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Abstract 

Background & Aims: The nerve autograft is the clinical gold standard in bridging nerve injury gaps, but it has severe disadvantages. 

The human umbilical vein (HUV) is suitable for multiple vascular reconstructive usages. The purpose of the present survey was to 

assess nerve regeneration by human amniotic fluid (AF) in the HUV channel. 

Materials& Methods: In this study, 32 adult male rats (250-300g) were randomly divided into four groups: HUV+AF, HUV+normal 

saline (NS), Autograft, sham surgery. A centimeter gap in the sciatic nerve was grafted by autograft or HUV. Nerve regeneration was 

examined on days 28 and 90 after surgery by sciatic function index (SFI), electrophysiological assessments, histology, and 

immunohistology staining. 

 Results: On days 60 and 90 after surgery, the SFI in the groups of autograft and HUV+AF was more than HUV+NS group (p <0.05). 

On the 90th day, the average nerve conduction velocity (NCV) and the number of myelinated axons in autograft and HUV+AF groups 

were significantly more than HUV+NS group (p <0.05). 

Conclusion: The results of this study display that the HUV+AF may have beneficial effect for the treatment of peripheral nerve 

damages. 
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 Introduction 

Damage to the peripheral nerve common and may 

progress to permanent disability and neuralgia (1). The 

consequence of damage may depend on many different 

factors, including the type and level of damage, cellular 

and molecular changes in the central nervous system and 

end organ, as well as surgery (2). 

Epineural repair is a most suitable surgical manner 

when the peripheral nerve is cut off transversal or the 

gap is small between the two ends of the nerve (3). When 

the distance between nerve endings increases, the repair 

is impossible without a graft or guide channel (1). 

Although nerve autograft is considered as a golden 

standard method (4), the results of this method are not 

completely satisfactory (5). Therefore, the studies are 

under way to determine the suitable alternative to the 

autograft method (6). Using the nerve guidance channel 

(NGC) has several benefits, including the formation and 

maintenance of the matrix to support the growth of 

axons, prevention of penetration and formation of scar 

tissue, and maintenance of secreted growth factors from 

the nerve endings (7). Ideally, NGCs must be made of 

biocompatible materials, able to withstand the pressure 

from surrounding tissues, and the suitability of the inner 

diameter of the channel with the diameter of the nerve 

for nerve growth and its guidance (8). In the previous 

studies, a number of natural and synthetic materials have 

been developed for the preparation of the NGCs, such as 

eggshell membrane (6), collagen (9), vein (10), and 

artery (11). 

Previous studies have shown that vein grafts are 

impressive as NGCs in animals (12), and humans (13). 

On the other hand, it has been reported that connective 

tissue and fibrosis formed in vein graft are harmful to 

axon regeneration (14). In addition, the collapse of the 

vein is a subject that frequently occurs for longer nerve 

damages (10). 

The umbilical cord is a biological tissue and easily 

obtained immediately after delivery (15). Normally, the 

umbilical cord contains 2 arteries and one vein. The 

human umbilical vein (HUV) has similar structure to 

natural artery, and it has been used in vascular (with 

small-caliber) grafts (16, 17), as well as ligament, 

tendon, and peripheral nerve regeneration (18, 19). The 

use of HUV for tissue engineering stimulates the 

immune system. Gui et al. showed that decellularization 

of vessel minimizes the immunogenicity of the grafts, 

and allows for long-term storage (20). 

Amniotic fluid (AF) is secreted from embryonic and 

maternal tissues (21), and possess important factors such 

as nerve growth factor (NGF), which is essential for the 

development of the fetus (22). 

The purpose of this experimental study was to 

evaluate the effect of decellularized HUV filled with 

human AF in sciatic nerve regeneration. 

 

Materials and Methods 

Animals: 

Thirty-Two male Sprague- Dawley rats (200-250 g) 

were randomized into four groups: HUV + AF, HUV + 

normal saline (NS), Autograft, sham surgery. For the 

present study, ethical approval for research was obtained 

from Urmia University of Medical Sciences. 

 

Preparation of the Human Umbilical Vein: 

Umbilical cords (from full-term fresh placentas) 

were separated from the delivery suite (Shahid Motahari 

Hospital, Urmia, Iran). The veins were separated from 

umbilical cords (in a sterile condition) (16), and stocked 

in phosphate-buffered saline (PBS) containing penicillin 

and streptomycin (100U/ml) at 4ºC (20). 

 

Decellularization HUV: 

A glass bar (1.8 mm OD) was placed inside the HUV 

lumen. Then, the HUV was immersed in sodium dodecyl 

sulfate (SDS) 1% (for 24 hours at 4ºC). After that, the 

HUV was rinsed (three times) in PBS (pH 7), and 

washed for 24 hours in ethanol 75% (to remove lipid 

substances) (23). Then, the HUV was divided into 12-

mm long pieces and washed (three times) in PBS before 

use (16). 

 

Human AF Collection: 

Almost 50 ml of AF was collected from 10 healthy 

women (25-35 years old) with vaginal or caesarean 

deliveries (38 to 42 weeks) under sterile conditions (24). 
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Surgery Procedure: 

Anesthesia was done with xylazine and ketamine 

and (10 mg/kg; 90 mg/kg, respectively) via 

intraperitoneal (i.p.). On the left side, the sciatic nerve 

was displayed under aseptic situations. In the sham 

group, the surgery was completed at this stage. A nerve 

piece (10 mm) was removed at the proximal position of 

the sciatic nerve bifurcation. In HUV groups, the 

proximal and distal nerve ends were placed inside the 

channel and each end of the nerve was sutured to the 

channel wall by 10-0 nylon. Before placing the distal 

nerve end inside the channel, the space inside the 

channels was filled with AF or NS. Sterile paraffin was 

used to seal the nerve entry points into the channel. At 

the autograft transplant, the nerve segment was sutured 

at the site. At the end of the surgery, muscle and skin 

were sutured. After surgery, animals were housed in 

separate cages. 

 

Functional Evaluation: 

The functional evaluation was performed on days 7, 

21, 35, 49, 60, and 90 after surgery. For this purpose, the 

plantar surface of the animal’s hind feet was immersed 

in black ink. Then, the animals were allowed to walk on 

white paper. The footprints were used for functional 

evaluation (sciatic functional index or SFI) based on the 

formula previously described (25). SFI value varies 

between 0 (normal) and -100 (complete nerve 

transaction). 

 

Electrophysiological Evaluation: 

The animals were anesthetized (urethane, 1 g/kg, 

i.p.) for electrophysiological evaluation (Narco bio-

system 320-3760 A trace 80, USA) on days 28 and 90 

after surgery. Four rats from each group were exposed 

to electrophysiological studies. The body temperature of 

animals was maintained at 36.5- 37°C by a heat lamp. 

Initially, the sciatic nerve was re-exposed in the surgical 

hind limb. Then stimulating (intensity of 2.7 mA) and 

recording electrodes were placed on the sciatic nerve in 

the proximal area in the channel and the belly of the 

gastrocnemius muscle, respectively. Latency, amplitude 

of action potentials, and nerve conduction velocity 

(NCV) were determined (26). 

 

Histological Evaluation: 

After electrophysiology, middle section of the nerve 

in the HUV, autograft, and sham surgery groups was 

removed, fixed (10% buffered formalin), embedded in 

paraffin, cut into 5 µm transverse sections, and stained 

with haematoxylin-eosin. Then the number of all myelin 

axons was counted. 

 

Immunohistochemistry: 

The samples were post-fixed (4% 

paraformaldehyde), embedded in paraffin, cut into 5 µm 

transverse sections, and stained with anti-S-100 (Dako, 

1:200 dilution). Briefly, after blocking non-specific 

immunoreactions, the specimens were incubated in S-

100 protein antibody solutions, and biotinylated goat 

anti-mouse/rabbit IgG solution, respectively. Then, the 

sections were incubated in secondary antibody solution 

(Horseradish peroxidase-labelled) for 20 min at room 

temperature and they were examined with an optical 

microscope (9). 

 

Statistical Analysis: 

Data were presented in means ± standard error and 

analyzed using SPSS 16.0 (one-way ANOVA followed 

by Tukey’s post hoc test), and p<0.05 was considered 

significant. 

 

Results 

Sciatic Funcional Index: 

The wound was well restored and the infection was 

not detected. 

Preoperative SFI values (a day before surgery) for all 

experimental groups did not differ simultaneously (-2.41 

± 3.94). At days 60 and 90 after surgery, the mean SFI 

was - 46.64 ± 2.8, - 37.85 ± 2.5 for HUV+AF group, and 

-54.65 ± 5.34, - 45.22 ± 2.06 for HUV+NS group, 

respectively (p< 0.05), while there was no difference 

between HUV+AF and Autograft groups (p> 0.05) (Fig. 

1). 
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Electrophysiological Evaluation: 

The mean NCV on days 28 and 90 after surgery in 

the HUV+AF and Autograft groups was 15.42 ± 1.76, 

31.73± 1.34 m /Sec, and 18.59± 2.43, 39.07± 3.2 m/sec, 

respectively (p> 0.05). At the same time, the comparison 

of the amplitude (AMP) between the HUV+AF and 

autograft groups was 14.9 ± 0.66, 22.8± 3.62 mV and 

16.74 ± 0.46, 24.78± 2.2 mV, respectively (p>0.05). 

(Fig. 2, 3). 

 

Histology and Immunohistochemistry Evaluation: 

Microscopic observations showed that the nerve 

tissue inside the HUV channel contained was covered by 

a thin neoepineurium and contained numerous Schwann 

cells and myelinated fibers. The axons were observed in 

small and delicate fascicles with a smaller amount of 

connective tissue in the HUV+AF and Autograft groups 

than the HUV+NS group. On the 90th day after surgery, 

the number of myelinated fibers in HUV+AF group 

(4676 ± 114) was greater than HUV+NS group (3016 ± 

104) (p < 0.05), while this difference was not significant 

with the Autograft group (p> 0.05) (Fig. 4). At the same 

time, the expression of the S-100 protein in the 

HUV+AF and autograft groups was more apparent than 

HUV+NS group, and showed the presence of Schwann 

cells around the axons. So that the anatomy of the sciatic 

nerve in HUV+AF group was more similar to the normal 

than the HUV+ NS group (Fig. 5). 

 

 

Fig. 1. Sciatic nerve index. * Difference between the HUV+NS with Authograft and HUV+AF at 28, 60, and 90 days 

after surgery (p<0.05); mean±SEM. 

human umbilical vein (HUV), normal saline (NS), amnion fluid (AF) 

 

 

Fig. 2. Mean nerve conduction velocity (m/s). *Difference between the HUV+NS and HUV+AF at 28, and 90 days 

after surgery (p<0.05); mean±SEM; mean ± SEM. 

human umbilical vein (HUV), normal saline (NS), amnion fluid (AF) 
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Fig. 3. Mean amplitude (mV) of sciatic nerve. *Difference between the HUV+NS and HUV+AF at 90 days after 

surgery (p<0.05); mean±SEM. 

 human umbilical vein (HUV), normal saline (NS), amnion fluid (AF) 

 

 

Fig. 4. Mean number of regenerated myelinated fibers.*Difference between the HUV+NS with HUV+AF and 

Autograft at 28 and 90 days after surgery (p<0.05); mean±SEM. 

human umbilical vein (HUV), normal saline (NS), amnion fluid (AF) 
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Fig. 5. Micrograft of positive staining of the myelin sheath-associated protein S-100 (Immunohistochemical analysis) 

90 days after surgery. (a) Sham surgery, (b) Autograft, (c) HUV+NS, and (d) HUV+AF. Myelinated axons, Schwann 

cells and blood vessels were present in transverse sections of sciatic nerve (scale bar 20 µm). 

human umbilical vein (HUV), normal saline (NS), amnion fluid (AF) 

 

Discussion 

The finding of this study indicated that AF in the 

decellularized HUV can be effective in the regeneration 

of the peripheral nerve. The benefits of using the vein as 

the nerve guide channel include leaving fewer 

complications than removal of the nerve as an autograft 

tissue, the proper adaptation to the new environment 

(27), and allowing for diffusion of beneficial nutrients 

and oxygen into the vein lumen (28). 

In the vein wall, the endothelial and media layers 

contain laminin, and the adventitia layer is rich in 

collagen (29). The previous studies showed that be vein 

may be effective in peripheral nerve regeneration (14, 

29). However, vein collapse is an important subject that 

is commonly found in the repair of longer nerve injuries 

(5). 

In this study, histological and functional results 

revealed that HUV+AF effectively enhances nerve 

regeneration. The human umbilical cord contains a vein 

and two arteries and a proteoglycan-rich matrix 

(Wharton’s jelly) (8), and its components are suitable as 

the origin of donated tissue (18). Since the diameter of 

the HUV is almost the same throughout the umbilical 

cord (20), it is used as a grafting material (18). The 

Wharton’s jelly that surrounds the HUV is rich in 

growth factors, glycosaminoglycans, and proteoglycans 

(30). It promotes cell proliferation (18) and may have 

beneficial effects on nerve tissue growth (17). 

In the present study, the nerve tissue within the HUV 

channel was covered by an neoepineurium. Wharton’s 

jelly that covers the HUV in the umbilical cord contains 

laminin, heparin sulfate, proteoglycans, growth factors 

(30), collagen (type I, III, IV, V, IV), and hyaluronic 

acid (31). Laminin and type IV collagen have a major 

role in Schwann cell adhesion and its proliferation (32). 

Heparin sulfate supports synaptic plasticity (33), and 

may be effective in saving the nerve growth factor (34). 

In addition to this, hyaluronic acid may inhibit the 

formation of scar tissue and is effective in axonal 

regeneration (35). Also, the nerve growth factor (NGF) 

in the vein wall may have a significant role in 

modulating the nerve injury (36). 

In the present study, sodium dodecyl sulfate (SDS) 

was used to decellularize HUV. SDS effectively 
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removes immunogenic particles of the vein wall, 

enhances venous permeability (8), and maintains the 

basement membrane anatomy (37). 

In addition, the size of the inner diameter of the HUV 

is adjustable in the decellularization phase. So that the 

dimensions of the channel are very important when 

using the channel for nerve regeneration (7). A small 

inner diameter can prevent cell migration and nerve 

regeneration. The thickness of the channel wall plays an 

important role in the nerve regeneration. If it is thin, the 

growth factors leak out of the channel, and the channel 

may be blocked (7). 

The results show that, for the first time, nerve 

regeneration in the human amniotic fluid group is higher 

than the normal saline group. The human AF is easily 

available and can be stored. This study showed that the 

human amniotic fluid in the channel improved SFI, 

NCV, and the number of myelinated fibers. The results 

of a previous study indicated that injection of chick 

amniotic fluid can enhance the regeneration of the 

crushed peripheral nerve (26). The fatty acids that are 

present in the AF can improve the neuronal function 

through the action of the neuron, and adjustability of 

changes in ion channels (38). In addition, AF contains 

important factors such as nerve growth factor (NGF) 

(39), insulin-like growth factor (IGF) (40), 

mesenchymal stem cells (41), vascular endothelial 

growth factor (42), and transforming growth factor –β1 

(43) that can be effective in the nerve regeneration. The 

SFI indicates that the effective parameters in the 

functional evaluation of the hind limbs are related to the 

intrinsic muscle function of the feet (44). Also increase 

the NCV and amplitude in the HUV + AF and autograft 

groups reflected the thickness of the myelin sheath and 

the number of the myelinated axons, respectively. 

One of the limitations of our study was the 

accumulation of AF at the end of a normal pregnancy. 

So that the concentration of growth factors in the AF 

varies in different months of pregnancy (45). 

 

Conclusion 

In conclusion, these data suggest that human 

amniotic fluid injected into the lumen of human 

umbilical vein (as the nerve guide channel) may be 

beneficial for regeneration of the peripheral nerve of the 

rat. However, further studies are needed to determine 

and clarify the mechanisms and efficiency of the 

umbilical vein and amnion fluid in peripheral nerve 

regeneration. 
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