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Background and Objectives: Alzheimer’s disease (AD) is a devastating neurodegenerative disorder. Increasing evidence
implicates diabetes mellitus (DM) as a risk factor for AD. Green tea (GT) has several beneficial effects attributed
to its anti-oxidant phenolic compounds. Adipose tissue is a rich source of adipose-derived mesenchymal stem cells
(ADSCs). This study was designed to evaluate and compare the possible therapeutic effect of green tea extract (GTE)
and ADSCs on AD complicating induced DM in male rat.

Methods: 31 adult male albino rats were divided into 5 groups. Group I (Control), Group II received GTE, 50 mg/kg
daily orally for 4 weeks, Group III received a single intraperitoneal injection of Streptozotocin (STZ), 50 mg/kg, Group
IV: received STZ followed by GTE and Group V: received STZ followed by human ADSCs (hADSCs) intravenously.
Results: Multiple acidophilic masses, deformed neurons, Congo red +ve masses and Caspase 3 +ve neurons were
seen in group III, became few in group IV and occasional in group V. Multiple Prussian blue +ve cells were detected
in group V. Some CD44 —+ve cells were noticed in group III, became multiple in groups IV and V. The mean area
of neurons exhibiting acidophilic cytoplasm, mean area of amyloid plaques and mean area % of Caspase 3 +ve cells
indicated a significant increase in group III. The mean area % of CD44 +ve cells recorded a significant increase
in group IV.

Conclusions: hADSCs exerted a more marked therapeutic effect on the neurodegenerative changes complicating DM
and corresponding to AD.
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Alzheimer’s disease (AD) is a progressive neurodegene-
rative disorder. Currently, it is the most common type of
dementia in the world. It is estimated to affect 35.6 mil-
lion patients worldwide. The number of patients who suf-
fer from AD and other dementias worldwide is estimated
to rise to 115.4 million by 2050 (1).

Alzheimer’s disease is characterized by abnormal pro-
tein deposits in the brain; amyloid A8 (A#) peptides and
tau-protein fibers forming neurofibrillary tangles (NFTs).
Risk factors for development and progression of AD were
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delineated, generating abundant theories on preventive
measures and therapies (2).

Recently, many studies have indicated that diabetes
mellitus (DM) affects the central nervous system. Epidem-
iological surveys suggested that DM is associated with an
increased prevalence of AD. Therefore, some literatures
have proposed that AD represents “type 3 diabetes” (3).

Green Tea (GT) is one of the most popular beverages
consumed around the world. Green tea extract (GTE) can
be made from the leaves and used as medicine and is re-
ported to contain polyphenols which play a key role in
prevention and treatment of many diseases. Epigalloca-
techin-3-gallate (EGCGQG) is the most active and abundant
polyphenol in GT, known for its potent antioxidant prop-
erties in several studies in animal and cell culture models (4).

Mesenchymal stem cells (MSCs) are an ideal candidate
for cellular therapy that could be used in the treatment
of degenerative diseases especially the neurodegenerative
disorders (5). Adipose-derived mesenchymal stem cells
(ADSCs) can be harvested in large numbers with low do-
nor-site morbidity. Numerous studies have provided pre-
clinical data on the safety and efficacy of ADSCs, support-
ing their use in future clinical applications (6).

This study was designed to evaluate and compare the
possible therapeutic effect of both GTE and hADSCs on
AD complicating induced DM in adult male albino rats.

Materials and Methods

Drugs

Streptozotocin (STZ): Sigma Company (St. Louis, Mo,
USA) in a powder form as 1 g vial. The required dose was
weighed using a digital scale and dissolved in citrate
buffer.

Green Tea Extract (GTE): Technomad, El Obour for
Modern Pharmaceutical Industries (El Obour City, Egypt) in
the form of 200 mg tablets. The tablets were crushed and
the required dose was weighed using a digital scale and
dissolved in saline.

Experimental design

Thirty one adult male albino rats with average body
weight 200 grams were housed in hygienic stainless steel
cages and kept in a clean well ventilated room in the
Animal Houses of Histology and Physiology Departments,
Faculty of Medicine, Cairo University. They were allowed
food and water ad libitum. All procedures were held ac-
cording to the guidelines of Cairo University. The rats were
divided nto the following groups:

Group | (Control Group): Eight rats were subdivided

equally into four subgroups, (Ia, Ib, Ic and Id) that corre-
sponded to and sacrificed with the experimental groups
II, III, IV and V respectively.

- Subgroup Ia: 2 rats were left for 4 weeks without ther-
apy then received 0.5 ml of oral saline daily for the next
4 weeks using a syringe without a needle.

- Subgroup Ib: 2 rats received a single intraperitoneal
(IP) injection of 0.5 ml citrate buffer.

- Subgroup Ic: 2 rats received a single IP injection of
0.5 ml citrate buffer. 4 weeks later, they were given 0.5 ml
of oral saline daily for 4 weeks.

- Subgroup Id: 2 rats received a single IP injection of
0.5 ml citrate buffer. 4 weeks later, they were given 0.5 ml
of phosphate buffered saline (PBS) intravenously (I.V.) via
tail vein twice with 24 hours interval.

All rats of this group were sacrificed 8 weeks from the
start of the experiment.

Group Il (GTE Group): Five rats were left for 4 weeks
without therapy. They received GTE at a dose of 50 mg/kg
body weight (4) dissolved in 0.5 ml saline for each rat dai-
ly orally using a syringe without a needle for the next 4
weeks. The animals were sacrificed 8 weeks from the be-
ginning of the experiment.

Group lll (Diabetic Group): Eight rats received a single
IP injection of STZ at a dose of 50 mg/kg body weight
(7) dissolved in 0.5 ml citrate buffer for each rat. Three
weeks following STZ injection, diabetes was confirmed by
measuring the blood glucose level in the Biochemistry
Department, Faculty of Medicine, Cairo University. The
animals were considered diabetic if their blood glucose
level was higher than 200 mg/dl. Neurodegenerative
changes corresponding to AD were confirmed by histo-
logical examination in three rats on the fourth week (8).
The animals were left for 4 weeks without treatment and
sacrificed 8 weeks (8) following STZ injection.

Group IV (Diabetic Group Administrating GTE): Diabetes
was induced and confirmed in 5 rats as in group III. Four
weeks following STZ injection, the rats received GTE by
the same route and at the same dose as in group II. The
animals were sacrificed 8 weeks following STZ injection.

Group V (Diabetic Group Injected with hADSCs): Dia-
betes was induced and confirmed in 5 rats as in group IIL
Four weeks following STZ injection, 0.5 ml of cultured
and labeled hADSCs suspended in PBS were injected in
the tail vein (9) on two successive days. Stem cells (SCs)
were isolated from abdominal fat that was surgically ob-
tained by liposuction procedure performed at the oper-
ation theatre. Stem cell isolation, culture, labeling and
phenotyping were performed at the Clinical Pathology
Department, Faculty of Medicine, Cairo University. The
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animals were sacrificed 8 weeks from STZ injection.

Adipose Tissue Collection (10): The harvested adipose
tissue was washed with 20 mL of PBS 3 times, cut into
small pieces, and the extracellular matrix was digested
with 0.1% collagenase solution (Sigma-Aldrich, St. Louis,
MO, USA) with shaking at 37°C for 40 min. After adding
Dulbecco’s modified Eagle’s medium (DMEM), 1% pen-
icillin (Sigma-Aldrich, St. Louis, MO, USA), and 10% fe-
tal bovine serum (FBS) (Sigma-Aldrich, St. Louis, MO,
USA), it was centrifuged at 1,500 rpm for 3 min and wash-
ed using DMEM with FBS 3 times.

ADSCs Isolation and Culture (10): The supernatant
was discarded and the pellet resuspended and filtered
through a 100 x#m cell strainer to remove undigested tis-
sue fragments. The cells were then resuspended in cell
culture medium, consisting of DMEM and supplemented
by 1% penicillin, in addition to 10% FBS. Cell cultures
were maintained in a standard humidified incubator, satu-
rated by 5% CQO,, at 37°C. Twenty-four hours later, the
nonadherent cells were eliminated by changing the culture
medium. The adherent ADSCs were maintained until pas-
sage 3 in the medium.

Subculture (11): The media were replaced after 3 days
until putative ADSCs colonies were noted. The cultures
were inspected daily for formation of adherent spin-
dle-shaped fibroblastoid cell colonies. Sub-culturing was
done by chemical detachment using 0.04% trypsin or by
mechanically picking fibroblastoid colonies. Later, when
cell numbers allowed, expansion was done in 25 cm’ or
75 cm’ tissue culture flasks. Cells were seeded at densities
of 3000~25000 cells per cm’.

Flow cytometry (12): Positive and negative human
MSCs (HMSCs) markers of the separated cells were as-
sessed on a Fluorescence Activated Cell Sorter (FACS)
flow cytometer (Coulter Epics Elite, Miami, FL, USA).
HMSC were trypsinized and washed twice with PBS. A
total number of 1x10° HMSC were used for each run. To
evaluate the HMSC marker profile, cells were incubated
in 100 L of PBS with 3 «L of CD44 MSCs marker or
appropriate isotype controls for 20 min at room temperature.
Antibody (Ab) concentration was 0.1 mg mL . Cells were
washed twice with PBS and finally diluted in 200 L of
PBS. The expression of surface marker was assessed by the
mean fluorescence. CD133 (early hematopoietic & endo-
thelial progenitor stem cells marker) and CD45 (panleuco-
cytic marker) were also used. The percentage of cells pos-
itive for CD44 was determined by subtracting the percent-
age of cells stained non-specifically with isotype control
antibodies.

Labeling (13): Labeling of ADSCs was performed by

incubation with ferumoxides injectable solution (25
microgramFe/ml, Feridex, Berlex Laboratories) in culture
medium for 24 hours with 375 nanogram/ml polylysine
added 1 hour before cell incubation. Labeling was histo-
logically assessed using Prussian blue. Feridex labeled
HMSCs were washed in PBS, trypsinized, washed and re-
suspended in 0.01 Mol/L PBS at concentration of 1x1000000
cells/ml.

Cell viability analysis (14): Cell viability was done us-
ing trypan blue dye exclusion test. This method is based
on the principle that viable cells do not take up certain
dyes, whereas dead cells do.

The rats belonging to experimental groups and corre-
sponding control rats were sacrificed by ether inhalation.
The skull was opened by bone cutter at the temporal
regions. The brain was exposed and immediately dissected
out, the frontal lobes (3) were separated following placing
in 10% formol saline for 24 hours at room temperature
(RT). Frontal lobe specimens were embedded into paraffin
wax. Coronal sections (3) of S #m thickness were pre-
pared and subjected to following studies:

Histological Study: Hematoxylin & Eosin (H&E) stain (15).

Histochemical Study

a) Congo red (CR) stain to demonstrate the amyloid
plaques (16).

b) Prussian blue (Pb) stain to demonstrate the ADSCs
labeled with iron oxide (17).

Immunohistochemical Study (18)

a) Caspase 3 Ab to detect apoptotic cells (19). 7 ml pre-
diluted rabbit polyclonal 1ry Ab (RB-1197-R7) (LabVision
Corporation, USA) stored at 2~8°C.

b) CD44 Ab to detect the endogenous and exogenous
MSCs (20). 7 ml prediluted rabbit monoclonal 1ry Ab
(IW-PA1021) (IHC World, Ellicott City, USA) stored at
2~8°C.

The primary Ab was applied to the sections, incubation
took place in humidity chamber for 60 minutes at RT for
both markers. The +ve tissue control was a specimen of
human tonsil. Caspase 3 +ve cells showed cytoplasmic re-
action while CD44 +ve cells showed membranous reaction.
The —ve tissue control was processed in the same way,
but omitting the step of lry Ab.

Morphometric Study: Using Leica Qwin 500 LTD
(Cambridge UK) computer assisted image analyzer. The
area of neurons exhibiting acidophilic cytoplasm and that
of amyloid plaques were measured. The measurements
were done in 10 low power fields (LPF) using interactive
measurements menu. Area % of Caspase 3 +ve cells and
CD44 +ve cells were measured. The measurements were
done in 10 high power fields (HPF) using binary mode.
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Statistical analysis (21): Quantitative data were sum-
marized as means and standard deviations (SD) and com-
pared using one-way analysis-of-variance (ANOVA). p-val-
ues<0.05 were considered statistically significant. Calcu-
lations were made on SPSS software version 16.

Results

Histological results

Haematoxylin and Eosin (H&E) Stained Sections: In
group I, the external pyramidal (EP) layer demonstrated
pyramidal cells with typical pyramid shape and an apex
of thick branching dendrite, stellate cells with dendrites
projecting for short distances in all directions and granule
cells with pale nuclei and minimal cytoplasm. Microglia
had elongated darkly stained nuclei (Fig. 1A). Internal
pyramidal (IP) layer demonstrated larger pyramidal cells,
smaller numbers of stellate cells, granule cells, as well as
astrocytes which had pale nuclei (Fig. 1B).

In group III, the EP layer showed multiple deformed
shrunken neurons, multiple neurons exhibiting dark nu-
clei and acidophilic cytoplasm with occasional fusion of

the neurons. Numerous dividing microglia were observed
(Fig. 2A). Some fields recruited large acidophilic masses
overlied by spindle cells and round dark nuclei. Multiple
deformed shrunken neurons and multiple microglial cells
were noticed around these masses (Fig. 2B). In the IP lay-
er, acidophilic masses exhibiting dark nuclei were demon-
strated. Occasional masses revealed margination of the nu-
clei or fusion. In addition, wide areas of vacuolated neuro-
pil, dividing microglia and normal granule cells were no-
ticed (Fig. 2C).

In group IV, the EP layer demonstrated few neurons ex-
hibiting acidophilic cytoplasm and dark nuclei, few de-
formed and shrunken neurons and multiple normal pyr-
amidal cells. Occasionally, small multinucleated acidophilic
masses were noticed compared to group III (Fig. 3A). In
group V, occasional neurons exhibiting acidophilic cyto-
plasm, dark nucleus and surrounded by a clear space were
demonstrated in the EP layer as well as occasional de-
formed neurons and predominating normal pyramidal
cells compared to groups III and IV (Fig. 3B).

Fig. 1. H&E (x400): Sections in the
rat cerebral cortex of group I show-
ing (A) Multiple pyramidal (p), stel-
late (s) neurons and microglia (m) in
EP layer. (B) Large pyramidal (p), stel-
late (s), granule cells (g), astrocytes
(@ and microglia (m) in IP layer.

Fig. 2. H&E (x400): Sections in the rat cerebral cortex of group Il showing (A) Multiple deformed neurons (d) and multiple neurons exhibiting
dark nuclei and acidophilic cytoplasm (arrowheads) in EP layer. Two of the latter neurons fuse together (F). Note multiple dividing microglic
(dm). (B) A large acidophilic mass overlied by spindle cells and dark nuclei (bifid arrow), multiple deformed neurons (d) and multiple
microglia (m) in EP layer. (C) Two acidophilic masses exhibiting dark nuclei (arrows), another reveals margination of nuclei (bifid arrow),
fusion of two masses (F), wide areas of vacuolated neuropil (wavy arrows), dividing microglia (dm) and normal granule cells (g) in IP layer.
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Histochemical results

Congo Red (CR) Stained Sections: Group I showed
dull red staining of the neurons as well as the neuropil
in EP and IP layers (Fig. 4A and B). Group III showed
multiple strongly +ve masses with variable sizes, small
and large in EP and IP layers (Fig. 4C and D). Group
IV demonstrated few strongly +ve smaller masses in EP
layer compared to those of group III (Fig. 4E). Occasional
strongly +ve neurons were seen in EP layer of group V
compared to groups III and IV (Fig. 4F).

Prussian Blue (Pb) Stained Sections: Group I demon-
strated -ve staining with Pb among pyramidal and stellate
cells in EP layer (Fig. 5A). Group V showed some Pb +ve
cells in the neuropil near blood vessels in the EP layer
(Fig. SB).

Immunohistochemical results

Anti-Caspase 3 Immunostained Sections: Group I
showed —ve immunostaining among the pyramidal, stel-
late neurons and in the endothelial lining of blood vessels

Fig. 3. H&E (x400): Sections in the rat cerebral cortex in EP layer of (A) Group IV showing a small multinucleated acidophilic mass (arrow),
few deformed neurons (d), few neurons exhibiting acidophilic cytoplasm and dark nuclei (arrowheads) and multiple normal pyramidal cells
(p). (B) Group V showing two neurons exhibiting acidophilic cytoplasm and dark nucleus (arrowheads), a deformed neuron (d) and multiple

normal pyramidal cells (p).

Fig. 4. Congo red (x200): Sections in the rat cerebral cortex of (A, B) Group | showing dull red staining of pyramidal cells (p) and the
neuropil (n) in EP and IP layers respectively. (C, D) Group lll showing multiple strongly +ve masses, small (arrowheads) and large (arrows)
in EP and IP layers respectively. (E, F) Groups IV and V showing few strongly +ve small masses (arrowheads) and two strongly +ve

neurons (arrowheads) respectively in EP layer.
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Fig. 6. Caspase 3 (x400): Sections in the rat cerebral cortex of (A, B) Group | showing -ve immunoreaction among pyramidal (p) and
stellate (s) cells in EP and IP layers respectively and in the endothelial lining of a blood vessel (v) in IP layer. (C, D) Group Ill showing
numerous +ve neurons (arrows) in the EP and IP layers respectively and +ve endothelial lining (wavy arrow) in a blood vessel in IP
layer. (E, F) Groups IV and V showing few +ve neurons (arrows) and a +ve neuron (arrow) respectively in EP layer around a blood

vessel (v).

in the EP and IP layers (Fig. 6A and B). In group III,
numerous Caspase 3 +ve neurons were evident in the EP
and IP layers. +ve endothelial lining was noted in some
blood vessels (Fig. 6C and D). Group IV demonstrated few
Caspase 3 +ve neurons around blood vessels in EP layer
(Fig. 6E). Occasional Caspase 3 +ve neurons were seen
in group V in EP layer. —ve endothelial lining was no-
ticed in all blood vessels (Fig. 6F).

Anti-CD44 Immunostained Sections: Group I showed
negative immunoreactivity among the neurons and the
neuropil in EP and IP layers. Group III showed some
CD44 +ve cells overlying masses in the neuropil and in-
side blood vessels in EP layer (Fig. 7A). Group IV showed

multiple CD44 +ve cells fused with some neurons, over-
lying few masses and in the neuropil of EP layer (Fig. 7B).
In group V, multiple CD44 +ve cells were recruited in-
side blood vessels and in the neuropil in the EP layer
(Fig. 7C).

Sections in rat cerebral cortex of group II showed a his-
tological, histochemical and immunohistochemical ap-
pearance comparable to group I.

Morphometric results

Table 1: Mean area=SD of neurons exhibiting acid-
ophilic cytoplasm, area of amyloid plaques, area % of
Caspase +ve cells and area % of CD44 +ve cells in con-
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Fig. 7. CD44 (x400): Sections in the rat cerebral cortex in EP layer of (A) Group Ill showing some -+ve cells, overlying a mass (arrow),

in the neuropil (arrowheads) and inside (bifid arrow) a blood vessel (V).

(B) Group IV showing multiple +ve cells fused with some neurons

(wavy arrows), overlying a mass (arrow) and in the neuropil (arrowheads). (C) Group V showing multiple +ve cells, in the neuropil

(arrowheads) and inside (bifid arrow) a blood vessel (V).

Table 1. Mean area + SD of neurons exhibiting acidophilic cytoplasm, area of amyloid plaques, area % of Caspase +ve cells and area

% of CD44 +ve cells in control and experimental groups

Group Area of neurons exhibiting Area of amyloid Area % of Area % of
acidophilic cytoplasm plaques Caspase +ve cells CD44 +ve cells
Group | - - - -
Group I - - - -
Group I 79.26+12.53* 384.41+82.36* 8.00+0.75* 1.21+0.37
Group IV 15.12+4.24e 57.58+7.52e 1.40+0.33e 4.18+£0.79 ¢
Group V 4.84+1.55 10.47+1.13 0.18+0.04 1.07+0.30

*Significant compared to groups IV and V (p<0.05), eSignificant compared to group and V (p<0.05), eSignificant compared to groups

Il and V (p<0.05).

trol and experimental groups.

Discussion

The present study demonstrated the ameliorating effect
of GTE and ADSCs administration on the neurodege-
nerative changes complicating diabetes and corresponding
to AD following STZ-induced DM in rats. This was evi-
denced by histological, histochemical, immunohistochemical,
morphometric and statistical results.

Accumulating evidence has demonstrated that hyper-
glycemia may play an important role in the pathophysiol-
ogy of cognitive dysfunction and cerebral lesions in dia-
betes. Furthermore, clinical and epidemiological studies
have provided direct evidence of a link between DM and
AD (22). The optimal dose of STZ that has been reported
to produce maximum diabetic conditions in rats is (50 to
75 mg/kg, IP) (7).

In the present study, sections in rat frontal cortex of
group II showed a histological picture comparable to
group I. It was reported that the frontal cortex is a brain
structure that plays an important role in cognition and is
known to be affected in AD (23).

In the current work, group III showed multiple de-
formed and multiple neurons with acidophilic cytoplasm
and occasional fusion in the EP layer, which can suggest
the initiation of mass or plaque formation. These ob-
servations indicated apoptosis and degeneration and were
supported by a significant increase in the mean area of
neurons exhibiting acidophilic cytoplasm in group III
compared to the groups IV and V. It was stated that the
classic appearance of neuron degeneration is seen in the
process known as “acute eosinophilic neuron degeneration.”
The degenerating neurons, sometimes referred to as “red
dead neurons”, are characterized by cell body shrinkage,
loss of Nissl substance, intensely stained eosinophilic
cytoplasm. In addition, small/shrunken darkly stained py-
knotic nucleus that may eventually fragment and undergo
karyorrhexis exists (24). It was stated that pyramidal cells
appear to be the main substrate for neurodegenerative
changes in AD (25). Pyramidal cortical neurons in EP lay-
er are the principal neurons involved in corticocortical cir-
cuits, that mediate many cognitive functions and may be
selectively targeted in neurodegenerative diseases (26). It
was added that several studies have shown that A8 pep-
tide promotes hyperphosphorylation and aggregation of
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microtubule-associated protein tau into NFTs (27) causing
severe cellular burden resulting in neuronal damage (28).

Alterations in insulin function and glucose homoeo-
stasis in the peripheral tissues may affect brain insulin
and its receptor functions, promoting the production of A
B and inducing tau phosphorylation (22) This is in ac-
cordance with Wang et al. (3) who revealed the presence
of A/ immunoreactivity in the frontal cortex of diabetic
rats 4 months after STZ injection. An important link be-
tween DM and AD may be related to the insulin-degrad-
ing enzyme (IDE) responsible for A 8 degradation, which
has been reported to be decreased in the brains of AD pa-
tients (22).

Caspase 3-immunostained sections revealed numerous
+ve neurons in the EP and IP layers. Positive endothelial
cells were detected lining some blood vessels in IP layer.
Further support for these results was gained from the
morphometric analysis, as the mean area % of Caspase 3
+ve cells showed a significant increase in group III com-
pared to groups IV and V. The previous results confirmed
the developing apoptotic changes. Salem et al. (29) re-
ported that apoptosis has been associated with the patho-
physiology of AD as A 3, increasing oxidative stress, met-
abolic impairment and DNA damage has been known to
induce apoptosis. Lee et al. (30) suggested that cere-
brovascular degeneration and senescent endothelial cells
also contribute to the pathogenesis of AD by causing faul-
ty clearance of A8 peptide across the blood brain barrier
(BBB).

In the present study, group III showed multiple large
acidophilic masses that exhibited dark nuclei in EP and
IP layers. In the EP layer, occasional masses were seen
overlied by spindle cells and round dark nuclei. It can be
concluded that spindle cells are mesenchymal cells. In ad-
dition, dark nuclei can be apoptotic nuclei of several de-
generated neurons fusing together to form masses. In the
IP layer occasional masses with margination of the nuclei
were noticed which can be related to further extrusion of
the nuclei. It was reported that the amyloid plaques ap-
pear first in the frontal cortex then they spread over the
entire cortical region (25). They are associated with neuro-
nal dysfunction and detectable by H&E in cortex in AD
(31). Bonda et al. (28) reported that oxidative stress is a
prominent and early feature of AD and the amyloid pla-
ques and NFTs may be an adaptation in response to ele-
vated oxidative stress.

Congo red staining confirmed the amyloid nature of the
masses in EP and IP layers. Morphometric results showed
a significant increase in the mean area of amyloid plaques
in group III compared to groups IV and V. Khairallah et

al. (32) demonstrated CR positive material or plaques in
cerebral sections of induced AD in mice. Castellani and
Perry (33) confirmed that CR stain is used for identi-
fication of the beta sheet nature of amyloid plaques.

In the present work, numerous dividing microglia were
observed in EP and IP layers in group III. Bhaskar et al.
(34) demonstrated that A8 peptide-mediated microglial
activation induces toxic neuronal cell cycle events for ter-
minally differentiated neurons via tumor-necrosis factor-
a (INF @) leading to neurodegeneration.

The present work demonstrated wide areas of vacuo-
lated neuropil in the IP layer in group III. This is in ac-
cordance with Garman (24) who stated that neuropil va-
cuolation develops as a result of swelling of neuronal
processes.

In the present study, group IV demonstrated few neu-
rons with acidophilic cytoplasm, few deformed neurons
and multiple normal pyramidal cells, few Caspase 3 +ve
neurons, occasional acidophilic small masses and few CR
strongly +ve small masses in EP layer compared to group
III. A significant decrease in the mean area of neurons ex-
hibiting acidophilic cytoplasm and that of amyloid pla-
ques as well as the mean area % of Caspase 3+ve cells
compared to group III was confirmed by morphometric
results. Noguchi-Shinohara et al. (35) demonstrated that
daily GT consumption is significantly associated with a
decreased risk of cognitive decline and dementia. EGCG
is permeable to the BBB and exerts neuroprotective effects
by inhibiting AS aggregation and induced oxidative
stress.

In the current study, sections of group V showed occa-
sional deformed neurons, occasional neurons with acid-
ophilic cytoplasm in the EP layer as well as predominat-
ing normal pyramidal cells. Occasional Caspase 3 —+ve
neurons and —ve endothelial lining were found in all
blood vessels in addition to occasional CR strongly +ve
neurons in EP layer. The previous results were supported
by a significant decrease in the mean area of neurons ex-
hibiting acidophilic cytoplasm and dark nuclei and that
of amyloid plaques as well as the mean area % of Caspase
3+ve cells compared to groups III and IV. Cho et al. (36)
demonstrated that the transplantations of human and
mouse MSCs were shown to reduce A/ deposition, im-
prove memory and alleviate the AD pathology in AD
mouse models.

In the current study, Pb stained sections of group V
showed some Pb +ve cells in the neuropil near blood ves-
sels in the EP layer. Kim et al. (9) demonstrated that LV.
human ADSCs passed through the BBB and migrated into
the brain of an AD mouse model, since disruption in the
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BBB was observed. The learning and memory greatly im-
proved while the number of amyloid plaques decreased
significantly. The authors recorded upregulation of an-
ti-inflammatory cytokines and vascular endothelial growth
factor.

In the present study, CD44-immunostained sections of
group III showed some +ve cells overlying masses, which
can be correlated to the masses observed in H&E sections
overlied by spindle cells. Also some +ve cells were seen
in the neuropil and inside blood vessels in EP layer.
Group IV showed multiple CD44 +ve cells, inside blood
vessels, fused with some neurons, overlying few masses
and in the neuropil in EP layer. Group V showed multiple
CD44 +ve cells inside blood vessels and in the neuropil
in EP layer. Morphometric analysis revealed a significant
increase in the mean area % of CD44+ve cells in group
IV compared to groups III and V. This can be explained
by GTE activation of endogenous MSCs compared to
group III. On the other hand, the more differentiation of
SCs in group V can refer to the higher % in group IV.

Mesenchymal stem cells were documented to have crit-
ical roles in repairing damaged tissues. Tissue injury is
associated with the activation of immune and inflammatory
cells recruited by factors from apoptotic cells, necrotic
cells and damaged microvasculature. Meanwhile, inflam-
matory mediators, such as TNF ¢ are often produced by
phagocytes in response to damaged cells. Consequently,
changes in the microenvironment result in the mobi-
lization and differentiation of MSCs that can be tissue-res-
ident or be recruited from the bone marrow (BM) (37).
It was confirmed that endogenous SCs activation develops
in GTE and amiodarone combined therapy in rats as mul-
tiple CD105 +ve cells were found in the thyroid gland
confirming MSCs stimulation related to GTE therapy
(38). Salem et al. (39) explored the possible therapeutic
role of single I.V. injection of BM-MSCs in AD in an ex-
perimental model. MSCs could remove A/ plaques
through their anti-apoptotic, neurogenic and immunomo-
dulatory properties. Minuzo et al. (40) reported that CD44
marker is shared by ADSCs and MSCs.

In conclusion, the present study demonstrated that GTE
and hADSCs administration following STZ-induced DM
in rats, ameliorated neuron apoptosis, degeneration and
amyloid plaques formation. GTE therapeutic effect can be
suggested to be due to activation of endogenous MSCs be-
side antioxidant and anti-inflammatory effects. hADSCs
may represent a future therapeutic option for AD patients
being easily isolated and exerting a more marked ther-
apeutic effect compared to GTE therapy.

Further research studies regarding the correlation be-

tween DM and AD are recommended to illustrate the im-
pact of DM on the CNS especially being a prominent risk
factor for AD. Combination of GTE with ADSCs could
be tried as it may enhance the amelioration of the neuro-
degenerative changes corresponding to AD.
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