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1. INTRODUCTION

The sources of energy and food to human are carbohydrate, fat, protein, ATP-
Pcr and micronutrients. The physiological disorder or a disease that causes blocking
these resources to reach the cells of the body or deficiency of these resources are one
of the cause that producing diseases in human. Sugar is the popularized name for
sweet, short-chain, solvent starches (carbohydrates), a large portion of which are
utilized as a part of nourishment. The basic atom of sugar having the important role
in the building new cells and obtaining energy, sugar is one of the sources of energy,
the human taking the sugar orally as food for performing his daily activity in normal

condition (Devlin, 1997; Vasudevan et al., 2013).

To demonstrate any morphometric change in the organism's body due to
diseases, we need a scientific method like stereological science and information to
know how these diseases occur and on any organ, tissues and a cell that influence, to
proof that the change occurs or not. So we need the scientific method like histology
science. Precise technique, good preparation, achievement of tissues and cells are
needed to confirmation of the changes. Diabetes mellitus (DM) general names that
indicated to diabetes. DM is a collection and series of metabolic illnesses in which
there are high glucose levels present in the blood for long period. Related to different

metabolic issue (Seino et al., 2010).

DM is the disease of antiquity, It’s a standout amongst an essential medical
issue around the world, indicating high lists of commonness and mortality (Alarcon-
Aguilar et al., 2000). Diabetes mellitus can be characterized as a gathering of
metabolic infections portrayed by incessant hyperglycemia, coming about because of
deformities in insulin emission, insulin activity, or both, offering to ascend to
weakened capacity in the sugar, lipid and protein digestion system (Kuzuya et al.,
2002) diabetic mellitus one of the diseases that occur by physiological disorder or by
outside body effects such as drug or eating poison thing. Diabetes has the ancient

history in the world of humans (Beauquis et al., 2008).

The incessant confusion of the disease induces trouble in the visional system,

kidney, heart, and blood vessels (Beauquis et al, 2008; Oliveira et al., 2013; Sato et



al., 2014). As well, the nerves system is also damaged give rise to drawback at the
CNS (central nervous system) and PNC (peripheral nervous system) layer (Zochodne
et al., 2008). Diabetic neuropathy is the most surely implied neuropathy in modern
countries, and it is connected with a broad assortment of clinical appearances.
Diabetes mellitus is the most well-known reason for neuropathy worldwide (Said,
2007). The enlistment of trial diabetes in the rat utilizing chemicals which
specifically pulverize pancreatic  cells are extremely helpful and easy to utilize
(Szkudelski, 2001). Alloxan and streptozotocin (STZ) are broadly used to instigate
exploratory diabetes in creatures (Szkudelski, 2001). STZ is less toxic than alloxan
and mortality rate of animals is found less by STZ than alloxan for that, the STZ is
best producing diabetes in Rat and in another experimental animal (Hoftiezer and

Carpenter, 1973).

The stereological method that means we make comments on the three-
dimensional properties of the structures, based on the data obtained from Two-
dimensional sections of three-dimensional samples (biological structures, etc.) it is a
fully unprejudiced and appropriate technique for ascertaining the volume, numerical

layer of format (Gundersen et al., 1988).

The aim of this study was to investigate the different dose applied to adult
rats at different doses using stereological methods because we did not find a
stereological study that showed the effects of diabetes on the total number of motor

neurons in the rat medulla spinalis T11 segment.



2. GENERAL INFORMATION
2.1. Diabetes Mellitus

Diabetes mellitus (DM) is the most widely recognized metabolic troubles in
human being including a gathering of related ailments portrayed by hyperglycemia
thus of deficient insulin discharge, insulin resistance, or both. The long haul
intricacies of the ailment influence the visual framework, kidneys, heart, and veins
(Gispen and Biessels, 2000; Beauquis et al,. 2008; Oliveira et al., 2013; Sato et al,
2014). Additionally, the Nervous System is likewise influenced prompting to
difficulties at the CNS (Central Nervous System) and PNS (Peripheral Nervous
System) levels. Vitally, both Insulin and its receptor are available in the CNS
(Gispen and Biessels, 2000; Zochodne et al., 2008; Benitez , 2015)

Causes of Diabetes, it’s recognized as a heterogeneous condition (Alberti,
1998) because the reasons are different, for example, lacking creation of insulin
(either completely or about the body's needs), generation of faulty insulin, The
failure of the cells to utilize insulin legitimately and productively prompts
hyperglycemia are some of those reasons (Malgaonkar et al., 2016). Induction of
diabetes with streptozotocin decreases nicotinamide adenine dinucleotide (NAD) in
pancreas islet beta cells and causes histopathological effects in beta cells which

probably intermediates induction of diabetes (Akbarzadeh et al., 2007).

Induction of diabetes with streptozotocin decreases nicotinamide-adenine
dinucleotide (NAD) in pancreas islet beta cells and causes histopathological effects
in beta cells which probably intermediates induction of diabetes (Akbarzadeh et al.,

2007).

2.1.1 Diabetes history

Before named the diabetes mellitus it recognized by his symptoms. It's the

one of most established infection known by the human.



2.1.1.1 History of diabetes in antiquated Egypt

A restorative condition creating unnecessary thirst, consistent pee and
extreme weight reduction has intrigued medicinal creators for more than three
centuries. Sadly, until the early piece of 201h century, the forecast for a patient with

this condition was no superior to anything it was more than 3500 years prior in

antiquated Egypt (Figure 1) (Ahmed, 2002).

Since the antiquated doctors portrayed only instances of what is today known
as type I diabetes mellitus, the result was constantly deadly. Ebers papyrus, which
was composed around 1550 BC, exhumed in 1862 AD from an old grave in Thebes
of Egypt, and distributed by Egyptologist Georg Ebers in 1874, portrays, among
different illnesses and their cures, a state of "excessively incredible exhausting of the

urine" perhaps, the reference to diabetes mellitus (Ahmed, 2002; Poretsky, 2004).
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Figure 1. The Ebers papyrus. Courtesy of the Wellcome Library, London(Richard

et al., 2010)
2.1.1.2 History of diabetes in antiquated India and China

In the fifth century AD, Sushruta and Charaka two Indian physicians, they
watched that the pee of individuals with diabetes pulled in ants and flies. They

named the condition "madhumeha" or "honey urine". Indian doctors additionally



noticed that patients with "madhumeha" experienced extraordinary thirst and foul
breath (probably, from ketosis) despite the fact that the polyuria related with diabetes
was very much perceived, antiquated clinicians couldn't recognize the polyuria
because of what we now call diabetes mellitus from polyuria because of different
conditions. In seventh century AD in China, Li Hsuan noticed that the patients with
diabetes were inclined to bubbles and lung diseases. He recommended evasion of sex

and wine as treatment for diabetes (Medvei and Cornelius, 1982).
2.1.1.2 History of diabetes in islamic world

Avicenna or Ibn-Sina (980-1037 AD) doctor to caliphs of Baghdad ordered
through restorative content (Canon Avicennae), which incorporated a point by point
portrayal of diabetes. Its clinical components, for example, sweet pee and expanded
hunger, and entanglements, for example, diabetic gangrene and sexual brokenness,

were depicted by avicenna in detail (Hosseinzadeh and Nassiri-asl, 2013).

In 1936, Harold Himsworth suggested that there were no less than two
clinical sorts of diabetes, insulin delicate and insulin-obtuse. He proposed that
insulin-touchy diabetics were insulin lacking and required exogenous insulin to
survive, while the other gathering did not require insulin. This perception depended
on clinical proof, as around then no examines were accessible for the estimation of
insulin (Himsworth HP, 1939). The Australian researcher, Joseph Bornstein, who
built up the main bioassay for insulin and was in the end granted a Nobel Prize, at
first increased little acknowledgment for his work until he went to work in London
with Robin Lawrence (Bornstein, 1951). Taking after the improvement of the
bioassay for insulin and its estimation in people with diabetes, it turned out to be
progressively obvious that there were no less than two noteworthy unmistakable
types of diabetes. With the assistance of the measure, these were presently not just
distinct on the premise of age at diabetes onset, additionally by the levels of
endogenous insulin. The distinction image at onset prompted to the utilization of the
terms 'adolescent onset' and 'development onset' diabetes which was thought to be to
a great extent steady with their watched treatment contrasts portrayed as insulin-ward
diabetes mellitus (IDDM) and non-insulin subordinate diabetes mellitus (NIDDM)
(Courten, 2002).



2.1.2 Diabetes types

According to the reason for increasing the level of glucose in the blood than

the normal range the type of diabetic differentiated (Malgaonkar et al., 2016).
2.1.2.1 Diabetes type I insulin-dependent diabetes mellitus (IDDM)

From the name, the pancreas could not produce insulin, for that, the patient
rely on upon the insulin that taking. Nobody knows for beyond any doubt why
individuals get type one diabetes (TID). A few people are conceived with genes that
make them more inclined to get it (Risch, 1987). In any case, numerous other
individuals with those same genes don't get diabetes. Something else inside or
outside the body triggers the illness. Specialists don't comprehend what that
something is yet. Be that as it may, they are attempting to discover (Xu et al 2002).

The vast majority with TID have elevated amounts of autoantibodies in their
blood before they are initially analyzed. Antibodies are proteins your body makes to
demolish microorganisms or infections. Autoantibodies assault your body's own
tissues (Ziegler et al., 1990). In individuals with type 1 diabetes, autoantibodies may

assault the cells in the pancreas that make insulin (Ko et al., 1998).
2.1.2.2 Diabetes type II non-insulin-dependent diabetes mellitus (NIDDM)

In type two diabetes (TIID), your body does not make enough Insulin, or
experiences difficulty utilizing the insulin or both (Martin, 1992). A man with type 2
diabetes may require insulin to control blood glucose levels however does not rely on
upon it to live. In the event that there is insufficient Insulin or if it's not working
right, your cells can't utilize the glucose in your blood to make vitality (Hales and
Barker, 1992). Rather, glucose remains in the blood. This can prompt to high blood
glucose levels. After some time, high blood glucose levels may hurt your eyes,

kidneys, nerves, heart, and veins (Bailes and Bakewell, 2002).

A great many people who get type 2 diabetes are more than 40 years of age.
Be that as it may, type 2 diabetes frequently happens in more youthful individuals

even youngsters (American Diabetes Association, 2000). In any case, Type II



diabetes frequently happens in more youthful individualseven youngsters. Regularly,
the indications of illness might be so mellow or grow so bit by bit that they go

unrecognized by the individual with the turmoil (Bardsley, 2004).

Consequently, it is critical that individuals who are at hazard for Type 2
diabetes have blood glucose testing every 3 years to see whether they have diabetes.
A portion of the hazard components for type 2 diabetes include: having a parent,
sibling, or child with Type II diabetes (Horikawa et al., 2000) or being overweight
(Reaven, 1988; Kahn et al., 2006).

2.1.2.3 Gestational diabetes mellitus (GDM)

In this type of diabetes, the level of blood glucose increased in the body of the
un-diabetes pregnant mother. Diabetes in pregnancy postures major issues for both
mother and baby and has long - term wellbeing suggestions for the child, some of the
pregnant ladies with pre - gestational and gestational diabetes mellitus GDM is
expanding, basically due to the expanding commonness of corpulence in ladies of

childbearing age (Alberti, 1998).
2.1.3 Experimental diabetes

Chimpanzees, primate of non-humans, dogs, cats, rabbits, guinea pigs,
hamsters, sheep, rats, mice, bird, fish and other farm animals are the animal using for
the purpose of scientific research especially in medical research. Diabetes mellitus
animal can be produced by pancreatectomy (Leahy et al., 1994) or feeding or
injection or drinking of chemical or antibiotic that causes the diabetic like alloxan

and streptozotocin (Szkudelski, 2001).

Animal models have been utilized broadly to concentrate the pathophysiology
of TID and TIID. These models have been important in the advancement of remedial
specialists to treat the sicknesses and related difficulties. Rodents, fundamentally
mice and rats, are the prevalent creatures utilized as models of diabetes (Peterson et
al., 1990; Courteix, 1993). The utilization of these creatures is moderately reasonable

and useful. The significance of mouse models has expanded after the presentation of



cutting edge techniques for genetic manipulation, for example, tissue-particular

transgenic expression and targeted gene knockout (Mizushima et al., 2010).

2.2. Spinal Cord

Nervous system in the animal and human body is consisted of two mix
complex system central nervous system (CNS), which comprises the spinal cord and
brain, and the other is peripheral nervous system (PNS) that consist of sympathetic,
parasympathetic and autonomic system. Brain and spinal cord are surrounded by
bone structure (skull, vertebrate) from outer and inner the membrane envelope
(meninges). The bone that surrounded brain its name is skull and the bones that
surround the spinal cord its name is vertebrate bone. Meninges membranes are
enveloping the CNS. The Meninges encasing the spinal cord comprise of three
layers: the furthest dura mater , the middle arachnioid mater and the deepest pia
mater (Nicholas and Roy, 1988). Those membranes protect brain and spinal cord
from outer mechanical pressure, form these CNS taking the blood and providing a
space for the flow of cerebrospinal fluid (CSF). Spinal Cord and meninges located
inside the vertebral canal. Spinal cord is the most basic structure between the body
and the brain. The spinal cord extends from the foramen magnum where it is
consistent with the medullary cone to the level of the 1st or 2nd lumbar vertebrae. It
is an indispensable connection between the cerebrum and the body, and from the
body to the cerebrum. The spinal cord is 40 to 50 cm long and 1 cm to 1.5 cm in
width. These nerve root attaches join distally to frame 31 sets of spinal nerves. The
spinal cord is a tube-shaped structure of nervous tissue made out of white and gray
matter, is consistently sorted out and is separated into four districts: cervical (C),
thoracic (T), lumbar (L) and sacral (S), (Figure 3.1), each of which is involved a few
fragments. The spinal nerve contains engine and tactile nerve filaments to and from
all parts of the body. Every spinal cord section innervates a dermatome (Nicholas

and Roy, 1988).

The spinal string is a piece of the central nervous system, which stretches
caudally, it’s comprises of longitudinal barrel framework that shipped the flag or

beat of sense and engine from fringe of body to cerebrum and the other way around.



The spinal cord controls the willful muscles and which gets tangible data from these
locales. The spinal cord in people it involves the upper 66% of the vertebral channel
underneath which the vertebral trench contains just the spinal nerve roots and
meninges. The normal length of the spinal cord in adult people is 45 cm in guys and
42-43 cm in females, spine is much longer from spinal cord (Figure 2) (Mccotter,
1916). The spinal cord reaches out all through the vertebral trench to the level of
fourth sacral vertebra until the third fetal month, after that the vertebral section
becomes quicker (Barson and Sands, 1977). In the central of spinal cord one hall
present named by central canal. The central canal of the spinal cord extends from
base of brain until end of spinal and is lined by a single layer of ependymal cells.
The spinal cord is secured to by vertebrae, their related tendons and muscles, the
spinal meninges, and the cerebrospinal fluid (CSF). Spinal cord involve two districts
gray matter and white matter, the white matter made up of myelinated axons and
gray matter contain neuropil, cell bodies, glial cells, neurotransmitters (Yasui et al.,

1999).

Figure 2. Lateral and medial longitudinal transaction, that showing the spine and

spinal cord level of spinal cord segment and vertebral (Moore, 2014).



2.2.1 Embryology of spinal cord

The primary signs of the improvement of the nervous system show up amid
the third week as the neural plate and neural groove create on the back part of the
trilaminar embryo. The nervous system creates from the neural plate, a thickened
territory of embryonic ectoderm. the notochord and paraxial mesoderm actuate the

overlying ectoderm to separate into the neural plate (Hockfield and Mckay, 1985).

The improvement of the body of vertebrate developing lives happens in two
unmistakable and separate stages. The underlying stage is called primary body
development, additionally, is depicted by gastrulation. Amid gastrulation, cells of the
epiblast entrance through the primitive streak to build up the three complete germ
layers: ectoderm, mesoderm, and endoderm, from which all tissues in the front and
the more prominent bit of the body are determined. This is trailed by the following

stage called secondary body development (Lawson et al., 1991).

The neuroepithelium thickens and differentiates to form the neural plate. The
neuralplate invaginates and thickens to form the neural groove (Lewis and Eisen,
2003), neural tube a cylindrical structure that results from fusion of the edges of the
neural groove, enlarges at its cranial end to form the brain (Baldock and Morriss-kay,

2016; Gartner, 2015).

Neurulation, the central nervous system first shows up in the developing life
as the neural plate this can be seen at around 18 to 19 days pc (days post-origination)

in the human (Figure 3) (Watson et al., 2009; Baldock and Morriss-kay, 2016).
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Figure 3. Neural plate and neural tube formation this diagram shows the neural plate
and neural tube of human embryos at 18 days pc (a), 20 days pc (b), and 22 days pc
(c) showing folding of the neural groove to produce the neural tube. The first point of
fusion between the neural folds is at the hindbrain/medulla spinalis junction

(Akbarzadeh et al., 2007).

Neurulation a tadpole shaped thickening of the ectoderm rostral to the
primitive pit. The following stride is the arrangement of the neural tube, which is the
antecedent to the brain and spinal cord, The ectodermal cells just dorsal to the
notochord increase in height that mean the cells number increased and differentiated
to form a thickened neural plate (Kimmel et al., 1994). The neural plate folds inward
(invaginates) to form the neural groove, while the elevations at the groove’s open
end are called the neural folds. As the groove deepens, the rises intertwine with each
other to frame the neural tube (Hodsdon et al., 1992), which isolates from the

overlying surface ectoderm and seems to sink into the basic mesoderm.

The future neural crest cells move out of the neural cover as they circuit to
twisting up unmistakably the neural crest cells, which now lie between the ectoderm

and the neural tube (Schoenwolf and Smith, 1990).

Neurulation this procedure happens in four conspicuous stages despite the
fact that they cover both spatially and transiently. (i) formation of the neural plate
during which the ectoderm thickens as a result of acceptance; (ii) forming of the
neural plate; (iii)) bowing of the neural plate; and (iiii) conclusion of the neural
groove (and its cranial and caudal closures, the neuropores) with formation of the
roof plate of the neural tube, the neural crest and the overlying surface epithelium.

The plate is wide at the cranial end, and contracts caudally. Incorporates the change
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of the neural plate into the neural tube the incipient embryo at this stage is named the
neurula (Schoenwolf et al., 2015). The cranial end will venture into the cerebrum,
and even at this primitive stage can be separated outwardly into the fore-, mid-, and
hindbrain. The caudal end of the neural plate, which lies over the notochord, forms
into the spinal cord (Schoenwolf and Delongo, 1980; Schoenwolf, 1985; Lewis and
Eisen, 2003).

Location of spinal cord and positional changes of spinal cord during
development after appearing of the spinal cord in the first day in the processing of
embryo the position of spinal cord changes in the spine. The spinal cord in the
incipient organism broadens the whole length of the vertebral channel at two months
(Figure 4-A). The spinal nerves go through the intervertebral foramina inverse their
levels of beginning in light of the fact that the vertebral column and develop more
quickly than the spinal cord, this positional relationship to the spinal nerves does not
hold on. The caudal end of the spinal cord in embryos bit by bit comes to lie at
generally more elevated amounts. In a twenty-four week old, it lies at the level of the
number one Sacral Vertebra (Figure 4-B). The spinal cord in the neonate ends at the
level of the second or third lumbar vertebra (Figure 4-C). In a grown-up, the spinal
cord more often than not ends at the substandard outskirt of the main lumbar vertebra
(Figure 4-D). Accordingly, the spinal nerve roots, particularly those of the lumbar
and sacral fragments, run sideways from the spinal line to the relating level of the
vertebral column. The nerve roots mediocre compared to the finish of the cord the
medullary cone (conus medullaris) shape a parcel of nerve roots caudal equine that
emerges from the lumbosacral augmentation (swelling) and medullary cone of the
spinal cord (Figure 4-C and D). Despite the fact that in adults the dura mater and
arachnoid mater for the most part end at the S2 vertebra, the pia mater does not.
Distal to the caudal end of the spinal cord, the pia mater frames a long, fibrous string,
the filum terminale (terminal filum), which shows the first level of the caudal end of
the embryonic spinal cord (Figure 4-C and D). This filum stretches out from the
medullary cone to the periosteum of the first coccygeal vertebra (Figure 4-D) (Moore

etal., 2016).
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Figure 4. Diagrams showing the position of the caudal end of the spinal cord in
relation to the vertebral column and meninges at various stages of development. The
increasing inclination of the root of the first sacral nerve is also shown. A, At 8
weeks. B, at 24 weeks. C, Neonate. D, Adult. The O is the Caudal end of spinal
cord. The © is the Root of the Sacral nerve(Keith et al., 2016).

2.2.2 Anatomy of spinal cord

The spinal cord is the fundamental pathway for data interfacing the brain and
fringe anxious system. Spinal cord comparing to length of the spinal column it’s too
short. The human spinal cord reaches out from the foramen magnum and proceeds
through to the conus medullaris bottom of the spinal cord. Close to the second
lumbar vertebra, ending in a stringy expansion known as the filum terminale soft

threadlike of fibrous tissue (Watson et al., 2009; Heimer, 1983).

The spinal cord is consisted of 5 different locations: the coccygeal, sacral,
lumbar, thoracic and cervical segment districts. The cord location different can be
seen it by naked eye separated from one another. Two growths of the spinal cord can
be envisioned. The cervical augmentation, which reaches out between cervical
number three (C3) to thoracic number one(T1); and the lumbar amplifications which
stretch out between lumbar number one (L1) to sacral number two (S2) (Clemente,

2011).
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The cord is segmentally composed. There are 31 segments areas, described by
31 sets of nerves leaving the string (like a wing) (Figure 5). These nerves are
separated into eight cervical, twelve thoracic, fife lumbar, fife sacral, and one
coccygeal nerve. Dorsal and ventral roots (nerve cord) enter and leave the vertebral
bit independently through intervertebral foramen at the vertebral bit contrasting with
the spinal cord. The number of spinal cord segment compared with spinal vertebrae
is same but the length is different, this different return to the embryologic stage

development of different tissue (Figure 5) (Clemente, 2011).
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Figure 5. The gross anatomy of the spinal cord, gray matter, white matter, and

nerve roots (Lennart Heimer, 1983)

The spinal cord is sheathed in an indistinguishable three meninges from is the
cerebrum: the pia, arachnoid and dura. The dura is the intense external sheath, the
arachnoid lies underneath it, and the pia nearly sticks to the surface of the cord. The
spinal cord is added to the dura by a development of sidelong denticulate tendons

exuding from the pial folds (Nicholas and Roy, 1988).
2.2.3 Histology of spinal cord

Nervous tissue, made out of upwards of a trillion neurons with huge numbers
of interconnections, structures the unpredictable arrangement of neuronal
correspondence inside the body. The spinal cord like brain consisted of white and
gray matter, the gray matter in the center and white matter around it. Like brain the
spinal cord surround by 3 layer of meningeal tissue. Cerebrospinal-fluid surround’s
the spinal cord and spinal cord and brain are produced from same tissue (Gartner,

2007).
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In the central of spinal cord one canal hall present named by (central canal)
the central canal of the spinal cord extends from base of brain until end of spinal and

is lined by a single layer of ependymal cells (Yasui et al., 1999).

The gray matter has a trademark butterfly or the capital letter H appearance in
cross-sections. It comprises of countless and their processes, notwithstanding a
significantly bigger number of neuroglial cells. The zenith of the posterior horn, the
substantial gelatinous an, is portrayed by an expansive number of small neurons, and
one by and large gets the feeling that the neurons increment in size as one moves
from the peak of the dorsal horn toward the ventral horn, where the big motor

neurons show up (Watson et al., 2009).

On the commence of the social affair of the spinal neurons and their structural
attributes, the gray matter of the spinal cord as saw in transverse portion can be
detached into ten laminae (Figure 6). Both neurophysiological and neuroanatomical
surveys recommend that this cover reflects a relating valuable affiliation (Lima and
Coimbra, 1986). A trademark highlight of the gray matter in the thoracic and upper
lumbar fragments is the nearness of a lateral horn, in which the autonomic

preganglionic motor neurons are found (Heimer, 1983).

Figure 6. Laminar organization of the spinal cord (Heimer, 1983).

The neurons of the spinal cord are not distributed at random but are gathered
together into larger or smaller groups. Usually, the cells within such a group are
involved in some common function. The topographical grouping of cells is
particularly apparent in the ventral horn; here the motor neurons are arranged

longitudinally in columns, the cells in a given column innervating a particular group

15



of muscles involved in the movement of a joint. It thus appears that there is not a
representation of discrete motor pools for individual muscles but rather a functional
grouping of muscles acting on a common joint. An afferent volley of nerve impulses

(Rexed , 1952).

White Matter is perceptibly distinguished capable in mind and spinal cord
areas because of the nearness of myelin that enwraps singular axons and gives
electrical protection that encourages axonal conduction of activity possibilities. The
high thickness of myelinated axons influences the optical intelligent absorptive

properties of white matter (Rastogi, 2007).

In the central of spinal cord one canal hall present named by (central canal)
The central canal of the spinal cord extends from base of brain until end of spinal and

is lined by a single layer of ependymal cells (Yasui et al., 1999).
2.2.4. Physiology of spinal cord

The greater part of our sensations, sentiments, musings, engine and passionate
reactions, learning and memory, the activities of psychoactive medications, the
reasons for the mental issue, and whatever other capacity or brokenness of the human
mind can't be comprehended without the information about the interesting procedure
of correspondence between nerve cells (neurons). Spinal cord has a one of a kind part
as a conductor of motivations between the cerebrum and the different peripheral
nerves; it likewise serves numerous imperative reflex capacities., The somatic nerves
system gives engine driving forces to the skeletal muscles while the autonomic
nerves system gives motor impulses to the smooth muscles of the viscera,
cardiovascular muscle of the heart, and secretory cells of the exocrine and endocrine

glands, along these lines looking after homeostasis (Gartner, 2007).

The most important operational units of the nervous systems are reflexes. A
reflex apparatus usually involves a receptor, sensory pathway, modulator, motor
pathway and the effector, and the path traced by the reflex action is known as reflex

arc (Figure 7) (Rastogi, 2007).
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Figure 7. Reflex arc , diagrammatic portrayal of the receptor and effector

relationship ( Rastogi, 2007).

2.3. T11 Segment

The thoracic spine cord is made up of 12 segments, total between the end one
of cervical spinal cord segment and first one of lumbar spinal cord segment. Thoracic
eleven is located inside vertebra ten that return to the differential speed growth of
them. The T11 segment like all other segment contain sensory, motor, interneuron
cells that controlling the muscles, glands in the urinary system and uterus of women
and some part of large and small intestinal and sense of this organs, with other
segment by producing complex nerve root that coming and going from the spinal
cord segment, T11 located in the width part of spinal cord and have width cross-
section area that contain a large motor neurons specially in ventral horn, the T11
motor neuron axons reach to urinary system and uterus of women and some part of

large and small intestinal (Clemente, 2011).

2.4. Motor Neuron (Motoneurons)

Motor neuron conducts impulses from the central nervous system to other
neurons, muscles, and glands. The motoneurons in the spinal cord belong to two
functional groups, somatic and visceral. somatic motoneurons innervate skeletal or
voluntary muscle while visceral, autonomic motoneurons innervate smooth muscle

and glands (Brown, 1981).

Motor neocons present inside the gray mater especially in the ventral horn.
The location of motor neurons in the gray matter recognizing by large nuclei (Figure
8) and their appearance in sections stained with silver techniques are so well known

(Brown, 1981).
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Figure 8. Summary diagrams of the locations of some identified neuron systems. A
A spinocervical tract (cat); O neurones with axons ascending the dorsal columns
(the postsynaptic dorsal column system); @, spinothalamic tract (cat); OO,
spinothalamic tract (monkey). B O, dorsal spinocerebellar tract (from Clarke's
column); &., neurones projecting to cerebellum (Aoyama et al. 1973); I, @, ventral
spinocerebellar tract; O, Ia inhibitory interneurones; P1 , Renshaw cells; @ |,

motoneurones (Brown, 1981).

2.5. Streptozotocins

Streptozotocin (CgH;sN3O7) or streptozocin or izostazin or zanosar is a
normally happening nitrosourea anti-microbial disconnected from the aging results of
streptomyces achromogenes (Schein et al., 1974). Streptozotocin is a monofunctional
nitrosourea derivative isolated from Streptomyces achromogenes (Figure 9) (Bolzan

and Bianchi, 2002).

Examination of the atomic structure and solidness of the medication
recommends that the bond between 2'- carbon and the N-methyl nitrogen might be
exceptionally defenseless to scission. Such an occasion would be steady with the
watched fuse of the 1-14C-and 2'- 14C-carbon iotas into basic metabolites and would
likewise be perfect with known biological degradation designs for N-nitrosoureido
compounds (Lawley and Shah, 1972). The acceptance of test diabetes in the rat
utilizing chemicals which specifically crush pancreatic f cells is exceptionally

helpful and easy to utilize. As a feature of a review into the digestion system and
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method of activity of the diabetogenic sedate streptozotocin (Karunanayake et al.,

1975).

The range of the STZ dosage is not as thin as on account of alloxan. The
much of the time utilized single intravenous dosage in grown-up rats to actuate
IDDM is in the vicinity of 40 and 60 mg/kg (Ganda et al., 1976). Streptozotocin
activity in P cells is joined by trademark changes in blood insulin and glucose
fixations. Two hours after infusion, the hyperglycemia is seen with an accompanying
drop in blood insulin. Around six hours after the fact, hypoglycemia happens with
elevated amounts of blood insulin. At long last, hyperglycemia creates and blood

insulin levels diminish ( Hosokawa et al., 2001; Graham et al, 2011).

Streptozotocin in typical grown-up wistar rats makes pancreas swell and
finally causes degeneration in Langerhans islet beta cells and initiates test diabetes

mellitus in the 2-4 days (Eastham and Essex, 1969; Akbarzadeh et al., 2007).
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Figure 9. Chemical structural formula of a streptozotocin (Bolzan & Bianchi, 2002)

2.6. Stereological Methods

Stereology is the branch of science that allows interpretation of the three-
dimensional (3D) properties of the 3D samples (medical examination, metallurgical
samples, biological structures, etc.) based on the data it was received from 2D

segment (Mandarim-De-Lacerda, 2003).

Morphologists are customarily inspired by shape and organization of

structures in large scale, meso, tiny, and ultrastructural levels. As of late,
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morphologists have profited by the utilization of hereditary and atomic strategies to
help the comprehending of their issues hence enhancing natural and biomedical
researchers. Be that as it may, addresses concerning quantitative adjustments of
tissues, cells or cell organelles (which often show up in adjustment, advancement or
pathology of a life form), and in addition, a superior connection amongst's
morphology and capacity, require a quantitative way to deal with being surely knew
(Andersen and Pakkenberg, 2003).

If the sections are considered as planes passing through any structure and
intersecting the components of the structure, each component of the structure forms
projections (profiles) in these sections in relation to the number, size and coverage of
the length, area and volume ratio. These projections are additionally used to get data
about the segments included. However, the projections of the components contained
in the structure in the sections are merely representations on the plane of section of
the structures they belong to. Therefore, making direct interpretations from these
projections can be quite misleading because of the lack of real data on the three-

dimensional properties of their components (Figure 10) (Kaplan et al., 1997).

Figure 10. Size reduction in specimens made with two-dimensional sections. The
number can only be sampled with a three-dimensional sampling probe (Weibel,
1969).

For example, contained within the "structure" of the type of particle (eg,
neurons in the brain), we want to determine the number, we directly "a" cannot make
a presentation of the sections taken on the two-dimensional structure containing

particles. Because the expectations on them in parts of particles, their size,
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segmented perpendicular to the extension direction, size, etc. .. is closely related to
these factors. Larger particles, while the chance of cutting more likely a plane section
than a small, the small particles has fewer expectations than chance (Figure 11)

(Kaplan et al, 1997).

=

B

Figure 11. Effect of particle size and orientation on sampling chance. This can only
be done by three-dimensional sampling strategies (since Gundersen was modified

from 1992), since two-dimensional sections contain such misleading information.

The cross-sectional direction is influential in the sampling of the particles in
relation to the particle orientation. In Figure 12, the effect of the segmenting
direction on the chance of sampling the particles is schematized. As can be seen, the
sections with equal spacing are more when taken in a direction perpendicular to the
long axes of the particles; when parallel is taken; fewer projections are obtained from
the same particles. On the other hand, all particles, regardless of orientation, should
have equal chance of sampling, since each particle counted as "1" when viewed from

the viewpoint (Kaplan et al., 1997).
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Figure 12. The relationship between the direction of equally spaced cross-sections
through a volume with the inclusion particles co-orientated (showing an aspect
across a certain direction) and the chance of sampling the particles in the volume. In
A, perpendicular to the particle orientation, and parallel to B, the sections are

schematized (Gundersen, modified from 1992).

Essentially, the expression "section" alludes to planes going through any
strong structure and not having a thickness (t = 0). As a decent case, a cut and
cleaned surface of a metal example can be given. Since the mine examples are not
light-impermeable, an eyewitness looking at these examples confronts a genuine
two-dimensional plane relating to the cleaned surface. Be that as it may, the
segments taken from organic examples are really cut with a specific thickness.
Regardless of how little their thickness, they cannot be specifically considered as
two-dimensional planes. Therefore, the sections taken from biological specimens,
whether for light or electron microscopy, are not considered in terms of their
thickness. The premise of stereological strategies is the “Systematic Random
Sampling" (SRS) system. The fundamental element of this testing arrangement is
that each purpose of the structure has the shot of being examined consistently when it
is important to take tests from the structure to be contemplated (Pakkenberg and

Gundersen, 1988).
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Figure 13. Schematic representation of the physical fractionation method. The total
number of particles is calculated by multiplying steps the number of total discrete
particles by the inverse of the disintegration ratios in all sampling (Canan et al.,

2002).

Biological constructs are often too large for their components to be examined
and inspected by the investigator (cell, nucleus, vesicle etc.), so it is practically
impossible to include all the cross-sections obtained from the construct into the
study. Notwithstanding, for a study to determine the total number of neurons in the
human neocortex, tens of thousands of histological sections from brain to be studied
cannot be examined individually. In this case, it is necessary to make a selection
among the possible samples (sections) that can be obtained at certain ratios. When
making this selection, it is a statistical requirement that each point of the structure
has the chance of equal sampling so that the selected samples can represent the best
way of doing so. Randomly choosing to provide this condition does not exactly solve
the problem. Here comes the preeminence of the SRS here. The SRS includes
sampling the entirety of the structure of interest, starting at a random point within the
first interval, over a predetermined fixed sampling interval. If the predetermined
sampling interval (e.g., the series of the first ten slices when deciding to select each
tenth slice or part), the systematic part of the sample should be started at a random
point within the first interval (e.g., by selecting any of the first ten slices as the start,

(Figure 13) (Kaplan et al., 1997).
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The number of particles (molecules) determination of the numerical
intensities (Nv) of the total number of particles or units of the biological constituents,
in the biological constructs is an indispensable parameter for many studies. In the
nervous system, the numbers of the nerve cells, which are the basic functional
elements, are frequently mentioned as important data in researches. For many
research topics such as the number concept interpreted as an important expression of
structure and function, the development of organs, periodic function changes, effects
of chemical substances and physical treatments, adaptive specialization, learning and
memory, mechanisms of disease formation and aging, Is one of the research data on
which comments are made. Although the number concept is so important, it has not
been possible to provide a method to keep the particle counts within an acceptable

margin of error for many years (Kaplan et al., 1997).

To make grain counts, it is necessary to take the sections of the structures we
are interested in. However, these sections are two-dimensional images that cannot
exemplify the concept of a zero-dimensional number distributed only in a three-
dimensional environment when viewed as images. The attempt to reach the number
of particles by direct counting of the expectations of the particles in the cross-
sections is one of the first attempted methods. But it has not taken a long time for
researchers involved in counting to realize that the number of projections and the
number of particles are not directly related. The number of particles is a zero-
dimensional quantity that should be sampled independently of three-dimensional
effects such as the size or orientation of the grain. It is zero size, because; Regardless
of the dimensional characteristics (size, length, diameter, volume, etc.) of any of the
birds, it is a value one when the number is the word. That is, the number is
independent of the dimensional properties. However, the sections obtained from the
structures are regarded as two-dimensional planes and the particles are sampled in a
manner closely related to the dimensional properties. The series and equally spaced
sections passing through a structure are larger than the ones with large grains settling
in parallel to the direction of sectioning (Figure 10-12). That is, the chance of a bee
getting hit by a section depends on the size, height, and orientation of the bee

(Kaplan et al., 1997).

24



Though the sections are regarded as two-dimensional planes, their thickness
must be taken into account as they are slices with finite thickness. If the thickness is
neglected and the sectional images are considered as two-dimensional planes, the
effect of the thickness on the number of particles may cause a counting error. As the
cross-sectional thickness increases, the frequency of appearance of the particles
within the cross-sections will increase. Since the histological sections are transparent,
this increase occurs as an increase in the number of expectations (Figure 13). The
expectation (formerly known as the Holmes Effect) is called the over-expectation
due to the thickness of the cross section. After recognizing the Holmes effect,
researchers have tried to overcome this problem using many correction factors. The
most famous and perhaps most popular of these is Abercrombie's correction factor.
In his famous work published in 1946, Abercrombie focuses on the counting errors
that occur due to the cross-sectional thickness and particle size. Accordingly, the
actual number of particles counted; the number of particles or particles obtained in
the counting must be equal to the product of the cross-sectional thickness / (cross-
sectional thickness x particles height) and a correction factor. This statement is

formulated as follows;

2Q
N=———-V (e
h‘za(frame)

Here; N is the total number of particles; Q is the number of discrete particles;
H is the distance between the sections (i.e., the height of the divider): a (frame), the
area of the neutral counting frame used in the count and V (ref) is the total (or
reference) volume of the structure being studied. In this case, for example, if the slice
thickness is equal to or close to the average grain height, the actual number of grains
will be approximately half of the number of grains obtained as a result of the count
(Abercrombie, 1946).

2.6.1 Disector

Discrete; was first described by Sterio in 1984 (Sterio is a nickname for a
famous "Viking" stereologist, who is an anagram of the word discipline, which has

had great contributions to stereological methods and is still working on this subject).
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This method can also be described as a virtual 3D stereological investigation used in
particle counting. The discretion's basic rationale is to find the "ends" of particles, i.e.
particles, where particles first appear or are seen last along the direction of
sectioning. A method that works with this logic, if it is thought to be a single entity in
one direction, regardless of the shape and orientation of each of your creatures, can

achieve the actual number of particles (Kaplan et al., 1997; Altunkaynak, 2012).
2.6.2 Physical disector:

It is the first appearance of the disector. In this method, two consecutive or
separated sections separated by a certain distance from each other are taken and
counted as particles not found in the other. The distance between the two sections is
referred to as the "height of the disciple" and the number of detector particles that
can be sampled along the height of the discipline, i.e., the number of particle edges,
is found at the end of the count. This gives the numerical density (Nv) of the particles

studied (Kaplan et al., 1997).

Disector is in the form of a comparison of the basic application, taking two
sections with a distance less than the minimum particle height. The requirement that
the cross-section distance be less than the minimum particle diameter is intended to
ensure that the particles are not skipped between the cross-sections without being cut
off (i.e. without being sampled). When a single particle is hit by a section, it depends
on the height of the particle in the cross-section direction; the chance of "being cut
by a section and not being cut by consecutive parallel" is equal for all large and small
particles. By this way of connection, the total number (or numerical densities) of

particles in a given volume can be calculated;

2Q
N=———-V (e
h'za(frame)

Where N: is the total number of particles; Q- : is the number of discrete
particles; h: the distance between the cross-sections (i.e., the height of the diverter);
a(frame): denotes the field of the unbiased counting frame used in the count, V: (i)

denotes the total (or reference) volume of the structure being studied. If the value of
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V (ref) is to be subtracted from this form, the resulting value will be the numerical
intensities of the particles - not including the total volume of the account. However,
in most cases, the numerical intensity value does not directly provide information on
the change in the total number of particles, so it may be objectionable to use this
value in comparative studies and to make biological interpretations accordingly

(Kaplan et al., 1997).

The detector particle is the name given to the particles that can be counted
during the counting done by the discrete method. In the physical disector, one of the
cross-sectional pairs taken for counting is used as the reference section and the other
look-up section. These sections are examined and the sample is found in the sample
section, and the particles which are not in the observation section are counted as the
discard particle and are indicated by the symbol "Q-". These are the particle tips that
can be sampled in the height of the detector (Figure 14) (Kaplan et al., 1997).

/'-//

Sample section

Observation section

Observation section

Samnle section

Figure 14. Schematic representation of physical discrete application. One of the
sections is called the sample and the other is called the observation section, and the
particle projections, which are not found in the observation section, are counted as
the discrete particles (Q-) (A). In order to increase the number of detector samples, a
two-way discrete count can be applied by changing the roles of the sections (B)

(Unal et al., 2002)

During the disk counting, sample and observation sections, changing their

roles, that is, section observation used as sample section; the observation section can
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be evaluated as a sample section, and a two-way counting can also be performed.
This makes it possible to increase the number of discretes without needing additional
cross-sectioning, and thus to be able to work on more samples (Figure 14) (Kaplan et

al., 1997).

As a result of counting by the detector method, the reference or total volume
must be known so that the total number of particles can be obtained. The particles of
the structure to be counted can be calculated by different methods depending on the
properties of the structure. (Kaplan et al., 1997), it is easy to find that the working
structure has as much volume as the amount of water it carries, by immersing it in an

isolated, macroscopic (e.g. whole T11 segment) dimension.

But if the structure studied is an organization that cannot be isolated from the
surrounding structures, such as a brain nucleus, a lymph follicle, or a tumor, then the
Cavalieri principle can be used to calculate the volume (this principle is referred to as
the Italian mathematician who first introduced his mathematical foundations).
According to this principle, the structure for which the volume is to be calculated is
divided into serial sections from the beginning to the end. The area of projections
belonging to each structure is calculated. Area calculation can be done using costly
image analysis systems or using a dotted area measurement chart to achieve the same
reliability results. Field measurement rulings are patterns consisting of points, each
of which represents a certain area. The area of interest of these structures can be
easily calculated by randomly casting the cross-sectional images or the area on a
surface to be calculated and counting the points falling within the relevant area.
When the total number of dots falling into the area is multiplied by the area

represented by each dot, the area of the corresponding area is obtained. So;
A=Xp.a(p)

Where P is the number of dots; a (p) represents the area represented by a

single dot on the section (Kaplan et al., 1997).

After calculating the area of the image of the obtained section, the product of

the average section thickness and the total area gives the total volume of the structure
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concerned. This calculation can be done by taking the sum of the individual volume
values (area X thickness) for each section after the calculation, or by multiplying the
field values by the average sectional thickness, as the case may be. Generally,
microscopic field calculations are performed while the second method is more

practical (Kaplan et al., 1997).
2.6.3 Counting frame

In situations where grain projections are used to make grain counts, the grain
projections that appear in the sections need to be limited to a certain area and
counted. In this case, the question arises as to which rules should be used to limit
projections. In the classically applied old methods, a frame in a square or rectangular
structure is a widely used method of counting particle projections falling directly into
this frame, on projections. Then, when it turns out that this type of count causes the
number of particles to be overestimated, a simple counting frame, which is divided
into two along one of its diagonals, has begun to be used (Figure 15). If the count in
this frame is a rule, counting the particles that hit one half of the frame edges and not
counting the other half are counted. But it is understood that this frame is far from
giving the actual grain value, then the emergence of the frame of unbiased counting.
The reason for this type of counting mistakes resulting from the counting frames is
explained by an effect called "edge effect". Briefly, the edge effect emphasizes the
question of which rules should be used to judge particles intersecting frame edges
when there is no problem counting particles falling into the frame when any counting

frame is used (Kaplan et al., 1997).

Figure 15. Counts frame (Gundersen 1977).

The neutral counting frame is, as most commonly used, a simple rectangle
with four corners symbolized by two types of lines: thick and flat, and thin and

slender. Although there are not many changes in appearance, counting rules are
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different from other counting frameworks. Basically, the edges are "inclusive",
including thin and dashed lines, and "out" or "forbidden" edges are continuous lines.
That is, while the projections that correspond to the cut lines are counted, the
projections that hit the continuous lines are excluded from the count. The most
important feature of the counting frame is the extensions of prohibited edges. These
extensions are extended to cover the entire image area in which the frame is placed.
The counting frame is the most efficient and reliable counting framework currently
available for grain counting. It is also proven by geometric calculations that this
frame provides the most accurate count of particle projections (Gunderson and

Jensen, 1987).
2.6.4 Measuring cross-section thickness

The section thickness is important in calculating the number of particles. In
methods other than physical fragmentation, in order to reach the number of particles,
the volume value to be counted must be known. The value of volume requires that

the counting area and the counting "thickness" be known (Kaplan et al., 1997).

The cross-sectional thickness is important in electron microscopy as well as
in light microscopy. Although many methods are used to measure section thickness,

only the method used in the study will be discussed (Kaplan et al., 1997).

For the application of stereological methods, the distance traveled by the
microscope table in the vertical axis (z-axis) is generally calculated during the
change of the focus to measure the cross-sectional thickness (light microscope). This
distance variation is usually accomplished by means of graders on either the
microscope micro or macro screw or by means of a microcontroller mounted on the
microscope table and sensitive to the movements of the table in the vertical axis.
However, the ratings on the microscope screws are not very sensitive due to the
backlash between the opposite directions of the screws, and cannot always be
reliably used. However, by expanding the scales on these screws, a safer

measurement can be achieved (Kaplan et al., 1997).
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Electronic or mechanical microcontrollers are much more precise
measurement tools. As previously used mechanical types are still available, those
that are more widely used electronically are now being used. The electronic
microcontroller consists of a digital display and a motion sensor. Vertical position
changes detected by the motion sensor on the microscope table are read at
micrometer (um) level from the digital indicator of the microcomputer. Generally,

digital microcontrollers are 0.1 um sensitive (Kaplan et al., 1997).

When a cross-sectional thickness or a thickness within the cross-section is
determined by means of a microcatcher or a similar device, the lower and upper
surfaces of the cross-section must be determined by the investigator in different
levels of focus. The microscope image is the upper face of the section where the first
clear view is obtained when it is approached to the upper surface of the section; if the
final image is the clear image, the bottom face of the section. Moving up or down the
microscope table while optically advancing between these two, will give the cross-

sectional thickness (Kaplan et al., 1997).
2.6.5 Fractionation

Fractionators are an examining plan joined with a stereological estimation
bringing about an unbiased estimate of the aggregate amount of interest. For the
fractionators, an extrapolation is done to reach a gauge (Altunkaynak, 2012). The
method of splitting in stereology is currently the most commonly used method of
particle counting (or calculating area, volume, length, etc.) of stereology. It is one of
the most preferred methods (Kaplan et al., 1997), in that it is not affected by any
shape changes in the tissue, it does not need values such as cross-sectional thickness,

shrinkage-swelling amount and is a highly effective method (Dorph-Petersen, 2001).

The principle of fragmentation is to perform particle counting on a relatively
small piece of tissue selected from uniform, systematic random sampling from any
structure. The only requirement is that the amount of tissue sampled for counting is
how many times the original design corresponds to what is known as the ratio to the
main structure. The number of particles obtained from this small tissue section is

used only when this small fraction is multiplied by the ratio to the parent structure to
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obtain the total number. Since there is only a sampling rate in question, there is no
need to make any preliminary assumptions about the slice thickness, deformation
grade and texture. The fragmentation method is so simple, objective and efficient
that it is not known how to make a biased fractionation (West et al, 1991; Kaplan et

al., 1997).

The fragmentation method is actually a sampling plan rather than a particle
counting method. This resultant method, which involves counting according to the
discrete counting method rules in the tissue sampled by the fragmentation method, is
divided optically and physically into two types according to the type of the discrete
application used in particle counting. The basic logic is the same in both methods,

but there are some differences in practice (Sterio, 1983; Kaplan et al., 1997).
2.6.6 Physical fractionation:

Physical fragmentation is a component of the fragmentation sampling and
physical disector counting method. Although implemented basically by the same
mechanism, there are a number of application differences with optical fragmentation.
In terms of its application, it cannot be used in some cases, but the same is true for

the method of optical disruption (Kaplan et al., 1997).

Physical fragmentation can be summarized by sampling the particles, which
are to be counted, by separating smaller physical fragments with certain steps, and by
obtaining the total number of particles from certain fractions as a result of the latest
sampling. At the basis of the fragmentation method is the systematic random
sampling logic. The only condition to be observed in the samples taken at various
stages from the working structure is the systematic and random sample selection;
That is, a random start sample is selected from the range including the first samples,
and then every sample following this selected sample must be sampled. Where is the
predetermined sampling interval (if the decision is made to select one of every 20

sections, 20 ones) (Kaplan et al., 1997).

Another feature of the physical disector method is the stepped sample. At

each step, a sampling is done systematically and randomly in a known manner, from
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the examples that are needed. In the next step, a new sampling is performed from the
selected samples in the previous sampling step. In each sample, it is necessary to
know how much of the selected parts or a section corresponds, for example, to the
structure or samples taken. This value is called the fractionation factor and is

indicated by "f" (Kaplan et al., 1997).

The main purpose of the shattering method is to obtain results within a certain
and acceptable margin of error on a piece that corresponds to a certain proportion of
the work being worked and as small as possible, as in all stereological methods. If
the method is unbiased by nature, as the number of samples increases, it will be
possible to obtain closer results with real values. Therefore, in order to obtain results
within a predetermined error margin (usually less than 10%), the variable with the
greatest effect on the error coefficient should be determined during the preliminary
operation. A preliminary study on at least 5 animals is sufficient to determine the
error rate and the contributing factors. A preliminary study on a single animal cannot
give an idea of the suitability of the work plan because as a general rule the greatest
contribution to the variability of results is always from the differences between
individuals (from biological difference). To add this to the account, the first thing to
do is to start with a preliminary study that can reveal the differences between
individuals. If the desired error coefficient is achieved, sampling can be done easily

at each step (Kaplan et al., 1997).

In the physical disector method, the working structure is subjected to a series
of disector sequences. After recording the proportions of systematically and
randomly selected fragments in each step, the last remaining fragments are
embedded in the blocks and divided into sections until the end. Systematic and
random samples are taken from these sections. Then, while cell counting is under the
microscope, sampling can be done among the counting areas (Figure 13). The only
requirement is to know the "fragmentation rates" of these sample selections, which
are systematic and random. The number of particles obtained as a result of the
particle count performed after all the samples are made indicates the number of

particles in such a portion of the work being worked. This number is multiplied by
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the inverse of the sampling rates, and the total number of particles is calculated. This

process can be briefly formulated as follows:

N= . . e x >Q
f f, £ f,

Where f1, £2, f3 ... and fn denote the fractionation rates. In the first sample, if
one of every 5 slices of a sliced structure is taken, f1 = 1/5. The product of the total
number of divider particles (2Q-) multiplied by the inverse of the fractionation rates
recorded in all steps will also give the total number of particles counted (Kaplan et

al., 1997).

As can be understood from its basic logic, the method is completely neutral.
There is no need for any preliminary acceptance of the structure being worked on,
nor does it require any other ratios (slice thickness, deformation constant, etc.) other
than fragmentation rates. When applied correctly, the greater the number of samples,
the closer the actual value is calculated. The sampling of the particles by the method
of disintegration depends only on their physical existence. So they are sampled if
they are, otherwise they cannot be sampled. All of the existing particles have equal
chance of sampling. Moreover, it is one of the most effective methods since it
enables to obtain results within the desired variability limits in a very short time by

working on very small sample (Kaplan et al., 1997).
2.6.7 Pointed area measurement scale

The projected surface areas of the structure of interest are calculated on the
surfaces facing the same direction of the sections, and the resulting "total surface
area" is multiplied by the average section thickness, thus obtaining an objective
calculation of the total volume of the structure in the examined cross- sectional
images. For field calculation, the simplest and unbiased method is to use a dotted
area measurement ruler. The dotted area measurement scale consists of systematic +
marks representing points separated equally by each other (Figure 16). Each dot
represents a unit square (dz) when there is a constant interval (d) between marks.

This unit is known as a square or quadrilateral, 'dot related area' [a (p)]. The extent to
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which many such points from such a ruler, randomly placed on an image, will hit the
image of interest depends on the size of the cross-sectional area and the distance
between the points. A fixed point, identified in each of these increments, is used for

counting (Canan et al., 2002).

+ o+ + + + 4+
+ o+ + + + 4+
o+ o+ o+ o+ o+ o+
+ + + gt + +
M
+ + + + + + +
o+ o+ o+ o+ o+ o+
o+ o+ o+ o+ o+ o+
o+ o+ o+ o+ 4+
I T

Figure 16. Example of a dotted area measurement ruler.

The figures on the images of the area of interest are counted from the points
in this chart which are deployed randomly on the cross-section view. The area (A) of
the section view can be calculated by multiplying the total number of falling points

(Zp) by the area represented by a point [a / p].

A=Xp. [a(p)]

It has been shown that the calculations made with the above mentioned
method do not show any difference in accuracy and accuracy with the calculations

made with the advanced image analysis systems (Gundersen et al., 1981).
2.6.8 Application of disector cavalieri

An application that yields a total number of objects by removing the cut-off
thickness measurement from the center is the combination of Cavalleri and the dis-
charter designated by Pakkenberg and Gundersen in 1988. The essence of this
application is based on the fact that the object density (Nv) and the reference volume
(Vrer, volume of the structure in which the objects are located) are obtained from the
same sections. As a result, the total number of particles (N) is obtained by

multiplying both;
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N =Ny X Ve (D

Since both parameters are obtained from the same cross-sections, the tissue
deformation and the cross-sectional thickness that they have are the same for both. In
the latter process (during the calculation of N) one share will take the same cross-

sectional thicknesses in the other pie (Gundersen et al., 1988).

As you can see, this combination is achieved in two stages (N). For this
purpose, the structure to be investigated is first turned into sections and all the cross-
sections are taken with SRS. As mentioned earlier from these cross-sectional pairs,
the Ny with the divisors is calculated;

YQ
Ny=

x Y'a (frame) 2)
t

The volume of the build (Vi) is calculated using a cross-section of each

cross-section. The volume calculation is based on the Cavalieri method. As will be

remembered, this method is capable of multiplying the total profile areas of the

volume (t) of any structure by the cross-sectional thickness (t);

Viet=1t X za (proﬁl area) (3)

It is not necessary to use all sections in this volume calculation. It is enough

to use every (k.) Section. In this case Equation - 3 takes the form.

Vite=txk XZa (proﬁle area) (4)

The cross-section areas in the sections can be determined very quickly and
efficiently with the dot count. This is done by using probes containing systematic test
points. Each point (P) in the probe represents a certain area, a/p. Such a probe is
randomly dropped on the profile, and then random points (P) are counted on the
profile. When the total number of points is multiplied by the points represented by

each point, the profile area is calculated (Gundersen et al., 1988a);

Y.a (cross-section area) =a/p X ) , (5)
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When these values of the profile field are substituted in Equation - 4, the

equality returns as follows;
Vie=txKkxa/p xY, (6)

Equation 2 giving (Nv) and Equation 6 giving (Vref) would be put at places

in Equation-1
N=N, X Vig =Y Q /t x Ya (frame) x [t x k X a/p x 3] (7)

With this equation, if the average number of objects in the (a) the sigline is

reduced.

N=d_xszkx (2/p) (8)

a (frame)

As you can see, the intersection height does not have to be known according
to this last equality in which (N) is obtained. Note that this calculation pattern is not
affected by the tissue deformation during the follow-up and cross-sectional retrieval.
Because none of these will affect the ratio of the areas defined in the same sections [a
/ p]/ a (frame). Furthermore, the deformations that occur in the tissues in comparable

groups do not have to be equal (Gundersen et al, 1988).
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3. MATERIALS AND METHODS
3.1. Materials

All conventions were reviewed and approved by the Yuzuncu Y1l University
animal care committee responsible for animal care guidelines under number TYL-
2016-5507 in 12/13/2016. All principles of laboratory animal care were strictly
followed. We conducted our laboratory study at the stereology-laboratory of
Histology and Embryology department at Faculty of Medical.

We have used twenty-eight male rats of Wistar albino rat, which were adult’s
rats at (4-5) weeks of life. These rats have lived and grew up in the experimental
animal’s unit house were housed in cages metabolism under environmental
conditions controlled by the 18-25 °C and (12-hour light/dark) cycle. The rats fed a

uniform pallet and tap water with free nutrition (Figure 17).

Figure 17. Cages in which the animals are housed.

3.2. Application of Experiment

To perform the work we used the rat as the experimental animal because it
easy to work on them. The genes of rats are very close to human genes. Have the
same anatomy and physiology with a very slight difference. The cost of work on rats

is inexpensive compared with other animals.

38



In the first day, we given it the number as a name that wrote on the tail for all
rats after divided into 4 group; 7 number in the control group (I), 7 number in the
saline group (II), 7 number in the 45mg/kg of STZ group (III) and 7 number in the
65mg/kg of STZ group(IV). Prior to the experiment, weights of all experimental
groups were recorded and tabulated (Table 3) weighing between (152-256) g. In
second day of work, after stopping feeding for 12 hour, took blood from tail of all
rats by pinprick (Figurel8-a) to examination the level of glucose in blood by used
blood glucometer (Figure 18-b), were recorded tests, all groups (II, III, IV) injected
intraperitoneally (Figure 19), group (IV) by the 65mg/kg of STZ, group (III) by the
45mg/kg of STZ and group (II) by 0.5ml of physiology saline 0.9%, while control
group was not injected. The 45mg/kg is the lower dose, and 65mg /kg is the higher
dose for the human body (Graham et al., 2011; Deeds et al. , 2011).

]

Figure 18. a-Tacked blood from tail of all rats by pinprick, b-The used blood

glucometer.

After 4 days of injection again, weights of all experimental groups were
recorded and tabulated (Table 2). In the sixth day of work after 12 hours of stopping
feeding tacked blood again from the tail of all rats were recorded and tabulated

(Akbarzadeh et al., 2007).
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Figure 19. Right intraperitoneally injection.

We recorded the glucose level in blood of all rats for each group on table
separately. At the end, in the seventh day, animals were perfused. The animals were
anesthesiaed by used insulin syringe to pushed ketamine (50mg/kg) as anesthesia
drugs to left part of rat abdominal-peritoneal, after the rat were anesthetized we used
toe- pinch-response method to determine a depth of anesthesia, after the animal not
responded the incision process was performed by opened the abdomen and removed
the thoracic diaphragm. Used 3 ways stopcock cannula with extension tube end
needle, that penetrated the left ventricle to pushed perfusion drugs to the circulatory
system. Pushed of heparin (0.5 cc), at the first to prevent blood clotting in artery and
vein of the body. And right atrium was opened by incision to take out the blood.
Physiological saline 0.9% was administered intracardially with the aid of a cannula
until the color of the blood was clear then; the areas related to 10% neutral buffered

formaldehyde were perfused for 5 to 10 minutes until bleaching (Figure 20).
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Figure 20. Perfused process until bleaching.

The animals were sacrificed under anesthesia, the rats remained in a 2.5% of
glutaraldehyde for (24-48) hours. The T11 vertebra was removed by the thoracic
vertebrectomy, we tacked the samples from the rats by scalpel blades, after opened
the abdomen of rat removed the thoracic diaphragm (Figure 21-a.). Under the lung
and heart, cut the ribs number 10 (left & right) of vertebra number (10) in the
location that join to the vertebra (10), superior border of vertebrae (10), and the
superior border of the vertebra (11) from the vertebral column. Excised the sample,
separate the bone vertebra (thoracic vertebra T10 that contained the T11 segment of

the spinal cord of the rats) (Figure 21-b.) (Moonen, 2014; Moonen et al., 2016).
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Figure 21 a- Removed the thoracic diaphragm, b- Vertebrectomy.

The T11 spinal cord segment take out inside the thoracic vertebrae bone and
only (2 mm) of spinal cord was took (Figure 22), Putting the all samples in the four
different (eight Division Small Disposable Baskets) and by (Basket stem assembly)
to gather holding, Immersed the samples in the buffer solution osmium tetroxide
(Os04) in a (Disposable Vials 20 ml), by (parafilm) covering the head of vial, The
samples remain in OsO4 at (4 °C) for (1:45) hours as the another step proses of

fixation (Ayranci et al., 2013).

Next step the dehydration of sample tissue performed by immersed the
sample in the series and different concentration of alcohol (ethanol) from low
concentration to higher concentration (50%, 60%, 70%, 80%, and 98%), after
propylene oxide those pieces samples embedding in the (epoxy resin) in the (TEM
multi-well embedding mold) every sample separately was recorded as a sampling
rate of 1/1 (f1) in one template (Figure 22) and remained in the Incubator at (60 °C)
for (24) hours to become solid blocked with Epon (Kua et al., 2016).
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Figure 22. The T11 spinal cord segment 2mm.

The Transmission Electron Microscope-Preparation Specimen technique was
used to obtained 5-slides, from each rat samples. The parallel and serial sections at
equal distances of 1um thickness (Figure 23) from the constructed blocks were taken
at 1/100 (f2) (Cross-sectional sampling share). Because the counts to be made are
made by physical disector method, the consecutive parts of each selected section
were taken together to form pairs of disciplines. These sections were stained with
modified borax toluidine blue stain. "Zeiss axioskop 40" model light-microscope was

used. The photos were taken at 40X lens magnification.

Volume ratio was measured with dotted area ruler using the modified
method of Cavalieri's principle. Volume was calculated with the help of

"SHTEREOM 1.5" ready pack program.
V=txalpxXp

V: is the volume of the object (motor neuron) of interest in the slice plan, T: Section

thickness, a/p: Area between two points, X,: Total number of points cutting section.

After calculating the volume values using the above formula separately for

each rat, total motor neuron area volume was reached with the following formula.

Total Volume =V1+ V2 +...+Vn

V1: volume of section 1, V2: volume of section 2, Vn: n. Sectional volume
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Estimation of number motor neuron, using a "Zeiss axioskop 40" model
light microscope, photographs was taken at 100X lens magnification (Figure 23).
Disector-Cavalierly application was used for numbers of the motor neuron was
calculated with the counting frame. From the cross-sections obtained from each
animal; the total number (N) was calculated by multiplying the number of the
resulting disector particles (Q ), the number of points in the total volume calculation

(Zp), the cross-sectional thickness (k), and the dot area (a/p).

DORSAL

Figure 23. T11 segment of Spinal cord sectioning and motor neuron counting
protocol. 6-days diabetic and T11segmen of spinal cords were embedded in epon.
The region was serially sectioned into 1-um thin sections spaced 100 pm apart. Fife
sections from region were stained with toluidine blue to visualize motor neurons
within the anterior horns of the spinal cord. Left and right anterior horns were
photographed in four 100x fields using light microscopy. Total motor neuron
population and area were measured from each field using computer-assisted imaging
software.

N:C_l-xszkx (a/p)

(frame)

N = Total Number, Q" = averaged objects, £, = Total number of volumetric dots

K = section thickness,  (frame) = frame area.

Statistical analysis of these obtained data (total mean neuron number and
motor neuron cells area) was performed. Descriptive statistics for the motor neuron
area, and the total number of motor neuron, relative to all obtained data related to

values; median is expressed as mean, standard deviation, minimum and maximum
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value. Kruskal-wallis test was used to compare the groups in terms of these
characteristics. The statistical significance level in the calculations was taken as 5%
and the calculations were a computer program for statistical analysis, the version
statistical package for the social sciences (Version: 13) was done in statistical
package program. P value was larger than 0.05 were considered statistically not

significant (Table 4).

10% Neutral Buffered Formalin (NTF)

40% formalin .........ccccoeiviininiiiiiiiene 100 ml
Distill Water......ccceeeeiiniiiniinirecececceeccee 900 ml
Sodium phosphate, monobasic, monohydrate ......4 gr

Sodium phosphate, dibasic, anhydrous ................ 6.5 gr

Epon Preparation:

Analytical........cccoeceevirienenienns 15 ml
DDSA ..o 15 ml
Dibutyl phthalate ....................... 0,75 ml
Dimethyl Benzyl Amine........... 0,75 ml
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3.3. Histological Staining Process

1. Excised the sample T11 Segment (2 mm) from Spinal Cord of rat after Thoracic
Vertebrectomy.
2. Detached tissues were suspended for 2.5 hours in 2.5% Glutaraldehyde (+4 °C)

98]

. 1% Osmium Tetroxide was left for 2 hours (+ 4 °C).

N

. It was allowed to stand for 10 minutes on the 5th alcohol series. (60%, 70%, 80%,
90% and 96% (2))

W

. Propylene oxide was left to stand at room temperature twice for 10 minutes.

[®)

. Propylene Oxide / Epon (1: 1 ratio) mixture was allowed to stand at room
temperature for 1 hour.

7. The mixture was allowed to stand in a mixture of Propylene Oxide: Epon (1: 2
ratio) for 1 night.

8. The extracted tissue samples were then encapsulated.

9. Capsules were placed in 60 °C Oven instrument for 12 hours.

10. Tissue blocks were trimmed with a trim tool to open the cross-section.

11. Glass blades were used for sectioning.

12. Ultra-Microtome was then used to take very thin sections.

13. Semi-thin sections with a thickness of 1 pm were taken and placed on the slide.

14. Once the receiving sections were stuck with the heating machine, Boraxed
Toluidine blue was added.

15. Tt was left on the Reheating Machine so that it could dry completely and
penetrate the tissues.

16. Then the stream was waited until the excess of the paint had gone and the

textures became clear.

17. Prepared Preparations were examined by Light-Microscope.

Toluidine Blue with Borax:

Toluidine Blue .........cccccvvvevnennnen. 1 gr
Distill water.........ccceeveeveieeciennne 100 ml
Sodium borate (borax) ................. 2 gr
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3.4. Chemical Substances Used

[u—

O 00 3 O U K~ W N

. Toluidine Blue

. Pure Epon

. Ethanol

. Ketalar anesthesia ( Pfizer )
. Glutaraldehyde

. Formaldehyde

. Sodium borate (borax)

. Dimethyl Benzyl Amine

. Dibutyl phthalate

10. DDSA (Dodecenyl Substituted Anhyrid)
11. Araldite

12. Propylene oxide
13. Osmium Tetroxide (OsOy)

3.5. Devices

9.

. Oven, Wiseven Made in Korea.

. Tracing, EM Trima-1170 Wien Made in Austria.

. Ultramicrotome, Leica Ultracut UCTA-1170 Wien Made in Austria.
. Computer, Sony Trinitron Multi Scan G520.

. The camera, Sony DSC-S58 Made in Japan.

. Painting vessels made in Turkey.

. Glass Knives

. Light Microscope, Zeiss axioskop 40 Gottingen / Germany.

Photo attachment, Zeiss AxioCam HRc (CAM) Carl Zeiss vision GmbH Germany.

10. Heated Stirrer, EM Wisestir MSH 20A.

11. Glass Knife maker Leica, EM KMR2A-1170 (Wien Made in Austria).

12. The instrument, IME-DC (Made in Chine).

47



13. Refrigerators, Beko 8460T (Made in Turkey).
14. Leica Microsystems Gmbh.
15. Sensitive Balance, Precisa XB 4200C Switzerland.

16. Disposable Polyethylene Eye Dropper
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4. RESULTS

In rats, there were not observed abnormalities in behaviors or feeds daily or the
drinking rate in the control categories and saline group categories. Opposed to them in
the group rats suffered from excessive of water drinking and Polyuria, drowsiness and

decreased interest in feeds.

4.1. Statistical Description

Statistically, the total volume and motor neuron counts were calculated for
control, physiology saline, 45mg/kg, and 65mg/kg group by dissector-cavalier
combinations that present in the science of stereological method. The Microsoft SPSS
Version 13.0 program was used for statistical analysis and the Kruskal-Wallis test was

used for comparisons between groups.

The weights of control and saline group categories changes there was not
considerable in. Dissenting to these two groups there was a statistically considerable
losing in weight of streptozotocin (STZ) groups rats (Table 1 and 2). We took blood
from rats two times, on the 2nd day and one day before the sacrifice. The blood glucose
rate was between normal range 75-125 mg/dl in the control and saline group categories
(Table 3). But in the G45 and G65 categories after 3 days of injection by STZ the rate of
glucose in the blood increased, more than 200 mg/dl and that mean these categories

have diabetes (Table 3).
Stereological findings

Borax toluidine blue stain was added to T11 segment sections (Toth et al, 2008).
By light microscope, slide sections of all experimental rats were examined. The
structures of gray matter and motor neurons were normal. The total mean numbers and
the total volume area of motor neuron in each category were compared to the control
category. The results were no significant differences between groups (Table 4 and 5).

Results more appeared in the images (Figure 24-32).

49



Table 1. Net weight and percentage lost until the end of the experiment (g).

Groups Prior to the Before Difference(g) Percentage
experiment(g) sacrificed Change
Control 164.3 172.3 8 %4.8
Saline group 208 211 3 %1.4
45 mg 229.7 203.6 -26.1 -%11.3
65 mg 222 181.4 -40.1 -%18

Table 4. Descriptive statistics and comparison results by groups for the features motor

neuron number.

n Median Mean St. Dev. Min. Max. P
Control | 3751,8 34894 745,1 2145,0 4212,0
S 3463,2 3183,4 708.9 21744 3985,8
Groups ,232
G45 24894 2882,3 639,8 2340,0 3940,2
G65 2181,6 2682,9 899,0 2095.2 4546,8

Measurements are mean = SEM.
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Table 2. Weight change in groups by (g) unit, during the experimental period.

i First day Last day'
Pre-test weight Post-test weight
Control 1 158 ¢g 160 g
Control 2 152 g 16l g
Control 3 182 g 192 g
Control 4 166 g 174 g
Control 5 168 g 174 g
Control 6 164 ¢ 168 g
Control 7 160 g 178 g
Saline group 1 198 g 196 g
Saline group 2 218 ¢ 217 g
Saline group 3 210 g 211 g
Saline group 4 228 ¢ 227¢g
Saline group 5 192 ¢ 91g
Saline group 6 214 ¢ 222 g
Saline group 7 196 g 213 g
45 mglkg 1 230 g 219¢
45 mglkg 2 222 g 206 g
45 mglkg 3 228 g 196 g
45 mglkg 4 242 g 223 g
45 mglkg 5 208 g 183 g
45 mglkg 6 256 g 224 ¢
45 mglkg 7 222 g 174 g
65 mg\kg 1 226 g 162 g
65 mg\kg 2 220 g 186 g
65 mg\kg 3 206 g 170 g
65 mg\kg 4 240 g 188 g
65 mg\kg 5 220 g 158 g
65 mg\kg 6 240 g 212 g
65 mg\kg 7 202 g 194 g
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Table 3. Blood glucose levels change by (mg/dl) unit, in groups before and after the
injection.

Fasting blood Fasting blood

G glucose level glucose level

before(mg/dI) After(mg/dI)

injection to STZ injection to STZ

Control 1 83 mg/dI 99 mg/dI
Control 2 86 mg/dI 70 mg/dl
Control 3 89 mg/dl 71 mg/dl
Control 4 75 mg/dl 80 mg/dl
Control 5 101 mg/dl 83 mg/dl
Control 6 82 mg/dl 77 mg/dl
Control 7 90 mg/dl 82 mg/dl
Saline group 1 79 mg/dl 84 mg/dl
Saline group 2 83 mg/dl 77 mg/dl
Saline group 3 91 mg/dl 81 mg/dl
Saline group 4 87 mg/dl 93 mg/dl
Saline group 5 82 mg/dl 90 mg/dl
Saline group 6 84 mg/dl 79 mg/dl
Saline group 7 76 mg/dl 80 mg/dl
45 mglkg 1 87 mg/dl 315 mg/dl
45 mglkg 2 79 mg/dl 366 mg/dl
45 mglkg 3 94 mg/dl 379 mg/dl
45 mglkg 4 78 mg/dl 301 mg/dl
45 mglkg 5 96 mg/dl 405 mg/dl
45 mglkg 6 80 mg/dl 600 mg/dl
45 mglkg 7 87 mg/dl 474 mg/dl
65 mg\kg 1 88 mg/dl 386 mg/dl
65 mg\kg 2 76 mg/dl 410 mg/dl
65 mg\kg 3 82 mg/dl 365 mg/dl
65 mg\kg 4 83 mg/dl 454 mg/dl
65 mg\kg 5 90 mg/dl 402 mg/dl
65 mg\kg 6 89 mg/dl 382 mg/dl
65 mg\kg 7 97 mg/dl 450 mg/dl
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Table 5. Total motor neuron number and area values.

The Motor Neuron Number

Groups Body of motor | Localization area the
neuron(uma3) body of motor
neurons(pm3)
Control 1 1.3 123250000
Control 2 1.3 120250000
Control 3 1.5 117000000
Control 4 1.3 116500000
Control 5 1 116500000
Control 6 1.1 81250000
Control 7 1.5 112250000
Saline group 1 1.3 111250000
Saline group 2 1.1 135750000
Saline group 3 1.2 129250000
Saline group 4 0.8 114250000
Saline group 5 1.2 120250000
Saline group 6 1.2 75500000
Saline group 7 1.3 127750000
45 mglkg 1 1.1 115500000
45 mglkg 2 1 97500000
45 mglkg 3 0.9 115250000
45 mglkg 4 0.85 173000000
45 mglkg 5 0.9 113750000
45 mglkg 6 0.8 123500000
45 mglkg 7 1.1 149250000
65 mg\kg 1 0.7 125000000
65 mg\kg 2 1.8 105250000
65 mg\kg 3 1.2 94750000
65 mg\kg 4 1.2 75750000
65 mg\kg 5 0.8 110000000
65 mg\kg 6 1.1 114250000
65 mg\kg 7 0.9 97000000
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Figure 24. Control group Rat number 4 — cross section number 3, 4 x lens
magnification (600pm). The square, showing the location on which we
focused.

Figure 25. Control group Rat number 4 — cross section number 3, 10x lens
magnification (100pm).



Figure 26. Control group Rat number 4 — cross section number 3, 40x lens
magnification (60pum) motor neuron cell.

Figure 27. Control group Rat number 4 — section number 3, 100x lens
magnification (10pum), motor neuron cell.
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Figure 29. Saline group, Rat number 2 — cross section number 5, 100x lens
magnification (10pum).
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Figure 30. Control group Rat number 6 — cross section number 3, 4x lens
magnification (600pm), T11 Segment of spinal cord.

600 pm

Figure 31. G65 group Rat number 6 — cross section number 2, 4x lens
magnification (600pm), T11 Segment of spinal cord.
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Figure 32. Saline group Rat number 1 — cross section number 1, 4x lens
magnification (600pm), T11 Segment of spinal cord.
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5. DISCUSSION AND CONCLUSION

Diabetes mellitus characterized by hyperglycemia increasing glucose level in the
blood resulting from trouble in insulin excretion, insulin job, or both (American
Diabetes Association, 2014). Diabetes causes many abnormalities in the human body
organs or it has caused many disorders in different organs, including nervous system
disease named as diabetic neuropathy (Boulton et al., 2005). One of the ten killer
infections on the Earth for human genes is the Diabetes mellitus (WHO, 2014).

Insulin Synthesized by the B-cells of pancreatic islets is of major physiological
importance in metabolic homeostasis. Two chains of polypeptide joined by disulphide
bridges are produced ripe insulin, the gene encodes for a highly conserved single chain

precursor, preproinsulin (Melloul et al., 2000).

Insulin produced by pancreas, it is the essential hormone that controls the take-
up the basic unit sugar from the blood stream to the most smaller building unit inside
organs are known as cells, particularly live (Iozzo et al., 2003), fat tissue ( Abel et al.,
2001) and muscle, aside from smooth muscle, in which insulin acts via the IGF-1
(Devol et al., 1990). So, incapability of insulin or the weakness of its receptors plays a
central role focal part in all types of diabetes mellitus (American Diabetes Association,
2014). Diabetes defined by the higher level of glucose in the bloodstream for a long
period. Diabetes mellitus causes much another disease as a side effect, such as
Cardiomyopathy, Cardiovascular disease (Hamilton et al., 2007) and Renal Failure (Ritz
et al., 1999).

Streptozotocin restrains insulin discharge and causes a condition of insulin-ward
diabetes mellitus. Both impacts can be credited to its particular concoction properties, to
be specific its alkylating power. Likewise with alloxan, its beta-cell specificity is for the

most part, the consequence of particular cell take-up and aggregation (Lenzen, 2008).

Distinctive dosage infusions of streptozotocin in rats delivered pancreatic
insulitis, with development to practically whole B-cell devastation and diabetes mellitus.
The planning and appearance of the provocative islet injuries recommend.

Streptozotocin (STZ) is an expansive range antibiotic having antitumor, oncogenic, and
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diabetogenic, properties. The last activity is intervened by pancreatic beta-cell
devastation and is widely utilized as a strategy for the enlistment of diabetes in trial
creatures and for clinical treatment of threatening B-cell tumours (Like and Rossini,

1976).

Type I diabetes (TID) is associated with an "encephalopathy" clarified by a
couple of components typical to the developing technique, degenerative and valuable
bunches of the central tactile framework. In the present audit, they depict a show
hyperactivity of the hypothalamic pituitary adrenal (HPA) hub in two unmistakable trial
mouse models of TID including the pharmacological one started by streptozotocin and

the unconstrained diabetic mice (Beauquis et al., 2008).

To knowing whether diabetic has the impact on the motor neuron in the T11
fragments of the spinal cord or not at early diabetes? We infused the exploratory rats by
various measurements of streptozotocin. Streptozotocin is one of the wide anti-toxins
compounds that used to actuating diabetes in the experimental animal (Bolzan and
Bianchi, 2002). After harm the B cells in pancreas the diabetic Mellitus type one
delivering (Szkudelski, 2001) inside 2-4 days as it were (Akbarzadeh et al., 2007).

The outcomes of spinal rope damage differ contingent upon the size and
seriousness of the harm. Spinal cord damage may cut off ordinary correspondence with
the mind that can bring about a total or inadequate harm. A total harm brings about an
aggregate absence of tactile and engine work underneath the level of damage. On
account of a deficient harm, the capacity of the spinal cord to pass on messages to or
from the mind is not totally lost. This sort of harm empowers a man to keep up some
engine or tactile capacity beneath the damage, for T11 may be functional trouble
happen in the muscles and glands, of the urinary system and uterus of women and some

part of large and small intestinal and sense of those organs (Holroyd et al., 1995).

Sidenius and Jakobsen, (1980) in their studies, they used Male Wistar rats, 24-
week of age weighing between 350 and 450 g, group of them injected with 40mg/kg of
STZ, and after induced diabetes, from them separated 12 rats like a diabetic group and
from the not inject 12 individual as the control group. After a four week, experimental

period took a sample from anterior horn of the L5 segment and of the L5 dorsal root
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ganglion. And by the stereological method measured the perikaryal substance volumes
inside the sensory and motor neuron cells, and measured nucleoli nuclei by the same
method. In their result reached to, is the perikaryal substance (Nissl substance) volume
in those cells reduced but the sizes of nucleoli and nuclei were not changed, from there
statically they reached to actual that no differences were observed of the variance of the
diameter ratios between the two groups. And the number of this cells especially motor
neuron not different or degeneration of nerve cells not observed (Sidenius and Jakobsen,

1980).

Noor Ramji and his colleagues at work, researched on the does diabetes mellitus
target motor neurons, used, streptozotocin which dissolved in the citrate buffer by three
differences concentration (45, 65, and 85mg/kg/day respectively) that inducing diabetic.
For this purpose were used one-month-old mice and injected intraperitoneal,
respectively, and test tail vein testing, during the experimental period, observed loss
weight between diabetic groups reduced. Electrophysiology for motor neuron took
every month in the same time multifibre motor conduction was registered. The motor
entity number evaluated and single motor units potential were measured. The analysis
of motor neurons morphometric performed to the cervical and lumbar segment of the
spinal cord that took. Those tissue fixed in the glutaraldehyde (2.5%) for lday in
osmium tetroxide (2%) post-fixed in alcohols dehydrated and in the epon implanted,
prepared to semi-thin cutting (lum thickness). Electrophysiology of motor cells
decreased but the statistical analysis and morphometry of motor neuron shown that the
modification in the motor neuron cells number not happened (Ramyji et al., 2007), in
2008 Ramji and Zochodne again made sure on that motor neurons are not main targets

by diabetes mellitus (Zochodne et al., 2008).

Motor end plate innervation loss that is one of the faces of diabetic neuropathy,
one of the problems that produce during diabetic, for that a group of researchers worked
on this problem and used two ways to give insulin to understand the volume of damages
happened by sugar disease, to prevent this damage and the way that is better. Tow group
of mice in a long-term model daily delivered the insulin, one group insulin was
transmission by intra-nasally and another group by subcutaneous insulin. In their work

used Immunohistochemistry method to estimation the motor cells sample in lamina IX
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were calculated at the cervical level (C5-7), thoracic (T6-8), or lumbar spinal cord (L4-
6), with different regions having nonoverlapping neurons examined, hindlimb grip test,
and western immunoblotting (the analytical technique used in molecular science). Into
the end, the consequences of those two gatherings were compared to the control
categories. By nonparametric testing using kruskal-wallis one-way analysis of variance
testing was performed. The research team evaluated the morphometric analysis of spinal
cord, peripheral nerve, muscle innervation, and specific molecular markers at and before
the end point. They arrived at the point they said, despite the progressive distal axonal
terminal loss, numbers and ability of motor body cells were protected (Francis et al.,
2011).

In all articles before, the losing of weight and raised the glucose level from the
normal range were two characteristics of the diabetic group that recognized. The loss of
weight caused because of the cells was damaged. The raising of glucose it happened
because of the glucose not entering the cells to burning it or the cells does not have the
ability to taking the glucose(Sidenius and Jakobsen, 1980; Ramji et al., 2007; Francis et
al., 2011).

To understand the ability of motor neuron remaining without significant effect
during diabetes disease for a long time compared to other neurons cells there were two
reasons. The first reason the motor neuron showing defiance to prevent the losing of his
composition for a length period diabetes model of empirical animal but this defiance is
weak in sensory neurons. The second reason the motor neuron that affected by diabetes,
by illustrating the terminal retraction reverse the process at play in neuropathy and
diabetic neurodegeneration. In the event that withdrawal and additionally withdrawal of
terminals without straight to the point neuronal misfortune were illustrated, instead of
hopeless drop out of perikarya, it would have critical ramifications for future endeavors

at treatment (Ramji et al., 2007).

Our recommendation is to evaluate the number of synapses with transmission
electron microscope and stereological method. As the stereological sub-method of the
dissector-cavaliery combination was applied to estimation of the total mean number of

motor neuron in our study. Due to influence of the cross-section thickness measurement
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and the tissue shrinkage for following was eliminated (Pakkenberg and Gundersen,

1988).

In literature been reported the same resulted. The result is the numbers motor
neuron statically not changed. In this time the diabetes was and remain one of the
dangers diseases in the world (WHO, 2014) and all faces of this disease are not founded
and information about his damages at the first step. We require more research to
understanding diabetes to founding a good way to prevent his side effect for the disease
(Sidenius and Jakobsen, 1980). May be it true, that diabetes in the primary stage does
not affect motor neuron but diabetes by damage of distal axon and motor end plate does
not stop and eventually causing major problems that may not be retrieved (Sidenius and

Jakobsen, 1980; Gundersen et al., 1988; Ramji et al., 2007; Zochodne et al., 2008).

Conclusion: In our studies, we arrived at the result that the number and volume
area of motor neuron not changed, when compared between the experimental diabetic
group and non-diabetic group, control group with saline group, and between the low
doses of STZ injected group and the higher dose of STZ injected group. These two
results were measured by the stereological method. The analysis of static was founded
by Microsoft SPSS (version 13.0), and we performed comparisons between groups by
the Kruskal-Wallis test. It is very important, by molecular diagnosis, cytopathology
with histopathology examine all part of the motor neuron (soma, axon hillock to the end
plate of the axon and spinal root nerve), to determine the damage or change that is

caused by diabetes.
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SUMMARY

RAHIM Omer O, A stereological study on the motor neuron number in spinal cord segment T11 in
different doses of streptozotocin adminstered rats. Yuzuncu Yil University, Institute of Health
Science, Department of Medical Histology and Embryology, Master Thesis, Van-2017. Motor neuron
cells in the spinal cord are responsible for transmitting the impulses from the brain to the peripheral of the
body especially to muscles and glands. Streptozotocin (STZ) is extensively utilized to stimulate empirical
diabetes in animals by destroying the B cells of the pancreas. The areas and composition of the nervous
tissue in the body are different for this reason the effect of diabetes on the neurons and their parts vary.
The motivation behind this project is to explore the impacts of STZ at different doses on the motor neuron
in the T11 segment of the spinal cord by the stereological methods. The stereological method which we
used in this study proved that the experimental diabetes mellitus do not affect the motor neuron number in
the T11 segment of the spinal cord. Those twenty-eight rats used in this work were divided into four equal
groups; control group, saline group, 45 mg/kg STZ injected group and 65 mg/kg STZ injected group.
Median weight of rats was recorded as 200g on the first day. The level of blood sugar and weights of rats
prior to the experiment and final day of work were recorded. The T11 section was prepared for
microscopically investigation and the photo was taken. The total volume and motor neuron counts were
calculated for each group using dissector-cavalier combinations of the stereological method. The SPSS
version 13.0 program was used for statistical analysis. The comparisons between groups were performed
by kruskal-wallis test. The result showed that there was no significant difference between groups
(P>0.05). Total number of motor neuron was not differed among groups.

Key word: Spinal cord, T11 segment, Motor neuron number, Streptozotocin, Stereology
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OZET

RAHIM Omer O, Farkhi dozlarda streptozotocin uygulanan sicanlarin medulla spinalis T11
segmentinde motondron sayisi iizerine sterolojik bir caliyma.Yiiziincii Yil Universitesi, Saghk
Bilimleri Enstitiisii, Tibbi Histoloji ve Embriyoloji Anabilim Dah, Yiiksek lisans Tezi, Van-2017.
Medulla spinalis motor ndron hiicreleri, beyinden viicudun periferine 6zellikle kas ve bezlere uyari
iletiminde sorumludur. Streptozotocin, pankreasin [ hiicrelerini yok ederek hayvanlardaki deneysel
diyabeti uyarmak i¢in yogun olarak kullanilmaktadir. Viicuttaki sinir dokusunun alanlar1 ve bilesimi
farklidir, bu yilizden diyabetin ndronlar ve ndron uzantilari iizerindeki etkisi degisiklik gosterir. Bu
projenin amact, farkli dozlarda STZ’nin omuriligin T11 segmentindeki motor ndron iizerindeki etkilerinin
stereolojik yontemlerle arastirmaktir. Bu galismada kullandigimiz stereolojik yontem, deneysel diabetes
mellitusun omuriligin T11 segmentindeki motor ndron sayisini etkilemedigi kanitladi. Bu calismada
kullanilan yirmi sekiz sigan dort esit gruba ayrildi. Kontrol grubu, Salin grubu, 45 mg/kg STZ enjekte
edilen grup ve 65 mg/kg STZ enjekte edilen grup. ilk giin Sicanlarin ortalama agirligi 200 gr olarak
Olgiildii. Deney ve caligmanin son giiniinden Once ratlarin viicut agirliklart ve kan seker diizeyleri
kaydedildi. T11 segmenti mikroskopik inceleme i¢in hazirland: ve fotograf ¢ekildi. Stereolojik yontemin
disektor-Cavalieri kombinasyonu kullanilarak her grup igin toplam voliim ve motor ndron sayilari
hesapland. Istatistiksel analiz icin SPSS version 13.0 programi kullanilmis. Gruplar arasindaki
kargilagtirmalar Kruskal-Wallis testi kullanilmig. Sonuglar gruplar arasinda anlamli bir fark olmadigini
gosterdi (P>0.05). Toplam motor ndron sayis1 gruplar arasinda farklilik gostermedi.

Anahtar Kelimeler: Spinal kord, T11 segmenti, Motor ndron say1s1, Streptozotosin, Stereoloji
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