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Abstract

The study was designed to clarified the effect of induced diabetes mellitus (DM)
on myopathy , neuropathy in addition to the possible role of arginine in prevention
of (DM) complications at each period (15,30,45) days post induction .

Findings on non-sectioning method (silver nitrate) impregnation indicated that
the isolated muscle fibers from skeletal muscle (Biceps - Triceps-Gastrocnemius)
showed mild degeneration, increased myonuclei , areas of necrosis , reduced axons
diameter, the motor-end plates endings retracted , undifferentiated nuclei at sole
plate with dense sarcolemma at the neuromuscular junction , through the ( 30) days
the changes more severity , results indicated to muscle fibers degeneration , most
vesicular myonuclei appeared pyknotic , demyelination nerve fibers , atrophied
axons , remnants of nerve fibers , tortous and the sarcolemma showed discontinuity ,
whereas isolated muscle fibers from diabetes muscles at (45) days revealed to sever
reduction in muscle fiber diameter , some with cross striations , others have no Z-
line , segmental demyelination , the motor endings lost their connection with their
original nerve fibers and ends with retracted nerve endings compared to isolated
muscle fibers from skeletal muscles impregnated with silver nitrate related to
diabetes rats treated with arginine clarified that more regular muscle fibers |,
supplied with myelinated fibers , new formation of motor - end plate , the muscle
fibers with cross striations , new myotubes , primary and secondary terminal
branches end with developed nerve endings , these endings have variable shape, like
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cone , twigs , configurations at ( 15, 30) days post treated , the isolated muscle
fibers from rats treated with arginine at ( 45 ) days post treated showed more
myelinated fibers with constrictions , and variable endings , simple , secondary and
grape like .

Introduction

Diabetes is one the major diseases with various complications. The
prevalence rate is 8.9%-12.3% in human population , it leads to various
complications in long term, neuropathy is one of the most common diabetic
complications of the symmetrical diabetic neuropathies, distal symmetrical
polyneuropathy, a predominantly axonal, length dependent neuropathy is most
prevalent (Zangiabadi et al., 2007 ; Zangiabadi et al., 2011) .

Hyperglycemia in  diabetic patients as the main factor of
diabetic neuropathy induces oxidative stress through various cellular
pathways such as increasing aldose reductase activity , increasing
glycation end-products and altering protein kinas C activity. Longstanding
hyperglycemia through producing a large amount of Reactive Oxygen Species
(ROS) can damage mitochondrial DNA in dorsal root ganglia leading to
peripheral nerves dysfunction (Schmeichel et al., 2003; Srivastava et al., 2005;
Sugimoto et al., 2008 ; Yamagishi et al., 2008).

Several studies have proposed that oxidative stress is one of the major factors
impairing sensory nerves and dorsal root ganglia ( Sharma et al., 2009).

A number of mechanisms have been proposed to link chronic hyperglycemia to
diabetes-induced deficits in motor and sensory nerve conduction velocities (MNCV
and SNCV) and small fibers sensory neuropathy, the vascular concept of PDN
implies that diabetes-induced endothelial dysfunction with resulting decrease in
nerve blood flow (NBF), vascular reactivity, and endoneurial hypoxia has a key role
in

functional and morphological changes in the diabetic nerve (Cameron et al., 2001
). Evidences suggest that oxidative stress and free radicals play an important
role in the pathogenesis of diabetes mellitus and diabetic complications
including tissue damage and injury (Zangiabadi et al., 2011). Vascular defect and
resistance following oxidative stress decreases blood flow and causes hypoxia and
decrease of nerve function leading eventually to Nerve Conduction Velocity
(NCV) reduction (Saini et al., 2007) .
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Diabetes mellitus is characterized by peripheral neuropathy of sensory and motor
nerves, Peripheral neuropathy syndrome was initially diagnosed clinically by the
appearance of pelvifemoral muscle weakness and muscle wasting. Similarly,
variations were reported in the intramuscular nerves after a biopsy study of diabetic
subjects. These peripheral nerves and muscles dysfunctions have been demonstrated
in both humans and rodents (Woolf & Manlis, 1957 ; Mayer & Tomlinson, 1983 ;
Picard & De La Monte,1987 ; Harati, 1987 ).

Diabetes is associated with reduced plasma concentrations of arginine, and L-
arginine supplementation normalized the endothelium-dependent relaxation in
diabetic aorta by enhancing NO availability and restoring the acetylcholine-
stimulated (cGMP) generation (Barbosa et al.,2013).

Abnormal endothelial function is a salient feature of vascular disease in diabetes
that characterized by a decrease in nitric oxide (NO) synthesis or bioavailability, NO
Is produced by endothelial NO synthase (eNOS) through the oxidation of its
substrate L-arginine , So release of NO plays a critical role in preserving vascular
homeostasis by inhibiting vascular tone, platelet aggregation, leukocyte recruitment
and infiltration into the vessel wall, and smooth muscle cell proliferation and
migration (Loscalzo & Welch, 1995 ; Forstermann & Sessa, 2012).

Materials and methods

Experimental animals

Thirty healthy adult females Wistar albino rats (Rattus norvegicus) age (10-
12) weeks and the average weight (225+25) gm, which are breed at the animal
house of the Science college , Al-Basarah University, the animals are housed
under controlled standard conditions in a temperature (20-23) ° C , controlled
roomona (12: 12) Light: Dark cycle, they are randomlly isolated in plastic cages
with hygienic bed and were fed on standard laboratory food, the animals divided
into two group (non diabetic and diabetic group) with about ( 24) female in
diabetic group and ( 6 ) female nondiabetic group ( control group) , The
diabetic group are subdivided into two groups (12) of each one, both of them are
single injected intraperitoneally with streptozotocin (STZ) (60 mg/ kg of body
weight), with mean (10) rats females for each period (15, 30, and 45) days post
induction of DM. the first subdivided group( diabetic group ) were given tap water
but the second subdivided group (diabetic treated with arginine ) were given tap
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water containing L-arginine nitro-L-arginine methyl ester dissolved in the drinking
water at 10 mg/L , 3 days after (STZ) injection (Ki chul choi et al., 1999).

Sacrificed the experimental rats

Fasting overnight experimental rats from each group (treated and control) were
randomly sacrificed after being anaesthetized with overdose of chloroform and
Sacrificed on ( 15 - 30 - 45 ) day post diabetic induction, then samples were
collected included skeletal muscles from fore and hind limbs ( Triceps , Biceps ,
gastrocnemius ). All skeletal muscles that have been isolated from fore and hind
limbs related to control and treated groups were immersed in Decastro fixative
(specific for this experiment ) afreshly prepared solution , according to ( Barker &
Ip, 1963 ; Al-malak ,1992 ).

Results

Findings from light microscopic examination indicated that all the muscle fibers
related to Triceps brachii, Biceps brachii and Gastrocnemius muscles from control
rats appeared as cylindrical structures tubes with tapers endings , clear cross
striations with  Z-line , vesicular , peripherally nuclei , each muscle fiber
surrounded with dense sarcolemma showed as a thin wavy band darker than the
muscle fibre (fig 1), fore and hind limbs muscles supplied with the intramuscular
nerve trunk form plexus extend in the muscle connective tissue as myelinated and
non-myelinated nerve fibers which subdivided to end freely in the muscles , variable
points of nerve entry to the muscles either to the muscle belly or near the fibers
endings, traced and branched to pre-terminal axons and terminals axons that are
derived from a single pre-terminal or from terminal node ( fig 2,3)

Variable nerve endings within control skeletal muscles like motor - end
plates that the axons branched to fine tapers endings with sole - plate , clear dense
nuclei while other terminal axons subdivided to two branches and this formed
secondary branches to end as secondary endings , the nervous arborization of the
end-plates easily stained , the root is dark stained , the branches are thin, visible,
club -like, swelling and containing dense granules, other endings appeared as large
end plate without terminal enlargement, and irregular trial ending showed at the
polar end of muscle fiber (fig 4,5).

Recent study clarified the morphological and structural changes on isolated
muscle fibers with their nerve fibers and terminals nerve endings from diabetes rats
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after(15,30,45)days post diabetes induction, results at (15) days showed mild
degeneration, area of necrosis, increased with myonuclei under the sarcolemma
which appeared folded and irregular , mild inflammatory cells distributed irregularly
while some of muscle fibers appeared normal with cross striation and peripheria
nuclei , some nerve fibers still myelinated , sometimes the axon extend between
muscle fibers , showed mild degeneration with accumulation of dense granules (fig
6,7 ), inaddition each muscle fibers supplied with dense thick nerve fibers showed
like stumps or thick myelinated fillaments divided into two bifurcate and terminate
as free nerve endings, and motor- end plates within the muscle fibers or may be the
terminal end as conical ending ( fig 8 ,9 ), at this period of diabetic the motor-end
plates noticed retracted, degenerated, not well developed and with undifferentiated
nuclei at the sole plate , other terminal branches showed hypertrophied , more
darker and formed sprouts within the muscle fibers or extend between muscle fibers
and others endings like grape, the sarcolemma at the neuromuscular junction
appeared dense and folded ( fig 10,11,12,13) .

At (30) days post diabetes induced the muscles prepared with silver nitrate
impregnation showed more alterations with muscle fibers the nerve fibers and nerve
endings , partial degeneration of muscle fibers, the striation less obvious , vesicular
myonuclei and inflammatory cells , the nerve fibers extend from nerve trunk ,these
nerve fibers appeared demyelination, tortous , variable furcation , atrophied axons,
remnants of nerve fibers, hypertrophied terminals with dense secretory granules ,or
non - well developed motor - end plates and sometimes extend like irregular
endings along the muscle fiber surface ( fig 14,15,16,17,18,19).

After ( 45 )days of diabetes induction in rats , most of muscle fibers isolated
from the skeletal muscles was degenerated , inflammatory cells infiltrated and
heamorrhage between muscle fibers , the sarcolemma was thick and interrupted
along the muscle fiber surface , the cross striation not clear and others have no Z -
line , the changes extend to the muscle fibers endings which appeared degenerated
with thickening sarcolemma, the nerve fibers branched from nerve trunk as
myelinated and segmental demyelination, most of these fibers lost their myelin
sheath , irregular , show degenerated zones , pyknotic nuclei of schwann cells and
extensive ramification of fine nerve fibers many of which end in knobs or rings ,
also abnormal motor terminals showed as fine nerve sprouts arise from terminal
arborization and spread in all directions, in addition degeneration of most equatorial
region myonuclei of muscle spindle and the capsule that surrounded this region,
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degenerated, retracted motor- end plates , changes with secretory granules and thick
folded of both sarcolemma and neurolemma , the main nerve fibre branched to two
primary branches and sometimes the primary also subdivided into fine secondary
branches ending with un developed motor endings, the nerve endings also in
diabetes muscles showed like bunch of grapes ,contracted structure or shrinkage
endings , sometimes the terminal branched regular but they don’t end in a swelling ,
some motor-end plates lost their connection with the origin nerve fibers
(fig 20,21,22,23,24,25,26,27,28).

The study clarified the role of arginine on diabetes skeletal muscle at each
period (15,30,45) day post diabetes induction and results showed some normal
muscle fibers resemble the control muscle fibres , obvious cross striation , more
regular longitudinal myonuclei with normal blood vessels, other muscle fibers
appeared with regular sarcolemma and Z- line and new myotubes formation with
central nuclei arrangement can be noticed at (15) days . Many nerve fibers supplied
the isolated muscle fibers from Gastrocnemius muscle at this period, showed well
neuromuscular junction , that the myelinated fiber showed segmental myelination
and extend along the muscle fiber surface with new formation of motor - end plate ,
more than end — plate at the same muscle fibre , more than terminal branches from
one axon with primary and secondary nerve endings distributed at different regions
of muscle fibers , in addition to the return of normal myelination to some nerve
fibers (29,30,31,32,33).

Variable features were recorded in isolated muscle fibers from fore and hind
limbs skeletal muscles related to diabetes rats and treated with arginine at ( 30 ) days
post diabetes induced there was normal muscle fibers although others fibers showed
degeneration with infiltration of inflammatory cells and nerve fibers remnants , new
myotubes , normal appearance of muscle spindles with well developed equatorial
region and polar regions , myelinated nerve fibers subdivided to branches either
primary or secondary terminal branches and terminate with developed nerve endings
, some of these endings motor-end-plates , configuration endings , cone like shape
, twigs around muscle fibers and hypertrophied well developed motor endings (fig
34,35,36,37,38,39).

The recent study clarified the changes of muscle fibers and their nerve fibers
supplies, type of endings at (45 ) day post diabetes induced and treated with
arginine , isolated muscle fibers appeared normal , most of with striations |,
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peripherall vesicular myonuclei , regenerated myotubes and all the myelinated nerve
fibers showed constrictions along their length , myelinated fibers subdivided to
preterminal branches , its width regular , along its length there was interrupted and
dark granulation and different types of developed endings distributed regularly
within and between muscle fibers some like coiled , vesicular endings , simple and

secondary endings, configuration nerve endings and grape-like motor ending
(fig 40,41,42,43).

Fig ( 1) photograph on isolated muscle fibers from control gastrocnemius showed cross striation

(o ) of muscle fibers , peripherally vesicular myeredlei ( ) , normal sarcolemma
(== )(silver nitrate stain 40X)
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Fig (2) photograph on isolated muscle fibers from control gastrocnemius showed the myelinated nerve
fibers ( =—pinnervate normal muscle fiber ( === )( silver nitrate stain 40X)

Fig ( 3 ) photograph on isolated muscle fibers from control Biceps showed cylindrical fibers
( === ), innervated with branched myelinated filsers=» ), motor emetmge ( ) (
silver nitrate 40X)
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Fig ( 4 ) photograph on isolated muscle fibers from control Biceps showed more than one myelinated
fibers ( I=eteplike ending ( ===05ilVer nitrate stain 40X)
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Fig ( 5) photograph on isolated muscle fibers from control Triceps showed broad-large

end-plate
— ) other endiag-H ) without terminal branch ( silver nitrate stain 40X).
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Fig (6) photograph on Biceps muscle fibers after (15) day of diabetes induction showed isolated muscle
fibers with clear striation (=== ), variable axoRe=(= ), axon with mild degeneration (
), dense granules-ee@mulated ( ) ( silver nitsatedtain 40X)

Fig ( 7) photograph on Gastrocnemius muscle fibers after (15) day of diabetes induction showed folded
sarcolemma ( =), deattachment ( === ) from muscle fiber surface , demyelination nerve
fibers ( =3 silver nitrate stain 40X)
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Fig (8) photograph on Gastrocnemius muscle fibers after (15) day of diabetes induction showed
isolated muscle fiDers (e ).crowded myonucleiG, )( silver nitrate stain 10X)

Fig (9) photograph on Biceps muscle fibers after (15) day of diabetes induction showed thick nerve

fibers (====3 ), bifurcate into two terminal=(» )endings as free=eredgs ( ),other end
plate ( ) obvious ( silver nitrate stain 40X)
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Fig (10) photograph on Biceps muscle fibers after (15) day of diabetes induction showed degenerated
muscle fibers ( ) mretradted nerve fibers ( ===3vith demyelination, conical motor endplate
ending ( )( silver nitrata-~tain 40X)

Fig (11) photograph on Gastrocnemius muscle fibers after (15) day of diabetes induction showed more
than one sensory axons ( =) One bifurcate into two (====2 ), branches, innervate the muscle

fibers ( ==eadh branch ends with motor end plate ( ~Csilver nitrate 40X
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Fig (12) photograph on Gas_trocnemius muscle fibers after (15) day of diabetes induction showed thick
nerve fiber( =3 tortous , ending was appeared as grap-like ending ( silver nitrate stain 40X)

Fig ( 13) photograph on Gastrocnemius muscle fibers after (15) day of diabetes induction showed not -
well developed motor end plate (=== ) within muscle fibers¢==— )( silver nitrate stain 40X)
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Fig (14) Isolated muscle fibers from Biceps at (30) day of diabetes induction showed demyelination of
thick nerve fibers ( === ), bifurcate=(=—>p ) into two branches , degenerated muscle fibers (

)sEsite®r nitrate stain 40X)

=

Fig (15) Isolated muscle fibers from Biceps at (30) day of diabetes induction showed folded nerve
fibers (me=== ), dense granules=t= ) associated with demyelination, thick sarcolemma (
)(Esivenitrate stain 40X )
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Fig (16 ) Isolated muscle fibers from Biceps at (30) day of diabetes induction showed atrophied nerve
fibers ( =3 ), some bifurcate to primary branchess=— ), other lost their myelin (
) enas-v.ith dense motor ending ( ===a0d irregular , trial ending ( === ) also obvious ( silver
nitrate stain 40X).

Fig (17) Isolated muscle fibers from Triceps at (30) day of diabetes induction showed muscle fibers (
),=sspasgted from each other by intercellular space ( == 3atrophied myonuclei ( ),
dewsyer.aated nerve fiber ( ==h degranulation and inflammatory cells ( )
netieedXsilver nitrate stain 40X) .
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Fig ( 18 ) Isolated muscle fibers from Triceps at (30) day of diabetes induction showed fine
demyelinated nerve fibers {em—s ), three motor ereingh ) type end plate within partial
degenerated muscle fibers == ) (silver nitrate stain 40X) .

Fig ( 19) Isolated muscle fibers from Triceps at (30) day of diabetes induction showed atrophied

muscle fibers (=2 ), dense connective tissue and inflammatory=eeh»( ), discontinuous
sarcolemma ( jana-aemyelinated sensory nerve fibers ( ===2innervate the equatorial
region of muscle spindle ( )( silver mitratestain 40X ).
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Fig ( 20) Isolated muscle fibers from Biceps at (45) day of diabetes induction showed degenerated
muscle FIDErs s ), heavy inflammateraep!ls ( ) within intracellular space
(== ), ramifications==2 ) of nerve fibers , without obvious endings ( silver nitrate stain 40X) .

Fig (21) Isolated muscle fibers from Triceps at (45) day of diabetes induction showed myonecrosis  (

), deger@rated and retracted ( =3=néve endings , demyelination nerve fibers ( ) (
Sibwe=krate stain 40X).
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Fig ( 22) Isolated muscle fibers from Gastrocnemius at (45) day of diabetes induction showed thick
myelinated axons == ), loss their myelin skheatk ) near the surface of muscle fibers (
) wititod endings , one nerve fibers ( m—pend With simple coiled ending (e— ) (silver
nitrate stain 40X).

Fig (23 ) Isolated muscle fibers from Gastrocnemius at (45) day of diabetes induction showed stumps
of nerve fibers ( =2 ), some of demyelinated={=— ), secondary terminal endings (
L cihe » nitrate stain 40X) .
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Fig ( 24) Isolated muscle fibers from Gastrocnemius at (45) day of diabetes induction showed
degenerated equatorial region === ) of muscle spirerie=® ), mild cross striation (
) angd.cimple motor ending ( ==3psi|ver nitrate stain 40X) .

ig ( 25) Isolated muscle fibers from Triceps at (45) day of diabetes induction showed myelinated nerve
fibers ( =) schwann cell (=== ), retracted terminal branckcs{ ), and simple
motor endings ( =—fsilver nitrate stain 40X) .

iR 181 o Po

WwW.misan-jas.com



Misan Journal for Academic studies 2019 & aunsalsaUl Elwiyall jluin dl=n

Fig (26 pd variable motor
terminals , so ) and sprouting
endings (

Fig ( 27) Isolated muscle fibers from Triceps at (45) day of diabetes induction showed degenerated

muscle fibers (s ), intramuscular nerve trunk.Gy, ), demyelinated nerve fibers (
)-=ifurcate into two ( ﬂ'ﬂ'knches , end with fine tapers endings (  ====3 ) (silver nitrate
stain 40X) .
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Fig (28) Isolated muscle fibers from Triceps at (45) day of diabetes induction showed structure of

motor end plate (s ), hypertrophied motor termirals=(» ), myq.nmnﬁis ( ) (

silver nitrate stain 40X) .

Fig (29) Isolated muscle fibers from Gastrocnemius at (15) day of diabetes induction and treated with
arginine showed muscle fibers ( === ) with cross striations , normal Z-lines=t=p ) and normal
regular sarcolemma ( =3 silver nitrate stain 40X) .
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Fig (30 ) Isolated muscle fibers from Gastrocnemius at (15) day of diabetes induction and treated with
arginine showed normal myotube ( === ) with central arranged myonuclei=t= ) and clear
sarcolemma ( JCwrlver nitrate stain 40X).

Fig ( 31 ) photograph on muscle fibers isolated from Triceps at (15) day of diabetes induction and

treated with arginine showed segmented demyelination ( s ), heuromuscular contact (
), arepramary branches ( J-azeng muscle fiber surface ( === ) ( silver nitrate stain
40X) .
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Fig ( 32 ) photograph on lIsolated muscle fibers from Biceps at (15) day of diabetes induction and
treated with arginine showed variable myelinated nerve fibets=(= ), primary motor ending (
), end-whh tapers fine endings ( y-csilver nitrate stain 40X) .

Fig ( 33 ) Isolated muscle fibers from Triceps at (15) day of diabetes induction and treated with
arginine showed secondary nerve endings=t=>> ), still lost their contact with motor nerve fibers,
partial degenerated muscle fibers ( ) ( SilVer nitrate stain 40X)

)
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Fig (1 34) Isolated muscle fibers from Biceps at (30) day of diabetes induction and treated with arginine
showed number of axons ( == ), myelinated nerve fibers=(= ), motor terminals (
), stump of nerve-fibers ( ), amewd®icular terminal ( _>) inflammatory cells (
) (silver nitrate stain4CX)

Fig ( 35) Isolated muscle fibers from Biceps at (30) day of diabetes induction and treated with arginine
showed motor end plates endings ( =2 ) secondary endings ( == ), and some retracted

endings ( J-+W myonecrosis fibers ( =) ( silver nitrate stain 40X)
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Fig (136 Isolated muscle fibers from Biceps at (30) day of diabetes induction and treated with arginine
showed normal sarcolemma ( === two motor end plate ending ( === ) and other retracted
terminal end ( )( srhverphtrate stain 40X) .

Fig ( 37) Isolated muscle fibers from Gastrocnemius at (30) day of diabetes induction and treated with
arginine showed very well developed motor end plate ending (=== ), with dense granules , other
retracted ending ( ====3K silver nitrate stain 40X)
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Fig ( 38 ) Isolated muscle fibers from Triceps at (30) day of diabetes induction and treated with
arginine showed normal myelinated nerve fibers=¢» ), bifurcate into two branches
( e ),0ne extena ) along the muscle fiber ( silver nitrate stain 40X)

#

Fig ( 39) Isolated muscle fibers from Triceps at (30) day of diabetes induction and treated with

arginine showed normal myelinated nerve=t== ), very well developed motor end plate (
), prese®e myelination ( y-ilver nitrate stain 40X)
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Fig ( 40 ) photograph on Isolated muscle fibers from Biceps at (45) day of diabetes induction and

treated with arginine showed more normal myelinated fibers==» ), increased number of neural
contact ( === normal regular muscle fibers - ), and normal intercellular space  (

) betwedn the muscle fibers ( silver nitrate stain 40X)

Fig (41 ) photograph on Isolated muscle fibers from Gastrocnemius at (45) day of diabetes induction
and treated with arginine showed isolated muscle fibers ( === ), large number of axons branches (
), some twigs onare=gpound muscle fibers ( ), and number-or-terminals endings ( ) (

silver nitrate stain X3
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Fig ( 42) photograph on Isolated muscle fibers from Triceps at (45) day o diabetes induction and

treated with arginine showed myelinated nerve fibers==>» ), normal musere=fiiers ( ),
secondary ending &~ ) , motor ent=piai® ( ) and myelin nerve fiber bifurcate
( ) into two primary branches.: . ), within single muscle fiber ( silver nitrate stain
40X)

Fig ( 43) photograph on Isolated muscle fibers from Triceps at (45) day of diabetes induction and
treated with arginine showed nerve trunie(= ), myelin fibersp ), grappe like motor ending
( -, other vesicular ending (== ) and some remnant of degenerated motor endings (

) (silver niksatedkain 40X) .
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Discussion

The study indicated that all muscle fibers that isolated from Triceps ,Biceps and
Gastrocnemius skeletal muscles impregnated with silver nitrate and related to
control rats showed normal , cylindrical tubes with tapers endings , with striations
and peripheral myonuclei , all muscles supplied with intramuscular nerve trunk from
plexus and stumps extend in the muscle connective tissue as myelinated and non-
myelinated fibers which subdivided into terminal branches ends as motor end plate ,
secondary endings and these results may be related to the technique used in this
study that the silver impregnation method have the advantage to visualized the nerve
fibers as dark brown bundles stained more dense than the muscle fibers , in addition
we can distinguished the nerve endings with the muscle fibers .

These results in agreement with previous studies clarified that the quality of
impregnation is equally good for small and large nerve fibers bundles , single fibers
both thick and thin and nerve terminals both motor and sensory , there was enough
contrast to differentiate between nerve and muscle fibers , the non-neural structures
like myonuclei , red blood cells , adipose tissue , connective tissue and walls of
blood vessels may also impregnated but the most was the tissues neural elements
which recognizable clearly by their dark stain (Walton , 1988 ; Al-mallak M. , 1992;
Hirsch , 2007; Hassani M., 2013).

Ruff, ( 2003) reported that each myelinated motor axon reaches its target
muscle subdivided to un-myelinated terminals fibers which form motor end plates ,
these terminal fibers contain potassium ( K + ) and sodium ( Na+ ) channels ,that
regulate the period and action potential amplitude .

The present study focuses primarily on the pathogenicity of diabetes induction
on skeletal muscles and their nerve supplied at ( 15, 30 , 45 ) days post ( DM)
induction, there was pathological changes at ( 15 ) days like focal degeneration
crowded myonuclei, folded sarcolemma, loss of cross striations , each muscle fiber
supplied with thick myelin fiber ends with irregular, tortuous nerve fibers and
difficult to differentiate the motor and sensory axons, sever degree of histological
changes noticed at ( 30 ) days post (DM) induction, partial degeneration of muscle
fibers , infiltration of inflammatory cells, discontinuity of sarcolemma , primary and
secondary endings was destroyed , the abnormalities consisted of increased number
of end plates and formed complexity branched terminal axons. Also post ( 45) days
of ( DM) induction , finding showed sever degeneration , hemorrhage , thick and
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interrupted sarcolemma along muscle fiber surface, segmented demyelination , the
motor innervation was abnormal , increased number of un-well developed motor
endings , there was heavy contribution among nerve fibers that supplied the muscle
fibers , these changes that associated with (DM) may be related to the toxicity of
( STZ ) which used for (DM) induction and to the complications caused by (DM) it
self , effect of ( Ros) and increased ( NO) that was lead to changes in blood vessels
structure , reduced blood flow , the damaged of cellular structures or its direct effect
on peripheral nervous tissues and the hyperglycemia that caused muscle fibers
injury .

These results supported by other studies indicated that diabetic peripheral
neuropathy affect the most patients with ( DM) and to non-traumatic lower limb
amputations and to contribution of high level of glucose to the pathogenesis of
microvasculature complications in T1 and T 2 diabetes ( Adler et al., 2004 ; Aaron
P. & Rodica, 2005 ).

Moreover ( DM) associated with hyperglycemia produced long-term harm
and failure of various tissues specially neural damage induced by diabetes and it is
a dominant form of neuropathy , the alteration of neuromuscular transmission would
contribute to the progressive impairment of extensor and flexor muscles through
diabetes ( Calcutt et al., 2009 ; Carmen et al., 2012 ) .

In diabetic patients hyperglycemia was the major factor of diabetic neuropathy
induced oxidative stress through diverse cellular pathways like raising aldose
reductase activity , glycation end products and changing protein Kinase activity
(Zangiabadi et al., 2011).

Various studies have proposed that oxidative stress was the main factor impairing
ganglia and sensory nerves ( Arora et al., 2008 ; Sharma et al., 2009 ).

The correlation between hyperglycemia and the development of a clinically
detectable neuropathy has been well documented , diabetic neuropathy is an
heterogeneous disorder has different syndromes depending on the nerve fiber type
such as great fiber neuropathies may include sensory or motor nerves ( Fazan et al.,
2010).

Our findings identified variable nerve endings most of appeared ramified ,
irregular and showed retracted extend within degenerated muscle fibers , these
endings related to segmented demyelinated nerve fibers in all muscles related to

i R 192 o Po

WwW.misan-jas.com



Misan Journal for \cademic studies 2019

diabetes rats at each period (15, 30, 45 ) days post ( DM) induction this may be
related to metabolic disorder caused by diabetes which lead to complications like
myelin destruction , reduced in growth factors and axons atrophy , these results was
obtained by other investigators who confirmed that interactions between various
direct and indirect metabolic consequences of insulin lack, hyperglycemia and
environmental factors are required to the emergence of diabetic, neuropathies ,
axonal abnormality resulted from the metabolic derangement , decrease in axonal
transport of structural proteins after (4)weeks after (STZ) injection , most changes
were performed in limb nerves which more susceptible to injury ( Harati , 2007 ;
Fazan et al., 2010) .

Previous study by Thomas et al., (1990) reported a reduction of the myelin
thickness mainly on the small myelinated fibers of the tibial nerves in chronic STZ-
diabetic rats especially if the induction of diabetes was at early stages of life .

Furthermore morphological changes of the autonomic nervous system in
diabetes , either in human or rats are recorded to be associated with degenerative
process showed in the nervous fibers and their myelin sheaths , morphological and
electrophysiological studies propose that the axons was the initial site of harm in the
peripheral nerves ( Yasaki & Dyck , 1990 ; Saini et al., 2007 ) .

Results and figures from recent work determined the role of arginine (arg) on
diabetes pathogenicity and its effect on skeletal muscles with their nerve supplies in
diabetes rats at each period (15,30,45) days post diabetic induction , Results
showed some muscle fibers with normal striations , less degeneration, new
myotubes formation at (15) days post (DM) induction , moreover the photograph on
isolated muscle fibers from whole muscle impregnated with silver revealed to more
muscle integrity , most fibers with cross striations , normal intercellular space
between muscle fibers , each muscle fibers supplied with myelinated nerve fibers
extend from nerve trunk and variable motor endings such as conical , vesicular and
motor -end plate , also at ( 45) days period the results confirmed less degeneration ,
normal appearance of muscle spindle , myelinated nerve fibers , normal vesicular
myonuclei , regenerated myotubes , well developed endings , normal distribution of
these endings on each muscle fibers and variable shape and size of endings like
primary , secondary and grappe-like motor endings , these results may be confirmed
the role of (arg) as amino acid agent reduced the harmful effects associated with
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diabetes and (STZ) metabolites , act on glucose metabolism , repairing nerves
damage and have protective role diabetes neuropathy .

These results in agreement with other studies described the role of (arg) for
activating nitric oxide (NO) , the most supplements for nerve health use as
vasodilation and to increase (NO) level and this mediated vasodilation will raise
delivery of oxygen and nutrients to poorly, perfused nerves to re-establish their
normal membrane potential , moreover (NO) and certain amino acids interact with
schwann cells to trigger biological responses ( Salvatore et al., 2011 ).

Arginine wanted for the creatine synthesis, an essential energy source to
muscle contraction , also ( arg ) induced ( No ) production by endothelial cells,
which contribute to raise blood flow and then glucose and amino acid uptake by
skeletal muscle and ( No) it self induced both transport and oxidation of glucose by
skeletal muscle, also (No) physiological concentrations may inhibit proteolysis of
muscle (Omnia et al., 2014 ).
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