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ABSTRACT

Adult neurogenesisvas investigated irtaptive bred fourstriped mouse
(Rhabdomys pumiljaand wild caught common matat (Cryptomys hottentot).

Eight individuals per species were used in the stiitg animals were
anaesthetized and transcardially perfused with saline followed by 4%
paraformaldehyde in 0.1 M phosphate buffer (PB), pH 7.4. Brains neareved
and post fixed in the same fixative overnight. Following equilibration in 30%
sucroseinPB50 em frozen sections were cut
BrdU immunohistochemistry. K&7 and doublecortin (DCX)staining was
undertaken as an additional confirmatory staining for cell proliferation.

BrdU, Ki-67 and DCXimmunostaining confirmedadult newogenesis in
the subventricular zone (SVZ) of the lateral ventricle and dentate gyrus (DG) of
the hippocampusf the fourstriped mouse and common mole. fHle existence
of adult neurogenesisas observedh potential sitesnamely,the striatumin the
four-striped mouse andubstantia nigran both species. Immature neurons were

observed in the cerebral cortex only in the common mole rat.
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CHAPTER 1: INTRODUCTION
1.1 Introduction

One of the great achievements of the phstedecads is the discovery
that themammaliarbrain has the capacity to generate new neurons throughout its
lifespan (See review in lhunwo and Pillay, 200¥¢urogenesis has been defined
as the ability of brain cells to regenerate themselves (Gage, 2000). Brain cells that
possess regenerative al@g are called neural stem cells (Okaabal., 2002).
The concept of adult neurogenesis began as early as 1912 when scientists
discovered that mitotically active cells reside in the mammalian central nervous
system throughout life (Watet al, 2005; R&ic, 2002). In the 1930s and 1940s,
cytological investigations revealed the presence of these cells in the postnatal and
adult rodent bria (AlvarezBuylla and Garciaverdugo, 2002; Lenningtoret al.,
2003). In 1965, Joseph Altman, in a similar study regabthat adult neurogenesis
occurs in discrete aredike the wall of the subventricular zone and dentate gyrus
of the hippocampusf the adult brain in rodents (Watt$ al, 2005).With the
advent of new methods for labelling and identifying dividindlscesuch as
Bromodeoxyuridine (BrdU) labelling, retroviral labelling and confocal
microscopy, studies have confirmed the findings of Joseph Altman (1268I).
neural stencells are self renewing, multipotent cells that normally generate the
main phenotyg cells of the nervous system namely, neurons, astrocytes and
oligodendrocyteqTaupin, 2006). However, neurons behave as non renewable
epithelia unlike most somatic cells that are continuously renewed or can be
regenerated (Peterson & Leblond, 1964Adult neurogenesis has been

invedigatedin several mammalian brains from rodents to human. Details of these
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are presented under the literature review secéalult neurogenesis regarded

as an exciting area in the field of neuroscience dedipecontreersies in the
evidences in adult neurogenesis occurring in human and experimental animals.
This research area however, is believed to provide clues to the treatment of
various neurological disorders (Rackic, 2082mpermann & Kronenberg, 2003;
Duman, 20@; Feldmannet al., 2007; Vollmayr et al., 2007). It is a dynamic
process that can be modulated by various exogenous stimuli (Siapget al.,

2007). So the need for the study of adult neurogenesis icaiiteve bredfour-
striped mouse andild caughtcommon moleat is importantto have a broad
understandingf adult cell proliferatbn not only in laboratory rodent birt wild
rodents as wellvhich are readily available. And also, exposure to more stimuli
results in different/ more pronounced neurogenesis in captaeg and wild

caught rodents compared to laboratory rodents.

1.2.Objective of the study

The main objective of the study is taopide and describe qualitative evidence
of adult neurogenesis in the fesiriped mouse Rhabdomys pumiljo and
common moleat (Cryptomys hottentotyisThe specit objectives of this study

are:

e To establishwhetheradult neurogenesis occurs in the actiegirogenic sites;
subventricular zone and dentate gyrus in the-&uped mouse andommon

molerat

e To establish whether adult neurogenesis occurs in other reported potential

sites such as the striatum, substantial nigra, ependymal wall of the third
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ventricle, amygdala, cebral cortex and olfactory bullas this is not a

common occurrence in all species.

e Describe the morphology of the proliferating cells as revealed by
bromodeoxyuridine (Brdu), K67 and doublecortin (DCX)

immunohistochemistry at theftérent locations.

1.3 Literature review

Adult neurogenesis is a complex process involving the proliferation,
survival, differentiation and functional integration of new cells into the
hippocampus (Warr8chmidt and Duman, 2006)Neurogenesis has been
reported in the mammalian brain of rats, mice, tree shrews, guinea pigs, rabbits,
cats, monkeys and humans (Khetral.,1996; Kempermanat al.,1997; Gouldet
al., 1997; Altman & Das, 1967; Gueneeat al., 1982; Wyss & Sripanidkulchai,
1985; Gouldet al, 1998; Gouldet al., 1999; Rakic & Nowakowski, 1981,
Erikssonet al.,1998). It is low or absent in batisie to spatial behavio@Amrein
et al., 2004). Though, cellular and molecular mechanisms that regulate adult
neurogenesis remain unclear (Schauwegck@06), the process can be modulated
by a variety of factors including glutamate receptor activation (Cametrah.,
1995, 1998; Goulcet al., 1997; Bernabeu and Sharp, 2000), dietary restriction
(Leeet al.,2002a,b), growth factors ( Scharfmetnal.,2005; Palmeet al, 1995),
stress (Brunsomt al., 2005; Nicholset al., 2005) and neuronal injury (Parent,
2003; CoopeKuhn et al., 2004). Enriched environments (Kempermagtnal.,
1997), running wheel exercise (van Pradaal., 1999), hippocampadependent

learning (Gould et al., 199), and dietary restriction (Lee, Seroogy, & Mattson,
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2002), all increase neurogenesis in the adult hippocampulg sirless (Gouldet
al., 1997, 1998) and social isolation (lat al., 2003 Lievajovaet al., 2010
reduces neurogenesis. Even thowgiradiol altersandneurogenesigdoes notA
decrease in hippocampal neurogenesis does always correlate with the
development of learned helplessness in male rats (Pawluski & ,GH)68;

Vollmayr et al.,2003).

Likewise adult neurogenesis also occurs all non rodents mammals
studied to dat¢Taupin, 2006a). The concept of adult neurogenesis is now widely
accepted in the scientific communig.g. Kaplan and Bell1984; Kaplan and
Hinds, 1997;AlvarezBuylla, et al, 2002; Zhao et al., 2003 Lenningtonet al,
2003;Wattset al.,2005; Takemura, 2005; Luzzati al.,2006) and &ble 1 below

shows a list of some strains ofgand mice investigated to date.
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TABLE 2: List of some strains of rats and miogestigated to date.

Rodent Strains
Rats

Sprague Dawley

Wistar

Fisher 344

Pine vole
Transgenic Tg576
Mice

CD1

C57BL/ 6

Ald

BALB/ c
C3H/ H3J
DBA/ 2J
129/ SVJ
Albino
FVB/NJ

Wood mouse

Site

' VEN, SN

DG, CTX

SEP/STR
SGZ, DG
SGZ, DG

DG, SC

SN, DG, SGZ

SGZ

SGZ
SGZ
SGZ
DG
OB
DG
DG

Reference

Xu et al.,2005;
Frielingdorfet al.,2004.

Seaberg and Kooy, 2002
Takemura, 2005

Palmeret al.,1995.
Amreinet al.,2004
lhunwo & Schliebs, 2010

Seaberg &Kooy, 2002;
Weisset al, 1996;
Kempermaret al.,1997.

Zhaoet al,2003;
Schauwecker, 2006;
Kempermaret al.,1997.

Kempermann and Gage,
2002
Kempermaret al., 1997

Kempermaret al., 1997
Kempermaret al., 1997

Kempermaret al.,1997

Gritti et al,2002.
Schauwecker, 2006
Hauseret al.,2009

Key: OB, olfactory bulb; DG, Dentate gyrus; SN, Substantia nigra; SC, Spinal
cord; SERSTR, Septum and Striatum; CTX, Cerebral Cortex; Ill VEN, Third
ventricle; SGZ, Subgranular zone.

17



1.3.1. Active neurogenic sites in the brain

Adult neurogenesis occurs predominantly in two active sites of the brain,
the rostral subventricular zowé the lateral ventricland the subgranular zone of
the dentate gyrus of the hippocampus (Kaplan and Bell, 1984; Kaplan and Hinds,

1997;Ihunwo and Pillay2007 Figure 1).

Bregma Lambda

Cerebral cortex

Corpus Callosum

|
I
Septum/ \
Striatum \

/
Midbrain /
/

|

(

'

\ Medulla /
I| Oblongata o

Pons

/
/  Spinal

/ Cord

Figure 1: A schematic diagram of the saggital section of the rat brain showing the
different regions of the brainOB-olfactory bulb, DG dentate gyrus, Hipp
hippocampusSVZ-subventricular zoneSN-substantia nigraDrawing modified
from Paxinosaind Watsong2006)5™ ed.

The subventricular zone has two precise layers of cells: the first is a
monolayer of multiciliated cells lining the lateral ventricle called the ependymal
layer; and the second layer is a3 2cell layer of thick areadjacent to the
ependymal layer called the subependymal layer. The subventricular zone
neuroblast cells travel a long distance to the olfactory bulb through a network of
interconnecting pathways that become confluent at the rostral margin of the lateral

ventricular wall to form the rostral migratory stream (RMS) (Wettsl, 2005).
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The olfactory bulb is continuously being supplied with newly generated
neurons from the subventricular zone (Hind, 1968; Altman, 1969; Bayer, 1983;
Corottoet al.,1993). Cel$ in the subventricular zone and rostral migratory stream
move rapidly by chain migration (Doetseh al., 1997; Jankovsket al., 1996;

Lois and AlvarezBuylla, 1993; Kirschenbaunet al.,1994). Studies have shown
that SVZ has been a source for corticat ssubcortical neurons (Watet al,

2005; AlvarezBuylla and Gracia/erdugo, 2002). The subventricular zone is
considered the largest active neurogenic site in the brain (Schauyw20keé).
There is persistence of neurogenic activities in the DG of the hippocampus which
generates neural precursor cells that exhibit stem cell properties (Erddsabn

1998; Taupin, 2006a; lhunwo and Pillay, 2007). The dentate gyrus is
characterizedby sparse and powerful unidirectional projections to CA3 pyramidal
cells; the mossy fibre cells (Treves al., 2008). In the rodent dentate gyrus as
many as 9000 neuronal cells are produced every day, contributing 0.01% of the
granule cell population pefay. Most of these cells undergo apoptosis with only a
restricted number of cells that go on to mature. The matured cells can survive for
an extended amount of time, and this may lead to a permanent replacement of
cells (Taupin, 2006b). The dentate gymishe mammalian lineage is a strikingly
well conserved part of the cortex with a trilaminar structure (Stephan, 1975). The
outermost layer called the molecular layer is relatively cell free which comprises
the dendrites of the dentate principal cells ¢Eseet al.,2008). Also, it contains
axons that originate in a limited number of sources. Hippocampal neurogenesis
occurs over the lifetime of a mammal and it appears to maintain normal

hippocampal function of brain tissues (Eriksseinal, 1998) The fou-striped
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mouse andcommon moleaat were selected for this sty because of their

availability.
1.3.2. Other neurogenic sites with neurogenic potential

Adult neurogenesis does not only occur in the subventricular zone and the
dentate gyrus but also in othareas of the brain (Reynolds and Weiss, 1992
Ihunwo and Pillay, 2007 Fibroblast growth factor (FGF) was also reported to
stimulate proliferation of neuronal progenitors in the septum and striatum in
rodents (Palmeet al., 1995). The hippocampus andbsentricular zone yield
more established colonies and a larger number of progenitors than the septum and
striatum. The substantia nigra pars compacta is another region where adult
neurogenesis is said to be present as evidenced by the slow turnover of
dopaminergic projection neurons in the adult rodent brain (Z#taal., 2003).
However, Frielingdorf and colleagues (2004), found no new dopaminergic

neurons in the adult mammalianbstantia nigra pars compacta

Evidence provided by Berniet al.,(2002) ndicated that neurogenesis is
present in the amygdala and surrounding cortex of adult monkeys with the
occurrence of a Temporal Migratory Stream (TMS) which is similar to RMS.
From reports of multipotent stem cells in more caudal regions of the neuroaxis
such as the spinal cord, it has become clear that stem cells are present in all parts
of the central nervous system (Temple and Alvarez, 1999). Prior to this time,
Weiss and colleagues (1996) isolated neural stem cells from the thoracic and

lumbo-sacral sgments of the spinal cord of adult mice.
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1.3.3. Non neurogenic regions with neurogenic potential

Adult neural stem cells reside in regions considered to banaorogenic,
for example cerebral cortex and olfactory bulb (Gettial.,2002; Paganet al.,
2000). Takemura (2005) provided evidence that active neurogenesis persists
within the white matter beneath the temporal neocortex when he explored
previously overlooked neurogenic region in the adult rat brain and detected the
evidence of neuron pduction within the subcortical white matter. From his
results, it was suggested that cell genesis, death and migration persists in a
restricted sulsegion of the adult white matter. Arsnijeviet al., (2001)
demonstrated the existence of multipotgnécusor cells in the adult human
cerebral cortex andloyse et al., (2006) confirmed neurogenesis in the dorsal
vagal complex of the brain stem (a magentrefor autonomic reflexes). lhunwo
and Pillay (2007) provided a detail review of active and potensiatagenic sites

in the adult mammalian brain (Talig
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TABLE 2: Reported sites of neurogenesis in adult mammal brains (lhunwo and

Pillay, 2007).

Site SvZz DG SER SN 1l SC AMG CTX OB\ DvC
STR VEN RMS

Rodents
Rats + + + - + - + + +
Mice + + + + + + - - -
Rabbits + + + - - - -
Human + + - - - + + -
Squirrel + + - - - + - - -
Monkeys
Macaque + + - - - + + 3 }
monkey

Key: SVZ, subventricular zone; DG, Dentate gyrus; SEP/ STR, Septum and
Striatum; SN, Substantia nigra; Ill VEN, Third Ventricle; SC, Spinal Cord; AMG,
Amygdala; CTX, Cerebral cortex; OB/ RMS, Olfactory bulb/ Rostral migratory
stream, DVC, Dorsal Vagal Conex ( + indicates presenceindicates absence).

Kempermanret al.,(1997) investigated different strains of laboratory mice
and concluded that adult hippocampal neurogenesis is differentially influenced by
the genetic background of the specisirein d al., (2004) investigated different
strains of wild rodents and observed differences in cell proliferation. No
significantdifferences in the relative ratio of neurogenesis and gliogenesis were
observed in two strains of laboratory mi&#ith differencesin both laboratory
and wild rodents, it becomes imperative to document the pattern of adult
neurogenesis in the fowstriped mouse andommon molerat which have not

been reported but readily available in the Southern African region.
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CHAPTER 2: MATERIALS AND METHOD

2.1. Experimental Animals

Eight adult specimens from each species were Ugesfourstriped mice
werecaptive reare@t the Central Animal &vice(CAS) unit of the University of
Witwatersrand Johannesburg, South Afridaut had wild caught ancestors. The
common moleat werewild caught from a golf course in Pretoria, South Africa
and transported to the CA@t the medical school of th&niversity of
Witwatesrand All animals used were adslbased on their body weighteuitition
and sexual maturityThey were kept under standard laboratoonditions with a
14: 10 hourlylight-dark cycle with lights on at 6 am for the festriped mouse
and 12 hourly light and dark for ttedmmon moleat Room temperature was
between 224 °C and 30 % 60 % relative humidity A 40 X 12 X 25 cm (length,
height and width) lalm-tec cages (Labotec, Halfway Ha&jsSouth Africa) with
saw dust or wood waste shaviragslitter and hay as nesting material was used to
house this animalThe aninals were treated and used according to the guidelines
of the University of the Witwatersrand Animal Ethics and Screening Committee
(AESC Clearance No: 2007/45/03).
2.1.1.Fourstriped mouséRhabdomys pumiljo

The fourstriped mousgRhabdomys pumiliobelongs to the Muridag
Rodentia They are widely distributed in Southern Africa, occurring in different
habitats, such as grassland, marsh, forests; siserts and desertSkinner and
Chimimba, 2005Figure 2).The four striped miceRhabdomys pumiliare small
diurnal murid rodent They do not usually live in colonies. In fact very few

populationslive as groups, and most are solitary living. Trdgmonstratebi-
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parental carelt is easily identified by the four distinct dark longitudinal stripes
running the length of the back (Figure 2.1). Unlike most rodents, thesfoped
mouse displays a diurnal bimodal activity pattern with its activities mainly in the
mornings and eveningSchumanret al., 2005) It has a reduced activity in the
afternoonor midday period. It is an omnivorous anim#iis diet contains a
minimum of 15% water (Wilan and Meester, 1989). It has an extreme plasticity in
habitat preference which gives the reason for it widespread distribution
throughout Southern AfricaSkinnerand Chimimba, 2005 Colour of the stripe
varies from dark brown to grayhite. The four-striped mice have a body mass
ranging from 4080g (Schradin and Pillay, 2004; Maini, 2003) and a small brain
with an average mass of about 0.6Bgagwandiret al.,2006)

It breeds seasonally usually from spring to autumn (Schradin and Pillay,
2003).Its gestation period is 223 days. Their females, that are fréeing, give
birth to approximately five pups: captive females have slightly larger litier 6
(Pillay, 2000). Their pups begin to consume solid footeatdays after birth and
leave their nest from twelfth day after gestation. Weaning starts at around the
sixteenth day after birth. Sexual maturity is reached at around fifth to sixth week
of life which depends on environmental and social factors as well as its
development status (Pillay, 2000).

Fourstriped mouse has got a flexible social organization and mating
system which is controlled majorly by resource availability and population
density. In the arichabitat, they can be described as a territorial, gtioing,

solitary forager that displays -parental care (Schradin and Pillay, 2005a). In

grasslands, females maintain infee x ual | vy exclusive terri-t
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territories overlap with those ajfther males and females (Schradin and Pillay,

2005a) Both sexes mai ntain their territor
(Schradin and Pillay, Zg. In captivity, males from both mesic and xeric
populations display parnal care. Fouwstriped mouse fmm the southwestern

regions of southern Africa are slightigrger than the northern regions (Yom Tov,

1993)

Figure 2.1: Photographof the four-striped mouse(Rhabdomys pumiljo by
Selvakumar. Internetcaessed 12 Jun01Q

2.1.2.Common molerat (Cryptomys hottentotlis
The common molerat, Cryptomys hottentotugFigure 2.2)elongs to the
order of the Rodentia. Its family Bathyergidaeand genus iryptomys The

common molerat is a burrowing rodent that is found in Africa, mainly in
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southwestCape Province in South Africa. Also found in other parts of Africa like
Lesotho, Malawi, Mozambique, Swaziland, Tanzania, Zambia and Zimbabwe.
They have a reduced visual function. They have an average body length-of 10.5
16.5 cm with tail length of 1:3.8 cm. It has a thick fur with many different
colours. Their body shape is cylindrical with short limbs. They have a dikisel
incisor that is used for digging. They have an average body mass of 120.5 g, and a
brain mass that on average is 1.2&giielly,1969. They dwell in small colonies

(up to 14 individuals) that are comprised of a breeding female, her consorts, and
their nonbreeding offspring (the workersyhey have a unique characteristic of
having one reproductive pair, consisting of the lardestale and male in one
group. Mating occurs between the months of September and October They breed
seasonally (Octobedanuary), the gestation period is about 81 days with 2
litters. Common molerat reaches sexuality at about 450 days. Females maintain
reproductive function during nereproductive months.

Common moleats are fossorial mammals that can live in wide range of
substrates. They are herbivorous. They are wide spread and they show a sign of
localization due to soil requirements. Their pattefmarowing optimizes their
access to food whereas it has a negative economic impact to man in that it
damages properties but also improves soil drainage and turnover as a positive
view.

In comparison to the naked maiat, the common moleats have the
ability to generate their own heat and keep their body temperature above ambient
temperature which gives them an added advantage to survive any weather. They

have lower individual body masses in arid environment that helps with energy
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conservatin. They also have long sensory hairs, vibrissae, which stand out from
their fur covering their body.

Common molerats are social creatures that live in famihits of up to 14
per group.They are widely distributed across the whole of the southern Africa
region whichis found in all sorts of habitat3he fur of thecommon molerat is
silky, soft and short. Its colour though depends on the colour of the soil it is
burrowing in however, they are usually brown in colour and lacks patches on its
nose, eareye and throat. It has a keen sense of hearing and a very pegigletye
Common moleats are able to survive underground by exhibiting many
thermoregulatory and metabolic adaptations to living in burrows. This is also
possible because of their reducedtirg metabolic rate and lower core body
temperature with a high thermal conductance (Bennettal., 1992; Bennettet
al., 1994; Bennettet al., 2009). They exhibit specialized behaviour and
cooperative care of the young. The younger ones are like wmrkers and older
ones may be casual workers. The worker for the most part burrows and forage.
The oldest are breederBhe main predator species @mmon molerat are barn
owls, eagle owls and mole snakes. If caught out in the, dpercunning leopard

will also prey upon theommon moleat
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Figure 2.2 Photograplof thecommon molerat (Cryptomys hottenttotyifiech|
(2004) Internet acessed orl2 June, 2010
2.2. Experimental groups

The grouping of the experimental animals was basd@ornime poirts; a
proliferation time point2 hours post Brduinjectionand a survival time point
weeks post BrdUinjection (Lagaceet al.,2007).In the proliferation time point,
BrdU is administered to the animal 2 hours before sacrifice to chack
proliferating cells that are BrdU positive. Likewise in the 4 weeks post BrdU
injected animal group, they are injected once and sacrificed after 28 days with

animal under observatiavery day
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TABLE 3: Distribution of animals into groups is as sholelow.

Fourstriped mouse Common molerat

2 hrs post BrdU injection to evalua 3 3
proliferating cells.

4 weeks post BrdU injection to evalue 3 3
surviving cells.

Number of controls (No BrdU injection) 2 2
Total 8 8

2.3. Markers of cell Proliferation

There are two main classes of markers used to label proliferating cells:
exogenous and endogenous markers. Endogenous markers are molecules that the
cell expresses dimg the progression of the cal{cle, which correlates with the
duplicaton of its DNA or with the mitotic divisionvhile exogenous markers are
injected then binds to DNA in vivo and may produce DNA mutatidhgse types
of marker have been widely used in the study of adult neurogenesis. There are
three markers used in thisudy, bromodeoxyuridine (BrdU), K67 and
doublecortin.
2.3.1. Bromodeoxyuridine (BrdU) Administration

Evidence for neurogenesis is obtained by the use of the thymidine analog
bromodeoxyuridine (BrdUjCameron et al., 1998)vhich incorporates into DNA
during the S phase of cell cycle (Nowakowskial.,1989). BrdU labelling is used
to reveal neural stem cells and has proven to be a valid marker for studying adult
neurogenesis (Cameraet at, 1998; Kempermanet al, 1997; Taupin, 2007).
BrdU crosses theltod- brain barrier (del Rio & Soriano, 1989). Advantagé

BrdU to Hthymidine (HdT) is that its immunohistochemical detection is more
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easily combined with that of various cell cleg®ecific markers to determine cell
phenotype in small neurons suchgaanule cells that are difficult to distinguish
from astrocytes (Rackic, 2002). It also allows for the analysis of changes in the
production of specific cell types under various experimental conditions (Rackic,
2002). With BrdU, it is particularly usefubf the detection of newly generated
cells that were difficult to identify with the autoradiographic method (Rackic,
2002). However, the immunohistochemical approach can also lead to false
conclusion if potential technical problems are ignored (Rackic, ;20@%es &
Nowakowski, 2002). There are no established criteria for the use of BrdU as a
marker of neuronal birth date at the moment, though it is not a marker for cell
division, but a marker for DNA synthesis (Rackic, 2002). BrdU
immunohistochemistry is mastoichiometric in contrast to-HT autoradiography
(Hayes & Nowakowski, 2002 However, BrdU is also considered to be a
mutagen (Morris, 1991). BrdU was dissolved in saline and administered
intraperitoneally for the ptiferation and survival groups. dose of 50 mg /kg
body weight was administeréMlitra et al.,2006).Thedisadvantages of BrdU are
that it has to be injected into the animal and may require multiple injections.
2.3.2. Ki67

Ki-67 is a endogenousroliferation marker which reacts with a nuclear
antigen. Ki67 is expressed in all proliferating cells which are in active phases of
cell cycle but absent in resting cellisis a nuclear protein present in all the phases
of the cell cycle except in th&0 (GilPerotin et al., 2006). In G1, it is
predominantly localized in the perinucleolar region and also found in nuclear

matrix in the later phases (Gerdes, 1990). It is thought to be involved in the
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maintenance of cell proliferation however its exaachmanism for function is
unknown. Due to these facts, it is considered an important marker for evaluation
of tumour diagnosis and prognosis. It is a nuclear protein present in all the phases
of the cell cycle except in the GO (&krotinet al.,2006. Ki-67 labels the nuclei

of the proliferation cells.

2.3.3. Doublecortin (DCX)

DCX is expressed in migrating neurons throughout the central and
peripheral nervous system during embryonic and postnatal development (Gleeson
et al., 1999). DCX ceassembles withrain microtubules, and recombinant DCX
stimulates the polymerization of purified tubuli®ver expression of DCX in
heterologous cells leads to a dramatic microtubule phenotype that is resistant to
depolymerization. Therefore, DCX likely directs neuroméjration by regulating
the organization and stability of microtubules (Gleesbal.,1999).Doublecortin
is a phenotypic marker which stains the cytoplasm of immature cellet(al,

2005).

2.4. Tissue processing

The animals were euthanized with sodi pentobarbital (Euthanaze, i.p.
80 mg/kg) and transcardially perfused with 0. 9% cold saline (4 °C) followed by
4% paraformaldehyde in 0.1M phosphate buffer (PB). Brain tissues were then
carefully removed from the skull, weighed and postd in 4%
pardormaldehyde in 0.1 M PB, then allowed to equilibrate in 30% sucrose in 0.1

M PBS. Brain tissues were then kept frozen in dry ice and sectioned using a
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sliding microtome in the saggital plane at 50 um section thickness covering the
complete brain. Subsequity, sections were placed in vials containing PBS.

A one in five series of sections weeachstained for BrdU, Ki67 and
doublecortin; the remaining two sections of the series were stored in
cryoprotectant solution (CPX) i freezerat -20 °C for future experimental
purpose This provided a section of the brain stained at every 250 um throughout

the brain.

2.5. Bromodeoxyuridine immunohistochemistry
2.5.1 Preincubation:

Sections were rinsed 3 times for 10 minutes in 0.1M PBS, under gentle
shaking at room temperature. Tissues wien preincubated, for 2 hourat
room temperature, in a solution containing%d normal goat serum (NGS;
Chemicon Int.), 2% bovine serum album (BSA; Sigma) and 0.286 Triton
X100 (Merck) in 0.1M PB. Triton X100 is a detergent necessary to create
micropores in the membranes of the cells, allowing the antibodies and the
reactives to penetrate the tissue. It also removes the antibodies frartigens
The normal serum and BSA, which are progeiare used to avoid unspecific
staining. They help to prevent the primary and secondary antibodies to join to

unspecific places that have a similar structure.

2.5.2. Primary Antibody Incubation:

Thesections were then placed in 04b6Triton X100, 3% NGS, 2% BSA,

and primary mouse anBrdU monoclonal antibody (Millipore International, MA,
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USA, 1:1000, Mitraet al., 2006) for four-striped mouseand rat antBrdU
antibody (Millipore International, MA,USA 1:10®) for common moleat
overnight at 4 °C under a gentle shakii@ese antibodies are species specific.
Subsequently, tissues were rinsed three times for 10 minutes in 0.1M PB.
2.5.3. Secondary Antibody Incubation:

The tissues were incubated in secondary antibody solution which
contained 1:500 dilution of biotinylategbatanttrmouse or goaantirat IgG
(Dako, Denmark, 1:100), % normal goat serum,% BSA, in 0.1 M PB, for two
hours at room temperature.

2.5.4. AvidinBiotin-Complexmethod:

Sections were rinsed three times for 10 minutes in 0.1 M PB, then incubated for 1
hour in AB solution (the ratio that were used for A and B reactive were 40 pl each
in 5000 ul of 0.1 M PB, Vector Labs), and again rinsed three times in 0.1M PB
under gentle siking at room temperatyreach for 10 minutes.

2 . 5. 5diamiBobenddine tetrahyrochloride (DAB) staining:

Sections were treated in a solution containing DAB in 0.1M PB for 5
minutes. Thereafter, 3 pl of 30 %,®, per 0.5ml of solution was added. AWw
power stereomicroscope was used to follow up the developofi¢he reaction
Once an appropriate level of background staining was observed, the reaction was
stopped by placing sections in 0.1 M PBS. The sections were then mounted on 0.5
% gel coated giss slides and adried overnight. They were then dehydrated in a
graded series of alcohols, cleared in xylene and csliggred with EntelanTwo

controls were used in the immunostainings, one which did not contain primary
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antibody and the other which daed the secondgrantibody in selected sections

to test whether the arbiodies worked.

2.6. Ki-67 immunohistochemical staining

Sections were washed 2 times for 10 minutes in PBS and then rinsed with
tris buffer saline tritorX (TBST) once for 5 minuteander gentle shaking at room
temperature. The sections were then treated for 40 minutes at 94 °C (in water
bath) in citrate buffer pH 6.1 diluted with distilled water (1:10) for -getie
retrieval. Sections were then allowed to cool down on the benciodm
temperature for 20 minutes.

Sections were then washed in TBST 2 times for 5 minutes under gentle
shaking and transferred into blocking solutio®e9NGS in TBST for 30 minutes.
Tissues were then transferred into primary antibody, MGb67 (Novocastra
Wetzlar, Germany; 1:5000) inBST supplemented with 20 BSA and 26 NGS
overnight under gentle shaking at 4° C.

The following day,thetissues wereemoved from the fridge and allowed
for 30 minutes to equilibrate to room temperature under gehidgking. The
tissues were then washed 3 times for ten mgint& BST under gentle shaking at
room temperature. Secondary antibody was then applied, biotinylatedagtiat
rabbit (Vector lab, CA, USA; 1:250) in TBST supplemented wi# RGS for 60
minutes at room temperature. Tissues were then washed 3 times for 10 minutes in
TBST. ABC reagent (Vector lab, CA, USA; 1:100, A and B) was then applied for
40 minutes at room temperature under gentle shaking. After that, sections were

then washed in TBS 2 timefor 15 minutes under gentle shaking at room
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temperature. Tissues were then washed in TB pH 7.6 two times for 10 minutes
under gentle shaking at room temperature. They were theimquieated in the

dark for 30 minutes with DAB solution, 0.5 mg/ml, in TB6 under gentle
shaking at room temperature using 2 ml per vial. 35 pl oR8.5,0, was then
added to each vial and mixed very well to develop under visual guidance until a
strong nuclear staining was observed. Reaction was then stopped by washing
sectims TB pH 7.6 3 times for 10 minutes under gentle shaking at room
temperature. Tissues were then washed in PB and mounted oftogelatinized

slides and air dried overnight. They were then dehydrated in a gaadedding

series of alcohols, cleared iglgne, and coverslipped with Entelan.

2.7. Doublecortin (DCX) immunohistochemical staining

Sections were washed 2 times for 10 minutes in PBS and then rinsed with
TBST once for 5 minutes under gentle shaking at room temperature. Sections
were then treateavith blocking solution, 5% normal rabbit serumNRbS in
TBST for 30 minutes.

Tissues were then transferred into primary antibody DCX (Santa Cruz biotech,
CA, USA; 1:400) in TBST supplemented wit2BSA and 26 NRbS overnight
at 4 °C under gentle shag.

On the following day, tissuegsere removed from the fridgend left on the
shaker to equilibrate at room temperature followed by a 3 times 10 minutes wash
in TBST under gentle shaking at room temperature. Secondary antibody,
biotinylated rabbHantigoat (Vector lab, CA, USA; 1:250) in TBS supplemented

with 2 % NRDbS for 60 minutes at room temperature under gentle shaking was
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then applied. After that, sections were washed 3 times for 10 minutes each under
gentle shaking at room temperature. Thirty masuprior to the time of use, ABC
reagent in TBS (1:100, A plus B) was applied to the tissues for 40 minutes at
room temperature under gentle shaking. Sections were then washed in TBS twice
at 15 minutes each under gentle shaking at room temperature fblbyvweashing
in TB (pH 7.6) two times for 10 minutes each.

Section were then pfiacubated in DAB solution, 0.5 mg/ml in TB (pH
7.6) by using 2 ml per vial for 30 minutes in the dark under gentle shaking at
room temperature. 35 pl of 0.5 %,® was addeda each vial and mixed very
well and allowed to develop under visual guidance until strong nuclear staining
appears within the rostral migratory stream. The reaction was stopped by washing
sections in TB pH 7.6, 3 times for 10 minutes each under gentlenghatkroom
temperature. Tissues were then washed in PB and mounted oftogelatinized
slides and air dried overnight. They were then dehydrated aseendingraded

series of alcohols, cleared in xylene and cover slipped with Entelan.

2.8. Data andysis

Sections of the brains were analysed with a light microscope using the
Zeiss Axioskop 2 plus microscop&ermany The immunostained sections were
compared with previous report studies (Lagatal.,2007; Amreinet al.,2004;
Lu etal., 2005; Plumpeet al., 2006). Photomicrographs were taken at different
magnification with the aid of the Zeiss Axioskop 2 plmicroscope with a fitted

camera, model Axio@n HRcZeisscamergGermany.
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CHAPTER THREE: RESULTS

3.1 General observations

The main objective of this study was to identify proliferative cells in the
regions of the adult brain of non captive South African roddrits. distribution
of the immunohistochemically reactive brain tissues to the Brdi67kand DCX
were found tdbe differentbetween the foustriped mouse ancbommon molerat

BrdU labelled the nuclei of proliferating ceNghich appeared dark and
clusteredin the two hours post BrdU injected group. For the four weeks post
BrdU injection group the BrdU positive cellsmpgared more singly with darkly
stained nuclei and more roundedthe two active neurogenic sites footh the
four-striped mouse andommon molerat BrdU positive cells were absent in
other potential sites in both the festriped mouse ancbmmon moleat

Ki-69, anintrinsic marker for proliferating cell$abelled the nuclei of the
proliferating cells which appeared in clusters in almost all the region that was
observed. More new neurons were stained appearing in clusters and in some areas
in isolatedform. Ki-67 labels proliferating cells in the two active neurogenic sites,
subventricular zone and dentate gyrus of the hippocampus of the two experimental
animals. In the potential neurogenic sites,-6Kipositive cells were observed in
the substantia gra, striatum and olfactory bulb of the fegtriped mousevhile in
thecommon molerat, Ki-67 positive cells were present in the substantia nigra and
olfactory bulb but absent in the striatum.

DCX is anintrinsic marker foimmature neurondabelled thecytoplasm of

the immature cells along with their processesylaippeared in clusters but varied
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in shape. The DCX positive cells were categorized according to the shape and

presence of apical dendrites as described earlier by Pletnabe(2006):

Category A and B DCX positive cells were with very short or no processes
respectively. The processes were less than one nucleus wide in the DCX
positive cells of category B.

CategoryC and D DCX positive cells had processes of intermediate length
and immaturemorphology. The processes were longer in DCX positive
cells in category C compared to processes of DCX positive cells in
category B whereby the processes reached the granule cell layer but did
not reach the molecular layer.

In DCX positive cells in categgrD, the processes reached the molecular
layer.

CategoryE and F DCX positive cells had a more matured appearance. In
the DCX positive cells for category E, they had a one thick dendrite that
reached into the molecular layer and displayed a comparatipelges
branching in the molecular layer. The DCX positive cells of category F
had a dendritic tree which showed delicate branching and few major

branches close to the soma or within the granule cell layer.

DCX positive cells were observed in the two neurgesites of the

experimental animals. Likewise in the potential neurogenic sites, they were

observed in the striatum and olfactory bulb of the {fstiped mouse but

absent in their substantial nigra. In @t@mmon moleat, DCX positive cells

were presenin the striatumgubstantia nigra and olfactory bulb. In addition to
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these potential neurogenic sites in teemmon moleat, DCX positive cells

were observed in the cerebral cortex ofachenmon molerat

3.2. Immunohistochemical findings in thefour-striped mouse
3.2.1. BrdU positive cells in the proliferating and survival group

Proliferative cells were observed in the dentate gyrus of the hippocampus
(Figure 3.1). The cells appeared in clusters and irregular in shdpe 2 hours
post BdU injected grougfFigure3.1B) while the 4 weeks positive cells appeared
singly, more rounded with ddy stained nuclei (Figure 3.C). These cells were
found in the granular cell layer and subgranular layer of the dentate gyrus of the
hippocampus and in thHelus.

BrdU positive cells were observed in the subventricular zone of the lateral
ventricle. The nuclei were darkly stained appeared in clusters along the wall of the
subventricular zone of this region of the brain (Figure 3.27)AUnder high
magnificaton, these cells appeared darkly stained, irregular in shape and in
clusters in the 2 hours post BrdU injected group (FigureB3.®hile in the 4
weeks group, they appeared more regular in shape with a darkly stained nuclei
(Figure 3.2C). BrdU positive cells in the two hours and four weeks post BrdU

groups were distributed along the wall subventricular zone area.
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Figure 3.1: Representative photomicrograph showing BrdU positive cells in the
dentate gyrus of the hippocampus$ the fourstriped mouse. The two hours
proliferating groups (Aand B) show the BrdU positive cells at ifflerent
magnification. Figure 3.1C, for the four weeks grouplhe arows indicate
positive BrdU immunostained cell&CL-granule cell layer and SGéubgranular

layer.Scale bar; A =1@um, B= 2.5umandC= 1 um.
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Figure 3.2: Representative photomicrograph showing BrdU positive cells in the
wall of the subventricular zone of the festriped mouse. In the two hours group

(A and B), the proliferative cells appear in clusters and in the four weeks (C), the
immunopositve cell appear singly and more rounded with a darkly stained
nucleus The arrows indicate positive BrdU immunostained cel®vZ-
subventricular zone and |-Vateral ventricle Scale bar; A= 1um, B and C=1

um.
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3.2.2. Ki67 positive cells

The K67 positive cells were observed to be distributed along the length
of the granular cell layer of the dentate gyrus of the hippocampus (Figure &.

B). The nuclei of the Kb7 positive cells were darkly stained and distributed in
the dentate gysiof the hippocampu@-igure 3.3 B) The Ki-67 positive cells in
the subventricular zone appeared in clusters and widely distributed (Figufe 3.
C). These immunopositive cells hadntrally located darkly stained nuclei (Figure
340).

Ki-67 positive clis appear darkly stained and in clusters and observed
along the rostral migratory stream which is enroute tosvainé olfactory bulb
(Figure 3.5A & B).

The proliferative Ki67 positive cells in the substantia nigra appeared darkly
stained with a regutashape and in clusters (Figure 34 & B). There were no

positive Ki67 cells in the cerebral cortéxthe fourstriped mouse.
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Figure 3.3 Representative photomicrograph showing6Ki positive cells in the
dentate gyrus of the hippocampuasthe fourstriped mouse (A and B). Majority

of the cells are located in the subgranular layer (arrows). The cells appear darkly
stained and in cluster&CL-granule cell layer and SGéubgranular layeiScale

bar; A =10um, B=1um.
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Figure 3.4 Representative photomicrograph showing6Ki positive cells in the
subventricular zone of the fostriped mouseMajority of the cells are located in
the subventricular wakt different magnification§A, B and C). The cells appear
darkly stained and in cluste®s(arrows) DG- dentate gyrus, Hipphippocampus,
SVZ- subventricular zone and Sstriatum.Scale barA= 20 um, B=2.5um, C=1

pm.
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Figure 3.5 Representative photomicrograph showing6Ki positive cells in the
rostral migratory stream/ olfactory bulb of the feariped mouseKi-67 positive
cells are migrating towards thelfactory bulb (A). Figure B is a higher
magnification of the rostral migratory stream@B- olfactory bulb and RMS

rostral migratory streangcale bar; A= 2@um andB=1 pum.
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Figure 3.6 Representative photomicrograph showing6Ki positive cells in the
substantia nigraf the fourstriped mouseKi-67 positive cells are more rounded
with darkly stained nucleFigure B is a higher magnification of the positive cells
(arrowg. InfC- inferior colliculus, Sup€C superior colliculus and SNsubstantia

nigra.Scale bar; A= 2@um, B=2.5um.
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3.2.4. Daublecortin (DCX) positive cells

DCX positive cells were observed in the dentate gyrus of the hippocampus
as immatureneurons along with their proces (Figure 3,7A-C). The cell bodies
lined thesubgranulatayer of the dentate gysuof the hippocampus (Figure 3.7
B). Majority of the cells are bipolar with an ovoid soma and fall under category E
and F éee section 3)1 Their processes extended into the granaitet molecular
layers (Figure 3.7B & C).

The DCX positive cells in the subventricular zone appeared in dikeeb
fashion in the wall of the subventricular zone at low and high power magnification
togetherwith their processes. The cytoplasm of the immature cells stained brown
with short or long processes and a well developed cell body (Figgir& 3. B).

Their soma is ovoid witl prominent nucleus (Figure 33.

The immature neurons were observed in difactory bulb in clusters
(Figure 3.9 A-C). The soma of the DCX positive cells are stained brown along
with their processes. The somvasovoid in shapavith a more prominent nucleus
(Figure 39 B) in the olfactory bulb. They migrate from the subventac zone to
the olfactory bulb via the rostral migratory stream with their processes exdendin

into the striatum (Figure 30).
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Figure 3.7 Representative photomicrograph showing DCX positive cells in the
dentate gyru¢DG) of the fourstriped mouse. DCX positive cells are in cluster (B
and C) with their soma and processes, (@rrows). Thesoma liesin the
subgranular layewith their processes projecting as far as the molecular layer.
Hipp- hippocampus, D&dentate gyrs, SGL subgranular layer and GGjranule

cell layer.Scale bar; A= 2@um, B=2.5um, C=1um.
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Figure 3.8 Representative photomicrograph showing DCX positive cells in the
subventricular zone (SVA)f the fourstriped mouseDCX positive cells are seen

in the photomicrograph in clustef (@andB) with their soma and processé&he
soma can be seen on thaninar surfaceof the SVZ with their processes
projecting towards the striatum RMS- rostral migratory stream, SVZ
subventicular zone, L\ lateralsventricle and Strstriatum.Scale bar; A=1@um

andB=1 um.
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Figure 3.9 Representative photomicrograph showing DCX
immunohistochemistry in the RMOGB of the fourstriped mouseFigure 3.9 B,
shows the six layers of the olfactory bulb as follows; Gifiactory nerve layer,
GL- glomerular layer, EPLexternal plexiform layetMCL- mitral cell layer, IPL
internal plexiform layer and GGlgranule cell layerDCX positive cells in lster

(B) with their soma in thgranule cell layeand their processes extend as far as
the glomerular layerOB- olfactory bulb and RMSrostral migratory stream.

Scale bar; A= 2@m, B=10 um, CandD =2.5um.

58



59



Table 4. Summary ofctive and potentiaheurogenic sites in the fostriped
mouse.

Site SVZz DG SER SN CTX OB\
STR RMS

Cell + + - - - +/-
proliferation
(2hrs)
Cell  Survival + + - - - +/-
(4weeks)
Ki-67 ++ ++ +/- +/- - +++
DCX +++ +++ +/- - - ++++

Key: SVZ, subventricular zone; DG, Dentate gyrus; SEP/ STR, Septum and
Striatum; SN, Substantia nigra; CTX, Cerebral cortex; OB/ RMS, Olfactory bulb/

Rostral migratory streant+ indicates presence;indicates absence, -tihdicates
indecisiveand nor e t han one A+0 indicates incree
staining.
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3.3. Immunohistochemical findings in thecommon molerat
3.3.1. BrdU positive cells in proliferative and survival groups

BrdU positive cells were observed in the dentate gyrus of the hippocampus
of common molerat In the 2 hours post BrdU injected group, the cells appeared
in cluster and irregular in shape with darkly stained nuclei (Figuf@ 3-C). In
the 4 weeks podBrdU injected group, BrdU positive cells appeared isolated and
more rounded with d&ly stained nuclei (Figure 3.10).

In the subventricular zone, BrdU positive cells in the 2 hours group
appeared in clusters and irregular in shape with darkly stainddi r{&agure
3.11). While in the 4 weeks group the BrdU positive cells appeared singly and
more rounded in shape with darkly stained nucleus (FigufieB3.1

In the olfactory bulb and rostral migratory stream, BrdU positive cells in
the 2 hours groupppeared in cluster and irregular in shape with darkly stained
nuclei (Figure 3.12, A & B). While in the 4 weeks group the BrdU positive cells
appeared singly and more rounded in shape with darkly stained nuclei (Figure

3.12B).
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Figure 3.0: Representative photomicrograph showing BrdU positive cells in the
dentate gyrus of the hippocampus of tbenmon moleratin the two time points.

In the two hours groughe proliferative cellaredarkly stained nuclen clustes
(Figure 3.10B, arrow) while in the 4 weeks groypigure 3.10 C), the matured
cells appear more rounded and singlhe arrows indicate positive BrdU
immunostained cellSSGL- subgranular layer and GElgranule cell layerScale

bar; A=10 um, B= 2.5um, C 1um.
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Figure 3.11 Representative photomicrograph showing BrdU positive cells in the
common molerat (Figure 3.11, AB) while in the four weekgC), they appear
more roundedwith darkly stainednuclei The arrows indicate positive BrdU
immunostained cellsSVZ- subventricular zone, LV lateral ventricle, Str-
striatum, Hipp hippocampus and OBlfactory bulb.Scale bar; A=1Qum, B,C =

1pum.
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3.3.2. Ki67 positivecells

Ki-67 positive cells were present in the subgranular layer of the dentate
gyrus of the hippocampus (Figure 3.JA & B). The Ki-67 positive cellsvere
distributed along the subgranular layer of the dentate gyrus of the hippocampus
with darkly stainedhuclei (Figure 3.2 B).

The new neurons were found in the subventricular zone, more of which are
on the lateral ventricle connecting to the ralsmigratory stream (Figure 3.18
& B). They appeared in clusters with Higrstained nucleus (Figure 3.BJ.
The Ki-67 positive cells in the olfactory bulb and rostral migratory stream
appeared in clusters (Figure 3.14,CA The ki67 positive cells were observed
from the rostral migratory stream enroute the olfactory bulb (Figure/8.1%he
Ki-67 positivecells were also observed lining the rostral migratory stream coming
from thesubventricular zone (Figur&sl4 C).

In the substantia nigra, the &7 positive cells that were observed
appeared in clusters and irregular in shape \e$s prominent nucldiFigure 3.

15, A & B). Ki-67 positive cells were absent in the striatum and cerebral cortex.
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Figure 3.2: Representative photomicrograph showingoKipositive cellsn the
dentate gyrusf thecommon molerat Ki-67 positive cells are ioluster and more
rounced with darkly stained nucleFi{gure 3.12 B. SGL- subgranular layer and

GCL- granule cell layerScale bar; A=10 um andB=1 um.
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Figure 3.13 Representative photomicrograph showingeKipositive cells in the
subventricular zonef the common molerat. Ki-67 positive cells are in cluster
and more rounded witdarkly stained nucleB(). SVZ- subventricular zone, Str
striatum, LV lateral ventde and RMS rostral migratory streanBcale bar; A=

10 pm, B=1pm.
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Figure 3.14 Representative photomicrograph showingoKipositive cells in the
common molerat Ki-67 positive cellsn the rostral migratory strea(A, arrows
indicate the direction of migratiomigure B is a higher magnification of A.
Figure C shows positive K&7 cells in the olfactory buldlRMS- rostral migratory

stream and OBolfactory bulb.Scale bar; A=L0um, B=2.5um, C=1 pm
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Figure 3.5: Representative photomicrograph showingoKipositive cells in the
substantia nigraf the common molerat Ki-67 positive cellsappear in cluster
(arrows) and more rounde@A, and B at higher magnificatipnInfC- inferior

colliculus, Sup€ superior colliculus and SNsubstantia nigraScale bar; A= 10

pmand B=1pum
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3.3.3. Doublecortin (DCX) positive cells

The DCX positive cells in the dentate gyrus of the hippocampus were
observed in the subgnular layer of the dentate gyrokthe hippocampus (Figure
3.116 A-C). The soma of these cells appeared ovoid in shape with their dendrites
reaching as far as the molecular layer of the dentate gyrus of the higpscand
some dendrites only endinig the granular layer and could be classified as E and
F categories of DCX positive cells (Figure@®.B & C).

The DCX positive cells in the subventricular zone appeared in dikeeb
fashion with their processes. At highagnification the DCX positive céd
presentedovoid shaped soma and branched processes in-dingtitional way
(Figurel7 B).

DCX positive cells were observed in the olfactory brdbtral migratory
stream (Figure 38, A-C). These cells appeared in clusters in a uniformed
direction. The soma of the DCX positive celere meshed within processes and
located in the granule cell layer of the olfactory bulb with their processes
extending as far as the external plexifoaydr of the olfactory bulb (Figure1®
B). They continued from the subventricular zone via the rostral migratory stream
enroute the olfactory bulb (Figurel8).

DCX positive cells were observed in the striatum (Figui®,34). These
cells appeared isdked with an ovoid soma (Figurel®, C & D). The processes
are bidirectional with branched dendrites (Figuré3.C & D).

There were DCX positive cells present in the cerebral cortex (Figude 3.2
A-C). The majority of the DCX positive cells were observed in the second layer of

the somatosensory, entorhinal and piriform cortices. The DCX positive neuron in
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layer Il had bipolar and ovoid shaped soma (Figure033). Small number of the
DCX positive cells has amvoid shaped soma with apical dendrites which
bifurcates (Figure 3@ B & C). Some DCX positive cells were observed in layer

[l with bipolar and some pyramidal inape (Figure 3.28, red arrow).

76



Figure 3.5: Representativ@hotomicrograph showing DCX positive celts the
dentate gyrusf the common molerat DCX positive cellsappear in cluster (A
with their soma andefinite processesvhich is category B can C respectivéB
and Q. The soma can be seen in the SGL \liir processes projecting as far as
into the molecular layerSGL- subgranular layer and GElgranule cell layer.

Scale bar; A=1@um, BandC=1pum.
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Figure 3.7: Representative photomicrograph showing DCX positive cells in the
subventricular zonef thecommon molerat DCX positive cells are in cluster (B)

with their soma in the wall of the SVZ and processes projecting intstiiagum.

The soma can be seen on the wall of the SVZ with their processes projecting as
far as intothe Stratum LV- lateral ventricle, SVZ subventricular zone, Hipp

hippocampus and Ststriatum.Scale bar; A=2@m, B=1um.
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Figure 3.B: Representative photomicrograph showing DCX positive cells in the
rostral migratory stream/ olfactory bulbf the common molerat DCX positive
cellsarein cluster B andC) with their soma and processes (Eigure 3.18 A,
shows the six layers of the olfactory bulb as follows; Gifiactory nerve layer,
GL- glomerular layer, BL- external plexiform layer, MCLmitral cell layer, IPL
internal plexiform layer and GClgranule cell layer. The soma can be seethée
granule cell layewith their processes projecting intoe glomerular layerOB-
olfactory bulb and RMSrostral mgratory streamScale bar; A20 um, B and

C=2.5um.
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