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ABSTRACT

The focus of our interest was to explore the rdlesingle intravenous dose of mesenchymal stem @¢BCs)
derived from bone marrow (BM-MSCs) and adiposeiiS®ADMSCs) in management of Alzheimer's diseadg (A
in comparison with cerebrolysin as a reference diugxperimental model. The animals included ingtugly were
divided into five groups; the first one served a&salthy control, while, the other groups were adistieied with
AICl; orally to induce AD. Then, group of AD rats weeé without treatment (Group 2) and the other grougere
treated with cerebrolysin (Group 3), BM-MSCs (Gratjpand ADMSCs (Group 5). The levels of T&ER-MCP-1
and BDNF were determined in serum by ELISA. Negire expression level was detected in brain tissyegRT-
PCR. While, ChAT expression was determined in bm#sue by immunohistochemical procedure. Also,
histopathological examination of brain tissues vpesformed. BM-MSCs and ADMSCs were engrafted imdo A
affected brains and caused insignificant declineenum TGF51 and MCP-1 levels in concomitant with significant
elevation in serum BDNF and brain nestin gene esgiom levels. Furthermore, the engrafted cells itdelc
significant increase in the expression of brain Ch#nd ameliorated the neurodegeneration of hippgmasnin
conclusion, the current data provide distinct evide about the importance of BM-MSCs and ADMSCs rasval
therapeutic avenue for AD through their anti-infiaatory effect, neurotrophic and neurogenic potdsts well as
A clearing activity.

Key words: Alzheimer’s disease, mesenchymal stem cells, afiisnmatory effect, neurotrophic capacity,
neurogenic potential.

INTRODUCTION

Alzheimer’s disease (AD) is the most well-known ralegenerative disease featuring progressive imesits in
memory, cognition, and behavior and ultimately kea&aol death [1]. It has numerous etiological factoduding
genetics, environmental factors, and general jifest [2]. The pathophysiological hallmarks of ADclnde
extracellularpB-amyloid protein (8) deposition in the forms of senile plaques andai#llular deposits of the
microtubule associated protein tau as neurofibyiltangles (NFTs) [3]. A consequent cascade of sveocurs as a
result of A3 aggregation and deposition, including an inflamamatresponse, free radical formation and oxidative
stress. These processes contribute to neurotraesiaitd synaptic dysfunction, suppression of neopdiic factors,
excitotoxicity and eventually, neuronal death [4].

Since, elevated R\ deposition is the key pathogenic factor for AD dhéd main cause for neuronal loss in AD [5]
and the current drug therapies for AD treatmenthimdered due to poor efficacy and side effectstféd promising
therapeutic strategies for AD has focused on piavgnreversing, and reducingpAdeposition [7]. Cerebrolysin is
a neuropeptide preparation which mimics the actbendogenous neurotrophic factors on brain primecand
repair. Furthermore, it has the ability to decretise deposition of B and the phosphorylation of microtubule-
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associated protein tau through regulating glycogenthase kinaseB3and cyclin-dependent kinase 5 activity,
increase synaptic density and restores neuronalawftitecture. These effects protect integrity leé heuronal
circuits and thus result in improved cognitive dmehavioral performance [8]. On the other hand,ais bheen
reported that cell therapy is a potential theraipeafiproach for neurodegenerative disorders [9].

Recently, many groups have demonstrated that s&dis ltave regenerative as well as paracrine effddisl 2].
Moreover, the studies of Kim et al. [13]; Bae et[all] and Ma et al. [15] revealed that transplagtmesenchymal
stem cells derived from human umbilical cord, banarrow and adipose tissue into the brains of Alzieeis
transgenic animals decreas@ Aeposition, amyloid precursor protein (APP) getiena and microglia activation
leading to improvement in cognitive and memory pariances and neuronal survival.

It has been reported that local stem cell delivaayses bleeding and tissue injury [16, 17]. Basgdtwe current
study sought to clarify the mechanisms involvedeipressing the neurodeterioration cascade in claéisniaduced
AD by single intravenous dose of MSCs in comparisith multiple doses of cerebrolysin drug.

MATERIALS AND METHODS

Mesenchymal stem cells

Mesenchymal stem cells were isolated from bone omaand adipose tissue of 6-week-old m8jgrague Dawley
rats. Thereafter, they were characterized morplicddly by inverted microscope examination, PCR deba of
CD14, CD29, CD34, CD44, CD45 and CD106 gene exmmessandin vitro differentiation into adipocytes,
chondrocytes and osteocytes according to previqudhished work [18, 19].

Chemicals and drugs
e Aluminum chloride was provided from BDH Laborat@ypplies, England.
« Cerebrolysiff ampoules were purchased from EBEWE Pharma, Austria.

Experimental design

Forty adult femaleSprague-Dawleyats weighing 130-150 g were obtained from thenfaliHouse Colony of the
National Research Centre, Giza, Egypt and acclredtin a specific area where temperature 25+1°Chanddity
55%. Rats were controlled constantly with 12 h tigark cycles at National Research Centre, Aninetility
Breeding Colony. Rats were individually housed watth libitum access to standard laboratory diet consisted of
casein 10%, salt mixture 4%, vitamin mixture 1%rncoil 10%, cellulose 5% and completed to 100 chwaibrn
starch[20] and tap water. Also, they were cared for adtmy to the guidelines for animal experiments whigdre
approved by the Ethical Committee of Medical Resleat National Research Centre, Giza, Egypt.

The animals were classified into 5 groups (8 ratafg). The first group was healthy control groupeTroups from
second to fifth were orally administered with alaonin chloride (AIC)) in a dose of 17 mg/kg b. wt. [21], daily for
75 days for induction of AD disease. Then, the mdcgroup was left without treatment for 2 monthss third
group was treated intraperitoneally with cerebriolys a dose of 1.08 ml/kg b. wt. that is equivaleéa the
recommended human dose [22] according to BarnesPaggt [23] equation, 5 days/week for one month and
thereafter two times per week for another monthe Tdurth and fifth groups were infused intravengusith a
single dose of 3 x fcells/rat of BM-MSCs and ADMSCs respectively [24].brief, the AD induced rats were
deeply anaesthetizeda diethyl ether and MSCs were suspended in 100 u§ B&ore transplantation and then
slowly injected into the tail vein in 5 min with2¥G needle. The needle was kept in the tail veirafmther 5 min

to avoid regurgitation and then withdrawn.

At the end of the experimental period, all animaése fasted for 12 h and the blood samples weleatetl from
retro-orbital venous plexus under diethyl etheresttaesia. The blood samples were left to clot &medsera were
separated using cooling centrifugation (4°C) at0l8@ for 10 min and then stored immediately at€h clean
plastic Eppendorf until analyzed. Meanwhile, theolghbrain of each rat was rapidly and carefullysdided. Then,
each brain was sagitally divided into two portiolfe first portion was immediately frozen in liquiitrogen and
stored at —80° C prior to extraction for molecutudy. While,the second portion was fixed in formalin buffer
(10%) for immunohistochemical examination and hegial investigation.

Detection of male-derived MSCs in the brain of femas

The genomic DNA was isolated from the brain tissdiefemale rats which were treated with BM-MSCs and
ADMSCs using phenol/chloroform extraction and etiigrecipitation method according to Sambrook ef2b]
with minor modificationsThe presence or absence of the sex determinatgonren the Y chromosome (SRY)
gene in recipient female rats was assessed by RECiitjue. Primer sequences for SRY gene (accession

159
Scholar Research Library



Hadeer A. Aglanet al Der Pharmacia Lettre, 2016, 8 (8):158-166

NC_000087.7; forward 'B2ATCGAAGGGTTAAAGTGCCA-3, reverse 5SATAGTGTGTAGGTTGTTGTCC-3
were obtained from published sequences g&] amplified to a product of 104 bp. The PCR comé were as
follows: incubation at 94 °C for 4 min; 35 cyclekincubation at 94 °C for 50 s, 60 °C for 30 s, &#d°C for 1
min; with a final incubation at 72 °C for 10 minCR products were separated using 2% agarose @#laglhoresis
and stained with ethidium bromide.

Biochemical assays

Serum transforming growth factfl (TGF$1) level was assayed by enzyme linked immunosoraesdy (ELISA)
technique using kit purchased from DRG Diagnosiios Germany, according to the method describelirbpf et

al. [27]. While, serum monocyte chemoattractant protein 1 PV level was determined by ELISA method using
kit purchased from Bender MedSystems GmbH, Eurapeording to the method described by Baggiolinalet
[28]. Serum brain derived neurotrophic factor (BDNEvel was determined by ELISA technique using kit
purchased from Millipore corporation, USA, accoglin the method described by Laske et al. [29].

Semi-quantitative real time PCR (sgRT-PCR) detectin of nestin gene expression

Total RNA was isolated from brain tissue of femades by the standard TRIZokeagent extraction method
(Invitrogen, USA). Then, the complete Poly{/NA was reverse transcribed into cDNA in a totalwne of 20 pL
using RevertAid" First Strand cDNA Synthesis Kit (MBI Fermentas,r@any). An amount of total RNA (5ug)
was used with a reaction mixture, termed as master(MM). The MM consisted of 50 mM Mggl5x reverse
transcription (RT) buffer (50 mM KCI; 10 mM Tris-HGH 8.3; 10 mM of each dNTP, 50 uM oligo-dT prim20
U ribonuclease inhibitor (50 kDa recombinant enzyimenhibit RNase activity) and 50 U M- MuLV revers
transcriptase. The RT reaction was carried oubat@for 10 min, followed by 1 h at 42 °C, and tkeaction was
stopped by heating for 5 min at 99 °C. Afterwards teaction tubes containing RT preparations weshfcooled
in an ice chamber until being used for DNA amptifion through sqRT-PCRn iQ5-BIO-RAD Cycler (Cepheid,
USA) was used to determine the rat cDNA copy numB€&R reactions were set up in @b reaction mixtures
containing 12.51L 1x SYBR® Premix Ex TaqTM (TaKaRa, Biotech. CodLtGermany), 0.pL 0.2 uM forward
primer, 0.5puL 0.2 uM reverse primer, 6.5L distilled water, and pL of cDNA template. Primer sequences were
as follows: nestin: (accession no. NM_012987.1) F:-TGGAGCGGGAGTTAGAGGCT-3 R: 5-
ACCTCTAAGCGACACTCCCGA-3 [30] and p-actin: (accession no. NM_031144.3)F: 5-
CTGTCTGGCGGCACCACCAT-3 R: B-GCAACTAAGTCATAGTCCGC-3 [31]. The reaction program was
allocated to 3 steps. First step was at 95.0°C3fanin. Second step consisted of 40 cycles in wiigbh cycle
divided to 3 steps: (a) denaturation at 95.0°Clfersec; (b) annealing at 55.0°C for 5 sec and G06f@0 sec for
nestin ang-actin genes respectively and (c) extension at°@2for 30 sec.

Immunohistochemical (IHC) examination of brain cholne acetyltransferase (ChAT) expression

Formalin fixed brains were washed in tap water ascending grade of ethyl alcohol (30, 50, 70, 90#b absolute)
was used for dehydration. Specimens were clearegiléme and embedded in paraffin at ®6in hot air oven for
24 h. Sections were cut into 4y thick by slidgerotiome then fixed on positive slides in a %5 oven for 1 h.
Slides were placed in a coplin jar filled with 26Q of triology working solution (Cell Marque, CA-U$ which
combines the three pretreatment steps: deparaffioiz rehydration and antigen unmasking. Then, jéreis
securely positioned in the autoclave with the terapee adjusted to reach 120 and maintained stable for 15 min
after release of pressure. After cooling for 30 ,nsiections were washed and immersed in Tris-bsHiéne (TBS)
to adjust the pH. Then, quenching endogenous pa#megi activity was performed by immersing slides3%
hydrogen peroxide for 10 min. Broad spectrum LAB-&&ection system (Invitrogen, USA) was used toalige
any antigen-antibody reaction in the tissue. Baglgd staining was blocked by putting 2-3 drops @¥lgoat non
immune serum blocker on each slide and incubatiegntin a humidity chamber for 10 min. Excess sewas
drained and two-three drops of the working solutidn100) of the primary antibody for ChAT (LifeSpan
BioSciences Inc., USAwere applied and the slides were incubated in timaidity chamber overnight at °%C.
Henceforward, biotinylated secondary antibody wasliad on each slide for 20 min followed by 20 rimioubation
with the streptavidin horse reddish peroxidase (HR#izyme conjugate and then 2-3 drops of 3,3'-
diaminobenzidine (DAB) chromogen were applied orchealide for 2 min. DAB was rinsed, after which
counterstaining with Mayer hematoxylin and coveépmhg were performed as the final steps befordesliwere
examined under the light microscope (Olympus Cxdth wattached digital camera) [32]. Image analysissw
performed using the image J, 1.41a NIH, (USA) arely

Histopathological investigation of brain tissue ofats

After fixation of brain tissues in 10% formalin lbesf for 24 h, the tissues were washed in tap waterdehydrated
by using ascending grade of ethyl alcohol (30, BD), 90% and absolute). Specimens were clearedlémeyand
embedded in paraffin at € in hot air oven for 24 h. Then, paraffin wax tisslocks were prepared for sectioning
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at 4 p thick, collected on glass slides, depadédi and stained by hematoxylin and eosin stain [83]
histopathological examination through the eledtght microscope.

Statistical analysis

In the present study, all results were expressédesn+ S.E of the mean. Data were analyzed by one walysiga
of variance (ANOVA) using the Statistical Packagethe Social Sciences (SPSS) program, versiooliaied by
least significant difference (LSD) to compare siigaince between groups [34]. Difference was conside
significant when P value was <0.05.

RESULTS

BM-MSCs and ADMSCs homing

The agarose gel electrophoresis from DNA fragméFigg. 1) showed that the sex determination region on the Y
chromosome; SRY gene is found in the brain tisspled\D groups injected with BM-MSCs and ADMSCs.
Meanwhile, this gene is not found in the brainuéssof healthy control rats.
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Fig. 1: An agarose gel electrophoresis showed SR¥me in AD rats treated with BM-MSCs and ADMSCs. M:represented DNA ladder.
Lane 1: represented healthy control sample. Lane 2epresented sample from AD group treated with BM-M5Cs. Lane 3: represented
sample from AD group treated with ADMSCs

Impact of cerebrolysin, BM-MSCs and ADMSCs on serunTGF-p1, MCP-1 and BDNF levels

Table (1) showed that AlGladministration elevated serum T@E-(by 30.44%) and MCP-1 (by 22.1%) and
depleted serum BDNF (by 18.23%) levels significaf< 0.05) relative to the healthy control gro@iherwise,
treatment of AlC]intoxicated rats with cerebrolysin, BM-MSCs or ADKIS diminished serum TG[FL (by 7.31%,
6.14% and 5.25% respectively) and MCP-1 (by 6.3828% and 3.97% respectively) levels insignificantl
(P>0.05) when compared with the group of rats leftreated. At the same time, all treatments elevasrum
BDNF level significantly (P<0.05) by 14.58% for eerolysin, 14.27% for BM-MSCs and 12.5% for ADMSi@s
comparison with the group of rats left untreated.

Table (1): Serum TGF$1, MCP-1 and BDNF levels in AD model rats treated ith cerebrolysin, BM-MSCs or ADMSCs

TGF-p1 MCP-1 BDNF
Groups

P (pg/ml) | (pg/imb) | (pg/mL)
Healthy control 372.2+29 743+1.11 3943 + 56|4
AD untreated 4855+ 109 90.7+ 1.1 | 3224 +118.0

AD + cerebrolysin| 450.0 £17.( 84.9+2[7 3694 1990
AD + BM-MSCs 455.7+11.7] 85.0%22 3684:45p
AD + ADMSCs 460.0+5.0 87.1+14 3627 £51.7
Significant change at€0.05 in comparison with the healthy control group.
PSignificant change at<€0.05 in comparison with the AD untreated group.

Impact of cerebrolysin, BM-MSCs and ADMSCs on brain nestin gee expression level

Table (2) clarified that AIC} administration down-regulated the expression legElnestin gene in brain
significantly (P<0.05) by 48.46%ersusthe healthy control group. While, treatment of Bl@itoxicated rats with
cerebrolysin, BM-MSCs or ADMSCs up-regulated thepression level of nestin gene in brain significantl
(P<0.05) by 62.69%, 79.10% and 71.64% respectiadycompared with the group of rats left untreated.
Furthermore, injection of AlGlintoxicated rats with BM-MSCs or ADMSCs up-regeldtthe expression level of
nestin gene in brain significantly (P<0.05) relatito those injected with cerebrolysin. Also, injestof AICI;
intoxicated rats with ADMSCs down-regulated bragstin gene expression level as compared with thgseted
with BM-MSCs.
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Table (2): Brain nestin gene expression level in Abhodel rats treated with cerebrolysin, BM-MSCs or HAMSCs

Relative expression of nestin geng
Groups (Ngstin/ﬁ-actin) ’
Healthy control 1.30 £0.02
AD untreated 0.67 +0.004
AD + cerebrolysin 1.09 + 0.064
AD + BM-MSCs 1.20 + 0.005
AD + ADMSCs 1.15 £ 0.0°°

aSignificant change at€0.05 in comparison with the healthy control group.
PSignificant change at€0.05 in comparison with the AD untreated group.
“Significant change at40.05 in comparison with the AD + cerebrolysin goou

dSignificant change at€0.05 in comparison with the AD + BM-MSCs group.

Impact of cerebrolysin, BM-MSCs and ADMSCs on brain ChAT expession

The data inTable (3) and optical micrographs iRig. (2) demonstrated that Alghdministration decreased the
number of ChAT expressing cells in brain tissuenigicantly (P<0.05) by 50.83% as compared with tealthy
control group. While, treatment of AlCintoxicated rats with cerebrolysin, BM-MSCs or A¥@s increased the
number of ChAT expressing cells in brain tissuaiicantly (P<0.05) by 36.18%, 48.11% and 45.86%pextively
in comparison with the group of rats left untreated

Fig. 2: Immunohistochemical examination of ChAT expession in AD model groups. (a): Healthy control,kf): AD untreated, (c): AD +
cerebrolysin, (d): AD + BM-MSCs and (e): AD + ADMSG

Table (3): Number of ChAT expressing cells in brairof AD model rats treated with cerebrolysin, BM-MSG or ADMSCs

Groups Number of ChAT expressing cells
Healthy control 290.0 + 2.7
AD untreated 142.6 + 6.1°
AD + cerebrolysin 194.2 + 10.3
AD + BM-MSCs 211.2 + 7.2
AD + ADMSCs 208.0 + 5.4

#Significant change at$0.05 in comparison with the healthy control group.
PSignificant change at€0.05 in comparison with the AD untreated group.

Histopathological alterations in brain tissues of émale rats

The optical micrograph of a cross-sectioned br@ésue of healthy control group showed normal higjmial
structure of the hippocampus as recordedripn (3a) While, the optical micrograph of a cross-sectibiain
tissue of AIC}administered group showed encephalomelacia withuels formation in the hippocamp(isgs. 3b
and 3c) On the other hand, the optical micrographs ofsmectioned brain tissues of AJ@ltoxicated rats treated
with cerebrolysin, BM-MSCs or ADMSCs showed norrhatological structure of the hippocampisgs. 3d, 3e
and 3frespectively.
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Fig. 3: Optical micrograph of a cross-sectioned bria tissue of (a): healthy control group shows normighistological structure of the
hippocampus (hp); (b and c): untreated AD group sha's encephalomelacia (c) with plaques formation (ph the hippocampus and (d —
f): AD group treated with cerebrolysin, BM-MSCs or ADMSCs shows normal histological structure of the ippocampus (hp) respectively

DISCUSSION

The capability of adult MSCs to transdifferentiaieo neural cell types has aroused great interestgearch. Such
capacity opens extensive possibilities for using@dSas a therapeutic approaches in a variety ofotagical
disorders [35]. In the present study, we invesighe potency of a single dose of intravenousiyspptanted MSCs
to restrain the neurodegeneration in experimentaddahof AD after 2 months. For this purpose, AD virduced
chemically in experimental animals by oral admiison of AICkLfor 75 days.

Various lines of evidences have indicated thataiwgnously transplanted MSCs could migrate and iatedike
neural stem cells in the brain [36, 37]. In comistwith these studies, the data of the currenkwiemonstrated
that the intravenously transplanted MSCs eitheivddrfrom BM-MSCs or ADMSCs had the ability to mage
towards injured brain tissues. This feature cowddablied to MSCs broader expression of homing mdéc[38].
More in details, Ji et al. [39] as well as Karp areb [40] have reported that MSCs express chemdRiiz motif
receptor 2 (CCR2) that interact with MCP-1 and potantheir engraftment. Moreover, another study has
demonstrated that upon transmigration, MSCs seanatex metalloproteinases to degrade the endathedisement
membrane and facilitate MSCs journeying toward abtawctic agents [41].

The current data indicated that Al@dministration increased serum T@E-and MCP-1 levels significantly. These
findings are in conformity with the previous stuslief Chao et al. [42] and Galimberti et al. [43ccAmulated
evidences have suggested th@ deposition play a crucial role in AD developmest i originates a chronic
inflammatory response, which likely contributesyeuronal death [44]. Furthermore, Pratico et &] [éported that
intoxication with Al could induce the formation ofactive oxygen species (ROS) which in turn ineelsin
oxidative stress and lipid peroxidation that proenthte formation and deposition of peptide. These P\ peptides
aggregate to form fibrillar deposits that triggarBammatory reactions and activates microglia iD Brain. It has
been reported that activated microglia cells whach localized to fibrillar plaques produce TEE-mRNA and
protein in response to activation by the usual cobbpro-inflammatory signals [46]. Over and abpRercellini et
al. [47] reported that activated microglia expragarge number of beta chemokines including MCPHE increase
in the efflux of cytokines from brain to periphetdbod supply [48] could explain the elevation e tevel of serum
TGF$1 and MCP-1.

In the light of the current data, treatment of Addsrwith cerebrolysin for 2 months reduced thersdryel of TGF-

Bf1 and MCP-1. This effect might be ascribed to thpability of cerebrolysin to reducepAdeposits as well as
astroglial activation as reported by Xing et aB][4~urthermore, our data showed after 2 months fr@atment of
AD rats with BM-MSCs or ADMSCs decline in serum T-GF and MCP-1 levels. Growing body of evidence has
suggested that implanted MSCs could modulate theroglia/macrophage activation including inflammator
responses [50]. Additionally, Lee et al. [51] dersivated that BM-MSCs have the ability to promote tlduction
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of AB deposits and consequently suppress microglia aidiv. In the same line, it has been documentet tha
adipose tissue derived MSCs have the ability torabse A& level through their secretion afeprilysin [52].
Therefore, the observed potency of the transplaM8@s to decline the estimated serum inflammatoaykers in

the current study could be allied to their abitiyreduce & deposition.

Earlier studies showed that BDNF expression iseexély diminished in the hippocampus and some @réireas
in AD patients [53]. Also, Angelucci et al. [54]astd that decreased serum BDNF level may refleuilesi
alterations in central nervous system. In line witése findings, the current data revealed thai fd@ministration
decreased serum BDNF level significantly. This obsgon could possibly explained by the fact thatwmulation
of Al in the brain causes inhibition of BDNF funmtis as well as BDNF depletion, and that the exi@ust BDNF
promotes the neurotoxicity ofpAprotein and accelerates AD pathogenesis [55].

Treatment of AD rats with cerebrolysin producech#igant increase in serum BDNF level. This findiogmes in
line with the previously reported data of Selianemad Karakulova [56] and it could possibly ascrildedthat
cerebrolysin is a mixture of several active peptfdegments and neurotrophic factors including BDE
documented by Georgy et al. [57]. Also, in the igh the current data, injection with BM-MSCs or M3Cs
increased the level of serum BDNF significantly.isTenhancing impact might be attributed to theillitgbto

secrete and alter the expression of neurotropbiorfa including the BDNF as reported by Jiang ef5] and Han
et al. [59].

Accumulated evidences have suggested that cholinéggoactivity has a detrimental influence on genesis
[60]. Furthermore, it has been demonstrated thatylholine plays an important role in the brainaagrowth-
regulatory signal to promote the proliferation afural stem cells [61]. In line with these studiesy results
revealed that AIGI administration experienced significant decreas¢ha expression of brain ChAT and nestin
gene. This effect could be related to the degeioeraf cholinergic terminals in cortex and hippogars associated
with aluminum exposure as reported by Platt €6al].

In the current study, injection with cerebrolysBM-MSCs and ADMSCs increased the expression ob&hAT

and nestin gene significantly. The enhancing eftéaterebrolysin on these markers level might bputad to its
neurotrophic and neurogenic effects as attestefdokenstein et al. [63]. While, the potency of M3Gsncrease
the expression of these markers could be assignélgdeir migration throughout the brain and différation into

neurons and glial cells that express ChAT and mestireported by Balasubramanian et al. [64], Mezegl. [65]

andPark et al. [66].

The observed alterations in the estimated markgrélZl; administration in the current work were confirmed
pathologically by the presence of plaques formaitiotihe hippocampus. This finding is greatly suppdiby that of
Rodella et al. [67] whalemonstrated that oral Al exposure causes the adation of beta amyloid protein and
neurodegenerative damage in AD-model. On the dthad, there is no evidence of amyloid plaques dgposn
the brain of the rats treated with cerebrolysin, -BMCs and ADMSCs. The [Aclearing effect exerted by
cerebrolysin administration could be attributed it® ability to regulate A degradation and modulate APP
expression, maturation, or processing as reporyeBdekenstein et al. [68]. While, the observed rdaae of 4
due to treatment with MSCs could be explained leyrthbility to remove B deposits and elevate the levels @A
degrading enzymes as documented by Lee et alajid Ma et al. [15].

CONCLUSION

The results of the current study lend further cnegeto the notion that MSCs are multipotent theméipeapproach
that not only reduce inflammation and clea Beposition, but also hold the potential to inceeagurotrophic
factors and enhance neurogenesis.
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