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SUMMARY 
 

Vitamin B complex has been used for peripheral 
neuropathy for a long time and continues to be 
part of current practice despite lack of strong evi-
dence for its use and its non-inclusion in treatment 
guidelines. So this study was carried out to verify 
the neuroprotective effect of vitamin B complex 
from morphological changes of the diabetic rat sci-
atic nerve.  A total number of 30 adult male albino 
rats were used and divided into three groups. 
Group I: normal vehicle control (N=10). Group II: 
streptozotocin-induced diabetic rats (N=20), which 
is equally divided into two subgroups; IIa (diabetic 
vehicle control) and IIb (diabetic vitamin B complex 
–treated, at a dose of 1mg/kg/day for 6 weeks). 

Diabetes was induced by a single intraperitoneal 
injection of streptozotocin (STZ) at a dose of 
80mg/kg. Specimens from sciatic nerve were pro-
cessed for light, electron microscopy and immuno-
histochemistry investigations. Morphological indi-
ces including the average myelin sheath thickness, 
the average myelinated nerve fiber area, endoneu-
rial capillary density and perineurial index were 
measured and statistically analysed.  Vitamin B 
complex treatment for six weeks markedly protect-
ed the sciatic nerve from the deleterious effect of 
hyperglycemia and preserved normal structural 
features of the perineurium, Schwann cells and 
their myelin sheath, nerve fibers, blood capillaries 
and the interstitium. The results were verified by 

immunohistochemistry (using CD 31, CD 68 and 
anti caspase-3 antibodies) and the morphological 
indices including the myelin sheath thickness, peri-
neurial index and endoneurial capillary density. 

In conclusion, vitamin B complex supplementa-
tion might provide a long-term, drug approach for 
protection from diabetic peripheral neuropathy. 

 
Key words: Vitamin B complex – Diabetic neurop-
athy  

 
INTRODUCTION 
 

Diabetes is a globally prevalent condition and 
peripheral neuropathy is one of its major chronic 
complications. Effective therapies for diabetic com-
plications need the potential therapeutic interven-
tions that might prevent diabetic complications, in 
order to inhibit mechanisms induced by hypergly-
cemia’s toxic effects and also enhance the endog-
enous protective factors. 

The therapeutic use of vitamins meets two main 
objectives: preventing and treating either deficien-
cies or vitamin-dependent metabolic diseases 
(Naurath et al., 2001).  Water-soluble vitamins B1 
(thiamine), B2 (riboflavin), B6 (pyridoxine), B9 
(folic acid), and B12 (cyanocobalamin) are co-
factors in numerous enzymatic activities and pro-
ton and electron transfers (Krautler, 2005). Pyri-
doxine use is a double-edged sword, as high dos-
es are neurotoxic (Scott et al., 2008). 

Vitamin B complex has been used for peripheral 
neuropathy for a long time and continues to be 
part of current practice despite the lack of strong 
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evidence for its use and its non-inclusion in treat-
ment guidelines. Vitamin B complex consists of 
eight water soluble vitamins that are necessary for 
health but cannot be manufactured by the body.  

Following 4 months of treatment of type 2 diabet-
ic neuropathy patients, diabetic neuropathy symp-
toms were significantly reduced in the B complex-
vitamin supplemented group as compared to pla-
cebo (Farvid et al., 2011). A meta-analysis of 7 
published studies reported that supplementation 
with vitamin B complex mixtures containing B12 
significantly improved pain and paresthesia in dia-
betic neuropathy patients (Sun et al., 2005). 

In experimental studies, B vitamins are reported 
to alleviate neurophysiological properties of the 
peripheral nerves and neuropathic pain in diabetic 
rats (Iwata et al., 1979; Jolivalt et al., 2009, re-
spectively). In addition, some studies evaluated 
some structural changes of peripheral nerve after 
diabetic neuropathy (Kirschner and Eichberg, 
1994; Koura, 2003). However, to the best of our 
knowledge, protection of the structure of the pe-
ripheral nerves by B complex vitamins supplemen-
tation has never been investigated histologically in 
diabetic peripheral neuropathy.  So this work was 
carried out to assess the histo-morphological indi-
ces of vitamin B complex protection of DPN. Such 
study is needed to extend its recommendation in 
this pathology. 

 
MATERIALS AND METHODS 
 
Animals 

A total number of 30 adult (5 month old) male 
Wistar rats (200 g body weight) were used in this 
study. They were purchased from Central Animal 
House, Faculty of Medicine, Assiut University. All 
animal procedures were in accordance with the 
standards set forth in guidelines for the care and 
use of experimental animals by the Committee for 
Purpose of Supervision of Experiments on Animals 
(CPCSEA) and according to National Institute of 
Health (NIH) protocol, and approved by the Institu-
tional Ethics Committee of Assiut University. The 
animals were housed in clean capacious cages 
(up to 3 per cage) under normal day-and-night cy-
cles and appropriate temperature (25 ± 5

◦
C), fed 

rat chow (standard rat pellets) and water ad libi-
tum. 

 
Animal groups 

Animals were divided into two main groups. 
Group I (normal vehicle control) consisted of 10 
rats that were injected subcutaneously once daily 
with 0.5 mL saline for 6 weeks. Group II: Strepto-
zotocin (STZ)-induced diabetic group, consisted of 
20 rats that were fasted overnight 12 hours before 
STZ injection, then each one received a single in-
traperitoneal injection of STZ (purchased from Sig-
ma Chemical Co, St, Louis, MO, USA) at a dose of 
80 mg/kg freshly dissolved in 0.5 mL of 0.9% ster-

ile saline (Jolivalt et al., 2009). Some failure of dia-
betes induction has been experienced with lower 
STZ doses, possibly due to reasons related to ani-
mals, environment or drug stability in a country 
with a very hot climate despite considering all nec-
essary measures. After 3 days of diabetes induc-
tion, fasting blood glucose level was measured by 
Dextrostix glucometer (Ames, Elkhart, Indianapo-
lis, IN, USA). Rats with fasting blood glucose 
above 300 mg/dL were considered diabetic (Han 
et al., 2004) and were equally divided into two sub-
groups; group IIA (diabetic vehicle control) was 
injected subcutaneously once daily with 0.5 mL 
saline for 6 weeks. Group IIB (diabetic vitamin B 
complex-treated) was injected subcutaneously 
once daily with vitamin B complex (purchased from 
Alpha Chemical Co, India), the doses of the vita-
mins in the complex mixture per 1gm of the mix-
ture were (B1, 40mg), (B2, 122mg), (B3, 66mg), 
(B5, 50mg), (B6,13mg), (B7, 55mg), (B9, 33mg), 
(B12, 6mg). Vitamin B complex dissolved in 0.5 
mL saline (0.9% NaCl, pH 7.35) at a dose of 1 mg/ 
kg (Jolivalt et al., 2009) for 6 weeks.  

At the end of the experiment, the animals were 
anaesthetized with ether, their hearts were ex-
posed, and then perfusion was done. 

 
Histological study 

For light microscope, five rats from each animal 
group were used and perfused intra-cardiac with 
10% formaldehyde solution. After perfusion, speci-
mens from the sciatic nerve were cut and im-
mersed into the 10% formaldehyde solution to con-
tinue fixation for two more days. Then the speci-
mens were processed for preparation of paraffin 
blocks. Paraffin sections (5 μm) of sciatic nerve 
were cut using a microtome (Leica RM 2125RT, 
Germany), mounted on glass slides, and every 
10

th
 section was stained with hematoxylin-eosin 

(H&E) (Drury and Wallington, 1980). 10 sections 
per animal were studied. Other sections were pro-
cessed for Masson's trichrome stain for demon-
stration of collagen fibers (Drury and Wallington, 
1980). 

For electron microscope, five rats from each 
group were perfused intra-cardiac with 4% glutar-
aldehyde in cacodylate buffer (pH7.4). Sciatic 
nerve specimens were cut and immersed in 4% 
glutaraldehyde in cacodylate buffer (pH 7.4) for 24 
hours and post fixed in 1% osmium tetroxide in 
phosphate buffer for two hours. Tissues were 
rinsed in the same buffer, dehydrated with alcohol, 
cleared with propylene oxide and embedded in 
Epon-812 substitute (SPI- Pon Araldite Kit, Cat. 
no. 02635- AB., SPI- chem. USA). For Polymeriza-
tion, the embedded samples were kept in the incu-
bator at 35 ºC, 45 ºC and 60 ºC for one day each 
(Gupta, 1983). Semi-thin sections (0.5-1μm) were 
cut with glass knives on the ultramicrotome (LKB 
Bromma 8800 Ultratome

R
 III, 3518, Sweden) and 

stained with 1% toluidine blue (TB) (pH 7.3) for 
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examination on a light microscope (Olympus, 
Bx50. Model Bx50F-3, SC09160, Tokyo, Japan). 
Ultrathin sections (50-80 nm) were cut from select-
ed areas of the blocks on a Reichert ultramicro-
tome (Leica WILDM3Z, 89386, Austria) placed on 
copper grids (G 300, 3.05 mm, Polaron Equipment 
Ltd. Watford. England) and contrasted with uranyl 
acetate and lead citrate. These sections were ex-
amined using the transmission electron micro-
scope (Jeol E.M.-100 CX11; Japanese electron 
optic laboratory, Tokyo, Japan) and photographed 
at 80 kV. 

 
Immunohistochemical study 

Expression of CD31 (endothelial cell marker), 
CD68 (macrophage marker) and Caspase 3 
(apoptotic marker) was detected in formalin- fixed 
paraffin- embedded sections. Sections (5 μm) 
were deparaffinized in xylene and rehydrated in 
alcohol. Sections were boiled in 10mM citrate buff-
er, pH 6.0 for 10 minutes followed by cooling at 
room temperature for 20 minutes. CD31 monoclo-
nal mouse antibody (Clone TLD-3A12, Novus Bio-
logicals) was used at 1:100 dilution for 30 minutes 
at room temperature. CD68 monoclonal mouse 
antibody Ab-3 (Clone KP1 Lab Vision Corp, Neo 
Markers Inc/ Lab Vision, Fremont, CA, USA) was 
used at 1:100, dilution, for 30 minutes at room 
temperature. Caspase-3 (CPP32) Ab-4, Rabbit 
Polyclonal Antibody (Thermo Fisher Scientific, 
Fremont, CA 94538-7310, USA) was used at 
1:100, dilution, for 30 minutes at room tempera-
ture. Sections were processed according to the 
manufacture instructions using the universal kit 
(Ecno Tek HRP Anti-Polyvalent, DAB) (ScyTek 
Laboratories, Inc. 205 South 600 West Logan, UT 
84321 USA). After completion of the reaction, 
counterstaining was done using Mayer’s haema-
toxylin, dehydrated and cover-slipped using DPX 
(Oxford laboratory reagents, Bombay, India). 
 
Morphometric study 

Using computer-assisted image analysis (Soft 
Imaging System, AnalySIS-2004, Olympus Com-
pany, Tokyo, Japan), the following parameters 
were measured per mm

2
 in the studied groups; 

thickness of myelin sheath, myelin sheath area, 
endoneurial capillary density (the ratio of capillar-
ies/nerve area) and perineurial index. The endo-
neurial capillary density was determined by count-
ing all endoneurial capillaries directly in all fasci-
cles of the whole nerve and relating it to the fascic-
ular area to calculate a density (Soley et al., 2003). 
The perineurial index (P index) was calculated ac-

cording to the formula: P index = [(  −  )/  ]. 
[D0 is the distance between two spots on the op-
posite sides of outer perineurial surface which 
pass through the center of fascicule, D1; distance 
between opposite two spots on the inner perineuri-
al surface which pass through the center of the 
fascicule] (Tesfaye et al., 2005). We measured the 

outer "distance between two spots on the opposite 
sides of outer perineurial surface which pass 
through the center of fasciculae—DO" and the in-
ner "distance between opposite two spots on the 
inner perineurial surface which passes through the 
center of fasciculae—DI" diameter of the meas-
ured fasciculae in order to calculate the perineurial 
index (P index) according to formula P index = 
[(DO - DI/ DO] X100 (Tohgi et al., 1977; Ugrenović 
et al., 2011; Kundalić et al., 2014). 

Measurements were done in semithin sections 
using x100 oil immersion lens in five non-
overlapping fields in ten randomly chosen sections 
from three different animals for each group. 

 
Statistical analysis 

The morphometric data of each animal group 
were statistically analyzed using Statistical Pack-
age for the Social Sciences (SPSS). One-way 
analysis of variance (ANOVA) was employed to 
compare the studied animal group. The results 
were expressed as mean ± standard deviation 
(SD). P-value < 0.05 was considered significant.  

The data were tested for normality using Ander-
son-Darling test and for homogeneity variances 
prior to further statistical analysis. Continuous vari-
ables were described by mean, SD and median. 

ANOVA was used to compare between continu-
ous normally distributed variables, followed by 
LSD post hoc test to compare between continuous 
abnormality distributed variables followed by Mann 
Whiteny U test to compare between each two 
groups. 

A two tailed p < 0.05 was considered statistically 
significant. All analyses were performed with the 
IBM SPSS 20.0 software. 

 
RESULTS 

 
I - Light Microscopy 

The sciatic nerve of the control rats was con-
structed of bundles or fascicles of nerve fibers, 
each of which was surrounded by a collagenous 
connective tissue layer; the perineurium. The fasci-
cles were enveloped by a yet connective tissue 
layer; epineurium. The endoneurium, which was 
the innermost connective tissue, enclosed the 
nerve fibers with their axons and covering 
Schwann cells (myelinating or non-myelinating), 
blood capillaries; formed of endothelial cells sur-
rounded by pericytes; and connective tissue cells 
(Fig. 1A). Collagen fibers were detected in the en-
doneurium, perineurium and epineurium (Fig. 1B).  

The sciatic nerve of the diabetic group exhibited 
an increase in thickness of the perineurium and 
the wall of the endoneurial blood capillaries (Fig. 
2A), and an increase in collagen deposition in the 
perineurium and the endoneurium (Fig. 2B). 

In the vitamin-treated group the histological 
structure of the sciatic nerve was close to that of 
the control group with regard to the wall of the eno-

http://www.ncbi.nlm.nih.gov/pubmed/?term=Ugrenovi%C4%87%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21538698
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Fig 1A. Photomicrograph showing part of a nerve bundle (NB). It is formed of nerve fibers ensheathed by myelin 
sheath (MS). They are separated by endoneurial connective tissue. (Control, TB). Upper inset: shows non-
myelinating Schwann cell enclosing non-mielinated nerve fibers (hatched arrow). Lower inset: Each nerve fiber is 
formed of an axon surrounded by Schwann cell (↑). Note the endoneurial blood capillary lined by an endothelium (▲) 
and surrounded by a pericyte (▲). (Control, H&E). Fig 1B. Collagen fibers (CF) in the perineurium and the endoneuri-
um. (Control, Masson's trichrome). Fig 2A. Semithin section showing increased thickness of the perineurium (PN), 
deformation, damage and/or loss of the myelin sheath (↑). (Diabetes, TB). Inset: shows cellular infiltration (↑) of the 
endoneurium and thickening in the wall of blood capillaries (BC). (Diabetes, H&E). Fig 2B. Increased collagen deposi-
tion in the perineurium (C), endoneurium (En N) and around the endoneurial blood capillaries. (Diabetes, Masson's 
trichrome). Fig 3A. Part of a nerve fascicle showing minor changes in the nerve fibers. PN (perineurium).  MS (myelin 
sheath). (Vitamin, TB). Inset: The endoneurium reveals no noticeable thickening of the blood capillary wall or cellular 
infiltration. Myelinating Schwann cells (▲). (Vitamin, H&E). Fig 3B. Part of a nerve fascicle. The endoneurium reveals 
no noticeable collagen fibers infiltration or accumulation around the endoneurial blood vessels (↑). PN (perineurium). 
(Vitamin, Massonʼs trichrome). 
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neurial blood capillaries (Fig. 3A, inset) and the 
endoneurial collagen fibers (Fig. 3B). 
 
II - Ultrastructure 

In ultrastructure, the perineurium of the control 
rats was composed of concentric layers of flat peri-
neurial cells with flattened nuclei, about four lami-
nae were usually present (Fig. 4). Each perineurial 
cell layer is surrounded by basal lamina. Pockets 
containing extracellular matrix are present be-
tween the perineurial cell layers. Immediately inter-
nal to the innermost layer of the perineurium, there 
were flattened perineurial fibroblasts similar to 
those seen within the endoneurium. The diabetic 
rats revealed thickened basement membrane of 
perineurial cells (Fig. 5A) and apoptotic changes in 

their nuclei (Fig. 5B). In vitamin B complex treated 
rats, there was no thickening of the perineurial 
cells basal lamina (Fig. 6). 

Control sections showed Schwann cells wrap-
ping myelinated and unmyelinated axons. The 
Schwann cells were surrounded by distinct basal 
laminae. Their cytoplasm showed normal content 
of cell organelles including mitochondria, Golgi 
body and free and attached ribosomes (Fig.7). In 
the diabetic group some myelinating Schwann 
cells revealed signs of increased activity as thick-
ened basal lamina (Fig. 8) and numerous well-
developed Golgi bodies (Figs. 9), while others ex-
hibited degenerative changes as dense nucleus 
and cytoplasm (Fig. 10). Laminated myelin-like 
cytoplasmic inclusions have been observed inside 

Fig 4. An electron micrograph showing a part of the perineurium and a myelinated nerve fiber (MN). Note the basal 
lamina (BL) around the perineural cell (Pr). (Control). Fig 5A. Image showing thickened perineurium (PN). (Diabetes). 
Fig 5B. Perineurium (PN), a perineurial cell with marginated nuclear chromatin (N) and thickened basal lamina (*). 
(Diabetes). Fig 6. The perineurium (PN) showing no remarkable thickening of the perineurial basal lamina (BL). 
(Vitamin). 
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the cytoplasm of some myelinated Schwann cells 
(Fig. 11). In the vitamin-treated group, some mye-
linating Schwann cells revealed cytoplasmic lami-
nated inclusions (Fig. 12), but the majority demon-
strated vesicular nucleus and well developed orga-
nelles (Fig. 13).  

In cross section, myelinating Schwann cells of 
the control group formed a thick compact band of 
myelin sheath surrounding the axon (Fig. 7). In the 
diabetic group, the myelin sheath exhibited abnor-
mal figures in the form of infolding (Fig. 14A), split-
ting (Fig. 14A, B) or focal thickening (Fig. 14C). 
The innermost layers of the myelin sheath may 
become reflected to extend in-between the nerve 
fibers dividing them to several compartments (Fig. 
14D).  

The nerve fibers of the diabetic group might re-

veal degeneration with reduction of the axon diam-
eter (Fig. 14C). In the vitamin-treated group, the 
structure of the nerve fibers and their surrounding 
myelin sheath were similar to those of the control 
group (Fig. 13).  

The endoneurial blood capillaries of the con-
trol group were lined by continuous endothelial 
cells surrounded by pericytes (Fig. 15). The endo-
neurial blood capillaries demonstrated collapse 
(Fig. 16) and attenuated endothelium (Fig. 16, in-
set). In the vitamin-treated group, the endoneurial 
blood capillaries revealed patent lumen (Fig. 17) 
and endothelial cells exhibited no thickening of the 
basal lamina.  

The endoneurial fibroblasts of the control 
group appeared as flattened cells with lateral pro-
cesses and prominent rough endoplasmic reticu-

Fig 7. Electron micrograph showing cross section in a Schwann cell (Sc) forming a thick compact band around an 
axon of myelinated nerves (MN). (Control). Fig 8. Cross section of a Schwann cell (SC) enclosing a myelinated axon 
(Ax). Note the thickened basal lamina (BL). (Diabetes). Fig 9. Cross section of a Schwann cell with numerous cyto-
plasmic organelles. (Diabetes). 

file://///the
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lum (Fig. 18). In the diabetic group, some fibro-
blasts revealed myelin debris and numerous lyso-
somes in their cytoplasm (Fig. 19). The vitamin 
treated group demonstrated endoneurial cells with 
numerous cytoplasmic phagosomes of variable 
electron density and some of these cells were in 
close vicinity of collagen fibrils (Fig. 20). 

 
III - Immunohistochemistry 

Immunohistochemistry of the control group re-
vealed negative expression for anticaspase-3 (Fig. 
21A), positive expression of CD 31 antibodies in 
endothelial cells lining the endoneurial blood capil-
laries of the sciatic nerve (Fig. 21B) and negative 

expression for CD 68 (Fig. 21C). The diabetic 
group revealed positive expression for anticaspase
-3 antibodies in perineurial cells (Fig. 22A) and 
myelinating and non-myelnating Schwann cells 
(Fig. 22A, inset). Expression of CD 31 antibodies 
in endothelial cells lining the endoneurial blood 
capillaries was negative, while both Schwann cells 
and perivascular endoneurial cells were positive. 
CD 68 + immune reaction was detected in several 
endoneurial cells (Fig. 22C). In the vitamin-treated 
group the immune reaction for anticaspase anti-
bodies was negative (Fig. 23A), whereas that for 
CD31 antibodies was + in the endothelium (Fig. 
23B) and numerous endoneurial cells revealed + 

Fig 10. Another cross section of a Schwann cell (Sc) which wraps around a single myelinated (My) axon (Ax).The 
nucleus (N) is dense and the cytoplasm is poor in organelles. (Diabetes). Fig 11. Myelinated nerve fiber (Ax) with 
vacuolated (V) myelin sheath (My). Both dense (*) and laminated inclusions (↑) are present inside Schwann cell cyto-
plasm. (Diabetes). Fig 12. Myelinated nerve fiber enclosed by a Schwann cell soma (Sc) containing laminated inclu-
sions (*). (Vitamin). Fig 13. An electron micrograph of a Schwann cell with an ovoid nucleus, enclosing a myelinated 
nerve fiber. (Vitamin). 
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reaction for CD68 antibodies (Fig. 23C).  
 

IV - Morphometry 

Thickness of myelin sheath 
A significant decrease in myelin sheath thickness 

was observed in both the diabetic and the treated 
groups compared to the control group (P < 0.001) 
(Table 1, histogram 1). However, the treated group 
showed greater thickness compared to the diabetic 
group and this difference was significant (P < 
0.001). 

Myelinated nerve fiber area 
There was significant decrease in myelinated 

nerve fiber area in both the diabetic and treated 

groups compared to the control group (P < 0.001, 
P = 0.001 respectively) (Table 2, histogram 2).The 
treated group showed a non-significant difference 
compared to the diabetic group (P >0.05). 

Endoneurial capillary density 
There was a significant decrease in the endoneu-

rial capillary density in the diabetic group com-
pared to the control group (P = 0.003) (Table 3, 
histogram 3). The treated group showed significant 
increase compared to the control and the diabetic 
group (P = 0.026, P = 0.001 respectively). 

Perineurial index 
There was a significant increase in the perineuri-

al index in both the diabetic and the treated group 

Fig 14A. Electron micrograph showing splitting (▲) of the myelin sheath (My) surrounding a nerve fiber (Ax). NM 
(non-myelinated). (Diabetes). Fig 14B. Folding (↑) of the myelin (My) ensheathing a nerve fiber and splitting (Ax) in 
another sheath (▲). NM (non-myelinated fibers). (Myelin). Fig 14C. Cross section in myelinated nerve fibers. Note 
the atrophied nerve fibers (Ax) leaving a large vacuolar space (*) where the myelin sheath became thickened (↑). 
(Diabetes). Fig 14D. Cross section in a myelinated nerve fiber showing retroflection of the myelin sheath at several 
points (↑) extending through the axon. (Diabetes).  
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compared to the control group (P < 0.001, P = 
0.015 respectively) (Table 4, histogram4). Howev-
er, the treated group had a significant lower peri-
neurial index compared to the diabetic group (P = 
0.008) 

 
DISCUSSION 

 
This work demonstrates the structural neuropro-

tection of a combination of B-vitamins for neuropa-
thy in a rat model of diabetic PN, as many of the 
pathological changes detected in sciatic nerve 
have been attenuated. The changes included de-
creased thickness of the perineurial cell layers, 
perineurial and Schwann cells apoptosis, axonal 
atrophy, myelin abnormal figures and endoneurial 

microangiopathy, in addition to the frequent detec-
tion of phagocytic cells in vitamin B-treated group. 

The increase in the thickness of the perineurium 
cell layers and perineurial cells basement mem-
brane has previously been reported by some in-
vestigators (Hill and Williams, 2002). However, the 
apoptotic changes we observed in the perineurial 
cells by ultrastructure and immune reaction for an-
ticaspase-3 antibodies have not been previously 
reported. 

A few Schwann cells revealed activated secreto-
ry activity in the form of hyperplasia and hypertro-
phy of Golgi bodies and increased basal lamina 
thickness in the diabetic untreated group, but nu-
merous cells revealed variable stages of apoptotic 
death. Impaired neurotrophin production as conse-

Fig 15. Cross section of an endoneurial blood capillary lined by continuous endothelial cells (En), with folds (▲) ex-
tending to a patent lumen (Lu). It is surrounded by a basal lamina (BL) which splits to enclose a pericyte (P). 
(Control). Fig 16. Collapsed endoneurial blood capillary with an attenuated lining endothelium (о). (Diabetes). Inset: 
Shows the attenuation of the lining endothelium (о) at higher magnification of Lu (lumen). Note the collapsed lumen 
(↑). (Diabetes).  Fig 17. Endoneurial blood capillary and a nearby phagocytic cell (▲). En (endothelium). (Vitamin). 
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quences of hyperglycemia in Schwann cells are 
supposed to influence their viability (Kazunori et 
al., 2008). Moreover, the oxidative damage in-
duced by mitochondrial dysfunction under hyper-
glycemic conditions can activate the apoptotic cas-
cade (Nishikawa and Araki, 2007). In addition, me-
thyl glyoxal (MG), which is a reactive dicarbonyl 
precursor of advanced glycation end products 
(AGEs), has been shown to induce apoptotic cell 
death of primary cultured rat Schwann cells 
(Fukunaga et al., 2004) and aldose reductase, 
which is the first enzyme in the polyol pathway, is 
localized to Schwann cells in the peripheral nerves 
(Kern and Engerman, 1982). 

Treatment of the diabetic group with vitamin B 
complex attenuated apoptosis in both the perineu-

rial cells and Schwann cells. Thus use of vitamin B 
complex preserved the integrity of these cells, and 
consequently their normal functions. Perineurium 
forms metabolically active diffusion barrier in the 
peripheral nerve (Allt and Lawrenson, 2000), 
whereas Schwann cells activate the process of 
clearance of degenerated myelin, which is a cru-
cial step for successful nerve regeneration and 
production of cytokines and neurotrophic factors 
necessary for axon regeneration. The anti-
apoptotic ability of vitamin B1 (thiamine) and ben-
fotiamine in human umbilical vein endothelial cells 
and bovine retinal pericytes cultured in high glu-
cose by measuring DNA fragmentation and caspa-
se-3 activity (Beltramo et al., 2004) lend support to 
our findings. Vitamin B3 (niacinamide) has also 

Fig 18. An endoneurial fibroblast (F) with cytoplasmic processes and an ovoid nucleus. The scanty cytoplasm con-
tains well developed RER. (Control). Fig 19. Phagocytic cell with thin cytoplasmic processes and a peripheral nucle-
us. The cytoplasm contains lysosomes (↑) and peroxisomes (PS). Note the extracellular dense body (DB). 
(Diabetes). Fig 20. Soma of a phagocytic cell with a large phagosome (▲). Note the extracellular dense body (↑) and 
the collagen fibrils (CF) which are shown at higher magnification in the inset. (Vitamin). 
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been shown to inhibit apoptosis (Maiese and 
Chong, 2003; Shen et al., 2004), exhibit antioxi-
dant properties (Melo et al., 2000; Shen et al., 
2004), regulate neuronal calcium fluxes (Shen et 
al., 2004), reduce superoxide and hydrogen perox-
ide production and dose-dependently counteracted 
glucose mediated cell death in dorsal root ganglion 
neurons, exposed to high (45 mM) glucose 
(Vincent et al., 2005). In addition, Chong, et al. 

Fig 21A. Negative reaction for anticaspase-3 antibod-
ies. (Control). Fig 21B. Positive immune reaction for 
CD31 in the endothelium lining a blood capillary (BC). 
(Control). Fig 21C. Negative reaction for CD68. 
(Control).  

Fig 22A. Positive immune reaction for anticaspase-3 
antibodies in the perineurial cells (↑) and in myelinating 
Schwann cells (▲). (Diabetes). Inset: shows + immune 
reaction for anticaspase-3 in a myelinating (↑) and a 
non-myelinating Schwann cells (▲). (Diabetes). Fig 
22B. Positive immune reaction for CD31 in an endo-
neurial perivascular cell (↑), negative immune reaction 
in the endothelial lining of a blood capillary (hatched 
arrow). (Diabetes).  Upper left inset: shows + immune 
reaction for a myelinating Schwann cell (▲), negative 
immune reaction in the endothelial lining of a blood 
capillary (↑).  Lower right inset: shows + immune reac-
tion for an endoneurial perivascular macrophage (▲), 
negative immune reaction in the endothelial lining of a 
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(2004) showed that niacinamide provides broad, 
but concentration-specific, protection against 
apoptotic genomic DNA fragmentation and mem-

brane phosphatidylserine (PS) exposure in hippo-
campal neurons during oxidative stress through 
activation of the protein kinase B (Akt1) pathway. 
Niacinamide inhibits several pro-inflammatory cy-
tokines, such as interleukin-1b, interleukin-6, inter-
leukin-8, tissue factor, and tumor necrosis factor-a 
(TNF-a) in pancreatic islets (Reddy et al., 2001). 
Niacinamide could exert a direct neuroprotective 
effect in both neurons and glial cells (Stevens et 
al., 2007). Niacinamide (25 mM) prevented high 
(30 mM) glucose induced overexpression of poly 
(ADP-ribosylated) proteins in human Schwann 
cells. In adult animals it prevents depolarization of 
the mitochondrial membrane, prevents pore for-
mation in the mitochondrial membrane and reduc-
es release of cytochrome c into the cytoplasm and 
reduces activation of caspase-9, which reduces 
the activation of caspase-3, all of which may be 
secondary to niacinamides effect on oxidants and 
free radicals (Maiese et al., 2009). 

Besides, vitamin B12 and dexamethasone upreg-
ulated brain derived neurotrophic factors (BDNF) 
expression, in the injured sciatic nerves (Hongzhi 
et al., 2012). BDNF is one of the neurotrophic fac-
tors essential in supporting axon regeneration, 
during peripheral nerve repair. In galactose-fed 
rats, BDNF inhibits the in motor neuron conduction 
velocity. However, it was not capable of neuro-
pathic attenuating deficit in sensory nerve conduc-
tion velocity (Mizisin et al., 1997). 

Treatment with vitamin B complex increased the 
phagocytic endoneurial cells and Schwann cells 
detected in this work in the diabetic group using 
immunohistochemical reactivity against CD31 and 
CD68 antibodies and verified by ultrastructure. 
According to Mc Kenney et al. (2001), CD31, 
which is generally regarded to be the most sensi-
tive and specific endothelial marker in paraffin sec-
tions, may also be useful as a non-lysosomal 
marker of macrophages. Elevated numbers and 
densities of endoneurial macrophages have been 
reported in diabetic tibial nerves at late stages of 
diabetes (12 and 14 weeks) (Kennedy and Zoch-
dne, 2000) and correlated with increased number 
and density of degenerating axon profiles. Ge 
Ârard et al. (2003) also detected mononuclear cell 
infiltrates in patients with multifocal diabetic neu-
ropathy. 

The endoneurial phagocytic cells detected in our 
study resembled the structure of fibroblasts. They 
possessed cytoplasmic thin and long processes, in 
addition to their being surrounded by numerous 
collagen fibrils.  The phagocytic capacities of en-
doneurial fibroblasts have been previously report-
ed by Schubert and Friede (1981). They demon-
strated cellular transformations of the endoneurial 
fibroblast population upon intraneurial injections of 
india ink or of a purified preparation of rat sciatic 
myelin were studied for intervals of from 6 hours to 
3 days after injection which suggested their capac-
ity for myelin degradation.  A subsequent massive 

Fig 23A. Negative immune reaction for anticaspase-3 
antibodies in the perineurial cells (PN) and Schwann 
cells (▲). BC: blood capillary. (Vitamin). Fig 23B. Posi-
tive immune reaction for CD31 in endothelial cells (↑) 
lining a blood capillary (BC) and a venule (V). 
(Vitamin). Fig 23C. A photomicrograph showing + im-
mune reaction for CD68 in endoneurial phagocytic cells 
(↑). (Vitamin). 

blood capillary (↑).  Fig 22C. Positive immune reaction 
for CD68 in endoneurial cell (↑). (Diabetes).  Inset: 
showing + immune reaction for an endoneurial macro-
phage (▲). 
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increase in phagocytic endoneurial cells appeared 
to develop from, and at the expense of, the normal 
endoneurial fibroblast population has also been 
suggested (Schubert and Friede, 1981). 

Fibroblasts are known to demonstrate phagocy-
tosis. Apoptotic neutrophils are phagocytosed by 
fibroblasts (Hall et al., 1996). Fibroblasts also in-
gest beads coated with collagen or fibronectin in 
culture (Lee et al., 1996; Mc Culloch et al., 1993; 
McKeown et al., 1990). Gingival fibroblasts have 
been shown to engulf type I, III, and IV collagen-
coated beads (Knowles et al., 1991). 

Coinciding with our findings, Richard et al. (2014) 
reported that some endoneurial fibroblast-like cells 
share some immunophenotypic similarities with 
pericytes, which have progenitor cell potentials. 
When activated by experimental nerve lesion, 
these endoneurial fibroblast-like cells could have a 
different proliferative and/or regenerative potential 
than others, and may play a role in the initial 
phase of nerve repair (Richard et al., 2014). In ad-
dition, Goodrum et al. (1994) confirmed that some 
lipid catabolism takes place in Schwann cells and 
endoneurial fibroblasts prior to infiltration of the 
nerve by macrophages. 

The pathological changes detected in sciatic 
nerve fibers as axonal atrophy and abnormal fig-
ures of myelin sheath coincide with the work of 
several groups of investigators, i.e., segmental 
demyelination and axonal degeneration in nerves 
of rats with chronic experimental diabetes (Sahgal 
et al., 1972; Powell et al., 1977; Yagihashi et al., 
1979; Zangiabadi et al., 2011). However, our mor-
phometric data which revealed a significant de-
crease in myelinated nerve fiber area as well as 
myelin sheath thickness compared to the control 
group contradict with those of Kennedy and Zo-
chodne (2000) who reported an unchanged fiber 
and axonal diameter and area along with myelin 
sheath thickness in diabetic tibial fascicles. In ac-
cordance with our work Britland et al. (1985) and 
Bhoyrul et al. (1988) showed a reduction of the 
myelinated axonal area in the sciatic and tibial 
nerves of STZ diabetic rat and Sharma et al. 
(1985) and Mc Callum et al. (1986) showed a re-
duction of the axonal caliber in the tibial and sural 
nerves of STZ-diabetic rats. In further support to 
our findings, Sun et al. (2012) found that dexame-
thasone and vitamin B12 promoted the prolifera-
tion of Schwann cells and regeneration of myelin-
ated nerve fibers promoted recovery of sciatic 
functional index and sensory nerve conduction 
velocity. Vitamin B12 reduced GSH depletion in 
peripheral nerve of diabetic rats (Mizukami et al., 
2011). 

Since vascular and neural integrity are closely 
related, our study focused on the endoneurial 
blood capillaries. Micro-angiopathy of the endo-
neurium included basement membrane thickening, 
reduced luminal area of endoneurial blood capillar-
ies and endothelial cell hyperplasia and a signifi-

cant decrease in endoneurial capillary density 
compared to the control group. 

In support with our results, endoneurial microan-
giopathy has been demonstrated in diabetic pa-
tients with established neuropathy and related to 
neuropathic severity (Bradley et al., 1990; Britland 
et al., 1990; Malik et al., 1992). Stephen et al. 
(1990) reported that there was increase in capillary 
wall thickness, BM thickness and capillary diame-
ter, the latter was expected to indicate a long-term 
morphological adaptation toward reducing the re-
sistance to nerve blood flow. 

Reduction in capillary luminal area (Soley et al., 
2003) and significant increase in capillary BM area 
and endothelial cell profile number (Malik et al., 
2005) have been detected in diabetic patients. 
However, no significant differences in endoneurial 
capillary density have been reported between dia-
betic patients and control subjects. 

Vitamin B complex provided marked improve-
ment in the structure of the endoneurial capillaries 
of the diabetic group, a finding which correlates 
well with the neuroprotective effects of vitamin B12 
have been explored against superoxide-induced 
cell injury in human aortic endothelial cells 
(Edward et al., 2011).  

The endoneurial vascular endothelium together 
with the ensheathing  perineurium provide a spe-
cialized endoneurial microenvironment within 
which, axons, Schwann cells and other resident 
cells of peripheral nerves function. They restrict as 
well as regulate the exchange of materials be-
tween the endoneurial microenvironment and the 
surrounding extracellular space, and are more ap-
propriately described as blood nerve interface ra-
ther than blood nerve barrier. Besides, according 
to what is known as vascular hypothesis of diabet-
ic neuropathy, which is based on structural altera-
tion contributing to nerve perfusion, the endoneuri-
al microangiopathy could be a potential cause of 
reduced nerve perfusion, hypoxia and neuropathy. 

The results of this work demonstrated attenua-
tion of the detrimental pathological hyperglycemic 
effect on the sciatic nerve which has been as-
sessed using morphological, morphometric and 
immunohistochemical techniques. Consequently, it 
might enhance the repair process by reducing 
apoptosis and thus maintaining the cells structure 
and function, influencing the clearance by influenc-
ing the phagocytic cells and improving the integrity 
of the endoneurial micro-vessels making it an at-
tractive potential agent for the protection of diabet-
ic peripheral neuropathy. Therefore, treatment with 
the vitamin B complex is recommended to reduce 
peripheral neuropathy in patients with diabetes. 
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