to peripheral nerve regenera-
tion, as they are responsible for the clearance of waste 
products, the production of growth factors, and the resto-
ration of the extracellular matrix [31, 32]. Nevertheless, 
activating pro-inflammatory macrophages, also known 
as M1 macrophages, results in the generation of oxida-
tive stress and the synthesis of pro-inflammatory cyto-
kines. This cascade of events ultimately leads to neuro-
toxicity and the subsequent loss of axons. In contrast, 
M2 macrophages, also known as anti-inflammatory 
macrophages, can promote angiogenesis, cell replace-
ment, and extracellular matrix repair, ultimately result-
ing in the regeneration of nerve tissue [33, 34]. In a study 
conducted by Zhang et al. (2015), the effects of AZ on 
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spinal cord injury were investigated. The study conduct-
ed by the researchers found that administering AZ aug-
ments the population of anti-inflammatory macrophages 
while simultaneously reducing the activation of pro-
inflammatory macrophages. This outcome significantly 
impacted the preservation of nerve tissue and subsequent 
improvement in motor function recovery [35].

The primary preventive advantages of CR may be at-
tributed to its antioxidant, anti-inflammatory, anti-apop-
totic, and immune-modulating properties [36-38]. CR 
can potentially provide neuroprotection via its ability to 
modulate inflammation, oxidative stress, and apoptosis 
[36, 39, 40]. CR has been shown to possess potential an-
ti-inflammatory properties. It can inhibit inflammation in 
neurodegenerative processes by modulating the NF-kB 
signaling pathway and promoting the activation of mac-
rophages in neuronal and glial cells [41, 42]. Moreover, 
studies have shown that CR has neuroprotective proper-
ties via the inhibition of enzymes, including cyclooxy-
genase (COX)-2, as well as inflammatory pathways such 
as mitogen-activated kinases and adenosine monophos-
phate- and 5’-adenosine monophosphate-activated pro-
tein kinases. Additionally, it hinders the synthesis of pro-
inflammatory cytokines, including tumor necrosis factor 
(TNF)α, interleukin (IL)-1, IL-2, IL-6, IL-8, and IL-12 
[37, 43]. CR has been shown to have anti-inflammatory 
and neuroprotective properties in damaged nerve cells 
via the inhibition of nitric oxide (NO) production and 
the downregulation of inducible NO synthase (iNOS) 
expression [37]. CR has been shown to have anti-inflam-
matory properties by inhibiting the generation of TNF, 
hence exerting an influence on neuroinflammation [37, 
44].

In contrast, CR treatment reduces apoptotic markers 
in instances of neuronal injury, notably in neurodegen-
erative conditions [36]. The anti-apoptotic effects of CR 
have been shown in the brain via the downregulation of 
Bax and upregulation of Bcl-2 levels [45, 46]. CR has 
been shown to potentially hinder the caspase 3-medi-
ated cleavages that produce Bax and nuclear conden-
sation in several neurodegenerative disorders [45, 47]. 
CR potentially inhibits cell death in the apoptotic pro-
cess associated with neurodegeneration [47, 48]. The 
neuroprotective activity of CR is strongly associated 
with its antioxidant capacity [46]. CR can scavenge free 
radicals, hence providing cellular protection against oxi-
dative stress. Possible processes in this context include 
identifying changes in enzyme activity and translation 
levels within the cellular redox system. Enzymes such as 
glutathione peroxidase (GPx), glutathione-S-transferase 
(GST), catalase (CAT) and superoxide dismutase (SOD) 

have been implicated in these changes. In contrast, the 
endoplasmic reticulum is significantly associated with 
cellular oxidative stress. Evidence suggests a correla-
tion between alterations in the mRNA expression level 
of endoplasmic reticulum stressors and the development 
of certain stress-related disorders, including Alzheimer 
disease and cancer. CR is believed to be an oxidative 
stress inhibitor that activates the endoplasmic reticulum 
by producing specific genes via mRNA. This activation 
reduces ER stress, as seen by decreased levels of MDA 
and NO in neuronal cell disorders [43].

The measurement of MDA was included in the study 
to assess lipid peroxidation as an indicator of oxidative 
stress. MDA levels directly measure oxidative damage, 
a useful marker for understanding the extent of lipid per-
oxidation in the experimental model. While our study 
did not include measurements of GSH and SOD, we fo-
cused on MDA to provide insight into oxidative stress 
and its potential impact on the experimental outcomes. 
MDA is a crucial indicator of oxidative damage, and its 
levels can offer valuable information about the overall 
oxidative status.

Based on these factors, the stronger efficacy of CR 
in ameliorating sciatic nerve damage, as compared to 
AZ, may be attributed to its wider range of actions and 
greater diversity. The neuroprotective effects of AZ may 
be attributed exclusively to its immunomodulatory and 
anti-inflammatory capabilities. In contrast, CR has no-
table antioxidant and anti-apoptotic qualities and anti-
inflammatory properties. In contrast, the concurrent ad-
ministration of the two drugs mentioned above exhibited 
results comparable to those of the CR group across most 
of the assessed parameters. The proposition that the two 
therapies may have synergistic benefits was met with 
some degree of skepticism.

This study performed a series of experiments to as-
sess the motor and sensory functionality of the sciatic 
nerve, investigate the antioxidant properties, examine 
alterations in the myelin sheath, and quantify the occur-
rence of nerve tissue apoptosis. The objective was to get 
a more comprehensive understanding of the effects of 
CR and AZ on the rehabilitation of sciatic nerve injuries. 
Nevertheless, a thorough understanding of the observed 
results in the AZ+CR group and the lack of a synergistic 
effect between CR and AZ necessitate molecular studies. 

Our study assessed the effects of CR and AZ on sci-
atic nerve damage in terms of motor, sensory, oxidative 
stress, apoptosis, and histopathological aspects; howev-
er, molecular testing, particularly neurotrophic factor as-
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sessment, would have been preferable. It is also possible 
that the study’s findings would have differed if more 
animals or a longer period had been used. We could not 
have done these tests because of time, budget, and moral 
limitations.

Conclusion

In conclusion, our study’s results indicate that admin-
istering CR and AZ via a 7 day injection regimen in 
rats may expedite the recovery of sciatic nerve injuries. 
Notably, CR exhibits superior therapeutic properties 
compared to AZ. The potential reason for this disparity 
might be attributed to the multifaceted pharmacologi-
cal activities of CR, which include anti-inflammatory, 
antioxidant, and anti-apoptotic properties. In contrast, 
AZ primarily exhibits anti-inflammatory and immune-
modulating effects. Also, the combined administration 
of AZ and CR did not provide statistically significant dif-
ferences in most parameters compared to the group re-
ceiving just CR. Consequently, the proposed synergistic 
effect of these two drugs was called into doubt. Further 
investigation in molecular research will be necessary for 
further studies to ascertain the etiology of this particular 
medical problem.
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