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Abstract
Alzheimer's disease (AD) is the most common cause of dementia in adulthood, followed by cognitive and
behavioral de�cits. Today, mesenchymal stem cell (MSC)-based therapy is a suitable therapeutic option
to improve regenerative medicine approaches against neurodegenerative disorders, including AD. This
study aimed to investigate the effects of human Wharton’s jelly-derived MSCs (WJ-MSCs) on Alzheimer's
rat models by evaluating the expression of neurotrophic factors involved in neurodegenerative diseases,
such as brain-derived neurotrophic factor (BDNF) and nerve growth factor (NGF), as well as the
expression of apoptotic factors, such as B-cell lymphoma 2 (BCL2, an apoptosis inhibitor), BCL2-
associated X protein (BAX, an apoptosis initiator), and caspase 3 (an apoptosis executioner). The AD rat
modeling was performed by intrahippocampal injection of 8 µg/kg of amyloid β1-42 (Aβ1-42). The
animals were divided into three groups of eight rats each: I) control; II) AD model; and III) MSC-treated
model. Behavioral tests (i.e., passive avoidance and Morris water maze tests) showed cognitive
improvements. Also, amelioration of cells in the CA1 area of the hippocampus was detected by cresyl
violet (Nissl) staining. Besides, real-time polymerase chain reaction (RT-PCR) of the hippocampus
indicated an increase in BDNF and NGF genes and a decrease in apoptosis-related genes (BCL2, BAX, and
caspase 3). Overall, the WJ-MSCs improved the cognitive function in AD rat models by increasing
neurotrophic factors and decreasing apoptotic factors.

Introduction
Alzheimer's disease (AD), as the most common cause of dementia in the elderly, is associated with
memory loss and cognitive/behavioral dysfunctions [1]. These impairments are mainly caused by the
loss of cholinergic neurons, especially in basal forebrain cholinergic neurons (BFCN), as a result of
extracellular deposition of Aβ proteins (senile plaques) and intracellular formation of neuro�brillary
tangles (NFTs) in the brain, especially in the hippocampus [2, 3]. It has been reported that these lesions
(i.e., Aβ deposition and NFT formation) can result from a decrease in neurotrophic factors, mainly the
brain-derived neurotrophic factor (BDNF) and nerve growth factor (NGF) [4], and �nally lead to apoptosis
and cell death [5]. Therefore, apoptosis, also known as programmed cell death, contributes to neuronal
cell death in AD due to trophic factor deprivation [6].

The most important factors involved in apoptosis include the B-cell lymphoma 2 (BCL2) family (mainly
anti-apoptotic BCL2 and pro-apoptotic BAX) and the caspase family (mainly caspase 3) [5, 7]. Currently,
there is no de�nitive treatment for AD, and available treatments, such as administration of
acetylcholinesterase inhibitors (AchEI), can only reduce the symptoms, with possible side effects [8, 9],
which necessitate an effective treatment.

The recent mesenchymal stem cell (MSC)-based breakthroughs in preclinical experiments have been
shown to be more effective in the treatment of neurodegenerative diseases [10]. MSCs are considered as
the most appropriate option for the treatment of neurodegenerative diseases [13] due to their wide range
of activities, including self-renewal, replenishing lost cells via differentiation into other cell lineages [11,
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12], triggering neurorestorative processes, providing neuroprotection by secretion of trophic factors and
anti-in�ammatory cytokines, decreasing oxidative stress and apoptosis, and stimulating in situ
neurogenesis [10].

Among different sources of MSCs, recently, the human umbilical cord Wharton’s jelly (WJ) has been
considered in MSC-based therapies for neurodegenerative diseases [14], as they are non-invasively
accessible and overexpress high levels of neurotrophic factors [15, 16]. BDNF and NGF are among the
most well-known neuroregulatory factors, secreted by WJ-MSCs [16, 17]. They play an essential role in
neurogenesis, synaptic plasticity, inhibition of apoptosis, immunomodulation, and cell survival [17-19].
Among various routes of cell delivery [20], intranasal (IN) administration seems to be more effective and
non-invasive, since, in this route of delivery, the cells can easily bypass peripheral organs and the blood-
brain barrier (BBB) and migrate along the olfactory nerve into the brain parenchyma and cerebrospinal
�uid (CSF) [21, 22].

This study aimed to investigate the effects of WJ-MSCs on the cognitive status of AD rats by evaluating
the levels of neurotrophic factors (BDNF and NGF) and apoptosis-related factors (BCL2, BAX, and
caspase 3) after the IN administration of these cells.

Materials And Methods
Isolation of MSCs from WJ and con�rmation of isolated cells

Stem cell isolation and characterization procedures were performed as described in our previous study
[23]. Brie�y, human umbilical cords were collected from full-term cesarean section births, the blood
vessels and amniotic membrane were separated, and the remaining tissue, known as WJ, was cut into
small pieces of 5 mm3. Next, they were transferred into a sterile centrifuge tube containing collagenase
type I (300 U/mL) and hyaluronidase (1 mg/mL) enzymes for the �rst enzymatic digestion in an
incubator (37oC in 5% CO2) for one hour. After �ltering the lysed solution with a 70-μm cell strainer and
centrifuging at 300 g for �ve minutes, the remaining tissue was transferred to another centrifuge tube,
containing 0.1% trypsin enzyme (Sigma-Aldrich, St. Louis, MO, USA) for the second enzymatic digestion
for 30 minutes. Next, it was �ltered and centrifuged again. Both cell pellets derived from two enzymatic
digestion steps were mixed, suspended, and cultured in a complete culture medium, including Dulbecco’s
Modi�ed Eagle’s Medium (DMEM; Gibco, Billings, USA), containing 10% fetal bovine serum (FBS; Sigma,
Missouri, USA) and 1% penicillin-streptomycin solution (Invitrogen, Waltham, USA) for expansion. The
viability of isolated cells was assessed by the trypan blue exclusion method, using 0.4% trypan blue dye
(Sigma-Aldrich, St. Louis, MO, USA).

Flow cytometry: To quantitatively detect the mesenchymal CD markers in WJ-isolated cells, passage 3
cells were incubated with monoclonal mouse anti-human antibodies against mesenchymal markers
(CD105 and CD73) as positive markers and hematopoietic markers (CD45 and CD34) as negative
markers, followed by 10 mg/mL of �uorescein isothiocyanate (FITC)–conjugated anti-mouse
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immunoglobulin G (IgG) antibodies (Abcam, Cambridge, UK) for one hour at room temperature (RT). Also,
a �uorescence-activated cell sorting (FACS) analyzer (Becton, Dickinson, Franklin Lakes, NJ, USA) and
FlowJo software were used for antibody binding analysis and data analysis, respectively.

Immunocytochemistry (ICC): To qualitatively con�rm the mesenchymal CD markers on WJ-isolated cells,
passage 3 cells were incubated with primary anti-human nuclei antibodies against mesenchymal markers
(CD105 and CD73), hematopoietic marker (CD31 as a negative marker), and neuronal marker (β-tubulin III
as a negative marker). The coverslips were mounted and observed under a Nikon Eclipse TE300 inverted
microscope (Spectra Services, Ontario, NY, USA), and images were acquired by a charge-coupled device
(CCD) camera, connected to a microscope.

Osteogenic and adipogenic differentiation: The passage 3 cells were incubated in two differentiation
media, that is, an osteogenic induction medium (DMEM‐LG+10% FBS, 50 μg/mL of ascorbic acid 2-
phosphate, 10−8 M dexamethasone, and 10 mM β‐glycerophosphate; Invitrogen, Waltham, USA) for 14
days and an adipogenic differentiation medium (DMEM+1 g/mL of glucose [DMEM‐LG], 10% FBS, 50
μg/mL of ascorbate 1 phosphate, 10−7 M dexamethasone, and 50 μg/mL of indomethacin; Invitrogen,
Waltham, USA) for 21 days. The media in both cell types were changed every three days, and completion
of cell differentiation was established by morphology and staining (i.e., Alizarin Red S for osteocytes and
Oil Red O for adipocytes; Sigma, Missouri, USA).

AD modeling and IN administration of WJ-MSCs

Adult 220–260 g male Wistar rats were obtained from IUMS animal lab and AD modeling was performed
as described in our previous study [23]. Brie�y, rats were anesthetized using ketamine/xylazine (50/4
mg/kg, i.p), and �xed in the stereotaxic device. After exposing the skull, freshly prepared amyloid β 1–42
(Sigma, 8 µg/kg of Aβ1–42 in 16 μl PBS) was administered using a hamilton microsyringe during 3 min
into the dorsal hippocampus bilaterally according to Paxinos rat brain atlas (coordinates: 3.6 mm
posterior, ± 2 mm lateral to the bregma, and 3.2 mm ventral to the skull surface).

The rats were randomly divided into 3 groups (n=8 in each group) as follows: i) control group (vehicle
[PBS]-treated rats), ii) AD model group (Aβ-treated rats), and iii) MSC-treated group (AD models those
which treated with IN administration of WJ-MSCs).

IN-administration of WJ-MSCs was performed on day 14 after AD induction as previously described [21,
24]. Brie�y, animals anesthetized and immobilized facing upward. First, 100U hyaluronidase was freshly
dissolved in sterile PBS (4 U/μl) and 3 μl of the suspension administered in each nostril using a pipette,
which was repeated 4 times up to almost 100U of hyaluronidase suspension. Next, after keeping treated
rats facing upward for 30 min, 3 ×105 WJ-MSCs/rat was suspended in 36 μl PBS and administered 6
μl/nostril. After 30 s, that the sample drops were completely disappeared the administration with a 2 min
interval repeated 3 times.

Behavioral assessments
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Two months after cell therapy, to evaluate the effect of WJ-MSCs on spatial learning and memory, two
tests, including passive avoidance (PA) response and Morris water maze (MWM), were conducted:

PA response: This test was performed using a shuttle box device with two connected equal-sized
chambers, separated by a guillotine door, as previously described [25]. First, a habituation trial was
performed to familiarize all animals with the apparatus without any stimuli. Next, for the acquisition trial,
the animals in all groups were guided individually into the illuminated chamber for ten seconds, and the
guillotine door was opened to determine the latency to enter the dark chamber as the initial latency (IL).
Once the animal entered the dark chamber, its feet were exposed to electrical stimulation (0.5 mA, 50 Hz,
2 sec) through a stainless steel �oor. Finally, after 24 hours, for the retention trial, the rats re-entered the
light chamber without any foot shock to record latency to enter the dark chamber as retention time (step
through latency [STL]). The total time spent by the rat in the dark chamber (time spent in the dark
chamber) was also recorded as an indicator of contextual learning. The maximum cutoff time for STL
and the time spent in the dark chamber was 300 and 600 seconds, respectively. If a rat avoided entering
the dark chamber for up to 300 seconds, the acquisition of PA response was considered successful.

MWM test: Spatial reference learning and memory were evaluated in the water maze task as previously
described [26, 27]. This test was performed over six days using a circular water tank (22°C), which was
divided into four imaginary quadrants with a platform inside and a camera above the tank, as previously
described [28, 29]. The MWM test included three phases: (1) habituation phase on the �rst day with an
apparent platform in the center of the tank; (2) acquisition phase in which the learning goals were
achieved on days 2-5 with a hidden platform in one of the quadrants (each day for four trials, with each
trial lasting 60 seconds); and (3) the probe trial phase on day six without a platform in which the time
spent and the distance traveled in the target quadrant (the platform was situated in the acquisition
phase) were measured as two criteria for spatial memory.

Histological assessments

RNA extraction and real-time quantitative reverse transcription-polymerase chain reaction (RT-qPCR):
Total RNA from the hippocampus was extracted and puri�ed with a TRIzol™ reagent (Sigma, Pool, UK),
according to the manufacturer's instructions, and its concentration was measured with a NanoDrop ND-
100 spectrophotometer. The RT-qPCR assay was employed to quantify the gene expression levels of
neurotrophic factors (BDNF and NGF) and apoptosis-related factors (BCL2, BAX, and caspase 3) in the
AD rat hippocampus after treatment with WJ-MSCs. For this purpose, 500 ng of RNA was reverse-
transcribed into complementary DNA (cDNA) with the Transcriptor High-Fidelity cDNA Synthesis Kit
(Invitrogen, Paisley, UK), using oligo(dT) primers (Roche, Germany). Next, 1 µL of cDNA was ampli�ed
using Opticon II (Invitrogen, Paisley, UK) and SYBR Green PCR Master Mix (Invitrogen, Paisley, UK), based
on the manufacturer's instructions.

The PCR assay was performed in 40 cycles at an annealing temperature of 60°C for all genes. The
primers used in this study were speci�cally designed between two adjacent exons in the Gene Runner
program, and the sequences are listed in Table 2. The mRNA levels for target genes were normalized to
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the reference gene (β-actin) by subtracting the cycle threshold (Ct) of the reference gene (β-actin) from the
Ct value of the samples (ΔCt= Ctsample - Ctreference). The relative expression of the calibrator target gene

was quanti�ed using the 2-ΔΔCt method.

Cresyl violet (Nissl) staining: Two months after cell therapy, this test was performed to distinguish
healthy neurons from damaged neurons in the cornu ammonis-1 (CA1) area of rats’ hippocampus [30].
Brie�y, the samples were �xed, 7μm coronal sections (5 sections) were taken from -3.84 to -5.8 from
Bregma, the sections were transported to gelatinized slides and stained with cresyl violet stain. An optical
microscope (Carl Zeiss; Oberkochen, Germany) was used to take images from stained slides.

Statistical analysis

The data were normalized and analyzed using one-way ANOVA followed by Tukey post hoc test to
determine the statistical signi�cance between different groups using SPSS software version 24 (SPSS
Inc., Chicago, IL, USA). Also, analysis of PA response data was analyzed by paired t-test, and a signi�cant
level between groups was determined by one-way ANOVA. All results were considered signi�cant at P <
0.05 and expressed as mean ± SEM. Image analysis was done using ImageJ software.

Results
WJ-MSCs

Adherent stem cells were isolated from WJ of the human umbilical cord with a viability of >95%,
indicating a spindle-shaped morphology (Figure 1a). The ability to differentiate toward osteocytes by
producing calcium nodules (Figure 1b) and toward adipocytes by producing lipid droplets (Figure 1c),
which is one of the important characteristics of MSCs, con�rmed that the WJ-MCs were mesenchymal
cells. The �ow cytometry indicated that these cells strongly expressed mesenchymal markers, CD105 and
CD73, but did not noticeably express hematopoietic markers, CD34 and CD45 (Figure 2a and Table 1).
The ICC showed that the WJ-MSCs were signi�cantly positive for mesenchymal markers, CD105 and
CD73, and negative for hematopoietic and neuronal markers (CD31 and β-tubulin III, respectively) (Figure
2b).

IN-delivered WJ-MSCs alleviated memory de�cits in Alzheimer’s rat models

PA response: The step-through PA test indicated very short and almost similar IL in entering the dark
chamber before applying electric shock in all animal groups (Figure 3a). After applying an electric shock,
�rst, STL was signi�cantly lower in the AD group as compared to the control group (*P<0.05; Figure 3a);
however, it was signi�cantly higher in the MSC-treated group as compared to the AD group (#P<0.05;
Figure 3a). The time spent in the dark chamber was signi�cantly longer in the AD group as compared to
the control group (*P<0.05; Figure 3b), while it was signi�cantly shorter in the MSC-treated group
compared to the AD group (#P<0.05; Figure 3b).
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MWM test: Both the time spent (Figure 3c) and the distance travelled (Figure 3d) in the target quadrant on
the probe trial test were signi�cantly lower in the AD group as compared to the control group (*P<0.05).
These parameters were signi�cantly higher in the MSC-treated group as compared to the AD group
(#P<0.05).

Gene expression in the hippocampus

The mean mRNA levels of neurotrophic factors (BDNF and NGF) and anti-apoptotic factor (BCL2) in the
AD model group were signi�cantly lower than the control group (Figure 4; *P<0.05). After two months of
treatment with the WJ-MSCs in the MSC-treated group, the mRNA level of these genes (i.e., BDNF, NGF,
and BCL2) signi�cantly increased as compared to the AD group (#P<0.05). Considering the apoptotic
factors (BAX and caspase 3), the mean mRNA level was signi�cantly higher in the AD group as compared
to the control group (Figure 4; *P<0.05), while it signi�cantly decreased in the MSC-treated group as
compared to the AD group (Figure 4; #P<0.05).

Nissl-stained cells decreased following the IN delivery of WJ-MSCs

Figure 5a shows the Nissl-stained images of the CA1 area, where the number of dark cells (cells with a
cell body shrinkage) was signi�cantly higher in the AD group as compared to the control and MSC-treated
groups. The quantitative analysis showed a signi�cantly higher level of dark cells in the AD group as
compared to the control group. However, a low level of dark cells was detected in the treatment group
compared to the AD group (Figure 5b; #P<0.05).

Discussion
Neurodegeneration and apoptosis play a key role in memory and learning de�cits [31, 32]. In this study,
IN-administered human WJ-MSCs in Alzheimer’s rat models effectively improved the behavioral and
cognitive performance by improving the memory and learning capabilities. This �nding was assessed by
measuring the levels of trophic factors and apoptosis-related factors in the hippocampus. In agreement
with previous studies [24, 33], the IN route of MSC delivery to the brain was more effective in the present
study. In this regard, Danielyan et al. examined the possible routes of IN-administered cells and
hypothesized that these cells could bypass the BBB by migrating from the nasal mucosa through the
cribriform plate along the olfactory neural pathway into the brain and CSF [21].

Regarding the trophic factors, the WJ-MSCs effectively enhanced the trophic support by increasing the
mRNA levels of BDNF and NGF in the hippocampus, leading to an improved cognitive performance on
MWM and PA response tests. Similarly, other studies demonstrated that these trophic factors were
essential to neural survival. A clinical trial of NGF gene therapy in AD patients found these factors to be
useful in preventing cognitive decline [34]. Recently, it has been reported that IN-delivered BMSCs in PD
mice could successfully migrate into the hippocampus, olfactory bulb, substantia nigra, striatum, and
lateral ventricle and enhance the BDNF level in these areas, resulting in the survival of existing
dopaminergic neurons and �nally, functional and motor improvements [22]. Also, in the aforementioned
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study, after IN administration of BMSCs, the expression of Nestin, a neuronal precursor cell marker, was
increased in the subventricular zone (SVZ), indicating the stimulation of endogenous neurogenesis [22].

Moreover, it has been reported that application of fetal human neural stem cells (hNSCs) in the brain of
transgenic mice could excrete high levels of neurotrophic factors, including BDNF and NGF, and activate
the Akt/GSK3β signaling pathway, resulting in the prevention of tau phosphorylation, attenuation of Aβ
synaptotoxicity, promotion of synaptic plasticity, and therefore, enhanced spatial memory [35]. In a
previous study, although NSC transplantation in a transgenic model of AD had no signi�cant effects on
either Aβ or tau, it led to cognitive improvements by elevation of BDNF level and increasing the
hippocampal synaptic density [36].

Regarding apoptosis, evidence suggests that apoptosis in the temporal cortex and hippocampus of AD
patients [37], as well as dying neural cells in the brains of AD patients, is associated with increased
caspase 3 and caspase 6 levels [38]. The current study demonstrated that WJ-MSCs suppressed
apoptosis in Aβ-induced AD rat models by enhancing the expression of anti-apoptotic factor (BCL2) and
suppressing the expression of apoptotic factors (BAX and caspase 3). Besides its neurotrophic activity,
BDNF can induce multiple neuroprotective mechanisms, including anti-apoptosis (by expression of anti-
apoptotic BCL2 proteins), anti-oxidation (by expression of antioxidative thioredoxins), and suppression of
autophagy and neuronal death in neurodegenerative diseases [39]. In another study, a substantial
decrease in the level of active caspase 3 was found in the brains of hNSC-injected transgenic mice,
indicating the interference of hNSCs in the prevention of cell death [35]. Beyond apoptosis, inhibition of
caspase 3 also effectively blocked the microglia activation and neuroin�ammation, which are common in
neurodegenerative diseases, including AD and Parkinson’s disease [40].

Conclusion
Neurotrophic factors play an essential role in neuron survival, and alterations in their expression levels
seem to lead to the progression of apoptosis and neurodegeneration. Among new drug delivery and gene
therapy approaches, MSC-based cell therapy can be considered as the main therapeutic tool since MSCs
(secretion of neurotrophic factors) can play a supporting role by secretion of necessary trophic factors,
according to the needs of the target organ. The results of this study showed that IN delivery of human
WJ-MSCs in AD rat models could signi�cantly improve learning and memory by enhancing the trophic
support and suppressing apoptosis. Neurotrophic support of cholinergic neurons could result from the
increased levels of BDNF and NGF in the hippocampus. Also, the increased level of anti-apoptotic factor
(BCL2), besides the decreased levels of apoptotic factors (BAX and caspase 3) in the hippocampus,
indicated suppressed apoptosis in WJ-MSC-treated AD rat models.

Abbreviations
AD: Alzheimer’s disease, MSCs; mesenchymal stem cells, WJ-MSCs: Wharton’s jelly-derived MSCs, dex-
SPIONs: dextran-coated superparamagnetic iron oxide nanoparticles, MTCD: magnetic targeting cell
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delivery, MRI: Magnetic resonance imaging, ChAT: choline acetyltransferase, AChE: acetylcholinesterase,
IL: initial latency, MWM: Morris Water Maze, DMEM: Dulbecco's modi�ed Eagle's medium ,FBS: fetal
bovine serum, DLS: dynamic light scattering, BBB: blood brain barrier, TR: Repetition time , FOV: Field of
View ,WT :Wild type, IV; intravenous, IV-TC: IV -targeted cells , ICV: intracerebroventricular
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Tables
Table1 Flow cytometry analysis of Wharton's jelly-derived stem cells. WJ cells strongly expressed
mesenchymal markers CD105 and CD73 and weakly expressed hematopoietic markers CD34 and CD45
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Table2 Sequence of speci�c primers used for quantitative real-time revers transcription PCR

Figures
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Figure 1

Human Wharton’s jelly-derived cells (WJ-cells) and their in vitro differentiation towards other cell lineage
types. a) The cells isolated from Wharton’s jelly are adherent with a spindle-shaped chondrocyte-like
phenotype. Differentiation into osteocytes (b) and adipocytes (c) caused a considerable amount of
calcium nodules (arrows in b) and lipid droplets (arrows in c)

Figure 2
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a) Flow cytometry analysis showed that a large amount of WJ-SCs was positive for both CD105 and
CD73 mesenchymal markers, while just a small amount of them expressed the hematopoietic markers of
CD34 and CD45. b) Immunocytochemistry (ICC) analysis showed that the CD105 and CD73
mesenchymal markers are largely expressed in WJ-derived stem cells and came in green with FITC.
Hematopoietic marker of CD31 and neuronal marker of β tubulin III are weakly expressed by these cells.
Blue color: nuclei of cells stained by DAPI

Figure 3

Behavioural evaluations. Passive avoidance (PA) response test: a) latency in entering into the dark
chamber before [initial latency (IL)] and after [step-through latency (STL)] the electric shock. IL was very
low and almost similar among all animal groups. The WJ-MSCs-treated group showed an increased STL
after two months of treatment which was signi�cantly higher than it was in the AD group (# P < 0.05).
STL was signi�cantly lower in the AD group than it was in the control group (* P < 0.05). b) time spent in
the dark chamber after applying electric shock was signi�cantly lower in the WJ-MSCs treated group than
in the AD group (# P < 0.05) and signi�cantly higher in the AD group than in the control group (* P < 0.05).
Morris Water Maze (MWM) test: c) time spent and d) distance moved in the target quadrant. The WJ-
MSCs-treated rats showed an increased distance moved and also an increased time spent in the target
quadrant, after two months of treatment which was signi�cantly high compared with AD rats (# P < 0.05).
These items (distance moved and time spent in the target quadrant) was signi�cantly low in AD rats
compared with the control group (* P < 0.05)
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Figure 4

Evaluation of mRNA levels gene expression by RT-qPCR in the hippocampus. Data are represented as
mean ± SEM. β-actin was used as an internal housekeeping control. The mean mRNA level of
neurotrophic factors NGF, BDNF, and anti-apoptotic factor BCL2 in the AD group was signi�cantly low
compared with the control group (* P < 0.05). After two months of treatment with WJ-MSCs in the MSC-
treated group, these level of mRNA (NGF, BDNF, and BCL2) was signi�cantly increased compared with the
AD group (# P < 0.05). With regard to apoptotic factors BAX and Caspase 3, their mean mRNA level was
signi�cantly high in the AD group compared with the control group (* P < 0.05), and they were
signi�cantly decreased in the MSC-treated group compared with the AD model group (# P < 0.05)

Figure 5

a) Nissl staining of CA1 region of the hippocampus in which red arrows show the nissl-stained dead or
dark cell. b) The quantitative analysis showed that the number of nissl-stained dark cells was much more
in the CA1 area of the hippocampus of the AD model group (*P < 0.05 compared with the control group).
After two months of WJ-MSCs treatment, the number of dark cells was signi�cantly decreased compared
with the AD group (#P < 0.05)
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