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ABSTRACT

Alzheimer’s disease (AD) is a potential neurodegatie disorder of nervous system which affectsphimary
areas of the brain dealing with learning and memddgposition of the insolublebeta-amyloid proteinreeurons
activates the microglial cells which stimulates titecess of neuroinflammation by releasing medat&elease of
cytokines and apoptotic promoters in turn shrink tieurons of the hippocampus leads to cognitiveiiimmgent. In
the present study change in histology of hippocamepirons in mice brain during AD will be evaluatey intra
cerebro ventricular (ICV) injection of beta-amylob-35.Toluidine blue, haematoxylin and eosin (H&Eining
methodswereutilized for analyzing the neuronal rhotpgy of Cornuammonis (CA) and dentate gyrus (B&)es
of hippocampus. Results obtained from the histapagfical study reveals that decrease in the numbkr
hippocampi neurons may be due to degeneration.ePesof darken condensed nucleus, shrinkage ofvpged
cells in CA zones and decrease in granular cell®B@fzone is a strong indication of apoptosis andss cause by
amyloid injection. Hence it was concluded that dtiga impairment caused by beta-amyloid in micenanly due
to degeneration of neurons in functional zonesigbtcampus that controls the memory and learnirfiplbr.

Key words: Alzheimer's disease, beta-amyloid, hippocampusraincerebro ventricular, toluidine blue,
haematoxylin and eosin, neuroinflammation.

INTRODUCTION

Alzheimer's disease is associated with brain shgekand localised loss of neurons, mainly in tippdcampus and
basal forebrain. The loss of cholinergic neuronthenhippocampus and frontal cortex is a featurth®fdisease, and
is thought to underlie the cognitive deficit angdoof short-term memory that occur in AD. Two mgmopic
features are characteristic of the disease, naregtyacellular amyloid plaques, consisting of amowsh
extracellular deposits di-amyloid protein (known as (8, and intraneuronal neurofibrillary tangles, coising
filaments of a phosphorylated form of a microtubassociated protein (Tau). Prevalence rates foredém
increase exponentially with advancing age, randgiogn 10% in the age group of 60-65 years to 36%ha age
group of 90 years[1]. This disease may be presemikenile onset and the occurrence of diseasef@seor after
the age group of 60 years, but now it is challegpghre median age of population. AD was tffel@ading cause of
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death in 2004 with 65,829 numbers of deaths [2halt been estimated that nearly 24million peoptla déementia
worldwide [3].

AP protein is a potent neurotoxin bathvitro and in vivo It has been substantiated that the 11 aminosszidence
(25-35) of beta amyloid is neurotoxic for primargunons [4]. B is secreted by normal cells in cultures and are
detected as circulating peptide in the plasma damel d¢erebrospinal fluid of healthy humans and other
mammals[5].Formation of Ainvolves cleavage at two different points, inchglione in the transmembrane domain
of APP byp andy-secretases. Gamma secretase is a clumsy enzytmadke precision and cuts APP at different
points in the same victinity, generatin Aragments of different lengths including3A0 and A 42, mutations
favour the formation of B42.Amyloid hypothesis points to cytotoxicity of rae¢ aggregated amyloid fibrils, which
are believed to be the toxic form of protein resble for disturbing the cells calcium ion homes&aand thus
including apoptosis [6]. The calcium permeable cieds in the membranes resulting in excessive aalénflux
and cause the induction of neurotoxic cascades [7].

In brain the hippocampus involved in controlling ttomplex process of forming, organizing, and sgprmemories.
The hippocampi and their connections to the darsdial nuclei of the thalamus and the mamillaryleiuof the

hypothalamus constitute a limbic system networkciaufor learning and processing of events for kbegn

storage. The basic information required by the mmgni® registered by the prominent areas of thenbsaich as
primary somatosensory, auditory, or visual corfehe hippocampus may mediate the representatiopaifas and

temporal memories. The key aspect of these kindsmehories is that they are relational, flexibled grermit

creative behavior. The hippocampus is critical docoding information about an animal's environmemd the
episodes that occur within those environmentsoldaing, it forms and stores representations ofepand spatial
contexts; these are called cognitive mapgperimental support for these ideas has come fmeny different
approaches to the study of hippocampal functio®]8The cognitive map theory of hippocampal functsuggests
that discrete and selective lesions of the hippgeemwill produce a deficit in place learning or kxation of a

novel environment The kinds of memories that tigpdcampus stores have also been referred to asorsll,

that's information on how specific objects or eiggrxisting in some spatial or temporal arrangenae related to
each other [10].

Inside the hippocampi nerve impulse and memorytedlamessage passes through distinct regions like
Cornuammonis (CA) and dentate gyrus (DG). CA furtsigread into three main zones which are CAl, CAQ a
CA3 which constitute the trisynaptic loop of th@pdcampus. The disease of central nervous systgrarticular
with Alzheimer’s, Epilepsy, schizophrenia and s@eeere depressions may affects the hippocampi nguvbich
may leads to cognitive impairments that affectssbeial life of the individual. Apart from this fational ability of

the hippocampus may declines with aging. It wasmneged that approximately 20 percentage of the oreuwill

lose their ability but this doesn't applies toadled persons.

Neuroinflammation is now recognized as a fundameetponse of the CNS not only to acute injury, élsb to
chronic neurodegenerative disease. This is perhapsetter demonstrated than in AD, where the sgvefithe
neuroinflammatory response parallels the diseaseseo

Plants have formed the basis of sophisticatedtioadil medicine systems that have been existenciénéaisands of
years and continue to provide mankind with new mis®e Although some of the therapeutic propertigibated to

plants have proven to be enormous, medicinal pglerttapy is based on the empirical findings of hudsirand

thousands of years.

Ipomoea aquatid-orsk is a tender, trailing, vascular semiaquati¢laating perennial plant, found on moist soil
along the margin of fresh water, ditches, marcimekveet rice fields. It is commercially cultivated an edible green
leafy vegetable in Hong kong, Taiwan, China ana ais rural part of India [11]. It is runner typeaplt with
numerous small flowers. Only a very few scientdiadies have been conducted on its medicinal esp&hese
include oral hypoglycemic [12] and anti-oxidantieity [13] .Treatment on liver diseases [14], cdpation[15].
Ipomoea aquati¢s considered a tonic and it is used to treatrgaabd intestinal disorders [16, 17].

Recently several biological indicators are avadédiolr predicting the severity of the Alzheimer'sefise in animals

one such potential tool is histopathological analysf the brain tissue. Staining tissues with digeguite old
technique but often provided some valuable inforomafbout the cytoplasm of neurons and glial céfisugh it is
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possible to recognize several cell-types on theésbaistheir stained nuclei. Hematoxylin and eosintie most
widely used stain for diagnostic histopathology refurodegenerative diseases like AD. Toluidine hkiea
metachromatic stain that stains nucleus blue atmptasm light blue. It is very often used to squpstparation of
brain parenchymal tissue.

The aim of the current research work is to deteentire neuronal histology of various regions of biggmpus
insulted by intra cerebro ventricular injection béta-amyloid 25-35.Further pathological change @uranal
architecture is evaluated by Toluidine blue, haemgin and eosin staining. This work reveals valeahformation
about the structural changes attributes to theamsuof the hippocampus under stress full conditiich may be
valuable for the researcher in the field of neuesptacology.

EXPERIMENTAL SECTION

Plant material.

The fresh leaves dpomoea aquatic#lA) were collected from (Perambur region of chanamilnadu, India).The
plant was identified and authenticated by two bistazne Dr. Sasikala Ethirajulu. Captain srinivagatmy research
Foundation, Chennai, Tamil nadu, India. and DrA#favind, Assistant Professor ,Department of MeditiBotany

,National institute of Siddha, Chennai 600047, Taadlu, India. Reg no: NIS/MB/73/2012, The specimeucher

was deposited in the Department of Pharmacologyt@xidology, C. L. Baid Metha College of Pharma@yennai,

Tamil nadu, India.

Preparation of the Plant Extract.

The fresh leaf of IA was collected and washed witning water. It was shade dried at room tempegaand 1kg
of the dried leaf was made in to coarse powder. Jtwder was passed through a 60 No mesh sievedrid
Powdered drug was extracted with mixture of Ethamater (6:4) (hydro-alcoholic extract) by usingxisiet
extraction. Hydroalcoholic extract gdomoea AquaticAHAEIA) was filtered, concentrated by rotary vaoupump
to get the solid mass.

Experimental Animal

Healthy Swiss albino male mice weighing 20-25 gitaimed from C. L. Baid Metha College of pharmacysw
used for the pharmacological studies. The animai®wept under standard conditions maintained #2%25 12 hr
light/dark cycle and given standard pellet dietn@istan lever, Bangalore) and water providedlibitum The
animals were acclimatized to the laboratory condgifor a week prior to the experimentation .Aé #mimals were
housed in polypropylene cages using paddy huskibgdBrinciples of animal handling were strictlyhaded to and
the handling of animals was made under the supenvisf animal ethics committee of the institute.eTh
experimental protocol was approved by Institutiomaimal ethics committee (IAEC) of CPCSEA (Comnatfer
the Purpose of Control and Supervision of Experiismiean Animals). C. L. Baid Metha College of Phargac
Chennai, Tamil nadu, India.

Intra Cerebro Ventricular injection of A g peptide

The administration of a [\ 25-35 was performed by identifying the bregma tiognthe skull, each mouse was
injected at bregma with a 50| Hamilton micro sgerfitted with a 26-gauge needle that was insadeadepth of
2.4 mm. in brief, the needle was inserted unildiefamm to the right of the middle point equidistdrom each eye
slightly angled towards 451 mm to the right of the middle point equidistémm the eyes perpendicular to the
plane of the skull. Mice exhibited normal behawigthin 1 min after injection [18].

Experimental Design
Animals were divided into five groups

GROUP | : Animals injected with phosphate buffered salid@y()

GROUP I : Animals injected with 8 peptide (10ul) by I.C.V

GROUP Il : Animals injected by A peptide (10pul) by I.C.V and treated with HAEIA 200
mg/kg (p.o.)

GROUP IV : Animals injected with 8 peptide (10ul) by I.C.V and treated with HAEIA 400
mg/ kg (p.o.)

GROUP V : Animals injected with 8 peptide (10ul) by I.C.V and treated Donepezil Sadp.o.)
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Amnesia was induced by intra cerebro ventriculgdtion (1.C.V.) of A3 peptide (25-35) preparation to Il, 111, IV
and V groups on the Z1day after pretreatment with HAEIA and continues floe period of 07 days. Control
animals were injected with only phosphate buffesalihe.

Histopathology

At the end of the study animals were sacrificedcbgvical dislocation and whole brain of animals wesioved
quickly and fixed with 10% formalin. Later the hmatissues were processes for histopathologicalystlitie
pathological changes were viewed under light mimops after staining with haematoxylin and eosin.

Hematoxylin and Eosin Staining

Principle

A transverse section of tissue with approximates/dn thickness is taken from the mice brain. Tasgieces were
fixed in 10 per cent buffered neutral formalin ammthmed to a thickness of about 3 mm. The tissuesew
dehydrated, cleared and paraffin embedded in anutanual processing. Tissues were cut at 3tim Shickness,

stained with haematoxylin and eosin and mounteld @R X for histopathological examinations [19].

Reagents

1. Neutral buffered formalin: To 900 ml distilled watelg of sodium dihydrogen phosphate, 6.5g of disod
hydrogen phosphate anhydrous and 100 ml of 40%¢diimnwas added and the pH was adjusted to 7.4.

2. Harris's haematoxylin: 1 gm of haematoxylin staiaswdissolved in 10 ml of absolute alcohol and mixét a
solution containing 20 gm of potassium alum whicisvpreviously dissolved in hot distilled water. &fbringing
this mixture to boiling point, 0.5 gm of mercurigide was added. This mixture was cooled rapidlyanncbld
water. This was then filtered and stored in an arabkred bottle.

3. Eosin stain (0.5%): 500 mg of eosin yellow powdeswdissolved in 100 ml of distilled water, filteradd
stored.

Tissue processing procedure

After fixation the tissue sample were washed thghbyiin running water overnight. It was dehydrabgdascending
rates of alcohol (50, 60, 70, 80, 90 and 100% | E0@Ps I1) each for 60 minutes. Then the tissuesvelgared with
two changes of xylene each with 30 minutes. Embrggddias done with two changes of molten paraffind@min

to remove xylene. Mounted in L blocks with moltesraffin and solidified. The solidified blocks werémmed to

small size and sectioned using microtome (Spenc®rA) 3 to 5 micron thickness.

H&E staining procedure

The sections were deparaffinised by xylene | andaldh with 5-10 minutes ,xylene was removed by etediag
grades of alcohol each with 5 minutes and then acéh tap water and stained with harris’s haemgitoXor 3-4
minute again washed in tap water followed by thféerentiated with acid alcohol (15-30 seconds)eTections
were kept in tap water 5-10 mins and counterstaimitll eosin 0.5% until section appeared light p{dk to 30
seconds) ,blotted dehydrated in ascending gradekoffiol each with 1 minute further cleared withexye | and I
each for 5 minutes finally mounted in DPX Mountantl cover slipped and viewed under light microscop

Toluidine blue Staining

Toluidine blue is a metachromatic stain that staimsleus which appears blue in color. The isolatéte brain was
fixed and processed as per the earlier procedure,tlden brain tissue slices were prepared for dolei blue
staining. The slice was incubated with a 0.5% (va®ution of toluidine blue at 56°C for 20 minutddter being
dehydrated, cleared and mounted, brain slices @xaenined under a light microscope. Morphologicarges in
hippocampi neurons in CA3 area of mice hippocarslieés were observed [20].

RESULTS AND DISCUSSION
Effect of HAEIA on histopathological analysis of CAL zone of mice brain hippocampus
Sample belongs to group | control animal shows fiveix layer of compactly aranged small pyramizigls of CA1

region, most with vesicular nuclei. Two to thregdaof shrinked pyramidal cells of CA1 region withegular
arrangment and most of the nucleus apperas paldonr was observed in group Il injected with batayloid.
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Increased layer of pyramidal cells with dark proemithnuclues appers in CA1 region.Arragngement afores still
improper in group Il animals treated with HAEIA @@ng/kg where as four to five layers of pyramidellswith
regular arrangment at deepre layer was observegdkbanimals treated with HAEIA 400 mg/kg.

GROUP V (H&E X 400)

Figure 1: Histopathology of mice brain hippocampusCA1 zone
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Five to six layers of regularly arranged pyramidealls with prominent nucleus appearing in CA1 regad sample
belongs to group V treated with standard Donep®nil/kg. As shown in Figure 1.

Effect of HAEIA on histopathological analysis of C/A zone of mice brain hippocampus

Compactly arranged organized layer of larger pydaincells with prominent nucleus was observed irB@Ane of
control group. Completely disorganized with shrunkgattern of pyramidal cells was observed in CAGae of
negative control group. Increase in the numberajdr pyramidal cells with few shrunken cells waseyved in
CAS3 zone of group Il animals treated with HAEIA®@ng/kg .Regular arrangement pyramidal cells waseoked
in more deeper layer when compare to outer layéctwprojects scattered pattern of cells was obskeivegroup Il
animals.

Neuronal cells are well organized with more nurmdfdarger pyramidal cells appearing in CA3 regi@ells shows
regular arrangement in deeper layer but outer lystill markedly scattered in group IV treatedhHAEIA 400
mg/kg. Cells are completely organized with promirgerk colored nucleus .Both the deeper and oater lof cells
shows regular arrangement in group V treated vighdard Donepezil 5mg/kg as shown in Figure 2.

Effect of HAEIA on histopathological analysis of hppocampus arch.

In control group sample the hippocampus propeorisiéd of Cornu Ammonis CA1, CA2, CA3, CA4 and Deata
gyrus DG regions. CA1 and CA2 zones comprises dlispyramidal cells .CA3 and CA4 zones of hippocamp
comprises large pyramidal cells. DG region comgase granular cells. Areas in between compact zofheglls
comprise the molecular layer which consists of apal processes (axons and dendrites), glial cafid, scattered
nerve cells.

GROUP | (H&E X 400) GROUP Il (H&E X 400)

GROUP Il (H&E X 400) GROUP IV (H&E X 400)
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GROUP V (H&E X 400)

Figure 2: Histopathology of mice brain hippocampus®3 zone

GROUP Il (H&E X 100) GROUP IV (H&E X 100)
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GROUP V (H&E X 100)

Figure 3: Histopathology of hippocampi arch

Minimal layer of Cells observed in CA1 and CA2 mags. Total shrinkage of zonal arc was observediggroup.
Disorganization in cell arrangement was observedAn3 and CA4 zones. Loss of cells in DG region whserved
in amyloid injected group. Increased layer of Cedlsserved in CA1 and CA2 regions. Restoration il ce
arrangement was observed in CA 3 and CA4 zonesedsed number of granular cells appeared in DGmnegf
group Il animals treated with HAEIA 200 mg/kg ds®n in Figure 3.

Arrangement of Cells observed in CAl, CA2 .CA3 @#¥ zones are almost normal further with thick deadf
pyramidal cells. Increased mass of granular cefeared in DG region of group IV animals treatethHAEIA
400 mg/kg. Intact arrangement of pyramidal cellswhaserved in CA1l, CA2 .CA3 and CA4 zones. Increase
thickness of DG layer projected with numerous mefsgranular cells was observed in group V treateth w
standard Donepezil 5mg/kg.

Effect of HAEIA on histopathological analysis of Zme of Apoptosis.

Control group shows regular arrangement of cellh wio signs of apoptosis and further no cells vad#rken
condensed nucleus. Samples belongs to negativeobgnbup projects disorganized layer of largergoyidal cells
in CA3 and CA4 zones with increased apoptotic aeidsked with arrow).Neurons are markedly organized with
minimized appearance of apoptotic cells was obsemeanimals treated with HAEIA 200 mg/kg. Neurocalls
are almost organized but with very few projectipogtotic cells were observed in animals treatett WAEIA 400
mg/kg. Neuronal organization and arrangement amestl restored back to normal with rare appearahaepaptotic
cells in group V treated with standard Donepeziffig as shown in Figure 4.

GROUP | (H&E X 400) GROUP Il (H&E X 400)
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GROUP Il (H&E X 400) GROUP IV (H&E X 400)

GROUP V (H&E X 400)

Figure 4: Histopathology of zone of apoptosis

Effect of HAEIA on histopathological analysis of tduidine blue staining of hippocampi neuronal archiecture
Toluidine blue staining of neurons in CA3 area datenhippocampal slices reveals the following obaton.
Neurons in the control group exhibited a very ndreize, shape and a regularly ordered arrangenivéih. dark
blue colored nucleus. Neuronal morphology projecgér cell bodies with intact arrangement. No ewvide of
apoptosis and nuclear condensation was observed.

Group treated with beta amyloid shows very lessoral count when compare to control group. Architee of the
neuronal cell surface project more cell shrinkagpctv may be a sign of apoptosis Sample belongsaopglll shos
marginal increase in the size of nerve cell bodias observed in the low dose treated group wherpaogrto beta
amyloid treated group. Some neurons with condeckeasimosomes were clearly detected in between theons
with larger cell bodies. Further this group shoessl cell shrinkage and less condensed neuronsdNixiern of
larger and shrunken neurons was observed

Neurons of animal belongs to group IV shows laiggl bodies with less condensed nuclei when compiateeta
amyloid treated group. Neurons have almost normaiphmlogy with large cell body and also with regula
arrangement, very minimal evidence of condensedomsu Further increased neuronal count was obsenveds
group V animal when compare to amyloid beta tregtedp as shown in Figure 5.
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GROUP V (Toluidine blue X 400)
Figure 5: Histopathology of Toluidine blue stainingof hippocampi neuronal architecture
CONCLUSION
Apoptosis is a Programmed cell death it's a formcelfular demise mediated by an intracellular paogr21].

Unlike necrosis, which is a form of cell death thesults from acute tissue injury, and provokesnflammatory
response.
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Apoptosis involves a series of biochemical eveatsling to characteristic changes in cell morpholagg death.
These changes include blebbing, loss of membramengyry and attachment, cell shrinkage, nucleamfiergation,
chromatin condensation and chromosomal DNA fragatent [22]. Beta amyloid induced oxidative stressuits in
the generation of reactive oxygen species thatdanage various cellular components such as cell breeme
proteins, mitochondrial DNA, lipids, and cytoplasmproteins. In the brains of Alzheimer's patientese
components have been shown to exhibit elevatedslefexidative damage [23].

Observation of the current study clearly reveadd thjection of ABinduces the condition of apoptosis and neuronal
shrinkage might be the reason for cognitive impaintrin mice as observed from beta-amyloid injectexlip. It is
evident that control group animals has increasedamal count and well projected neuronal architectwith
multiple layers of larger nucleated pyramidal celtsen compare to the negative control group.

Increased zone of apoptosis with condensed andedadk nucleus were observed in group Il animalshéurt
decreased neuronal count with complete destructigmyramidal structure in CA zones of hippocampuslent the
induction of apoptosis by fprotein.

Restoration of neuronal structure and increasedonall count observed in group lll, IV and V progdhe
ameliorating potential of HAEIA against the strésduced by A injection. Treatment with HAEIA protects
neurons from the oxidative and apoptotic damageadad by amyloid injection. Hence from the obsepmit was
concluded that ICV injection of beta amyloid in mimodel of AD may undergo neuronal degeneratiomiyai
because of apoptotic cell death in the marginal @ititized zones of hippocampus and further redeaeeds to
be carried out in order to find out the exact molac mechanism underlying the neuronal damage olw@entyloid
insult.
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