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Abstract

Background: Alzheimer’s disease (AD) is characterized by severe accumulation of amyloid plaques and neurofibrillary
tangles accompanied with cognitive dysfunction leading to major changes affecting the quality of patient daily life pattern.
Objective: To investigate the effect of MSCs and/or milk kefir grains in LPS —induced AD in female albino rats in
alternating manner. Materials and Methods: Sixty female albino rats were divided into equal six groups (ten rats each):
group |: healthy control; group 2: LPS-induced AD; group 3: LPS-induced AD rats received single intravenous injection
of MSCs; group 4: LPS-induced AD rats received oral milk kefir; group 5: LPS-induced AD rats received a single
intravenous injection of MSCs with a daily milk kefir grain administration for a month; group 6: Rats received kefir for
one week prior to the induction of AD followed by a single intravenous injection of MSCs with a daily milk kefir grain
administration for a month. AD was assessed by T maze behavioural test month after induction. Brain tissue was
collected for monitoring BDNF, Bax, Bcl-2 and seladin-1 gene expression with the measurement of TNF-q, IL-10 and
tissue cholesterol. Plasma lipid profile, GSH and MDA were also determined. Results: Revealed that significant elevation
of lipid profile and oxidative stress in association with LPS-induction. BDNF, Bcl-2 and seladin-1 gene expression were
significantly reduced in AD while Bax mRNA gene was significantly increased. Administration of kefir and /or MSCs
suppressed LPS —induced AD. Conclusion: The pre and co-administration of kefir with MSCs could act as a potent
modulator attenuating the underling pathological inflammatory process accompanying AD which results in the
progression of brain damage.
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Resumen

La enfermedad de Alzheimer (EA) se caracteriza por una acumulacién severa de placas amiloides y ovillos neurofibrilares
acompanados de disfunciones cognitivas severas que conducen a cambios importantes que afectan la calidad del patrén
de vida diaria del paciente. El objetivo del presente estudio es investigar los efectos de la administracion de células
madre mesenquimales (MSC) y/o granos de kéfir de leche en el modelo de tipo neuroinflamatorio de EA inducida por
LPS de manera alternativa. Se observé que una elevacién significativa del perfil lipidico y el estrés oxidativo estaban
relacionados con EA de tipo neuroinflamatoria inducida con LPS. La expresion del gen BDNF, Bcl-2 y seladin-1 también
se redujo significativamente en ratas con EA, mientras que la expresion relativa de Bax aumento significativamente. La
administracion de granos de kéfir de leche y/o MSC suprimié los inconvenientes de la EA incluyendo cambios de
comportamiento y memoria. Conclusion: La administracion previa y la coadministracion de granos de kéfir de leche
con MSC pueden actuar como un neuromodulador activo que atenla el proceso inflamatorio patoldgico subyacente
que acompana a la EA, lo que resulta en la progresion de dafos en el tejido cerebral.
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I. Introduction

Alzheimer’s disease (AD) is a progressive
neurodegenerative disorder and the most
common form of dementia in the world.
Clinically; AD is typically characterized by
progressive memory loss, impairment of other
cognitive functions and inability to perform
activities of daily living. The earliest clinical stage
of AD is defined as mild cognitive impairment
(MCI) and it is characterized by progressive
memory impairment and /or others cognitive
functional abilities. Nowadays, the available
chemical therapeutic agents are only able to
slow down the AD progressive drawbacks.?
Pathologically; AD is characterized by two
highlighted protein abnormalities: extracellular
amyloid-B (AB) deposition and intra-cellular
neurofibrillary tangles (NFT) formation, leading
to extensive neuronal damage. AB peptides
derive from cleavage of membrane amyloid
precursor protein (APP) by beta- APP cleaving
enzyme | (BACEIl) and the y-secretase
complex containing the complex presenilin
protein (PSEN) while The NFT is usually
derived from abnormal aggregation of
hyperphosphorylated microtubule associated
with tau protein.3-7

Inflammation has been likely associated with
Alzheimer’s disease pathogenesis for over a
decade with increasing evidence suggesting that
abnormalities in cholesterol homeostasis could
have an important role as well8 Central
Nervous System (CNS) inflammation in AD is
characterized by reactive microglia MI-type,
elevated IL-1 and other complement factors.?
AP aggregates can stimulate oxidation in several
ways including localized H20O2 production!®
and free radical'! Both oxidative damage,'? and
inflammation®!9 can be considered as a pre-
disposing factor for plaques accumulation and
neurodegeneration disorders. The therapeutic
potentials of stem cells in several brain
disorders are driving researchers to apply stem
cell-based therapies as a progressive way of
combating neurodegenerative diseases and
neuroinfllmmatoin as well.'>!4 Neural stem
cells have been proved to rescue memory impa-
irment in AD models by releasing brain-derived
neurotropic factor (BDNF).!5 Also, bone
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marrow derived mesenchymal-mal Stem Cells
(BM-MSCs) modulate anti-inflammatory im-
mune response with alleviated AP aggregations
and memory deficits in AD animals model.'¢

As we mentioned, neurodegenerative
diseases including AD are devastating disease
that can be initiated from different stated
conditions including inflammatory triggering
factors.!7 Lipopolysaccharides (LPS) is the outer
membrane of gram-negative bacteria which can
be considered as one of the main stated AD
neuroinflammatory initiatory factors in different
subjects including rats by targeting toll-like
receptor (TLR-4) leading to the propagation of
series of inflammatory cascades using different
downstream adaptors molecules and ending
with a sever neuroinflammatoin in brain tissue
resulting in the formation of AD neuro-
inflammatory type with enhanced Amyloid B
and tangles formation.!'8!® These inflame-
matory changes will result in behavior
modifications on LPS subjected models
including sickness behavior and dizziness as a
result of exaggerated cytokines production and
neurodegenerative cascading process.20:2!

kefir is a kind of natural beverage consisting
of gelatinous and irregular grains formed by a
consortium of yeasts and lactic acid bacteria
causing acid-alcoholic fermentation in sugar and
milk solutions with a consistency thicker than
milk and lighter than yoghurt.22 These micro
flora are embedded in a resilient polysaccharide
matrix, called Kefiran, composed of branched
chains of glucose and galactose as metabolic
products of souring milk lactose and other
byproducts.2? There are a number of
approximately more than 50 bacteria and yeast
strains living together in kefir grains. This
number may vary depending on the culture
media used and the country of the grains
source.24 kefir can also be considered as a
probiotic continual source due it's varies
beneficial effects besides its nutritional actions.
There are several studies investigating the
immune-modulatory-linked actions, anti-
inflammatory effects, pathogenic barrier
actions, anti-diabetic and digestive effects
abilities by a regular daily kefir intake.22

The aim of this study was to investigate the
effects of MSCs and/or kefir in Alzheimer’s
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disease induced in female albino rats and to
demonstrate their efficiency in combating AD
neuroinflammatory drawbacks whether
administered in combination or even alone.
Studying the action of probiotics represented in
the form of milk kefir grains on relieving the
drawbacks of Alzheimer’s disease and their
ability to improve memory related dysfunction
was also the core of establishing this study.

2. Materials and methods

2.1. Preparation of bone marrow (BM)
derived mesenchymal stem cells from
rats

Bone marrow was harvested by flushing the
tibiae and femurs of 8 weeks female white
albino rats with Dulbecco’s modified Eagle’s
medium (DMEM, GIBCO/BRL) supplemented
with  10% fetal bovine serum (FBS)
(GIBCO/BRL). Nucleated cells were isolated
with a density gradient [Ficoll/Paque
(Pharmacia)] and re-suspended in complete
culture medium supplemented with 1%
penicillin—streptomycin (GIBCO/BRL). Cells
were incubated at 37°C in 5% humidified CO2
for |5 days as primary culture or upon
formation of large colonies. When large
colonies developed, cultures were washed
twice with phosphate buffer saline (pH 7) and
the cells were trypsinized with 0.25% trypsin in
ImM EDTA (GIBCO/BRL) for 5 min at 37°C.
After centrifugation, cells were re-suspended in
serum supplemented medium and incubated in
50 ecm?2 culture flasks (Falcon). The resulting
cultures were referred to as first-passage
cultures (Alhadlag and Jeremy, 2004). Cells
were identified as being MSCs by their
morphology, adherence and their
differentiation power to osteocytes and
chondrocytes.?s

2.2. Preparation of kefir

Milk kefir grains were used as a probiotic live
active culture grains in organic powdered
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skimmed milk purchased from Cultures for
Health, USA (17978S, Grasle Rd. Ore City OR
97045). Freeze dried kefir grains (20mg) were
inoculated to 100 ml of pasteurized milk. All
grains inoculated milk was incubated at 20°C
for 24 h. At the end of fermentation, the milk
was filtered to remove kefir grains with a daily
repeating of this step till the end of experiment.
The milk kefir grains were then freeze-dried
and stored at 4°C until required.26

2.3. Animals and experimental design

The study was carried out using sixty female
albino rats weighing 200-250g. Rats were bred
and maintained in air-conditioned animal house
with specific pathogen-free conditions and were
subjected to a 12:12-h day light/darkness with
unlimited access to food and water. All the
ethical protocols for animal treatment were
followed and supervised by the animal facilities,
Faculty of Medicine, Cairo University. All the
animals included in the experiment received
approval from the Institutional Animal Ethics
Committee. To achieve the ultimate goal of this
study, animals were randomized divided into
equal six groups (Ten rats each):

Group | (control): Control group.

Group Il (AD positive control): Rats of this
group were injected intraperitoneally (I.P) with
0.56mg/kg body weight of LPS dissolved in | ml
of sterile PBS (PH7) to induce neuro-
inflammatory AD type as a modified single dose
previously published.?”

Group Il (AD+MSCs): Lipopolysaccharides
(LPS) induced neuroinflammatory AD type in
rats which received MSCs (which were
processed and cultured for 14 days, in a single
dose of IpuL (500 x103/pL) cells.28

Group IV (AD + kefir): LPS-induced
neuroinflammatory AD type in rats received
3.5ml/kg body weight of milk kefir grains by oral
gavage once daily for a month as a modified
previous dose response previously published.26
Group V_ (AD+MSCs+tkefir):  LPS-induced
neuroinflammatory AD type in rats received a
single intravenous injection (IV) of MSCs
simultaneously with milk kefir grains once daily
for a month as mentioned above.
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Group VI (kefir+ AD+MSCs+kefir): Rats of this
group received milk kefir grains for one week
prior to the induction of neuroinfllmmatory
AD type by LPS followed by single intravenous
Infusion of MSCs simultaneously with daily milk
kefir administration for a month.

2.4. Behavior study through time
consumed in T-maze test

Behavior study was done one day after the last
dose of the given treatments. Rats were
transported to the testing facility (Behavioral
Lab, Faculty of Medicine, Cairo University), 30
minutes period was allowed prior to testing to
adapt to the environment and to minimize the
effect of stress due to transfer.

2.,5. Apparatus setting and animal
preparation

The automatic modified T-maze apparatus was
constructed of white plastic runways with 25cm
high walls and was divided into 6 areas (Al, A2,
SI, S2, PI, P2) by sliding doors (sl, s2, s3, al,
a2, pl, p2. The stem of the T is composed of
two arms. The end of each arm is equipped with
a pellet sucrose dispenser (20 mg, Formula 5
TUT, Test Diet, Richmond, IN, USA) as a
reward. Two rats per cage in a temperature-
controlled room (231+2°C) with a | 2h light/dark
cycle, according to guidance and protocols
established by local Animal Care and Use
Committee. Transfer all the cages containing
rats into the soundproof room from the
housing room at least thirty min before the first
trial begins. All the experiments should be
always performed during the same time period
(e.g, 9:00 AM to 6:00 PM) with slight
modification of2° Pre-training sessions are
required followed by either a forced alternation
task or left-right discrimination task.

2.6. Forced alternation task

In the forced alternation task, each trial consists
of a forced choice run followed by a free choice
run. The rat is allowed to enter the area and to
consume the pellet. When the rat has eaten the
pellet, the door near the food tray of the arm
that the rat currently stays is opened. Then, the
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rat approaches the door neighboring the start
box, so it can return to the start box. Following
the forced-choice run, the free-choice run
begins. The rat is allowed to choose between
the two arms. If the rat enters the opposite arm
that it was forced to choose in the forced-
choice run, its response is considered to be
"Correct" and the rat receives a sucrose pellet.
If the rat goes to the same arm as that visited in
the forced-choice task, the rat is opened, and
the rat can return to the start box. In these
trials, time consumed for each rat in each
session  was  measured  with  slight
modification.2?

At the end of the experiment, animals were
anesthetized with sodium phenobarbital (60
mg/kg), blood samples were collected in
heparinized tubes from the retro-orbital
venous plexus and plasma were carried out by
using cooling centrifugation at 3000 rpm for 10
min and stored at -20 °C until use. After
collection of blood samples, all animals were
sacrificed by decapitation and brains were
rapidly removed and cut into 2 symmetrical
halves by midline incision. One part was
removed and immediately immersed in 10%
buffered formalin for  histopathological
examinations and the other half was stored at —
80°C for further biochemical analysis.

3. Biochemical analysis

3.1. Preparation of brain tissue
homogenate

The brain tissue was homogenized in 10 % PBS
buffer (pH 7) for 10 min and centrifuged for 20
min at 4,000 rpm. The clear supernatant
obtained was then divided into three portions
and were kept frozen at -80 °C till analysis.

3.2. Real-time quantitative analysis for
BDNF, Bax, Bcl-2 and seladinl gene
expression

Brain total RNA was extracted from the
homogenate using RNeasy purification reagent
(Qiagen, Valencia, CA), cDNA was generated
from 5 pg of total RNA extracted with | pl (20
pmol) antisense primer and 0.8 pl superscript
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AMV reverse transcriptase for 60 min at 37 °C.
The relative abundance of mRNA species was
assessed on an ABI prism 7500 sequence
detector system (Applied Biosys-tems, Foster
City, CA). PCR primers were designed with
Gene Runner Software (Hasting Software, Inc.,
Hasting, NY) from RNA sequences from Gene
Bank. Primers were checked for specificity by
melting curve analysis (MCA). Melting curve
analysis (MCA) is a kind assessment for
ensuring the double-stranded DNA dissociation
produced from the qPCR reaction during
heating, and also used in gPCR reactions with
intercalating dyes including SYBR Green which
only fluoresces when it is in double-stranded
bonded DNA form. All primer sets had a
calculated annealing temperature of 60°.
Quantitative real time-PCR was performed in
duplicate in a 25-pl reaction volume consisting
of 2X SYBR Green PCR Master Mix (Applied
Biosystems), 900 nM of each primer and 2-3 pl
of cDNA. Amplification conditions were 2 min
at 50° 10 min at 95° and 40 cycles of
denaturation for 15 s and annealing/extension
at 60° for 10 min. Data from real- time assays
were calculated using the vl+7 sequence
detection software from PE. Bio- systems
(Foster City, CA). Relative expression was
calculated using the comparative Ct method as
previously described. All values were
normalized to the B-actin gene and reported as
fold change over background levels detected in
AD.

3.3. Determination of IL-10 and TNF-a
level in brain tissue

The second portion of Brain Homogenate were
used in the determination of tissue interleukin -
10 (IL-10) and tumor necrosis factor-alpha
(TNF-a) by commercially available Enzyme-
linked immunosorbent assays (ELISA) kits
supplied from Q&D system Quatin USA
according to the manufacturer's instructions.
Protein concentrations were determined with
bovine serum albumin as a standard.30

3.4. Determination of brain tissue
cholesterol level
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The third portion of Brain Homogenate was
used in the determination of tissue total
cholesterol level;26 Kit was supplied from Cell
Bio Labs. Protein concentrations were deter-
mined with bovine serum albumin as a standard.

3.5. Determination of plasma lipid profile

Plasma cholesterol3!, triglycerides32 and HDL-
CHO?33were performed using a commercial kits
supplied from Cell Bio Labs. Meanwhile, LDL-
CHO level was calculated.34

3.6. Determination of blood GSH and
MDA

Blood GSH35 and MDAZ3é were performed using
commercial kits that were obtained from
Biodiagnostic, Egypt.

3.7. Analysis of brain histopathology

The obtained tissue sections were collected on
glass slides, deparaffinized and stained by
hematoxylin and eosin (H&E). Examination was
performed by light microscopy.3”

4. Statistical analysis

Data were expressed as mean t SE. Significant
differences were determined by using One Way
Anova and post-hoc tests (Duncan’s multiple
comparison test). p< 0.05 was considered
significant. Data were statistically analyzed using
the statistical package for social science
software version |8 (SPSS, Chicago, IL, USA).

4.1. Behavior study through time
consumed in T- maze test

In the current investigation, administration of
LPS (0.56 mg/kg) resulted in a significant
increase in the time spent by the rats when
compared with the negative control group.
Treatment with MSCs and/or milk kefir grains
resulted in a significant protection against LPS
induced changes (p <0.05) and significantly
decreased the time spent by rats in T-maze test.
The greatest decrease in time spent by rats was
seen in the prophylactic group VI

Revista eNeurobiologia 10(25):181219, 2019



(kefirt AD+MSCs+kefir) indicating a major
memory recovery. All Groups were signific-
antly different from control values (p < 0.05) as
shown in Figurel.

4.2. Effects of MSCs and/or milk kefir on
BDNF, Bax, Bcl-2 and seladin-1 relative
expression on brain tissue

Concerning gene relative expression, there was
a major significant decrease in BDNF, Bcl-2,
seladine-1 with an increase in Bax relative

150+

100+

Time consumed/sec

expression of the LPS-induced AD when
compared with the control group (P<0.05) as
shown in Table |. Following MSCs injection and
/or milk kefir grains administration, there was
an improvement in the reduction level of brain
tissue BDNF, Bcl2, seladine-1 with decrease in
Bax relative expression with variations in the
percent of change among the groups. Also, a
synergistic effect was potentially noticed by the
pre and co-administration of milk kefir with
MSCs in LPS induced rats as shown in Figures
2a, 2b.

Figure I: Mean % SE (n=10) of time consumed in T-maze. Same small letters mean insignificant difference between
treated groups using one-way ANOVA and followed by Duncan’s multiple comparison test at p< 0.05.

4.3. Effects of MSCs and /or milk kefir on
TNF-a and IL-10 levels of brain tissue

TNF-a and IL-10 level were estimated in brain

supernatant of all the six studied groups. As
shown in Table 2 and Figures 3a and 3b. Levels
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of TNF-a were significantly increased with a
simultaneous decrease in IL-10 level of the LPS
—induced AD when compared to control group
(p < 0.05), indicating that LPS induced a
neuroinflammatory  process  which  may
contribute to AD.
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BDNF Relative Expression

Figure (2a): Mean * SE (n=10) of MSCs and/or milk kefir grains administration on brain BDNF relative expression
of LPS- induced AD neuroinflammatory type in albino rats. Same small letters mean insignificant difference
between treated groups using one-way ANOVA and followed by Duncan’s multiple comparison test at p< 0.05.

159 Fig.2b

Bax Relative Expression

Figure (2b): Mean + SE (n=10) of MSCs and/or milk kefir grains administration on brain bax relative expression of
LPS- induced AD neuroinflammatory type in albino rats. Same small letters mean insignificant difference between
treated groups using one-way ANOVA and followed by Duncan’s multiple comparison test at p< 0.05.
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Figure (3a): Mean * SE (n=10) of MSCs and/or milk kefir grains administration on brain tissue TNF-a (pg/mg
protein) of LPS-induced AD neuroinflammatory type in albino rats. Same small letters mean insignificant difference
between treated groups using one-way ANOVA and followed by Duncan’s multiple comparison test at p< 0.05.
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Figure (3b): Mean * SE (n=10) of MSCs and/or milk kefir grains administration on brain tissue IL-10 (pg/mg protein)
of LPS- induced AD neuroinflammatory type in albino rats. Same small letters mean insignificant difference
between treated groups using one-way ANOVA and followed by Duncan’s multiple comparison test at p< 0.05.
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Figure (3c): Mean £ SE (n=10) of MSCs and/or milk kefir grains administration on brain tissue cholesterol level of
LPS-induced AD neuroinflammatory type in Albino rats. Same small letters mean insignificant difference between
treated groups using one-way ANOVA and followed by Duncan’s multiple comparison test at p< 0.05.

Table I: The % change of MSCs and/or milk kefir grains on tissue BDNF, Bax, Bcl-2 and seladine-1.
relative expression.

Groups\Parameters BDNF BDNF Bax BAX Bcl-2 Bcl-2 Seladine-| Seladine-
Mean + SE %change Mean + SE %change Mean * SE %change Mean * SE |
%change
|- Negative control 1.21 £0.06 - 1.12 - 10.00 £ 0.18 - 274 +0.10 -
+0.083 a e e
II- Positive control 0.13 £0.01 -89 10.10 802 1.1'1 £0.080 -89 0.29 £0.010 -89
(AD) a +0.34 d a a
Ill- AD+ MScs 0.42 + 0.03 -65 5.05+ 0.48 351 461 £0.34 -54 0.93 £ 0.020 -66
b c c b
IV- AD+ kefir 0.33 £ 0.02 -73 5.35+0.33 378 303+0.18 -70 0.83+ 0.039 -70
b [ b b
V- AD+ MScs +kefir 0.63 + 0.03 -48 3.68 £ 0.28 229 6.29+ 0.36 -37 2.10+ 0.096 -23
c b d d
VI- 0.65 + 0.04 -46 496 £ 0.35 343 4.65 £0.29 -54 1.50 £ 0.091 -45
kefir+ AD+MScs+kefir c [ c c

Table I: Represents the mean of 10 rat’s + SE. Same small letters mean insignificant difference between treated
groups using one-way ANOVA at (p>0.05) followed by Duncan-multiple comparison test. The % of change is
corresponding to the negative control Group.
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Table 2: The % change of MSCs and/or milk kefir grains

level.

Groups\Paramet
ers

I-Negative
control
II- Positive
Control (AD)
1lI-AD+ MSCs

IV-AD+kefir

V- AD+
MSCs+kefir
VI-
kefir+ AD+MSCs
+kefir

TNF-a
Mean + SE

295+ 1.13
a
116.9 +3.27
d
86.8 + 1.45
c
87.9+ 3.44
c
73.3+2.56
b
86.3 + 4.37
c

TNF-a
% Change

295
194
197
148

192

IL-10
Mean * SE

119.9 +2.33
e
55.33 £2.606
a
100.65 + 2.97
cd
84.14% 3.16
b
105.89+ 3.01
d
93.155 + 3.93
c

on brain tissue TNF-a, IL10 and cholesterol

IL-10
% Change

Tissue Cholesterol
Mean * SE

11.23 £0.59
a
34.14 £1.99
d
21.05 + 1.50
bc
23.03% 1.80
c
18.04+ 0.642
b
22.00 + 1.88
bc

Tissue
Cholester
ol

% Change

204
87
105
6l

96

Table 2: Represents the mean of 10 rat’s + SE. Same small letters mean insignificant difference between treated
groups using one-way ANOVA at (p>0.05) followed by Duncan-multiple comparison test. The % of change is
corresponding to the negative control group.

Table 3: The effect of MScs and/or milk kefir grains on plasma total cholesterol (T-CHO), HDL-
cholesterol (HDL-CHO), Triglycerides (TG) and LDL- cholesterol (LDL-CHO) level (mg/di+ SE).

Parameters/
Groups

I-Negative control

1I- Positive Control

(AD)

II-AD+MSCs

IV-AD+kefir

V-AD+MSCs+kefir

VI-

kefir+ AD+MSCs+kefir

Total Cholesterol

Mean
+SE

133.9
+1.64a

210.2
+3.56 e

165.6 £3.62
cd

170.8 +£2.91
d

142.2 +1.29
b

162.1 +2.13
c

%
Change

57

24

28

21

HDL
Mean %
+SE Change
539128 ...
d
30.3 -44
+1.24
a
40.0 -26
+0.53
c
36.5 -32
*1.14b
385 -29
+0.96 bc
358 -34
+1.08 b

Mean

+SE

+337a

144.5
+3.86 c

110.4
*1.70 b

108.6
+3.03b

90.9
+4.02a

91.3
+2.29a

Triglycerides

%  Change Mean

+SE

....... 63.1
+29%a

71 151.0
+4.11d

30 103.5
+355¢

28 112.6
+382¢

7 85.5
+142b

8 108.1
194 ¢

LDL

139

64

79

36

71

Table 3: Represents the mean of 10 rat’s + SE. Same small letters mean insignificant difference between treated
groups using one-way ANOVA at (p>0.05) followed by Duncan-multiple comparison test. The % of change is
corresponding to the negative control Group.to the negative control group.
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Table 4: The effect of MSCs and/or milk kefir grains on MDA (nmol/ml) level and GSH (ug/ml) level.

Groups \ Parameters MDA % Change GSH %Change
Mean + SE Mean + SE
|- Negative control 1.12+0.06 1 - 50.75+ 1.086 -

a d

II-AD (Positive Control ) 11.7+0.396 897 21.96 £1.04 -57
d a

11-AD+MSCs 5.46 £0.321 388 3234+ 1.09 -36
€ b

IV-AD+kefir 4.52+0.317 304 3544+ 129 -30
c bc

V - AD+MSCs+kefir 3.30£0.211 195 37.38+ 1.68 -26
b c

VI-kefir+AD+MSCs+kefir 4.58+ 0.453 309 36.86 £1.78 -27
c c

Table 4: Represents the mean of 10 rat’s + SE. Same small letters mean insignificant difference between treated
groups using one-way ANOVA at (p>0.05) followed by Duncan-multiple comparison test. The % of change is
corresponding negative control group.

Figure 4 Figure 5
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Figure 8 Figure 9

Figure 4: Histopathological examination of control group with normal neuron cells and nerve fibres.

Figure 5: Histopathological examination of LPS-induced neuroinflammatory AD type model showed multiple
plaques formed of lamellate fibrils surrounded by multiple apoptotic nuclei.

Figure 6: Histopathological examination of LPS-induced neuroinflammatory AD type model with blood vessels
plaque formation, apoptotic nuclei and several deposits of (amyloid) material in their wall.

Figure 7: Histopathological examination of LPS-induced neuroinflammatory AD type model treated with MSCs
showed less dense plaque formation, apoptotic nuclei and severity of blood vessels congestion.

Figure 8: Histopathological examination of LPS-induced neuroinflammatory AD type model treated with milk kefir
grains showed slight multiple plaques formation, apoptotic nuclei and slight congestion in blood vessels

Figure 9: Histopathological examination of LPS-induced neuroinflammatory AD type model treated with both
MSCs+milk kefir grains showed slight focal plaques formation, multiple apoptotic nuclei with congestion in blood
vessels.

Figure 10: Histopathological examination of prophylactic LPS-induced neuroinflammatory AD type group
previously administrated milk kefir grains prior to LPS induction initiation followed by LPS induction then followed
by the administration of MSCs+milk kefir grains showed a slight focal plaques formation, no multiple apoptotic
nuclei with slight congestion in blood vessels.
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4.4. Effects of MSCs and/or milk kefir on
cholesterol levels of Brain tissue

The results of the present study show a
significant increase in the tissue cholesterol
level in the LPS-induced AD group when
compared with the negative control with a
significant decrease in tissue cholesterol level
after the administration of milk kefir grains
and/or MScs in different relatives as shown in
Table 2 and Figure 3c.

4.5. Effects of MSCs and/or milk kefir on
plasma lipid profile

It was shown a significant increase in plasma
total cholesterol level, LDL and triacylglycerol
with a decrease in the plasma HDL of the LPS-
induced AD. kefir and/or MSCs administration
cause a decrease in total plasma cholesterol,
LDL and triacylglycerol level with an
improvement in the reduction level of HDL
with variations among the treated groups which
indicate the efficacy of milk kefir grains and/or
MScs as  antihyperlipidemia and anti-
hypercholesterolemia.

4.6. Effect of kefir and/or MSCs on plasma
lipid peroxidation and reduced
glutathione

An observed increase in plasma MDA level
associated with a marked decrease in plasma
GSH level was showed in LPS-induced AD.
Treatment of LPS challenged rats with kefir and
/or MSCs produced a significant attenuation in
the induced oxidative stress. The obtained
results also revealed that the administration of
MSCs attenuated the oxidative stress induced
by LPS challenge and this attenuating effect was
potentially enhanced by the pre and co-
administration of milk kefir with MSCs by
decreasing the MDA level with improvement in
the reduction level of GSH in LPS-induced AD
as shown Table 4.
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5. Histopathological examination of brain
tissues

Concerning the histopathological findings,
sections of normal controlled groups showed
that the cerebral cortex exhibits normal
neurons surrounded by nerve fibers and blood
vessels (Figure 4). In LPS induced AD
neuroinflammatory rats, an observed multiple
plaques formed of lamellated fibrils. Such
plaques were surrounded by multiple apoptotic
nuclei (Figure 5). Severe inflammation with
congested blood vessels was also observed with
deposits of amyloid material in their wall and
surrounded by extravasated red blood
corpuscles when compared with the normal
control group (Figure 6). Administration of
MSCs showed less dense plaques, multiple and
less prominent apoptotic nuclei (Figure 7). On
the other hand, administration of milk kefir
grains revealed disappearance of multiple
plaques, some dense plaques with few apoptotic
nuclei (Figure 8). MSCs and milk kefir grains
administration lead to slight focal plaques
formation, multiple apoptotic nuclei with slight
congestion in blood vessels (Figure 9). On the
prophylaxis group, there was a slight focal
plaques formation, few multiple apoptotic
nuclei with less diffused congestion in blood
vessels (Figure 10).

6. Discussion

Mesenchymal stem cells do have distinguished
therapeutic effects via regenerative actions and
neuromodulator potentials in addition to their
ability to substitute damaged cells and tissues.
Bone marrow—derived stem cells types
contribute in a unique way in cell turnover with
the ability to repair various tissue types,
including the brain38 MSCs are commonly
defined as bone marrow derived fibroblast like
cells type, which despite the lack of specific
surface markers, can be selected by their
adherence characteristics invitro and their
abilities to differentiate along to three principal
mesenchymal lineages osteoblastic, adipocytic
and chondrocytic.3%40 The therapeutic strategy
of MSCs includes two directions which to
induce the activation of endogenous stem cell
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and other to regenerate injured damaged
tissues through stem cell transplantation.
Endogenous stem cells can be induced and can
show neuro-protective effects by chemical
compounds and factors stimulating secretions
such as allopregnanolone (Apa). MSCs also
increase neprilysine expression and Ap-
degrading enzyme release leading to the
reduction of AB deposition, improving memory
dysfunction and significant alleviation of AD
pathology as a drawback of inhabiting pro
inflammatory factors release.#!

Kefir is a traditional beverage obtained by
the fermentation of kefir grains inoculated in
milk containing a wide diversity of lactic and
acetic-acid bacteria plus yeasts.“243This kind of
unique grains are characterized by inheriting a
highly nutritional value as a source of proteins
and calcium with being considered as a potent
ant-inflammatory nutritional agent. The health
benefits associated with kefir's  grains
consumption may be exerted by the diversity of
microorganisms present within the grains and/
or by other bioactive components Kefirian
polysaccharides matrix.

The present study was based on single
injection of endotoxin lipopolysaccharides
(LPS) to induce neuroinflammatory AD type.?”
It was found that systemic injection of LPS
induces neuroinflammatory responses resulting
in serious consequences including the
accumulation of amyloid plaques and tangles
formation accompanied with inhabiting
neurogenesis process. While it was also
observed that the administration of anti-
inflammatory potent agent with a concurrent
activation of microglia M2 type prevents LPS
from inhabiting neurogenesis and starting the
neuroinflammatory cascade as well.#445 In the
present study, a behavior test through time
consumed by the subjected rats in T-maze was
done to give a clear demonstration on how the
behavior of the subjects was changed after
single injection with LPS. In maze test, there was
a clear difference between rats of negative
control group and those of LPS-induced AD
neuroinfllmmatory type. This difference was
demonstrated in the time consumed by the rats
in these two groups to reach the end of the
maze.
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It was shown that the healthy control rats
consumed the least time in the maze, while LPS-
induced AD neuroinflammatory type rats
(group Il) consumed the longest time among the
other groups due to the damaged manipulating
actions occurred in the brain as a result of LPS
injection. It was also observed that the best
time consumed among LPS-induced AD
neuroinflammatory type treated groups was
obtained by rats in group VI, which was clearly
about to be close to the time consumed by
group | indicating the degree of memory
dysfunction progression. Treatment of LPS-
induced AD neuroinflammatory type with
MSCs (group Ill) promoted microglial activation
M2, resulted in rescued cognitive impairment
accompanied with a reduction in AB and tau
pathology in subjected rat’s brain tissue.#¢ This
agrees with Van Velthoven,# who strongly
suggested that the administration of MSCs not
only reduces amyloid aggregates and tau
phosphorylation in the brain, but also prevents
cognitive decline and memory impairment; this
occurs by activation of an endogenous
microglial  population leading to a
neuroprotective actions. We suggested that
MSCs stimulate microglia polariz-ation towards
M2 phenotype mediated by the
immunosuppressive effects of MSCs.#7 In this
respect, a significant increase in IL-10 relative
expression was detected following MSCs
transplantation. These findings also suggest that
regeneration of damaged brain tissue s
associated with an anti-inflammatory actions
and immunosuppressive abilities of MSCs.48

Administration of milk kefir was found to
improve both the behavioral and the declined
cognitive  abilities of LPS-induced AD
neuroinflammatory type rats through various
mechanisms. It was demonstrated that
probiotics decrease pro-inflammatory factors
and TNF-a release, thus minimizing the severity
of AD related inflammation by inhibiting main
inflammatory  regulating  factors  with
maintaining both BDNF expression level and
down regulating Bax as well.#

Alzheimer’s disease is characterized by cells
damage and apoptotic chronic inflammatory
neural cell death#*majorly mediated by
upstream in caspase-3 activity and TNF-a
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leading to brain tissue death. Members of a
group of proteins, known as the Bcl-2 and Bax
family, are either antiapoptotic or apoptotic
respectively. The balance of these proteins is
demandable in stimulating or suppressing the
apoptotic cycle. In chronic neurodegenerative
diseases, caspase-3 ~mediated apoptotic
pathways have the dominant role in causing
irreversible cell dysfunction and cell death.#6

Neurotrophins are a family of proteins that
promote the survival and responsible for the
main onset’s functions of neurons. Among
neurotrophins, Bcl-2, Bax and BDNF inhibit
death-inducing damage and also activating a
variety of cell damage pathways of neuron and
oligodendrocyte>%5lonce they have been
deregulated in several neurological diseases.
The administration of exogenous
neurotrophins has been also proposed as
potential therapeutic approach of neural
disorders such as Parkinson and AD.5254
Regards the BDNF relative expression of the
present study, there was a significant decrease
in BDNF brain tissue expression in the LPS-
induced neuroinflammatory AD type group
when compared with the control group. It was
also significantly observed that BDNF is highly
more expressed and widely distributed in the
brain compared to other neutrophins, and its
expression and growth promoting actions are
crucial for survival and plasticity of a variety of
neurons.>> A demonstrated  significant
improvement was obtained in the reduction
level of BDNF relative expression related to the
treated groups when compared with negative
control group, Where MSCs are able to induce
the release of neurotropic factors that support
neuronal cell survival and promote nerve fiber
regeneration at the sites of injury especially
BDNF.5659 Milk kefir grains also improved the
BDNF level by the various microbiota type
found in the grains acting as a therapeutic target
for cognitive enhancement by increasing the
BDNF level, suppressing pro-inflammatory
cytokines and inhabiting oxidative stress
relese.60¢!

In the present study, we focused on Bax and
Bcl-2 as an important apoptotic regulatory
factor.62 Bax gene expression was significantly
increased in LPS-induced AD when compared
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with negative control group. On the other
hand, the Bcl-2 gene expression was
significantly decreased in LPS-induced AD
neuroinflammatory type when also compared
with the negative control group. On the
contrary, treated groups expressed as lll, IV, V
and VI showed a decrease in Bax relative
expression with an improvement in the
reduction level of Bcl-2 relative expression in
different rates. Intravenous administrations of
MSCs inhibit apoptosis by, inducing the release
of Bcl-2 protein expression accompanied with
down regulating of Bax level relative expression
in brain tissue.®3 In accordance with Greeve®,
the milk kefir grains treated groups showed the
same responses regarding a significant up
regulation of Bcl-2  expression level
accompanied with down regulation of Bax brain
tissue expression.

The seladin-| gene was mainly identified as a
main selective keynote down regulatory
expressing factor in AD regions relative to
normal control brain.656¢ |ncreased seladin-|
relative expression acts as a protective agent
against AP toxicity and oxidative stress inducing
apoptosis.®5 It was observed that down-
regulation of seladin-1 expression in vulnerable
AD brain areas was accompanied with an
increase in the amount of hyperphosphorylated
tau which is the main protein component of
neurofibrillary tangles.¢é In the present study, a
significant decrease in seladine-1 gene
expression was observed in the AD positive
group when compared with negative control
group with a significant improvement in the
reduction of seladine-| gene expression in the
AD treated groups. Single administration of
MSCs alone exerts a therapeutic effect against
the brain damage in Alzheimer’'s disease
possibly  through decreasing the brain
cholesterol level and increasing seladin-1 gene
expression.$2 These changes in seladin-|
protein expression could be related to the
antiapoptotic actions exerted by continual
resistance against oxidative stress,$’ while
changes in seladin-1 gene expression in groups
receiving milk kefir grains as well can be
attributed to the anti-inflammatory and
hypolipidemic actions of kefir grains with
decreasing TNF-a expression accompanied
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with increasing ILIO expression which can be
related to a direct shift towards microglia M2
type formation.

Neuropathological studies of AD brain
reveal not only the presence of aggregated
plaques and tangles but also neuroinflammatory
changes involving astrocytes morphology and
activated microglia M| types with secreting
different inflammatory mediators including
cytokines, chemokines and reactive oxygen
species.t® Individuals with AD mainly exhibit an
increased level of pro-inflammatory cytokine
tumor necrosis factor (TNF-a) from 3- to 4-
fold with an incidence decline in the rate of
cognitive function.s? In our present work, there
was a significant decrease in IL-10 level
accompanied with a significant increase in TNF-
a level of LPS-induced AD neuroinflammatory
type when compared with the negative control.
While in group lll, IV, V and VI, there was a
significant decrease in TNF-a with a significant
improvement in IL-10 expression in different
rates. MSCs administration can also modulate
activation and proliferation of T and B
lymphocytes and alters their secretion profiles.
These kind of stem cells promote a strong anti-
inflammatory T helper-2 cells type (Th2)
responses and inhibit deteriorating pro-
inflammatory T helper cell type | (Thl)
responses as well leading to a direct significant
decrease in TNF-a incident secretion and an
increase in IL-10 secretions as observed in the
given results.’07! Also reported that kefir grains
significantly reduced glucose, lipid peroxide,
level of cytokines and TNF-a expression with
enhancing IL-10 and antioxidants actions. kefir
also has the ability to activate regulator T cells
(Treg) whose functions are to maintain
homeostasis of Thl-Th2, with suppressing
inflammation cytokines and increasing the
production of interleukin-10 suppressing pro-
inflammatory response related apoptosis.’2

Dysregulation of cholesterol homeostasis in
the brain has been linked to various
neurodegenerative disorders, including
Alzheimer’s disease (AD) and Parkinson’s
disease (PD).7> In this study, there was a
significant increase in brain tissue cholesterol
level regarding LPS-induced AD
neuroinflammatory type when compared with
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the negative control group, while a significant
decrease in brain cholesterol level was obtained
in the other treated groups.’* Also observed
that individuals with AD pathology have higher
level of total cholesterol as well as LDL. High
level of cholesterol would favor the incident
cleavage of the APP by B and y secretases,
which would produce the AB40 or ApB42
peptides responsible for AD pathology.
Cholesterol is demandable to brain growth, but
high uncontrolled level of cholesterol have been
closely related to neurodegenerative disease
progression.’4 Concerning the plasma lipid
profile, Alzheimer’s disease occurs as
secondary event related to atherosclerosis of
extra and /or intracranial vessels. An alternative
explanation is that atherosclerosis and
Alzheimer’s disease are two ways independent
but act as a direct convergent disease
pathological cascades.!? Hypercholesterolemia
and inflammation have been emerged as the
main triggering factors in the development of
atherosclerosis, and can be considered as a
main predisposing factor for AD. Inflammation
has been highly implicated in Alzheimer’s
disease pathogenesis with the main leading
cause to disturbances in brain cholesterol
homeostasis.!* The highlights of our results
concerning the plasma lipid profile give a quite
clear indication that the plasma total
cholesterol, LDL-CHO and TG levels were
increased after the induction of AD with a co-
current decrease in plasma HDL-CHO level.
While there was a decrease in plasma total
cholesterol, LDL-CHO and TG level of the AD
treated groups with a co-current improvement
in the reduction level of the plasma HDL-CHO
level. MSCs act as anti-inflammatory agent by
activating the macrophages to become
phagocytic and increase their lipid uptake to
make foam cells.”s The effect of kefir in reducing
lipid and cholesterol level could be attributed to
DE conjugation of bile acids by Lacto-bacillus,
with increasing the discharge of bile acids which
in turn increases the direct expenditure of
cholesterol to produce bile acids in addition to
precipitating cholesterol due to the low pH
value of kefir.7677

Antioxidant enzymes are mainly important
in preventing an excessive accumulation of
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ROS. Membrane lipids present in subcellular
organelles are highly susceptible to free radical
damage. Malondialdehyde (MDA) is a by-
product of lipid peroxidation induced by free
radicals and act as a biomarker of oxidative
stress as well.78 In the present study, there was
a significant decrease in the GSH and a
significant increase the MDA level in the LPS-
induced AD neuroinfllmmatory type when
compared with negative control group. The
present study agrees with El-denshary,”® who
tested the plasma Malondialdehyde level as a
marker of lipid peroxi-dation to reflect the AD
degree of pathology. It was also observed that
reduced glutathione (GSH) level was
significantly reduced in AD compared to
control subjects. Consistent with this, MDA
level was significantly elevated in AD group
when compared to control group. The present
result also revealed a significant improvement in
the reduction of GSH level and a significant
decrease in the MDA level in the AD treated
groups. This agrees with El-denshary,” who
studied the effect of MSCs in an experimental
model of arthritis. It was reported that
administration of MSCs significantly decreased
serum LDH, MDA and MPO enzymes with a
significant increase in GSH of the MSCs group
compared to the control group. Milk kefir
administration potentially reduced the MDA
level and improved the reduction of GSH level
as well. Mechanism underlying this is probably
via its bioactive components including:
exopolysaccharides, bacteria types, different
peptides, antioxidant and immunomodulatory
actions.

In  this study, the brain tissue
histopathological examination regarding group
of AD rats received MSCs showed no plaques
formation with a slight congestion in the blood
vessels and focal gliosis. These findings agree
with Van Velthoven,* who stated that MSCs
can promote the reduction of AP aggregates
through the microglia M2 activation suggesting
that MSCs is a potential therapeutic agent
against AD. These findings also agree with Van
Velthoven,6 who demonstrated the
administration of BM-MSCs caused a significant
reduction in AB accumulation in LPS induced
AD subjected rats. While the administration of
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daily milk kefir grains resulted in less plaques
formation and degree of blood congestion
suggesting to be as a result of activating
macrophage cells with maintaining immune cells
as well in a state of homeostasis, through
immunosuppression and immune modulating
with decreased production of cytokines (ILI,
IL6) and increased production of IL-10.73 While
the best histopathological results was observed
in AD group of rats received both MSCs and
milk kefir grains whether in group 5 or in the
prophylaxis group 6 without highlighting that
group of rats received milk kefir grain prior to
AD induction by LPS (group 6) yielded the best
observed histopathological results. These can
be related to the anti-inflammatory and
immunostimulant synergistic actions of the
given treatments pre and post induction.

7. Conclusion

Observed data revealed that milk kefir grains
either alone or associated with bone marrow
derived MSCs exert a therapeutic effect on the
brain lesion in Alzheimer’s disease possibly
through acting as antiapoptotic, anti-
inflammatory, antihyperlipdemic and
antioxidant as a single or even when
administrated in combination therapy. It is also
suggested to administrate milk kefir grains as a
daily routine intake due to its various valuable
nutritional and pharmacological actions. MScs
can be considered as well as a potent therapy
against AD pathogeneses by engulfing AP
plaques aggregates by shifting towards the
formation M2 microglia brain type responsible
for anti-inflammatory actions. It was also
demonstrated that MSCs can exerts a potential
therapeutic regenerative actions on brain tissue
even  when  administrated  systemically
(intravenously) expressing it potential action on
relieving the drawback if induced memory
dysfunction.

8. Abbreviations

AD: Alzheimer’s disease; AB: Amyloid-Beta;
APP: Amyloid precursor protein; Apa: allopre-
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gnanolone; BM-MSCs: Bone Marrow Derived
Mesenchymal Stem Cells; BDNF: Brain-Derived
Neurotropic Factor; FBS: Fetal Bovine Serum;
I.P: Intraperitoneally; IL-10: interleukin-10; LPS:
Lipopolysaccharides; PSEN: Presenilin; MCA:
Melting curve analysis; MDA: Malondialdehyde;
MI: Microglia-1; M2: Microglia-2; TNF-a:
Tumor Necrosis Factor-Alpha.
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