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ABSTRACT

AIM: To investigate the effect of Propolis-gum Arabic as a nerve guidance channel.    
MATERIAL and METHODS: Male rats (n=24) were randomly divided into sham surgery, autograft, and Propolis+gum Arabic groups 
with equal numbers. Under anesthesia, the sciatic nerve was removed, and the gap between the two ending was repaired by 
Propolis-gum Arabic or nerve autograft. Nerve regeneration was evaluated by sciatic function index (SFI), withdrawal reflex latency 
(WRL), muscle fiber diameter, number of myelinated axons,  myelinated fiber diameter,  and immunohistochemical analysis. 
RESULTS: At  30, 49, 60 and 90 days after surgery, the mean of SFI in Propolis + gum Arabic group was significantly greater than 
the autograft group (p<0.03). The mean muscle fiber diameters (30 and 90 days after surgery) and the mean number of myelinated 
axons (90 days after surgery) in Propolis + gum Arabic group were significantly greater than autograft group (p<0.05). In addition, 
90 days after surgery, the mean myelinated fiber diameter in Propolis + gum Arabic group was significantly higher than  autograft 
group (p<0.05).  
CONCLUSION: The results of this study suggest that as guidance channel, the Propolis + gum Arabic may be useful in peripheral 
nerve regeneration.
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An ideal NGC should include the following features: directing 
axonal regeneration from the proximal end of the channel 
to the distal end, preventing the release of growth factors 
secreted from the injured nerve ends of the channel wall, 
attenuation of scar tissue formation at the site of nerve injury, 
and easy operation (29).  

Gum is a combination of carbohydrates that can bind to 
water and form gels (5). Gum Arabic (GA) is a natural material 
derived from the Acacia Senegal used as an additive in food 
(E414), and consists of a mixture of protein chains that bind 
to polysaccharides (6). Several studies have emphasized that 
GA has anti-inflammatory and antioxidant properties (13,26).

Earlier research has showed that GA has a protective effect 
against numerous diseases, including cardiovascular disease 
(4), sickle cell anemia (15), and chronic kidney disease (2). 

█   INTRODUCTION

The injuries to peripheral nerves are popular which may 
result in the loss of sensory and motor function in upper 
and lower extremity. When the distance between the 

cut ends of the nerve increases more than 2-3 centimeters, 
Autograft is considered the standard procedure. However, 
this procedure causes such unwanted side effects, including: 
neuroma formation, sensory disturbance in the nerve donor 
area, and longer surgical duration (8). 

Therefore, studies are needed to introduce the appropriate 
nerve guidance channel (NGCs) as a surrogate for nerve 
autograft. Previous studies have used a number of materials 
(simple or combined form) as NGCs, some of which include 
collagen (9), combination of hyaluronic acid and silk fibroin 
(25), and polyurethane (29). 
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Propolis (bee glue) consists of waxes, plant resins, and essential 
oils. It is rich in antioxidant compounds (mainly phenolics and 
flavonoids) so that it can be effective in reducing the damage 
caused by oxidative stress and inflammatory processes (23). 

Previous study show that propolis may effectively repair skin 
burns (18), protect retinal ganglion cells in ischemic retina (24), 
prevent neuron apoptosis after brain injury (32), and repair 
crushed sciatic nerve (7,34). 

Based on the physical properties of GA and propolis, neither 
can form the nerve guidance channel per se. Due to their 
anti-inflammatory and antioxidant activities, the aim of this 
study was to evaluate the effect of GA and propolis as NGC in 
comparison with autograft. 

█   MATERIAL and METHODS
Animals

Twenty four adult males (Sprague-Dawley; 230-260 g) rats, 
were divided into three groups, including sham surgery, 
autograft, and Propolis+GA. The study was approved by the 
ethical committee of Urmia University of Medical Sciences 
[approved No: IR, UMSU.REC. 1396.397, date 7 Feb 2018]. 

Preparation of the Propolis-gum Arabic Nerve Guidance 
Channel

For the preparation of GA solution, 50 gr of GA (Merck, 
Germany) was dissolved in 50 ml distilled water and stirred 
for 30 min at room temperature. In order to the complete the  
hydration of GA, the container of the GA solution was covered 
with aluminum foil and kept in the refrigerator for 24 hours. 
propolis sample was collected from colonies of honey bees 
located in the Urmia, Iran (in the spring of 2019). The 50 g of 
propolis was cut into small pieces and melted in a water bath 
(70 °C). The NGCs (1.7 mm in inner diameter, 12 mm in length) 
were made from three layers. First, the inner layer of the 
NGCs was formed by immersing a Teflon tube into the molten 
propolis. After cooling (in the refrigerator for 15-20 minutes), 

a fine hole was created on this layer. Then, the middle layer 
of NGCs was formed by immersing the Teflon tube coated 
with propolis in the GA solution. After GA dried (in room 
temperature for 12 hours), the channel was again immersed in 
the molten propolis and the outer layer of NGCs was formed. 
The tube was stored in the refrigerator for 1 hour. Then the 
channel was separated from Teflon tube and sterilized with 
a formalin tablet for at least 24 hours. Samples were stored 
in the dark at 4 °C and used within 1 months of preparation. 

Surgery Procedure

The rats were anesthetized (ketamine: 100 mg/kg; xylazine: 15 
mg/kg, i.p.). In the sham surgery group, the left sciatic nerve 
was exposed. In the Propolis+GA group, 10 mm of sciatic 
nerve was removed (just above the sciatic nerve bifurcation). 
Then, the nerve cut ends were implanted into the Propolis+GA 
nerve guidance channel, and sutured to the channel wall (8-0 
nylon); the NGCs were filled with normal saline afterwards (30 
µl). Sterile wax was used to prevent leakage through the NGCs 
opening. In autograft, the nerve segment was again sutured to 
the two ends of the sciatic nerve. Finally, the skin and muscle 
were sutured (Figure 1A, B) (12).  

Functional Evaluation of Hind Limbs

In order to ensure proper functioning of the hind limbs, all rats 
were evaluated one day before surgery. Then, the animals 
were evaluated regularly (7th, 21st, 30th, 49th, 60th, and 90th 
days post-operation). At first, the plantar surfaces of the rats 
(hind limbs) were soaked in black ink. Then, the animals were 
allowed to walk on white paper. The footprints were used to 
calculate the sciatic functional index (SFI) (5). 

Withdrawal Reflex Latency (WRL)

The sensory nerve recovery was assessed by evaluating WRL 
at days 30 and 90y after surgery. For this purpose, the plantar 
surface of the hind limb each animal was placed on a hot plate 
(DID SABZ, Model; DS8310; 56 °C). Then, the contact time of 
the hind limb with the surface of the hot plate was recorded. 

Figure 1: Implanted Propolis-GA nerve guidance 
channel on the sciatic nerve gap (1 cm). 
A) 30 and B) 90 days after surgery. 
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In order to prevent injury to the animalʹs foot, the maximum 
contact of the animalʹs foot with the hot plate was assumed 
to be 10 s (17). 

Muscle Weight

In each group, the rats in the 30 and the 90 day after 
surgery were anesthetized (ketamine & xylazine). Then, the 
gastrocnemius muscles were perfectly separated from the 
bone, and the wet weight of muscle was measured by digital 
scale (11).

Histologic Evaluation 

After measuring gastrocnemius muscle weight, the muscle-
cross sections were stained with hematoxylin and eosin 
(H-E). Then, the diameter of muscle fibers was measured 
with a calibrated eyepiece. Also, the middle segment of the 
sciatic nerve was removed, and stained with toluidine blue. 
In the nerve cross-section, the total myelinated fibers were 
counted. In addition, the thickness of myelin and the diameter 
of myelinated axons were calculated with the aid of the 
calibrated eyepiece (12).  

Immunohistochemistry

In this study, an anti S-100 (Dako, 1:200 dilution) was used 
to determine the Schwann cell sheath. After blocking non-
specific immunoreaction in the paraffin nerve sections (4 µm 
cross sections) and incubating the samples in S-100 protein 
antibody solutions, secondary antibody solution (Horseradish 
peroxidase-labelled) was added for 15-20 min. Then the 
sections were washed with saline phosphate buffer saline 
(PBS), and the number of S-100 positive Schwann cells was 
counted in a blind fashion and under a light microscope (10). 

Statistical Analysis

All data were considered as means ± SEM. Statistical 
analysis (one-way ANOVA followed by Tukey´s post hoc test) 
was performed using SPSS 16.0 (Chicago, IL, USA). For all 
analyses, the significance was set at p< 0.05.   

█   RESULTS
In this study, the SFI showed a marked decrease for all 
experimental groups, 7 days after surgery. On days 30,  49, 
60, and 90 after surgery, the mean SFI were -61.23 ± 3.4, 
-57.14 ± 2.23, -48.43 ± 3.72, 42.48 ± 3.81 for the Propolis+GA 
group, and -73.14 ± 3.27, -71.55 ± 4.94, -68.21 ± 7.89, -58.31 
± 4.9 for the autograft group, respectively (p<0.03) (Figure 2).

Withdrawal reflex latency (WRL) was not significantly 
differences between Propolis+GA group and autograft group 
30 and 90 days after surgery (p>0.05) (Figure 3). 

Thirty and 90 days after surgery, the mean wet weight (g) of 
gastrocnemius muscles was statistically significant between 
the Propolis+GA group (1.408 ± 0.17, 1.623 ± 0.24) and 
autograft group (0.87 ± 0.19, 1.18 ± 0.29), respectively (p<0.01) 
(Figure 4). In this respect, the average diameter of muscle 
fibers in the Propolis+GA group were upper than autogaft 
group and the differences were statistically significant at 30 
and 90 days after surgery (p<0.01) (Figure 5A, B). 

After removing the channel, it was observed that the two 
nerve endings were connected by a newly formed tissue. 
At 30 and 90  days after surgery, the diameter of axons and 
myelin sheath thickness in the experimental groups were 
lower than the sham surgery group. Thirty days after surgery, 
in the Propolis+GA group, the newly regenerated axons were 

Figure 2: The sciatic nerve index (SFI) 
decreased after complete excision of the 
sciatic nerve at 7 days after surgery. 
*Difference among Propolis + GA with the 
autograft, 30 days after surgery (p<0.03). 
Ψ Difference among Propolis + GA with 
the autograft, 49, 60, and 90 days after 
surgery (p<0.01). Results are presented as 
mean ± SEM.
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Positive immunohistochemical analysis indicated that 
Schwann cells had a higher number of myelinated axons in 
the Propolis+GA group than the autogrraft group (Figure 7A, 
B).

█   DISCUSSION
The present study reveals a completely novel effect of propolis 
and GA as nerve guide channels. Previous studies showed 
that propolis is effective in the regeneration of the sciatic 
nerve as oral treatment (7,34). However, according to recent 
studies, GA demonstrates a wide range of pharmacological 
properties, especially anti-inflammatory and antioxidant 
properties (13,26). For the first time, we made the NGCs from 
a combination of propolis and GA. Because the melting point 
of propolis is approximately 60-70 °C, its use alone in the 
channel structure can soften and even block the channel. GA 
is a powder that is fully hydrated with water and it becomes 
brittle after drying. 

In the present study, the Propolis+GA channel was filled with 
normal saline. The presence of a small hole in the inner wall of 
the channel causes the GA to become in contact with normal 
saline. Due to the small size of the hole, the GA dissolves 
slowly in normal saline. There are many benefits of using 
Propolis+GA as NGCs: low cost, easy ductility, flexibility, easy 

seen in diffuse and delicate micro-fascicles. These fascicles 
were surrounded by loose connective tissue containing blood 
vessels. Ninety days after surgery, the myelinated axons were 
more organized in microfascicles with a small connective 
tissue in the Propolis+GA group, while in the autograft 
group, the regenerated axons were surrounded by abundant 
connective tissue around them. At 90 days, the mean number 
of myelinated fibers in Propolis+GA group (5252 ± 643.21) was 
not significantly greater than autograft group (4603 ± 812.42) 
(p>0.05 (Figure 6A, B). There was a significant difference in 
mean myelinated fiber diameter (µm) between Propolis+GA 
group and autograft 90 days after surgery (p<0.05) (Table I). 

Immunohistochemical study showed that the activity of the 
S-100 protein was higher in the Propolis+GA group than in the 
autograft group, 90 days after surgery. 

Figure 3: The mean withdrawal reflex latency (WRL) after surgery 
in experimental groups. ** Difference between sham surgery and 
other groups (p<0.001). Results are presented as mean±SEM.

Figure 4: The mean gastrocnemius wet weight (g) after surgery 
in experimental groups.  * Difference between sham surgery and 
other groups, at 30 days after surgery (p<0.01). Ψ Difference 
between Propolis + GA and autograft groups, 30 and 90 days 
after surgery (p<0.01).  Results are presented as mean ± SEM.

Figure 5: A) The mean muscle fiber diameters (µm) after surgery 
in experimental groups. * Difference between Propolis + GA 
and autograft groups, 30 and 90 days after surgery (p<0.01).  
Results are presented as mean ± SEM. B) Cross section of the 
gastrocnemius muscle (H-E), showing muscle fiber morphology 
after nerve regeneration. (a) sham surgery, (b) autograft, (c) 
Propolis + autograft, 90 days after surgery (Scale bar 50 µm).

A
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skeletal muscle atrophy (19). Tanaka et al. showed that 
administration of propolis prevents skeletal muscle atrophy  
by the suppression of anti-angiogenic and stimulation of pro-
angiogenic factors (31).

The development of regeneration leads to functional 
recovery. In agreement with the previous study (7), the mean 
number of myelinated fibers increased in the Propolis+GA 
group in comparison with the autograft group. Oxidative 
stress and inflammation are well-known factors that occur 

sterilibility, and  sufficient strength to hold sutures. Also, the 
degradation speed of Propolis+GA as NGCs can be easily 
controlled by determining the thickness of the channel layers. 

In the present study, the Propolis+GA promotes sciatic 
functional index at 30, 49, 60, and 90 days after surgery. This 
study is in agreement with previous research that propolis 
(oral administration) improved SFI at 14 and 21 days after 
sciatic nerve crush (7). The SFI score is related to the correct 
function of the hind limb muscles. In this study, the mean 
muscle wet weight, and muscle fiber diameters increased 
in the Propolis+GA group in comparison with the autograft 
group. Previous study showed that nerve damage causes 

Table I: The Myelin Sheath Thickness and Myelinated Fiber Diameter in the Experimental Groups

Groups
Myelinated Fiber Diameter (µm)       Myelin Sheath Thickness (µm)

30 days 90 days 30 days 90 days

Sham surgery 9.96 ± 2.33** 10.26 ± 1.82** 1.51 ± 0.24**  1.49 ± 0.28**

Autograft 3.69 ± 0.19     5.92 ± 0.78 0.28 ± 0.31    0.59 ± 0.37

Propolis+GA 3.31 ± 0.25     4.76 ± 0.29 0.25 ± 0.04    0.815 ± 0.15Ψ

** Difference between sham surgery and other groups (p<0.01).
Ψ Difference between Propolis + GA and autograft groups, 90 days after surgery (p<0.01).

Figure 7: A) The mean number of S100-positive Schwann 
cells, 30 and 90 days after surgery in experimental groups. ** 
Difference between sham surgery and other groups, 30 days 
after surgery (p<0.002). Results are presented as mean ± SEM. 
B) Immunohistochemical analysis of cross sections of the 
regenerated nerve, 90 days after surgery. (a) Sham surgery, (b) 
Autograft, and (c) Propolis + GA groups. Regenerated nerve fibers 
including S100-positive Schwann cells, myelinated axons, and 
blood vessels were seen (scale bar 20 µm). Arrow: blood vessel, 
Head Arrows: myelinated axon.

Figure 6: A) The mean number of myelinated fibers after surgery 
in experimental groups. ** Difference between sham surgery 
and other groups (p<0.001). Results are presented as mean ± 
SEM. B) Cross section of the main axis of the regenerated nerve 
(Toluidine blue stain), showing the myelinated axons after nerve 
regeneration. (a) sham surgery, (b) autograft, (c) Propolis + GA, 
90 days after surgery (Scale bar 50 µm).
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