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ABSTRACT

Objective: This present study is designed to explore the neuroregenerative effects of d-α-tocopherol on peripheral nerve in both healthy and diabetic 
rats.

Methods: 24 albino rats were divided into four groups; healthy control, diabetic control, healthy treated, and diabetic treated. Diabetes was induced 
by single subcutaneous injection of alloxan (100 mg/kg). Treated groups were administered d-α-tocopherol orally, daily (200 mg/kg) for 3 weeks. 
Through a mid-thigh incision, sciatic nerve was crushed with Kocher’s forceps, and skin wound was closed with absorbable suture. Sciatic functional 
and static indices were used to assess the functional recovery in conjunction with histological, histomorphological, and biochemical analyses at the 
end of 3 weeks.

Results: It was noticed that d-α-tocopherol supplementation accelerates functional recovery, enhances the antioxidant levels, and promotes the 
regeneration and extracellular matrix reorganization of peripheral nerves.

Conclusion: It is concluded that the d-α-tocopherol appears to be an optimistic option in the management of peripheral nerve crush injury in both 
healthy and diabetics.
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INTRODUCTION

Oxidative stress exacerbates the development and progress of diabetes 
and its complications and the vascular impairment which is commonly 
seen in diabetic neuropathy [1,2]. Reactive oxygen species (ROS) have 
been implicated for direct damage to the peripheral neurons while 
Schwann cells and antioxidant protection mechanisms are compromised 
in diabetes [3]. Therefore, antioxidants administration appears to be 
potentially attractive and clinically applicable neuroprotective agents 
against oxidative stress [4,5].

One of the most important aspects of treatments of diabetic neuropathy 
is to prevent or correct the ROS generation [2]. The antioxidant 
treatments are can be among the promising therapeutics that can 
prevent or correct reduced motor and sensory nerve conduction 
velocity in diabetic rats [6,7]. Since vitamin E has been claimed to play 
a central role in maintaining neurological structure and function [8], its 
possible use in both diabetes and regeneration of injured nerve appears 
logical.

Some recent studies, Khan et al. [9,10], have also revealed that the 
antioxidant vitamin C or steroids are able to reduce the post-injury 
nerve dysfunction and improve nerve regeneration of crushed sciatic 
nerve in healthy rats. Many other biomedical studies have also aimed to 
focus on the regeneration processes that occur during peripheral nerve 
reparation [11,12].

The assessment of peripheral nerve morphology is a pillar in 
the investigation of nerve damage and regeneration in tissue 
engineering [13], but limited data are available at present on the 
neuroregenerative effect of tocopherol isoforms on peripheral nerves. 
Therefore, the present study is focused to explore the potency of 
d-α-tocopherol on regeneration of crushed peripheral nerve in 
both healthy and diabetic rats using functional, histopathological, 
histomorphological, and biochemical parameters.

METHODS

24 albino rats of either sex each weighing 230-320  g were obtained 
from Central Animal House of JN Medical College, AMU, Aligarh. The 
study was approved by the Institutional Animal Ethical Committee 
(No.  8937/2014). This present study followed the same method as 
described in our previous study [14] regarding animal care, induction 
of diabetes, and monitoring of blood sugar level.

Experimental groups’ route and dosage of treatment
Animals were divided into four groups having six rats in each group: 
(1) Healthy control  -  HC; (2) diabetic control  -  DC; (3) healthy d-a-
tocopherol treated – HPT, and (4) diabetic d-a-tocopherol treated - DPT 
(200 mg/kg body weight, orally, daily for 3 weeks). d-α-Tocopherol myra 
E capsule (vitamin E) manufactured by PT Darya-Varia Laboratoria Tbk, 
Indonesia, imported and packed by United Laboratories, Inc., 66 United 
St, Philippines.

Surgical procedure
All animals received general anesthesia through inhalation of ether. 
Horizontal skin incision was made on the shaved right mid-thigh area. 
Crushed injuries were made on the sciatic nerve proximal to its division 
with Kocher’s forceps by splitting the fascia between gluteus maximus 
and tensor fascia lata. The muscles were re-approximated, the overlying 
connective tissue and skin incision were closed with 3-0 Vicryl (2 metric-
NW2401)-absorbable sterilized surgical needled suture USP (synthetic; 
braided coated polyglactin 910 violet; from Ethicon, manufactured in 
India by Johnson and Johnson Ltd., Aurangabad). Povidone-iodine 
solution (antisepsis) was applied on the wound and 0.5  ml Voveran 
(analgesic) and 2 mg single shot of Gentamycin (antibiotic) were also 
injected simultaneously [14].

Functional evaluation
a.	 Foot print analysis  -  Footprint analysis was performed at weekly 

interval. All experimental animals’ feet were dipped in an ink solution 
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and they were permitted to walk down the track upon a strip of white 
paper. These foot prints were used to calculate the sciatic function 
index (SFI) and the sciatic static index (SSI).

b.	 SFI - Calculation is based on Bain et al. [15]. The lengths of the third 
toe to its heel (PL), the first to the fifth toe (TS) and the second toe 
to the fourth toe (IT) were measured on the experimental side (E) 
and the opposite normal side (N) in each rat. SFI of each animal was 
calculated by the following formula:

	 SFI=[(−38.3×PLF)+(109.5×TSF)+(13.3×ITSF)]−8.8
	 Wherein different factors were calculated as under:
	 PLF=(EPL−NPL)/NPL; TSF=(ETS−NTS)/NTS; ITSF=(EIT−NIT)/NIT
c.	 SSI - Calculation is based on Bain [16] by using the static factors, not 

considering the print length factor (PL), according to the equation:
	 SSI=[(108.44×TSF)+(31.85×ITSF)]−5.49

In both SFI and SSI, an index score of zero was considered normal and 
an index of −100 indicated total impairment. When no footprints were 
measurable, the index score of −100 was given.

Sample collection and fixation of tissue
On completion of 3  weeks animals were sacrificed under deep ether 
anesthesia and then excised the crushed sciatic nerve. The excised 
nerves were immersion-fixed in 10% neutral buffered formalin. To 
assay the biochemical parameters, the method of serum preparation 
were followed as described in the previous study [14].

Gross examination
Daily observation was made to check for any autotomy or nibbling of 
toenails, edema, infections and ulcerations on the nerve crushed hind 
limb.

Histopathology and histomorphometry
Fixed nerves samples were processed for light microscopical studies. 
The 5 µm thick paraffin sections were stained with haematoxylin and 
eosin (H and E), Masson’s trichrome (MT), aldehyde fuchsin with fast 
green, luxol fast blue with PicroSirus Red, periodic acid Schiff with 
haematoxylin and Verhoeff Van Gieson (VVG). Histomorphometry were 
performed on transverse sections stained with H and E, MT and VVG for 
counting the number of blood capillaries.

Biochemical estimation and analysis
Enzymatic antioxidant
Serum catalase was assayed by colorimetery as described [17]. The 
light absorbance of the sample was determined at 620 nm.

Non-invasive biomarker (oxidative stress parameter)
Serum total antioxidant capacity (TAC) was evaluated using ferric 
reducing antioxidant power assay [18]. The absorbance of sample was 
measured at 620 nm using photo colorimeter.

Statistical analysis
All the data were statistically evaluated and the significance calculated 
using one-way “ANOVA” followed by Tukeys test. All the results were 
expressed as mean±standard deviation and p<0.05 was considered as 
statistically significant.

RESULTS

Body weight and blood sugar level
After induction of diabetes the typical clinical manifestations of the 
diabetes such as polyphagia, polydipsia and polyuria were observed in 
diabetic groups.

Weight and blood sugar levels of all animals in each group were monitored 
at weekly intervals. Mean body weight in HC and treated groups (HPT and 
DPT) remained stable while DC group showed slight decrement at the 
end of study period. Mean blood sugar levels of healthy groups (HC and 
HPT) remained within normal limits while diabetic groups (DC and DPT) 
showed >450 mg/dl throughout the experimental period (Tables 1 and 2).

Gross observations
After sciatic nerve crushed injury, complete paralysis of the right side 
foot was observed in all rats (Fig. 1). Autotomy was prevented by the 
use of anti-nail-bite substance. Hence none of the rats showed autotomy 
or nibbling of toenails, edema, infection or ulceration on the foot.

After sciatic nerve crushed injury, complete paralysis of the right side 
foot was observed.

Functional analysis
On 3rd  week the better footprints were observed in treated groups 
compared to control groups (Fig. 2). Both SFI and SSI mean values in 
DC showed total impairment, in HC values were significantly (p<0.01) 
more negative compared to treated groups (Fig. 3).

On 3rd  week the better footprints were observed in treated groups 
compared to control groups.

Microscopic observations on 3rd week in longitudinal sections
1.	 Degenerating changes and fibrosis
	 The control groups showed increased vacuolization of nerve sheath 

and numerous atrophic fibres with histiocytes and degenerative 

Table 1: Body weights (g) of the animals of all groups during the 
period of study (mean±SD)

Groups Day 0 Day 7 Day 14 Day 21
HC 270±35.59 266.67±15.28 283.33±20.82 290±21.60
DC 277.5±25 247.5±17.08 235±23.80 227.5±22.17
HPT 260±33.17 250±21.60 286.25±18.87 293.33±20.82
DPT 267.5±29.86 240±20.5 257.5±17.08 272.5±22.17
The mean body weight in DC showed slight weight reduction while all other 
groups remained stable at the end of study period. SD: Standard deviation, 
HC: Healthy control, DC: Diabetic control, HPT: Healthy d‑a‑tocopherol treated, 
DPT: Diabetic d‑a‑tocopherol treated

Table 2: Blood sugar (mg/dl) of the animals of all groups during 
the period of study (mean±SD)

Groups Day 0 Day 7 Day 14 Day 21
HC 146±28.21 124±19.98 160.67±18.01 167±17.06
DC 540.25±47.12 553±39.42 574.25±30.20 578±34.73
HPT 124±14.23 126.5±17.52 136±18.70 147.12±18.12
DPT 546.5±35.80 555.2±29.95 507.4±36.14 478.4±36.64
Note that the mean blood sugar levels of healthy groups (HC and HPT) 
remained within normal limits while the diabetic groups (DC and DPT) showed 
hyperglycemic state throughout the period of study. SD: Standard deviation, 
HC: Healthy control, DC: Diabetic control, HPT: Healthy d‑a‑tocopherol treated, 
DPT: Diabetic d‑a‑tocopherol treated

Fig. 1: Right foot after sciatic nerve crushed injury
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debris whereas in treated groups had lesser vacuolization of nerve 
sheath and few atrophic fibres with histiocytes and degenerative 
debris (Fig. 4). More collagen fibres were observed in HC, these fibres 
were disorganized in DC whereas in treated groups these fibres were 
commonly arranged in an organized manner (Fig. 5).

2.	 Regenerating changes
	 a. �Reappearance of elastin fibres:

	 The control groups were associated with fewer elastin fibres in 
the epineurium and absence of these fibres in the other connective 
tissue coverings whereas in treated groups these fibres were 
noticed in all three connective tissue coverings (Fig. 6).

	 b. Cellularity:
	 The HC showed moderate degree of  infi ltration of 

inflammatory cells and only few bands of Bungner (Fig.  7). 

In DC bands of Bungner were deficient (Fig.  7) and marked 
pericapillary infiltration by inflammatory cells and presence 
of multinucleated giant cells with granuloma (Fig .   8a 
and  b). Minimal infiltration  of  inflammatory  cells and 
presence of bands of Bunger were observed in treated groups 
(Fig. 7).

	 c. Regenerated nerve fibres:
	 The HC had lesser number of thin nonmyelinated nerves whereas 

in DC only fragments of small nerve fibres were observed. 

Fig. 2: Foot prints of all groups on 3rd week

Fig. 3: Both sciatic function index and sciatic static index (SSI) 
values of all groups on 3rd week (mean±standard deviation). 
Both sciatic function index and SSI mean values in diabetic 

control showed total impairment, in healthy control values were 
significantly (*p<0.01) more negative compared to treated groups

Fig. 4: Masson’s trichrome stained sections showing degenerating 
changes on 3rd week. Arrows ↑ - Pointing the vacuolization of 

nerve sheath with histiocytes, ↑↑ - Nonmyelinated nerve fibres. 
D - Degenerative debris, at initial magnification ×1000

Fig. 5: Luxol fast blue with PicroSirus Red stained sections 
showing arrangements of collagen fibres. Arrangements of 

collagen fibres (red color) and arrow (↑) pointing the nerve fibres 
at initial magnification ×1000

Fig. 6: Aldehyde fuchsin with fast green stained sections showing 
elastin fibres. Arrows (↑) pointing the presence of elastin fibres 

(Violet color) at initial magnification ×1000

Fig. 7: Periodic acid Schiff with hematoxylin stained sections 
showing the bands of Bunger. Arrows (↑) pointing bands of 

Bungner at initial magnification ×400
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Numerous nonmyelinated nerve fibres were noticed in treated 
groups (Figs. 4 and 5).

Histomorphometry
Neovascularization
On 3rd  week, the transverse sections from HC and DC revealed that 
the mean values of number of capillaries were significantly (p<0.05, 
p<0.01) less compared to treated groups (Fig.  9). In addition the 
endoneurial arterioles’ walls were more thickened in DC as compared 
to all other groups (Fig. 10).

Biochemical analysis on 3rd week
Enzymatic antioxidant and oxidative stress parameter
Serum catalase activity and TAC exhibited significant (p<0.05) 
reduction in DC as compared to HC. All serum analyses values improved 
significantly after supplementation of d-a-tocopherol in HPT as 
compared to all other study groups (p<0.01) and in DPT as compared 
to DC (p<0.05; Table 3).

DISCUSSION

In hyperglycemia, there is enhanced generation of ROS which is 
believed to cause neuronal damage and the development of diabetic 
neuropathy [2,19,20]. Nerve regeneration and functional recovery 
after peripheral nerve injury also remains a clinical challenge [21]. 
Vitamin E supplementation has been shown to have beneficial effects 
on diabetic neuropathy [22]. Axonotmesis, commonly seen in crush 
injury which causes severe sensorimotor impairments and functional 
disabilities [23] are therefore, also expected to get benefit from 
vitamin E supplement.

Since proper walking requires coordinated function involving sensory 
input, motor response and cortical integration [24,25], in this present 
study SFI and SSI have been used to evaluate the functional recovery 
of sciatic nerve after crushed injury. The SFI is a non-invasive method 
to assess the overall functional recovery of the sciatic nerve during the 
regeneration process. The SSI is claimed to be an effective and accurate 
method for the assessment of the functional recovery after sciatic nerve 
injury in rats [16]. Our results revealed that in treated groups the values 
of these indices were significantly less negative as compared to HC. In 
DC these indices values were more negative which indicates the total 
impairment. The functional motor recovery is slower in the presence of 
persistent hyperglycemia [26].

Histological parameters are the predictors of severity of peripheral 
nerve damage as well as that of the extent of regeneration [13,27].

On 3rd week the HC showed moderate degenerative changes whereas in 
DC presence of numerous atrophic fibres with histiocytes and increased 
vacuolization of nerve sheath indicates that the Wallerian degeneration 
is prerequisite for nerve regeneration and these degenerative changes 
were impaired in experimental diabetic rats [28-30]. Another study 
Khan [31] revealed that in Wallerian degeneration of optic nerve the 
degenerative debris was only partly removed even after 3 months. But 
in treated groups of the present study have shown most of the debris 
was removed on 3rd  week. More deposition of collagen fibres were 
seen in control groups which is an indicator of more fibrosis [32] and 
these fibres were irregularly arranged in DC. Relatively lesser amount 
of collagen fibres arranged in parallel rows was noticed in the treated 
groups due to the effect of d-α-tocopherol for 3 weeks.

The viscoelastic properties of the peripheral nerve are thought to 
be due to its connective tissue supporting elements like elastin and 
collagen [33]. Elastin fibres are present in epineurium with thick and 
thin fibres, perineurium with thicker band of fibres and endoneurium 
with thinner fibres [34]. The control groups were associated with fewer 
elastin fibres only in the epineurium but in treated groups these fibres 
were predominantly in the epineurium and perineurium and smaller 
fibrils in the endoneurium. The endoneurial elastin fibres may provide 

Fig. 9: Number of blood capillaries on 3rd week transverse 
sections (mean±standard deviation). Both control groups 

(Healthy control and diabetic control) the number of blood 
capillaries were significantly less (*p<0.05, **p<0.01) less 

compared to treated groups

Fig. 10: Masson’s trichrome stained sections showing blood 
capillaries. Transverse sections of all groups and longitudinal 

section of diabetic control (DC) (inset), arrow ↑ - Pointing 
blood capillaries at initial magnification ×200 and ×400 in DC 

longitudinal section

Fig. 8: Haematoxylin and eosin stained and Verhoeff Van Gieson 
(VGG) sections of diabetic control (DC). (a) Longitudinal sections 
of DC, arrow ↑ - Pointing multinucleated giant cell, G - Granuloma 
at initial magnification ×400 and ×1000 (inset). (b) VGG stained 

transverse sections ↑ - Pointing inflammatory cells at initial 
magnification ×1000

b

a
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sufficient force to produce the wave-like or unstretched position of the 
individual axons within the fascicle [34].

The HC showed moderate degree of inflammatory cells and only 
few proliferated Schwann cells organized as bands of Bungner [35]. 
The DC were associated severe infiltration of inflammatory cells 
especially around capillaries, presence of multinucleated giant cells 
with granuloma formation and the absence of Schwann cells’ bands of 
Bungner. In treated groups only minimal inflammatory cells were seen, 
the proliferated Schwann cells and bands of Bungner were obvious 
which is provide supportive environment and direction for successful 
axonal regeneration [36].

In HC lesser number of thin newly regenerated nerve fibres was noticed 
indicating a partial regeneration of the nerve fibers [32] whereas only 
fragments of nerve fibres were seen in DC. Numerous thin nerve fibres 
were seen in treated groups, probably the fibres are in remodeling 
stage [37]. The regenerating units initially lack myelin even when the 
parent axon is a myelinated fiber. With time, these unmyelinated fibers 
become myelinated [38].

A prominent finding in diabetic neuropathy is the thickening of 
endoneurial arterioles due to increased deposition of basement 
membrane material [39], these features were observed in DC. 
Significantly less number of capillaries was observed in control 
groups compared to treated groups. Changes in capillary number and 
permeability and increased vascularization enhances successful axonal 
regeneration [40].

Catalase is a preventive antioxidant which inhibits the initial production 
of free radicals and removes the excess H2O2 [41]. The present study 
showed that the serum catalase activity value was lower in DC this 
is in agreement with other studies [42-44] that conducted in plasma 
and brain tissues of rats. This activity was normalizing in control 
group after vitamin E treatment [43]. The 3 weeks administration of 
d-α-tocopherol helps to increase the serum catalase activity in treated 
groups [14].

The antioxidant capacity of plasma is the primary measure and marker 
to evaluate the status and potential of oxidative stress in the body [45]. 
The present work observed that serum total antioxidant level in DC 
was significantly lower (p<0.05) compared to HC is in agreement with 
the findings of other study [46]. Improved serum antioxidant capacity 
was observed in treated groups by administration of d-α-tocopherol for 
3 weeks [14].

CONCLUSION

Based on the findings of the present study it is concluded that the d-α-
tocopherol supplementation accelerates functional recovery, enhances 
the antioxidant levels, promote the extracellular matrix reorganization 
and regeneration of peripheral nerve after crush-injury. Therefore in 
both healthy and diabetic conditions, the d-α-tocopherol appears to be 
a beneficial therapeutic nutritional supplement in the management of 
peripheral nerve injury.
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